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Abstract: Pharmacokinetics, which includes the kinetics of absorption, distribution, biotransformation/metabolism, and excretion, 

may be described as the study of the dynamic motions of foreign substances (xenobiotics) throughout their passage through the body. 

Absorption is the process through which a medicine enters the systemic circulation after being administered, for example, as a pill or 

capsule. Based on the characteristics of the substance and the method of administration, bioavailability is the portion of the first 

delivered medication that enters the systemic circulation. What is meant by “distribution” is how a material spreads throughout the 

body. The molecular characteristics of the medicine and the physiology of the patient taking it may influence the distribution variety. 

A medication may be protein-bound or free in the body. Only free drugs are able to pass into other fluid compartments, function at 

their pharmacologically active locations like receptors, or be eliminated. Metabolism is the process through which the body converts 

a medication into other substances. The process by which a substance is expelled from the body is known as excretion. The term 

“half-life” (t1/2) refers to the amount of time it takes for the body to remove half of the initial dose of a medication. The substance is 

deemed undetectable and unable to have a pharmacodynamic impact after three to five half-lives. 
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Abbreviations

 

ATP Adenosine triphosphate 

Cyp450 Cytochrome P450 

L/ADME 
Liberation/absorption, distribution, 

metabolism and excretion 

CL Clearance 

Ke Elimination rate constant 

PDC Plasma drug concentration 

Pgp P-glycoprotein 

PK Pharmacokinetics 

T1/2 Half-life 

Vd Volume of distribution 

1. Introduction 

The terms pharmakon, which means “drug”, and 

kinetikos, which means “moving or setting in motion” 

are the roots of the phrase “pharmacokinetics” [1]. 

Pharmacokinetics, which is defined as the movement 

of a drug into, through, and out of the body during the 

course of its absorption, bioavailability, distribution, 
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metabolism, and excretion, is sometimes stated as 

what the body does to a medication. The study of a 

drug's and/or its metabolite’s kinetics in the body is 

known as pharmacokinetics (PK). The transient 

changes that a medication and its metabolites undergo 

in serum, plasma, whole blood, tissue target, and 

target organs over time are known as 

pharmacokinetics. A medication passes through a 

number of processes as it is absorbed, transported 

throughout the body, metabolized, and/or excreted 

(ADME) (Figure 1) [2]. The body is a tremendously 

complicated system. Pharmacokinetics is also known 

as the study of the dynamic movements of foreign 

chemicals (also known as xenobiotics) during their 

passage through the body. As a result, it includes the 

kinetics of absorption, distribution, metabolism, and 

excretion. It is also sometimes referred to as the 

body’s response to xenobiotics [3-5]. 

A medicine’s pharmacokinetics can be determined 

by both chemical characteristics of the drug and 

variables specific to the patient. Predicting the 

pharmacokinetic parameters in populations may be 

done by using specific patient-related characteristics, 
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such as renal function, genetic make-up, sex, and age. 

For instance, in senior patients, the half-life of several 

medications, especially those that need both 

metabolism and excretion, may be considerably 

prolonged. Most definitely, physiologic changes that 

come with aging have an impact on certain 

pharmacokinetic characteristics, and the other 

components are connected to each person’s 

physiology. It is possible to forecast the consequences 

of some individual variables (such as renal failure, 

obesity, hepatic failure, and dehydration), while other 

factors are idiosyncratic and as a result have 

unexpected effects. Due to individual variances, 

medication administration must be based on each 

patient’s needs and empirical dose adjustments until 

the therapeutic goal is achieved. Due to its potential to 

delay an ideal response or trigger negative effects, this 

strategy is frequently insufficient [6]. Therapeutic 

medicine monitoring is the use of pharmacokinetic 

principles to customize medication. The intrinsic 

pharmacological characteristics of a medicine at its 

site of action determine the sort of reaction that 

individual has to it. The rate and extent of drug intake 

from the site of administration, the rate and extent of 

drug distribution to different tissues, including the site 

of action, and the rate of drug elimination from the 

body are just a few examples of factors that frequently 

affect the speed of onset, the intensity, and the 

duration of the response [7, 8]. Pharmacokinetics has 

an impact on a medication’s determined method of 

administration, dosage and frequency, and dosing 

intervals [9]. To become safe, usable, and effective 

therapies, potential medications must have the 

correct pharmacokinetic qualities. A drug must enter 

the bloodstream (absorption), travel to the site of 

action (distribution), remain unchanged long enough 

to have a therapeutic effect before being converted to 

safe metabolites (metabolism), and be sufficiently 

excreted (excretion) in order to have a “good” 

pharmacokinetic profile (Figure 2) [10, 11]. 

Absorption and disposal are the two main study 

categories that comprise pharmacokinetics. The 

migration of medications from the place of 

application to various bodily fluids is known as 

disposition. The study of distribution and elimination 

is a more specific subclassification of disposition. 

Elimination refers to both metabolism and excretion 

[12]. 
 

 

Fig. 1  Principles of ADME. 
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Fig. 2  Schematic representation of the absorption, distribution, metabolism and excretion of medicines. 
 

2. Absorption 

Absorption is the process through which a medicine 

enters the systemic circulation after being 

administered, for example, as a pill or capsule. 

Absorption affects how quickly and how 

concentratedly a medication may reach the desired site 

of action, such as plasma. In most cases, freedom is 

also a part of the absorption process. The process by 

which a drug is liberated from its pharmacological 

dosage form is referred to as liberation [13]. 

Ionization state, molecular weight, solubility, and 

formulation are all aspects that are connected to 

medicine. Drugs that are small, nonionized, and 

lipid-soluble penetrate plasma membranes the fastest. 

Small compounds frequently travel across membranes 

during the absorption process by passive transport, but 

more frequently by use of proteins known as drug 

transporters [14]. Depending on the method of 

delivery (by mouth, feeding tube, or rectal suppository 

in the GI tract), absorption may be enteral or 

parenteral (not in the GI tract, such as an injection or 

topical medication). Blood flow to the region of 

absorption, GI motility, and the drug’s formulation 

(immediate release vs. prolonged release) are other 

variables that may impact the amount of the drug 

absorbed (for enteral medications). Drug absorption is 

influenced by a number of variables, including method 

of administration, drug formulation, chemical makeup, 

and interactions with food. X-rays cause 

vasoconstriction, which decreases medication 

absorption; in contrast, parasympathetic stimulation 

increases drug absorption by loosening the smooth 

muscle in blood vessels. Females have slower gastric 

emptying times than males, mostly due to estrogen’s 

actions [15]. The bioavailability of a medicine is 

influenced by the method of delivery (for instance, 

oral, intravenous, and inhalation), which determines 

how much of the drug’s active form actually reaches 

the circulation and its intended target location. When a 

medication is administered intravenously, there is no 

requirement for absorption, and bioavailability is 100% 

since the drug’s active form is directly transported to 

the systemic circulation. However, oral medicines 

only partially absorb their contents and deliver fewer 

drugs to the site of action. For instance, before 

entering the systemic circulation, a number of 

medications taken orally are processed in the liver or 

the gut wall. First-pass metabolism is what causes a 

reduction in the absorption of medications [16]. The 

molecular weight, topological polar surface area, 

solubility, ionization, and other physicochemical 

qualities of a medicine may all have an impact on how 

well it is absorbed. After oral absorption, the first-pass 

impact (among other variables) will ultimately 

determine bioavailability [17]. Drugs that are 

absorbed through the skin or bodily fluids will diffuse 

through biological membrane barriers into the 
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circulation. When a medicine has to penetrate the 

blood-brain barrier, neuronal membranes, renal 

tubular cells, or hepatocytes, it can be transported 

either passively across the concentration gradient, 

which is the initial transport route, or actively, which 

requires energy like ATP. Only drugs that are free and 

unionized may pass through cell membranes. A 

number of factors, including irregular gastrointestinal 

motility, illnesses of the stomach, small and large 

intestines, GI infections, radiation, and interactions 

with other substances in the GIT, such as food, may 

influence the amount or rate of medication absorption 

[18]. To be absorbed, disseminated, and removed, 

drugs must pass through a multitude of obstacles. 

3. The Main Way Drugs are Absorbed  

Passive diffusion: The capacity of the drug to 

dissolve into the barrier between the two 

compartments, the thickness of the barrier, and the 

gradient in drug concentration between the two 

adjacent compartments are all factors that affect 

passive diffusion. Lipid membranes are frequently 

used as these barriers. Therefore, passive drug transfer 

will be influenced by the level of ionization and the 

lipid solubility [19]. 

Active transport: A very extensive family of 

transporters collectively referred to as ATP binding 

cassette transporters may facilitate active transport (or 

ABC transporters). Adenosine triphosphate (ATP) is 

the energy source used by these transporters to move 

drug molecules across biological membranes. The 

active transport system has several important 

characteristics, including saturability, structural 

selectivity, and ATP dependency [20]. 

Saturability: Saturability carriers typically show a 

concentration beyond which no increase in movement 

occurs, in contrast to passive diffusion. 

Structural selectivity: Transporters with varied 

degrees of structural selectivity for pharmaceuticals 

and endogenous compounds are said to have structural 

selectivity. Structural selectivity can be highlighted as 

a crucial drug interaction strategy since structurally 

similar compounds would fight for binding to these 

transporters. 

ATP Dependence: The capacity to transport 

medications against a concentration gradient is what is 

meant by ATP dependency. Multidrug resistance 

transporters (MDR transporters), such as 

P-glycoprotein, are examples of the ATP binding 

cassette category of transporters (Pgp, MDR1 or 

ABCB1). P-glycoprotein is an efflux transporter, 

which means it moves drugs from inside the cell and 

into the extracellular environment. P-glycoprotein is 

produced in the blood-brain barrier and the gut, 

among other places. P-glycoprotein is important for 

both medication interactions and pharmacokinetics. 

P-glycoprotein substrates are pushed back into the 

intestinal lumen in the gut, which reduces their 

absorption after they diffuse into intestinal epithelial 

cells. P-glycoprotein substrates that diffuse into these 

cells may be carried back out into the circulation, 

preventing further penetration into the brain. 

P-glycoprotein substrates are more readily absorbed 

when P-glycoprotein-inhibiting medications are used. 

P-glycoprotein substrate absorption is decreased by 

substances or illness conditions that cause 

P-glycoprotein [21]. 

Facilitated transport: Another vast family of 

transporters known as the human solute-linked carrier 

(SLC) family mediates facilitated transfer. The only 

difference between this category of transporters and 

the ABC transporters is that they do not immediately 

bind and hydrolyze ATP as a source of energy. The 

organic ion transporter in the renal tubules, which is in 

charge of synthesising certain diuretics into the renal 

tubule, their site of action, is an example of facilitated 

transport [22]. 

Drug properties: A drug’s pharmacokinetics can 

be significantly impacted by its broad chemical 

characteristics. A drug must be released from its 

formulation, dissolve in aqueous solutions, and be 

able to pass through several hydrophobic barriers (for 
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instance, the plasma membrane) in order to be 

absorbed and distributed to its site of action or its site 

of removal [23]. 

Drug formulations: To release the medication, 

solid formulations (such as pills, capsules, and 

suppositories) must dissolve. In rare circumstances, 

the dose form may become compromised by 

disintegration (example, dry mouth caused by aging, 

disease, or concomitant medicine management 

sluggishness dissolution of nitroglycerin tablets). 

However, some medications may be specifically 

designed to allow disintegration only in certain 

portions of the gastrointestinal tract (for instance, 

enteric-coated tablets disintegrate in the small 

intestine), with the goal of protecting the medication 

from being destroyed by stomach acid (for instance, 

erythromycin), or to protect the stomach from a drug 

that is irritant (example, enteric-coated aspirin). In 

order to extend the duration of action of medications, 

tablets and capsules can also be designed with 

controlled-release, extended-release, or 

sustained-release dosage forms. Particularly beneficial 

for medications with relatively short half-lives are 

sustained-release versions [24-26]. 

Drug chemistry: The capacity of a medicine to 

cross biological membranes, dissolve and travel in 

biological fluids will depend on its physical and 

chemical qualities. Smaller molecules are absorbed 

more quickly because of their size and structure. 

Drugs with similar structural similarities may compete 

with one another for these binding sites, which may 

affect their pharmacokinetics [27]. 

State of ionization: The nonionized version of 

medications is more lipids permeable and may thus 

diffuse past biological barriers more effectively. The 

pH at which the medication will be evenly distributed 

between the ionized and nonionized forms is indicated 

by the drug’s pKa property. An indicator of lipid 

solubility is the lipid-water partition coefficient. Drugs 

will pass across biological membranes more quickly if 

they have larger lipid-water partition coefficients [28]. 

Effect of pH: Since most medications are weak 

acids or bases, they dissociate into ionized and 

nonionized forms to variable degrees in solution. The 

drug’s pKa and the pH of the solution in which it is 

dissolved will be used to determine the distribution 

between ionized and nonionized forms [29]. Men and 

women have different stomach fluids; male gastric 

fluid is more acidic than female gastric fluid (pH = 

1.92, pH = 2.59 respectively), and men have a larger 

baseline and maximal flow of gastric fluid and acid 

release than women (lowered by 30% during 

pregnancy). Lowered pH sequences result in greater 

uptake of weak bases and decreased uptake of weak 

acids. Weak acids are more readily ionized under 

basic conditions. Weak acids are more readily 

nonionized under acidic conditions. Clinical 

applications for the ideas of basic and acidic 

medications and their relative ionization at various pH 

levels are possible. For instance, urine acidification is 

used to increase the clearance of amphetamine, a 

common drug with a pKa of around 9.8. Making the 

urine acidic increases the quantity of amphetamine in 

the ionized form, which prevents the drug from being 

reabsorbed into the circulation. Positively, urine 

alkalinization is used to increase the excretion of the 

acidic medication ASA. The amount of the medication 

in the ionized form increases by around 10,000 times 

when the pH of urine is raised above the pKa of ASA. 

The drug’s ionized form cannot be reabsorbed into the 

circulation through the renal tubule [29]. 

Drug interactions (Figure 3), variations in drug 

distribution or elimination, variations in a person’s 

ability to metabolize and eliminate the drug (for 

instance, genetics), disease states (for instance, renal 

or hepatic impairment), or physiologic states (for 

instance, extremes of age or obesity), that affect a 

drug’s absorption, distribution, or elimination. When 

the following are true, therapeutic monitoring utilizing 

drug concentration data is beneficial.  

1) There is a strong correlation between plasma 

concentration and the pharmacologic response. 
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The magnitude of the pharmacologic effects 

should increase with plasma concentration 

throughout at least a small concentration range; 

2) Significant variations in plasma drug 

concentrations among subjects following a single 

dosage; 

3) The medication’s therapeutic window is small 

(such that, the therapeutic concentration is close 

to the toxic concentration); 

4) Other straightforward methods cannot be used to 

swiftly establish the drug’s desired 

pharmacologic effects (example, blood pressure 

measurement for antihypertensives). 

When:  

a) There is no clearly defined therapeutic plasma 

concentration range, the utility of therapeutic 

drug monitoring is constrained; 

b) Unless metabolite concentrations are also 

carefully considered, the synthesis of 

pharmacologically active metabolites of a 

medication makes it difficult to apply data on 

plasma drug concentration to clinical 

consequences; 

c) Both surprisingly low drug concentrations and 

large concentrations of the medication may cause 

toxic consequences; 

d) Too high or too low amounts don’t seem to have 

any significant consequences [30]. 
 

 

Fig. 3  Process for reaching dosage decisions with therapeutic drug monitoring. 
 

4. Bioavailability 

Based on the characteristics of the substance and 

the method of administration, bioavailability is the 

portion of the first delivered medication that enters the 

systemic circulation. Also directly related to drug 

absorption is bioavailability. For instance, 100% of 

the medicine is nearly quickly absorbed into the 

bloodstream when it is administered intravenously, 

resulting in 100% bioavailability [30]. 

Pharmaceuticals can be produced as a salt, crystal 

solution, liposomes, liquid, oil, tablet, gel, or capsule, 

or they can be designed for sustained or prolonged 

release. Drug formulation, stability in the GI tract, 

characteristics of the drug for absorption and 

biotransformation, individual physiology and 

pathology, such as GI pH, GI motility, blood 

perfusion, bacterial flora, malabsorption states,   

kidney, liver, and cardiac roles, and genetics are all 

factors that affect bioavailability. Orally delivered 
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medications are subject to first-pass liver metabolism, 

which reduces their bioavailability. Drugs given 

intravenously or parenterally will skip the liver’s 

first-pass metabolism and have a 100% bioavailability 

in the bloodstream. Because blood perfusion at the 

muscle site of injection affects drug absorption, 

intramuscular administration of a medicine does not 

ensure a high percentage of drug bioavailability [31]. 

5. Distribution 

The term “distribution” refers to how a drug is 

distributed throughout the body. Both the molecular 

properties of the drug and the physiology of the 

patient taking it affect its distribution. Diffusion and 

convection are two major processes that may have an 

impact on the distribution. These two variables may 

be influenced by the drug’s polarity, size, or binding 

properties, the patient’s fluid balance (hydration and 

protein concentrations), or the person’s body type. 

The distribution’s goal is to reach the so-called 

effective medication concentration. This is the drug’s 

concentration at the receptor location where it was 

intended to bind. A medicine must not be 

protein-bound in order to be active and must reach the 

prescribed compartmental destination, as indicated by 

the volume of distribution. In comparison to males, 

women have lower body weights and BMIs; a higher 

percentage of body fat; a larger plasma volume, albeit 

this amount fluctuates during the menstrual cycle and 

during pregnancy; and a higher rate of organ blood 

flow in women than in men. In general, males have 

larger red blood cell volumes than women do in terms 

of total body water, extracellular water, intracellular 

water, total blood volume, and plasma volume. The 

increased total body water, plasma volume, 

extracellular water, and intracellular water will elevate 

the volume of distribution, reducing drug 

concentration, if an average male and an average 

female are exposed to the same dosage of a water 

soluble medication. In women, for example, ethanol 

has a lower volume of distribution than in males, 

which results in greater peak concentrations from the 

same dosage [13]. Polar medications are water-soluble, 

disperse through the bloodstream, and are initially 

removed by the kidneys. Lipids are soluble in 

non-polar medicines. Usually, the central nervous 

system, tissue, and fat are where these medications are 

distributed. Drugs are first removed from the body 

through bile and feces. Blood flow to the site of 

medication administration and throughout the body, as 

well as protein binding, are both necessary for this. A 

medicine can no longer have an impact on the body if 

it binds to a protein. The amount of a medicine that is 

accessible for distribution decreases in direct 

proportion to how much of it binds to protein [32]. 

The medication may then disperse into the interstitial 

and intracellular fluids after being absorbed and 

reversibly leaving the circulation. The blood-brain, 

blood-test, and blood-placenta barriers can be used to 

explain a drug’s permeability. Blood flow, 

lipophilicity, molecular size, and the drug’s 

interactions with blood components such plasma 

proteins are a few variables that may have an impact 

on this. For instance, a medication like warfarin is 

largely protein-bound, which implies that only a tiny 

portion of the medication is available to work 

therapeutically in the circulation. If warfarin is 

administered together with a medication that is 

heavily protein-bound, it may push warfarin out of the 

protein-binding site and increase the amount that 

enters the circulation. Additionally, certain organs 

have anatomical barriers, such as the blood-brain 

barrier, which prevent some medications from 

penetrating brain tissue. The blood brain barrier will 

be more easily crossed by medications with specific 

properties, such as high lipophilicity, small size, and 

molecular weight. The majority of medications is to 

some extent protein-bound; only an unbound 

medication is free to perform its pharmacological 

activity(s). Depot storage applies to pharmaceuticals 

that bind to calcium and other substances that are 

lipophilic and store in fat. Protein + medication (free 
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to perform pharmacological action(s)), protein + 

medicine (complex that is inactive), and medicine + 

plasma protein [33]. 

Protein Binding: A medication may be free or 

protein-bound in the body. Only free drugs are able to 

pass into other fluid compartments, function at their 

pharmacologically active locations like receptors, or 

be eliminated. More closely associated with effect 

than plasma total concentration is the free 

concentration of a medication at receptor sites. Any 

decrease in plasma protein binding increases the 

quantity of medication that may act on receptors, 

potentially having a stronger impact or increasing the 

risk of toxicity. Albumin and alpha-acid glycoprotein 

are the main proteins in charge of binding relevant 

medications [34]. Highly protein-bound medications 

might be competitively replaced by another 

medication that is also highly protein-bound. The 

displaced drug’s pharmacologic action will increase, 

as will renal clearance. The concentration of free drug 

will be higher in illness states defined by 

hypoalbuminemia and lower in disease conditions 

characterized by elevated acute phase proteins 

(A1AG). As a result, the relationship between the 

drug’s pharmacological action and its free (unbound) 

concentration in blood is linear. A strongly bound 

medication may be displaced by endogenous 

compounds (bilirubin, fatty acids), and in certain 

people with renal illness, without hypoalbuminemia, 

binding may decrease owing to changes in albumin’s 

protein charges. Although there does not appear to be 

a persistent sex difference in albumin levels, 

endogenous estrogens cause a reduction in the plasma 

levels of AAG, resulting in lower amounts of AAG in 

women than in males. Exogenous estrogens raise 

serum-binding globulin [35]. 

6. Metabolism or Biotransformation 

The body converting a medication into subsequent 

substances is known as metabolism. In the event of 

prodrug delivery, such as with codeine, metabolism 

may be required to transform the drug into active 

metabolites [36]. In general, metabolism can function 

to transform the drug into more water-soluble 

molecules that will advance to renal clearance. The 

process of converting generally more lipophilic 

xenobiotic substances into hydrophilic metabolites, 

abolishing the pharmacological effects of drugs (to 

determine how long they will last), converting 

prodrugs into active parent drugs, converting active 

drugs into more active metabolites (which lengthens 

the duration of their effects), turning drugs into toxic 

metabolites, and turning drugs into chains of active 

drugs (such as diazepam) that can be excreted from 

the body through excretion are The (prodrug) activity 

of metabolites compared to the parent drug might vary. 

Cytochrome enzymes (P450 enzymes) are mostly 

produced by the liver, while they may also be found in 

the gastrointestinal tract, heart, lungs, brain, and 

kidneys. 

 Phase I reactions (nonsynthetic): Phase I 

processes, which are nonsynthetic, include 

oxidation, reduction, or hydrolysis of the parent 

structure to produce smaller, more water-soluble 

metabolites. The cytochrome P450 enzymes 

handle them in a dominant manner. Phase I 

processes, which modify chemical structure by 

oxidation, reduction, or hydrolysis to create a 

more polar molecule for elimination, can break 

down drug molecules. In metabolism, the 

cytochrome P-450 enzyme system is crucial. 

Phase I reactions sometimes serve as a “handle” 

for later Phase II reactions to carry out further 

changes [37]. 

 Phase II reactions (synthetic): Phase II 

processes (synthetic) may involve the coupling of 

a chemical (parent substance and/or phase I 

metabolite) to a water-soluble endogenous 

molecule to aid excretion, such as glutathione, 

glucuronic acid, or sulfate. In phase II processes, 

enzymes can also break down drugs into 

water-soluble forms by conjugating them with 
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glutathione, glucuronide, sulfate, methyl- and 

acetyl-groups. 

Pharmacokinetics, particularly metabolic ones, are 

the most prevalent causes of interactions between 

medications. As cytochrome P450 interactions, they 

are. Many clinically significant interactions result 

from substrate inhibition or induction (medicines that 

are importantly metabolised by the given enzymes). 

Compounds known as inhibitors are frequently able to 

stop the metabolism of certain substrates. When the 

inhibitor is administered, the plasma concentration of 

the substrate may increase. For example, ciprofloxacin 

inhibits the CYP3A4 enzyme that metabolizes 

clozapine, which may impact clozapine toxicity by 

reducing enzyme production and clozapine 

metabolism. Ciprofloxacin also increases clozapine 

plasma levels, and in the end, ciprofloxacin causes 

clozapine toxicity. The stated enzyme’s activity can be 

accelerated by inducers of the specific P450, which 

lowers the plasma concentrations of the listed 

substrates. For instance, carbamazepine starts the 

cyclosporin metabolism through the CYP3A4 enzyme, 

influencing to a reduction in plasma levels of 

cyclosporin and hence loss of efficacy by elevating 

enzyme generation and metabolism of cyclosporin, 

carbamazepine lower the plasma level concentration 

of cyclosporin, then carbamazepine failurity. 

Statins, or anti-cholesterol medications, and 

grapefruit juice need the same enzyme in the liver to 

be metabolized and will compete with one another for 

it. Because of this, statin users should refrain from 

mixing their medication with grapefruit juice.    

There are various variables that influence how quickly 

or slowly a person metabolizes medicines, including 

genetics. Liver function can change with age; older 

people have decreased liver function and may 

metabolize medications more slowly, which increases 

the risk of intolerance; neonates and babies have 

immature liver functions and may require particular 

dose considerations. Sex, females are not as capable of 

metabolizing some medications as males.        

For example, males have larger stomach levels of 

alcohol dehydrogenase than females, which prevents 

females from easily metabolizing alcohol, but 

intestine CYP3A4 levels are not consistently 

sex-specific. Drug interactions may cause a drug’s 

metabolism to be decreased by inhibiting an enzyme 

or increased by inducing an enzyme. Genetic 

differences in CYP2D6, the mechanism through 

which codeine is metabolized, can have significant 

clinical impact. CYP2D6 poor metabolizers (PMs) 

frequently have greater blood concentrations of active 

medications. PMs have increased blood levels of the 

ineffective substance in codeine, which may lead to 

inefficiency. In contrast, individuals with ultra-rapid 

metabolisms (UMs) will convert codeine to morphine 

very quickly, resulting in hazardous morphine levels 

(Figure 4). 
 

 

Fig. 4  Mechanism by which ultra-rapid metabolizers transform codeine (inactive) to morphine (active). 
 

7. Excretion 

The process by which a substance is expelled from 

the body is known as excretion. The kidneys are most 

often the site of excretion, however with some 

medications, the lungs, skin, or GIT may also be 

involved. Drug clearance in the kidneys can occur by 

passive filtration in the glomerulus or secretion in the 
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tubules, however this process can be complicated by 

compound reabsorption [38]. The permanent removal 

of a material from the body is known as excretion. 

Every drug-related substance, including the parent 

drug and its metabolites, is eventually eliminated from 

the body. Drugs that are lipid soluble or lipophilic can 

be eliminated by sweat (for lipid soluble or lipophilic 

drugs), tears, or breath, however these methods are 

less prevalent. Some non-polar medications that are 

lipid soluble are eliminated through the skin or sweat 

glands without being metabolized. Non-polar 

medications are excreted in the same manner [10]. 

The lungs (for volatile/gaseous medications), 

intestines, kidney, and bile can all be used by the body 

to expel drugs or substances (for large molecular size 

medicines). However, the majority of water-soluble 

medicines or metabolites are mostly eliminated by 

renal excretion. The apparent t1/2 of the parent 

chemical or its active metabolite may be significantly 

impacted by changes in renal function, as well as the 

molecule’s clearance(s). For instance, decreased renal 

function will result in an increase in serum drug 

concentrations over time while the medication is being 

provided, which may speed up the pharmacological 

effects of the medication [39]. Numerous variables, 

such as direct renal impairment, might impact 

excretion, extending certain medications’ half-lives 

and requiring dosage modifications. Drug excretion 

may be less effective due to aging, which can affect 

drug dosage and excretion rates, as well as diseases 

that affect renal blood flow, such as congestive heart 

failure and liver disease. 

8. Key Pharmacokinetic Parameters 

Half-Life: Half-life (t1/2) is the amount of time 

needed for the body to remove half of the initial dose 

of a medication. The substance is deemed 

undetectable and unable to exert a pharmacodynamic 

impact after three to five t1/2 [40]. That is, t1/2 = 

0.693/ke, where ke is the drug’s first order elimination 

constant. For example, 25% of a medicine dose with a 

half-life of 12 hours would still be present in the body 

after 24 hours. Many drugs are categorized according 

to their half-lives. For example, the benzodiazepines 

are categorized according to: Midazolam and 

triazolam are ultra-short acting (t1/2 6 hours), 

oxazepam and temazepam are short acting (t1/2 6–12 

hrs), while alprazolam, bromazepam, and lorazepam 

are medium acting (t1/2 12–24 hrs). Long-acting (t1/2 > 

24 hrs): 50% reduction in drug levels in the body for 

clobazepam, clonazepam, diazepam, flunitrazepam, 

and nitrazepam. The time it takes for medication 

concentrations to reach half (or 50%) of the 

anticipated steady-state concentration when a drug is 

given in repeated doses or as a zero-order infusion is 

also represented by t1/2. T1/2 = volume/ CL *(0.693) 

[40] provides a good approximation of the link 

between the clinically relevant t1/2, clearance, and 

volume of distribution. 

Apparent volume of distribution: The apparent 

volume of distribution is a pharmacokinetic parameter 

used to describe the pattern of drug distribution in 

plasma and in various tissues, as well as the size of the 

compartment into which a drug would seem to have 

dispersed in response to its concentration in plasma 

(Vd). It is frequently expressed as liters per kilogram 

(L/kg) and determined by measuring the peak plasma 

drug concentrations for an IV-administered 

medication after the distribution has stabilized. Vd = 

dosage/plasma drug concentration compares that 

concentration to the IV dose administered (PDC).The 

apparent volume to which phenobarbital is dispersed 

(Vd) = (12 mg/kg / 20 mg/L) = 0.6 L/kg, for example, 

if phenobarbital is administered at a dose of 12 mg/kg 

and the sequencing PDC after distribution has taken 

place is 20 mg/L [41]. The Vd can be impacted by a 

number of clinically significant factors, including age 

(larger in neonates and pediatrics, smaller in 

geriatrics), fluid accumulations, plasma protein 

concentration (leading unbound drug only), acid-base 

status (especially if ion trapping causes the drug to 

accumulate in tissues), inflammatory processes or 
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necrosis, and any other causes for alteration. Drug 

distribution to muscles and skin will take anywhere 

between minutes and hours. The time it takes for 

medications to reach fat storage might range from 

hours to days. The drawbacks of Vd are that it cannot 

predict real locations of distribution and may depend 

on total body water (0.65 L/kg). Furthermore, 

medication distribution must be comprehensive in 

order for individual variations in protein binding or 

tissue binding to be accounted for. Drug 

quantity/concentration = volume of distribution. A 

huge volume of distribution frequently means that the 

medicine has a significant effect on bodily fluids and 

tissues. In contrast, a low volume of distribution 

frequently denotes insufficient medication delivery. 

Although the tissues or fluids into which the 

medication spreads are not shown by volume of 

distribution, it does reflect the extent of dissemination. 

Although the volume of distribution of two 

medications may be equal, one drug may initially 

diffuse into muscle tissues while the other may 

concentrate in adipose tissues [33]. 

Drug clearance: The amount of blood from which 

a medication is permanently removed, or cleared, is 

referred to as clearance. Although plasma is most 

usually collected, plasma clearance really represents 

the total of all organ clearances. If just one organ is 

responsible for the drug’s clearance, that organ’s 

clearance is measured by plasma clearance. Clearance 

is measured in volume/mass/time (for instance, 

mL/kg/min) since it is a volume. If the elimination 

rate constant is known, it will explain the portion of 

the volume of distribution (Vd) cleared, and together 

they can be used to calculate clearance (CL) from the 

plasma drug concentration vs. time curve: CL = 

Vdke/time. Clearance is also defined as the volume of 

plasma that would contain the amount of drug 

excreted per unit time (min). As a result, much like Vd, 

CL has a direct impact on ke, or the rate at which 

drugs are excreted from the body; as CL rises, ke 

steepens. No matter how much of a drug is in the 

blood, the same amount will be removed per unit time 

regardless of the drug’s Vd and, consequently, its 

concentration. The relative clearance by each organ is 

calculated by dividing the rate of elimination for each 

organ by a drug concentration (for instance, the 

systemic concentration). Other possible routes of 

elimination include partition into the intestine, 

presence in saliva or perspiration, and metabolism at 

locations other than the liver (for example, 

nitroglycerin, which is processed in all bodily tissues) 

[32]. 

Elimination Rate Constant: The elimination rate 

constant, ke, which is the slope of the terminal, or 

elimination, component of the PDC vs. time curve, is 

used to calculate elimination half-life. Ke is a “hybrid” 

parameter whose effects are influenced by both CL 

and Vd. The larger the amount of medication removed, 

the steeper the slope, or ke, since CL determines the 

drop in PDC. A greater Vd indicates less drug is in the 

volume of blood cleared by the liver or kidneys, 

which has an impact on t1/2 as it does on plasma drug 

concentration. As a result, there is an inverse 

connection between the rate of elimination and Vd. A 

drug’s elimination half-life (t1/2) is the amount of time 

that passes after PDC falls by 50%. The following 

formula is used to determine it: t1/2 = 0.693/ke. The 

link between kel and t1/2 reflects the fact that when C1 

drops by 50% (i.e., C1/C2 = 2), t1/2 becomes run of the 

slope (t2-t1). Since t1/2 is the inverse of kel and the 

natural log of 2 is equal to 0.693, t1/2 is directly related 

to Vd (a higher Vd leads in a longer t1/2) and inversely 

proportional to CL. Note that whereas t1/2 may not 

vary, CL and Vd might undergo significant alteration. 

For instance, CL can drop by 50% in a dehydrated 

animal with renal impairment, tripling t1/2. However, 

if the animal is significantly dehydrated, Vd will 

decrease as a result of the volume of extracellular 

fluid contracting. Because the kidney may remove 

more medications per milliliter of blood, the same 

amount of drugs may be removed, and as a result, ke 

or t1/2 may not change. The time to steady-state (see 
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below) and the amount of time it takes for a 

medication to leave the body after use has stopped are 

determined by the elimination t1/2. For practical 

purposes, the majority of medicines are gone within 

3-5 t1/2 [32]. 

Kinetic models: The kinetics of metabolism might 

be first-order, zero-order, or nonlinear. When the 

amount of medicine removed depends on the 

compound’s concentration and follows a logarithmic 

relationship over time, this is referred to as first-order 

kinetics. With dosage or concentration, there is no 

change in the clearance or Vd. When the rate of 

elimination is independent of the drug concentration, 

this is known as zero-order kinetics. Drugs like 

ethanol, phenytoin, and salicylates exhibit zero-order 

kinetics at high doses. Depending on the saturation of 

the elimination processes, capacity-limited or 

nonlinear kinetics occurs when the rate of elimination 

changes from first-order to zero-order. Importantly, 

any medication may have capacity limitations as a 

result of an overdose [42]. 

Rates of reaction: The rates of kinetics processes, 

which may be characterized by two fundamental 

underlying principles, must be taken into account in 

order to analyze the processes of ADME. The velocity 

at which a reaction or process occurs may be used to 

characterize its rate, which can be either zero-order or 

first-order. 

Zero-order reaction: Take into account how 

quickly medication “A” is excreted from the body. 

The rate of elimination of the medication “A” can be 

expressed as: dA/dt = k, where k is the zero-order rate 

constant, if the quantity of the drug is decreasing at a 

constant pace. The pace of the reaction is constant and 

unaffected by the body’s concentration of “A”. 

Eliminating alcohol is one example. Drugs with this 

kind of elimination will accumulate in the plasma, 

leading to nonlinear pharmacokinetics. 

First-order reaction: The rate of drug “A” 

elimination may be expressed as: dA/dt = KA, where 

k is the first-order rate constant, if the quantity of drug 

“A” is decreasing at a rate that is proportional to “A”, 

the amount of drug “A” left in the body. The amount 

of “A” present in the body affects how quickly the 

response happens. First-order responses are thought to 

govern ADME processes, and this is also how most 

medicines are removed. The majority of medications 

used in clinical settings at therapeutic doses exhibit 

first-order rate processes, meaning that their rates of 

elimination are typically first-order. There are 

important exceptions, such as high-dose salicylates 

and phenytoin. In summary, one may demonstrate that, 

when the dosage of a medication is increased, the 

body is able to clear the drug appropriately, 

preventing buildup for substances with a first-order 

elimination mechanism. The plasma concentration 

will double with a dosage increase. However, if you 

keep increasing the dosage of the medication being 

supplied, all medicines will change from displaying a 

first-order to a zero-order process, as in an overdose 

scenario [42]. 

9. Conclusions 

Pharmacokinetics, which describes the flow of a 

drug into, through, and out of the body as well as the 

timing of its absorption, bioavailability, distribution, 

metabolism, and excretion, can occasionally be 

defined as what the body does to a medication. The 

process of releasing a medication from the 

pharmaceutical formulation is known as liberation. A 

medicine’s pharmacokinetics is determined by 

characteristics specific to the patient as well as by the 

chemical makeup of the drug. Absorption affects how 

quickly and how concentratedly a medication may 

reach the desired site of action, such as plasma. 

Liberation, or the process by which the medication is 

freed from its pharmaceutical dosage form, is 

frequently a part of the absorption process. The 

process of metabolism involves changing often more 

lipophilic xenobiotic substances into hydrophilic 

metabolites that may be excreted from the body. The 

apparent volume of distribution is a pharmacokinetic 
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term used to describe the pattern of a drug’s 

distribution in plasma and in various tissues, as well 

as the size of the compartment into which a drug 

would seem to have dispersed in proportion to its 

concentration in plasma. 
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