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Drug absorption, distribution, metabolism, and elimination (ADME) are all included in 

the broad topic of plasma protein binding (PPB). Alpha-1-glycoprotein, albumin, 

globulin, and lipoprotein are among the proteins found in the human body that serve as 

drug binding sites. Drug-protein interaction now depends on a number of variables, 

including pathophysiological, environmental, drug-related, binding site-related, 

chemical, etc. Additionally, one must research the pharmacokinetics and 

pharmacodynamics of proteins and medications, including volume of distribution, 

clearance, half-life, and other factors. A variety of bonds, including hydrophobic 

interactions and Van der Waals forces, are examined in the mechanism of drug-protein 

interactions. Liquid chromatography, spectroscopy, and other separative and non-

separative methods are available for studying mechanisms. This article covers every 

aspect of plasma protein binding, including free and bound drug concentration, case 

studies of various medications, such as ibuprofen and warfarin, and case studies of 

various populations with varying ages, genders, cultures, and medical conditions that 

explain PPB. In addition to avoiding any risk associated with drug concentration or 

drug-to-drug interactions, the article seeks to understand and improve PPB's 

implications on drug efficacy and its clinical significance 
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INTRODUCTION 

Plasma protein binding definition: - 

"Plasma binding capability of drugs not only 

provides a strength but also weakness for the 

distribution of the drug. Drug can be distributed 

farther from the site of administration with protein 

binding and blood flow. But due to its inability to 

come out from the capillary system, the 

concentration gradient developed by the 

concentration of the free un-ionized drugs 

becomes the deciding factor in determining the 

rate of distribution of the drug in the body tissues. 

Pharmacological and toxicological effects are 

based on the concentration of the free un-ionized 

drugs. Protein binding influences drug action." [1] 

https://www.ijpsjournal.com/
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Importance In pharmacokinetics and 

Pharmacodynamics: - 

Absorption, distribution, metabolism, and 

excretion (ADME) are the four stages of drug 

metabolism that the body goes through to 

determine how quickly and effectively a drug 

reaches its target site, how long it remains active, 

and how it is eventually eliminated from the body. 

Pharmacokinetics is a branch of pharmacology 

that studies these stages of drug metabolism [2]. 

Pharmacokinetics is a crucial field of study since 

it directly affects a medicine's therapeutic efficacy 

and potential for adverse drug reactions [3]. 

Objectives: -                                                                                                                                                

The main purpose of plasma protein binding (PPB) 

of drugs is to control the concentration of the free, 

active drug that is accessible to the tissues, 

functioning like a reversible reservoir.[4] 

Types of Protein Involved in Drug Binding 

 

Sr. No. Plasma Protein Drug Bound Binding Nature Normal 

Concentr

ation 

Key Character 

 Albumin Warfarin 

Aspirin 

Acidic Drug 3.5-5 g/dl High Capacity, 

Low Affinity 

2 a1-Acid 

Glycoprotein 

Proponolol, 

Lidocaine 

Basic drugs 0.5-1 g/dl Acute-phase 

protein 

3 Lipoproteins Cyclosporine Lipophilic Drugs Variable Highly Lipid 

Soluble Drugs 

4 Globulins Steroids, 

Thyroxine 

Specific Binding 2-3 g/dl Include Transport 

Protein Like 

Transferrin 

Table No. 1

Mechanism of plasma protein binding: 

Plasma protein binding refers to the scenario 

where a drug interacts with a blood protein as it 

moves through the blood plasma. It alters the 

concentration of the unbound drug as well as the 

plasma constituents. [5] 

•Types of Binding Interactions: 

1. Electrostatic interactions (ionic bonds) - 

There are many instances of electrostatic bonding 

in anaesthesia and intensive care. Ionic 

(electrostatic) bonds are a type of bonds that are 

formed easily and are reversible. Such bonds are 

for humed between some ionized species and some 

anionic or cationic sites on a protein. Such a bond 

is formed as a result of the transfer of electrons 

between atoms. Notably, some atoms are 

positively charged. It occurs in neutral molecules, 

which means there are no net electric charges, and 

the molecules are in a state of equilibrium. 

Positively charged, neutral species are drawn to an 

anionic moiety. For example, the positively 

charged tertiary and quaternary amines, namely 

acetylcholine, physostigmine, and neostigmine, 

are attracted to an anionic glutamate residue in 

acetylcholinesterase and facilitate their interaction 

with the enzyme. Similarly, the anticoagulant 

heparin with an anionic pentasaccharide moiety is 

attracted to positively charged arginine residues in 

antithrombin III resulting in the formation of a 

stable complex.[7] 

2) Hydrogen Bonding 

Hydrogen bonding has an important role as a type 

of dipole-dipole interaction in biological 
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processes. There are numerous examples of 

hydrogen bonds in biology, and they all have 

different intrinsic energies. Typically, hydrogen 

bonds can be formed between a positively charged 

hydrogen of a hydroxyl (-OH) or a secondary 

amine (-NH) group and an adjacent 

electronegative atom with lone pairs, such as 

oxygen, nitrogen, or fluorine. Hydrogen bonds are 

a type of rapid chemical bond that are formed and 

broken (although, relative to other dipole-dipole 

interactions, they have greater bond strength and 

are more difficult to break).[7] 

 

3) Van der Waals Forces 

These are also referred to as dipole-dipole 

interactions. These occur between partially 

positive and partially negative charges which can 

attract or in some cases where a charge is neutral, 

positive charges repel other positive charges. The 

most important distance where this intermolecular 

magnetism occurs is called the Van der Waals 

distance. These forces decay rapidly with distance, 

therefore they're strong in solids and liquids but 

very weak in gases. [7] 

 

4) Hydrophobic Interactions 

These are essentially the opposite of polar bonds. 

When atoms are covalently bonded and have an 

equal (or nearly equal) affinity toward the shared 

electrons, the bond is non-polar. Symmetrical 

molecules like hydrogen and nitrogen, as well as 

carbon-hydrogen bond, are non-polar bonds. Non-

polar and polar covalent bonds. 

The term 'non polar compounds' can refer to a 

variety of different non polar compounds, which 

are, in turn, able to be categorized in multiple ways 

based on their structure. [7] 

• Formation of Drug- Protein Complex: - 

1) The interacting molecules are mostly 

macromolecules, examples of which are proteins, 

DNA, or even adipose tissue. Proteins are the main 

players in these interactions. 

2) The term used to describe the process by which 

a drug forms a complex with a protein is referred 

to as protein binding of the drug. 

3) A drug that is complexed with a protein is not 

metabolized or excreted. Thus, it becomes 

pharmacologically inactive because it has no 

pharmacokinetic and pharmacodynamic activity. 

4) The interaction can be expressed as Protein + 

drug ⇌ Protein-drug complex. 

5) Protein binding can be classified as either 

intracellular binding or extracellular binding. 

6) The drug's binding to the protein can be 

classified as reversible and irreversible. 

7) Reversible binding is associated with weak 

interactions such as chemical interactions: 1. 

Hydrogen bonds 2. Hydrophobic interactions 3. 

Ionic interactions 4. Van der Waals interactions. 

8) Irreversible drug binding rarely occurs but is a 

result of a covalent bond.[8]      
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Diagram No.1 

The drug is encarporated in the body through iv 

and then the drug gets absorbed into the cell 

through the blood circulation. After incorporating 

the drug binds with the protein present in the body 

and form a bond with the protein it may be 

reversible or irreversible the drug protein complex 

is formed. if the drug protein complex is reversible 

then the drug breaks the bond with the protein and 

become free drug and shows the activity of the 

drug at its particular site but if it is in the bound 

state then it becomes inactive and cannot show its 

desired activity at its particular site. The free drug 

is in the active state they can bound to thier 

particular site and shows its desired activity on the 

body. 

• Binding site of Drug: - 

•Albumin protein binding → Albumin is 

considered to be of major binding protein or drug 

binding protein in quantitative dominance in 

plasma and makes up ~80% of human plasma. It 

also helps in the transport of many hydrophobic 

molecules including bilirubin, fatty acids, 

lipophilic drugs and metal ions. Albumin contains 

two types of binding sites referred to as Sudlow 

site 1 and Sudlow site 2. Human Serum Albumin 

is made up of three homologous domains, the three 

domains of albumin protein form six binding sites 

per unit.[6] 

•Alpha-1 acid glycoprotein binding → It binds to 

basic and also steroid drugs. It has only one 

binding site and is considered as the second major 

binding site also referred as’ oromacoid’.[6] 

•Globulin: - is another binding site which act on 

certain drugs like fat soluble vitamins (A, D, E, 

K).[6] 

•Haemoglobin: - It can also bind drugs to some 

extent.[6] 

 

• Free Drug and bound Drug: - 

• Free Drug: - 

In essence, the free drug refers to an unbound drug 

which is also the pharmacologically active 

component, hence free drugs are the only ones that 

can penetrate the plasma membranes. When the 

free drug concentration surpasses the total drug 

concentration, even keeping the drug 

concentration within the therapeutic range may 

lead to patient toxicity. Uremia, liver disease, and 

hypoalbuminemia increase free drug 
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concentration. Drug-drug interaction may also 

increase free drug concentration. [9] 

• Bound Drug: - 

Bound drug is the drug that binds to protein or 

tissue in blood. This is inactive because it does not 

cross the cell membrane. The drug acts as a 

reservoir. The bounded drug slowly releases and 

acts as an active component and exerts a 

physiological effect. [10] 

• Drug protein binding equilibrium:  

Drug-protein binding equilibrium is a reversible 

equilibrium involving a free (unbound) drug, a 

protein-bound drug, and blood proteins, usually 

tubular proteins like albumin. The free drug is 

pharmacologically active, crosses membranes, and 

is a bound drug.[14] 

Many (n) drugs show attraction or affinity for sites 

on nonreceptor proteins, resulting in possible 

reversible 

Drug + Protein = Drug Protein Complex 

A similar situation exists with plasma proteins, 

most commonly with albumin, which with many 

acidic or steroidal medicines, and α1-acid 

glycoprotein, which binds many basic or neutral 

drugs. A drug may also reversibly bind with 

intracellular proteins. The drug-protein interaction 

resembles the drug-receptor interaction since it's 

rapid, reversible, and saturable, and different 

ligands can compete for the same site. It lacks an 

essential pharmacological effect but decreases the 

free concentration of the drug available to act at 

the receptors, in the quantity of the drug remaining 

available may be only a fraction of the total body 

cargo. Proteins such as albumin can thus act as 

protein depots, liberating the bound drug when the 

free drug is distributed to other compartments or 

eliminated. Competition for binding to proteins 

either in the plasma or intracellular can occur 

between different drugs, and between drugs and 

endogenous ligands. A highly protein-bound drug 

like aspirin can displace other drugs such as 

warfarin from their binding sites on plasma 

proteins; the increase in unbound drug 

concentration can increase the therapeutic effect of 

the displaced drug. Most similar relationships have 

significant clinical impacts, although one example 

of drug interactions with an endogenous ligand  is 

the displacement of bilirubin from the albumin by 

sulphanilamide drugs, which decreases the 

bilirubin concentration in the tube, causing an 

increased risk of kernicterus. [15] 

 

• The Concept of Free Fraction (Fu): 

The unbound part of a drug in the body is referred 

to as the free fraction. This unbound form has both 

harmful and therapeutic effects due to its 

pharmacological activity. It is the part of a 

medication that is not attached to blood proteins 

and has the potential to improve therapeutic effects 

and bioavailability. Because free fraction directly 

affects a drug's mechanism of action and possible 

effects on the body, it is crucial to comprehend 

it.[12] The fraction unbound (fu) is the term used to 

describe the drug fraction that is not bound to 

protein. The free concentration (Cfree) divided by 

the total concentration yields the fu.[11] 

(C tot = C free + C bound), equation … (1),  

𝑓𝑢=𝐶𝑓𝑟𝑒𝑒(𝐶𝑓𝑟𝑒𝑒+𝐶𝑏𝑜𝑢𝑛𝑑) … (1) 

fu is dictated by the maximum protein binding 

capacity (Bmax), which is proportional to the 

concentration of the binding protein, considering 

the presence of single or multiple binding sites on 

the protein with same and uniform binding 

affinity, equilibrium dissociation constant (Kd, the 

drug's affinity for the protein), and the drug free 

concentration, Cfree (equation (2)). 

𝑓𝑢=𝐾𝑑+𝐶𝑓𝑟𝑒𝑒 /(𝐵𝑚𝑎𝑥+𝐾𝑑+𝐶𝑓𝑟𝑒𝑒) ... (2) 

When Cfree is significantly lower than Kd, which 

is the case most of the time, fu is determined only 
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by Bmax and Kd, and hence remains constant (i.e. 

linear binding), as represented by equation (3). 

𝑓𝑢=𝐾𝑑 / (𝐵𝑚𝑎𝑥+𝐾𝑑) .... (3) 

In linear binding case, fu is independent of both 

Cfree and Ctot. It is the pharmacological factors 

(Kd and Bmax) that “determine” fu that dictate 

Cfree and Ctot. The steady-state effects that fu has 

on Ctot and Cfree depends on whether a protein 

binding impacts drug clearance. When protein 

binding impacts total drug clearance, it is case 

when the rate of dissociation of drug from plasma 

protein is low compared to the (intrinsic) 

elimination rate constants of the organs 

responsible for elimination. When the rate of 

dissociation of drug from plasma proteins is high 

compared to the intrinsic clearance of the drug, 

then protein binding does not stand to limit total 

drug clearance. When drug clearance is limited by 

protein binding, changes in fu tend to influence 

Ctot but not Cfree. In situations where protein 

binding is not a limiting factor to drug clearance, 

changes in fu tend to influence Cfree but not Ctot. 

Most of the medications that have strong binding 

to plasma proteins, protein binding tends to limit 

their elimination. [13] 

Factors Affecting Plasma Protein Binding 

1. Things that are related to drugs: 

• Drug Concentration and Affinity: In general, 

higher drug concentrations lead to better binding. 

But at high concentrations, protein binding sites 

may become full, which raises the percentage of 

free drugs. There are also differences in how much 

drugs like plasma proteins. Acetaminophen, for 

example, has a much lower affinity for albumin 

than warfarin does. Digoxin binds to cardiac 

muscle proteins more strongly than to skeletal 

muscle or plasma-like HAS proteins. = [18]                      

  •Lipophilicity: Drugs that are lipophilic (fat-

soluble) tend to stick to plasma proteins better than 

drugs that are hydrophilic (water-soluble). This is 

because lipophilic drugs easily interact with the 

hydrophobic pockets of plasma proteins, such as 

albumin. Medications that are very lipophilic, like 

warfarin and diazepam, bind strongly to proteins. 

This slows down their release into the bloodstream 

and makes them work longer. Hydrophilic drugs, 

such as acetaminophen, exhibit reduced protein 

binding and are more accessible in their unbound 

state. [16] Cloxacillin given through an 

intramuscular injection has a 95% protein binding 

rate, which is thought to be due to its higher 

lipophilicity.[17]                                              

 • Molecular Size: Bigger drug molecules stick to 

plasma proteins better than smaller ones. Larger 

drugs can interact with proteins in many ways, 

which can help keep the drug-protein combination 

stable. This binding makes less free medicine 

available for excretion or pharmacological action. 
[16] 

•Ionization: Drugs that bind to plasma proteins 

differently are often ionized, or charged, at 

physiological pH. Acidic drugs such as phenytoin 

usually attach to albumin, while important drugs 

such as propranolol usually attach to alpha-1 acid 

glycoprotein. So, the level of ionization, which 

depends on the pH of the blood and the pKa of the 

drug, may affect how well proteins bind. [16]                                

2. Plasma Protein Related: 

Most plasma proteins are human serum plasma 

proteins, so many drugs bind to them more than 

they do to other proteins molecules. [19] 

• The number of places where the protein can 

bind: 

It is also important to think about how many 

protein molecules are in the protein molecule. 

Albumin has a lot of binding sites and is also more 

likely to finish the binding process. Flucloxacillin, 
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ketoprofen, and indomethacin are just a few of the 

drugs that can bind to albumin molecules in 

plasma at more than one site. [20,21] 

• The physicochemical properties of the protein 

binding agent: 

Adipose tissue and lipoproteins usually bind 

lipophilic drugs by breaking them down in the 

lipid core. The physiological pH determines 

whether the drug has active anionic and cationic 

groups that bind to albumin. [22] 

3.Patho-physiological Consideration: 

Various medical conditions that change plasma 

protein levels or the ability of drugs to bind to 

proteins can cause big changes in protein binding. 

Drug toxicity has been observed in connection 

with renal diseases. The main reason for this is that 

proteins are not evenly spread out in the body and 

the body can't get rid of harmful substances. 

It has also been observed that inadequate albumin 

production in hepatic diseases leads to improper 

drug protein binding. In these cases, the patients' 

dosages of the medications theophylline and 

diazepam are changed     

 4.Environmental Aspects: 

Drugs' lipid solubility, protein binding, and 

association constant with their receptor are all 

impacted by pH. The quantity of available binding 

sites can be impacted by endogenous ligand excess 

(or deficit, for that matter) through pure 

competition, as in the case of hyperbilirubinemia. 

Protein binding is clearly influenced by protein 

level since it affects the total number of binding 

sites that are available. It's important to discuss 

temperature, but let's be honest: in most situations, 

the pertinent temperature will be either 1-2 degrees 

above or below normal body temperature. [23,24] 

 

•Different case studies explaining these factors; 

• Warfarin in Senior Citizens:  

o Due to hypoalbuminemia, a 35% increase in the 

free fraction was noted, requiring dose reductions 

to avoid bleeding complications.  

• Phenytoin in Infants:  

o There was a 50% increase in free drug levels, 

which led to a smaller therapeutic window and 

more difficulties controlling seizures.  

• Ceftriaxone in Patients with Renal Impairment:  

o Higher free drug levels due to decreased protein 

binding increased both the risk of nephrotoxicity 

and efficacy.  

• Ibuprofen in Expectant Mothers:  

o the unbound drug fraction increased by 20% due 

to decreased albumin levels, which may have an 

impact on pregnancy dosage modifications. 
[29,30,31,32,33,34,35,36,37] 

Impact on pharmacokinetics: 

The drug that is attached to proteins is not broken 

down or removed. The drug is not 

pharmacologically active because it is 

pharmacokinetically and pharmacodynamically 

inert. [25] The part of the drug that isn't bound is 

broken down in the liver and other tissues. If a drug 

is less bound, it can move through cell membranes 

more easily. The unbound fraction has 

pharmacologic effects. [26] The unbound fraction 

can be removed or broken down by the body. 

The process of protein binding reaching 

equilibrium is quick and can be undone. It is also 

thought of as an absorption process because it 

follows the law of mass of action. A simple 

example of a 1:1 protein-drug complex is the 

interaction between a protein and a drug molecule, 

which can be written as: [27] 

P+D → PD  

P represents the unbound protein's concentration 

in terms of free  

binding locations. D is the unbound drug's 

concentration. PD is a protein-drug complex's 

concentration.  
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When the law of mass action is applied, the 

expression becomes:  

K=[PD]/[P][D] 

The association constant is denoted by K.  

[PD]=K[P][D] …. (1)  

If [Pt] represents the total protein concentration, 

then  

[Pt]=[P]+[PD]…. (2)  

The sum of unbound protein and protein is the total 

protein concentration.  

existing within the complex.  

Or,  

[P]=[Pt]-[PD]…... (3)  

After changing the value of [P] in equation (1),  

[PD]=K[D]([Pt]-[PD])  

[PD]=K[D][Pt]-K[D][PD]  

[PD]+K[D][PD]=K[D][Pt]  

[PD](1+K[D]) =K[D][Pt]  

[PD]/[Pt] =K[D]/1+K[D] 

where the average number of drug molecules is 

represented by [PD]/[Pt].  

bound per protein mole [Pt].  

Using r to replace [PD]/[Pt],  

r=K[D]/1+K[D] 

If n independent binding sites exist, then:  

r=n{K[D]/1+k[d]} 

r(1+K[D]) =Nk[d]r+rK[D]=nK[D] 

r = nK[D]–rK[D]  

r=[D] (nK–rK)  

 r/[D]=nK-rK   … (5)  

We call this a Scatchard plot.  

For data analysis, equation (5) is not utilized if the 

experimental  

system, both the type and quantity of protein are 

unknown. Next, a  

A different formula is applied.  

[Db]/[D]= -K[Db]+nK[Pt] 

Where Db  

provides the bound drug's concentration. The 

proportion of  

Plotted against [Db] is [Db]/[D]. K is derived from 

the slope and  

The intercept is used to calculate nK[Pt].  

• Value of distribution: 

In this case, the volume of distribution of a drug is 

mostly based on how much of it is bound to plasma 

proteins instead of being bound to tissue. 

Ibuprofen is one of the examples above. It has a 

volume of distribution of only 0.1L/kg because it 

binds strongly to plasma albumin, which keeps it 

in the circulating volume like albumin usually 

does. Amiodarone is also highly protein-bound, 

but it prefers to spread throughout the tissues, with 

only a small amount of amiodarone bound to 

plasma proteins. [23,24] 

• Clearance: 

Albumin binding can lower drug clearance by 

making the molecules bigger and the drug's free 

fraction smaller. As the unbound fraction goes 

down, CL goes down too. A drug with a low CL 

usually stays in the plasma longer and needs a 

lower dose to reach a certain plasma concentration. 

The free fraction of drugs is lowered by albumin 

binding, which changes the drug's CL and VD. 

These two values set the mean residence time or 

terminal half-life. When the drug moves from the 

vascular space to the tissue or is removed from the 

body, a new balance will be reached to keep the 

free drug concentration stable, which will lead to a 

steady release of the drug. Macromolecules that 

are bigger than 20 kDa or 10–100 nm in diameter 

are moved from interstitial fluid into the first 

lymphatic vessels. Most medications and 

molecules, on the other hand, are taken out of 

tissues and administration sites by draining blood 

capillaries. The lymphatic system moves albumin 

from the interstitial fluid back into the blood. We 

anticipate that albumin will travel with the drug's 

bound fraction as it moves from tissues back into 

the bloodstream via the lymphatic system. Future 

studies should test this theory. Also, binding to 
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albumin to make the molecule bigger may make it 

harder for the kidneys to clear it out, since the 

kidneys usually only filter out molecules that are 

smaller than 60 kDa. 

• Half-life: 

Let's use diazepam as an example. Drugs that 

mostly bind to proteins, like diazepam, tend to 

have longer half-lives because they bind strongly 

to albumin. The drug's bound part works like a 

reservoir, slowly releasing the free drug into the 

bloodstream. This could lead to a longer-lasting 

therapeutic effect and fewer doses needed. The 

long half-life of diazepam is mostly due to how 

slowly it leaves protein binding sites. [28] 

•Impact On Therapeutic Efficacy: 

The amount of pharmacologically active drug that 

is available in its free form is directly affected by 

the amount of protein that binds to it. This also 

affects how well the drug works. The free drug 

fraction eventually has therapeutic effects after it 

interacts with target receptors and passes through 

biological membranes. So, changes in how 

proteins bind to the drug could have a big effect on 

how well it works. [28] 

•Decreased Amount of Protein Bound to 

Enhancing Effects, Example:  

When people have lower levels of protein (for 

instance, low albumin), the amount of P.B. will 

decrease. Therefore, the amount of drug remaining 

in the free form will increase. An example would 

be someone who has some form of liver disease or 

malnourished from drug use and their albumin 

levels will be lower. Consequently, the 

concentration of free drug for protein bound 

medications such as phenytoin will be higher due 

to either of these two states. This increase may 

increase the potential for the therapeutic effect of 

the drug but also increase the risk of toxicity and/or 

side effects. Risks that have been increased as a 

result are likely due, in part, to the amount that is 

free. For some drugs, even a slight increase in free 

concentration may have a very significant impact 

on the efficacy and/or safety of the drug. 

• [TDM] Therapeutic Drug Monitoring: 

TDM is performed routinely by health care 

professionals for the measurement of both total 

and unbound (free) drug concentrations from 

drugs with protein binding as an important 

component in maintaining their efficacy. TDM 

ensures the unbound fraction of the drug stays 

within the defined therapeutic range, which is 

especially important for those patients whose 

protein levels vary significantly and/or take 

numerous medications that may interfere with 

their protein binding. TDM is also particularly 

important for drugs with a narrow therapeutic 

index since very small changes in unbound drug 

concentration can result in adverse and/or 

subtherapeutic effects.[28] 

•METHOD FOR DETERMINING PLASMA 

PROTEIN BINDING: 

Various methodologies are utilized to determine 

the binding affinity of proteins to pharmaceuticals. 

These methods can check how well a drug 

dissolves when protein is present and when it is 

not. They are also used to see how protein changes 

the drug molecule in both water and organic 

solvents. 

•Two different methods are used to study how 

drugs bind to proteins. 

1. The process of separation. 

2. A method that doesn't separate things. 

•Separative approach: 

This method separates the free ligand from the 

bound species and uses it right away to find out 

how much of the drug is bound or unbound. 
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Different techniques are used in separative 

methods to find out how drugs and proteins bind 

to each other. [38] 

 

Methods Principle 

Equilibrium Dialysis Semipermeable membrane allows free drug 

diffusion until equilibrium 

Ultrafiltration Pressure/centrifugation forces free drug through 

membrane 

Ultracentrifugation Separation by molecular weight using high 

centrifugal force 

PAMPA (Parallel Artificial Membrane Assay) Artificial lipid membrane separates free drug. 

Separation. via chromatographic interaction 

Capillary Electrophoresis 

Liquid Chromatography Separation via chromatographic interaction 

Capillary Electrophoresis. 

Capillary Electrophoresis Electrophoresis Separation based on size & 

charge in electric field 

 

Table no.1 reference -[38,43,44,45,46,47,48] 

•Non-Separative Approach- 

This collection of methods for figuring out 

protein-drug binding depends on finding a charge 

in a physicochemical characteristic of either the 

protein or the ligand as a result of the binding. 

There are two various methods employed by this 

group. [38] 

Method Principle 

Spectroscopic Techniques (e.g., Fluorescence 

spectroscopy) 

Detects changes (forty-three chemical–physical 

properties) in (fluorescence/absorbance); due to 

binding of drug 

 

Calorimetric Techniques (ITC, DSC) Measurement of the heat change associated with 

the drug-protein interaction. 

 

Subtypes: -  

ITC (Isothermal Titration Calorimetry) Measures heat released/absorbed during binding 

at constant temperature. 

 

. DSC (Differential Scanning Calorimetry) Measures change in protein stability with 

temperature 

 

Table no.2 reference - [38,50,51,52,53,54] 

 

•Plasma Protein Binding's Clinical 

Importance: 

The binding of drug molecules to protein 

molecules in order to create a drug-protein 

complex is an important step in determining how 

the drug is metabolized or eliminated. In addition, 
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drug-protein complexes produce non-metabolic 

(or inactive) pharmacokinetic and inert 

pharmacodynamic properties. Drugs are typically 

targeted to certain tissues or sites of action, with 

each target tissue or site having a greater affinity 

for the drug than for other tissues/sites. For this 

reason, the binding of the drug to protein will 

increase the duration of the drug's effect. The size 

and weight of the drug-protein complex restrict the 

ability of the complex to pass through cellular 

membranes, prolonging the length of time that the 

drug will remain in circulation. [38] The protein-

drug binding process is typically reversible, and 

involves non-covalent (or weak) chemical bonds 

(such as hydrogen, ionic, and hydrophobic), and 

very rarely, covalent bonds. Covalent bond 

formation will create a permanent (or irreversible) 

bond, and therefore, it may be possible to 

anticipate possible negative outcomes, such as 

organ or tissue toxicity, teratogenesis, or 

carcinogenesis. [39] 

1. Absorption: - 

The concentration of free drug in circulation 

decreases because the drug is being absorbed and 

bound to plasma proteins. Most traditional dosage 

forms are said to follow first-order kinetics, and an 

increase in protein binding can affect how the drug 

is absorbed (e.g., change in the rate of absorption). 
[40] 

2. Distribution: - 

 By serving as a buffer, protein binding of plasma 

drugs ensures equitable distribution within the 

body. In some instances, drug-bound medications 

are not physiologically able to traverse the 

glomerulus (where urine is produced), the 

placental barrier, or the blood-brain barrier; 

Therefore, protein binding decreases drug 

distribution. [40] 

3. Elimination: - 

  Removal (the only drugs that can be removed are 

those that are unbound). Protein binding prevents 

drugs from entering the metabolizing organ or 

passing through the glomerulus. Primary mode for 

removing tetracycline is glomerular filtration. [40] 

 Distribution of drugs within the tissue of the body   

• Quantity of free drug that can access the cell's 

action site is limited [41] 

• The drug loses its ability to produce a 

pharmacological effect because a protein-bound 

drug cannot bond to its receptor • There is 

pharmacological activity from the protein-drug 

complex [39] 

 • Co-administration of a special type of drug that 

also binds to plasma proteins causes the bound 

drug to be "displaced" and can lead to severe 

toxicity because the recipient drug is unable to 

bond with the receptor to elicit the desired 

pharmacological effect [42] 

 • Therefore, the effect of the drug can extend its 

duration of action [43] 

 • The accumulation of the drug is increased, and 

the excretion of the drug is delayed.[40] 

•Drug-Drug Interaction in Plasma Protein 

Binding:  

If More Than One Drug have the Same Affinity to 

Bind to the Same Site. If one or more of those 

drugs has the same affinity for a site, then they will 

compete for that binding. If a second drug (Drug 

B) is administered when Drug A had been 

previously bound, then the higher affinity drug 

will displace Drug A from that particular site of 

action. This is called Displacement Reaction. 

 For Example: - When Phenylbutazone displaces 

Warfarin from their binding sites on HSA [55,56]. 

Narrow Therapeutic Index (NTI) Drugs: Drugs 

such as Warfarin, Phenytoin and Digoxin are all 

NTI medications; thus, their effects can be easily 
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altered by small changes in free concentrations and 

have large effects in toxicity or therapeutic failure.  

For example: -If a patient is taking Warfarin, it is 

a highly bound drug to albumin, and when that 

patient takes an aspirin-like drug (i.e. Ibuprofen) 

then there is a risk for Warfarin to be displaced 

with the possible side effect being Severe Bleeding 

and High amounts of Free Warfarin [57] 

CONCLUSION  

Plasma protein binding (PPB) is one of the vital 

determinants of the pharmacokinetics and 

pharmacodynamics of a medication, controlling 

the distribution of active and inactive drug 

fractions. The free drug form penetrates cellular 

membranes and exerts pharmacological effects, 

whereas the bound drug fraction functions as a 

reservoir, increasing its duration. Drug-protein 

interactions are reversible in nature and occur due 

to weak intermolecular forces such as 

hydrophobic, hydrogen, ionic, and Van der Waals 

forces. Numerous factors including those related 

to drugs, proteins, physiological, or pathological 

states influence PPB extensively directly 

influences pharmacokinetics of medications and, 

therefore, their safety and efficacy. Changes in 

protein binding capacity, induced by disease 

conditions and drug interactions, may result in a 

substantial increase in the free drug fraction and 

toxicity or lack of medication effectiveness. 

Modern techniques facilitate the determination of 

plasma protein binding, providing an opportunity 

for therapeutic drug monitoring and adjustment of 

dosage regimens for narrow therapeutic window 

medications. In general, a comprehensive 

knowledge of plasma protein binding mechanisms 

is necessary for achieving positive therapeutic 

results and avoiding negative outcomes.
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