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LO2 They will also able to know the concepts protein binding 
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LO3 They will also able to know the concepts of action of drugs 

based on complexation. 
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LO4 Students will able to learn crystalline structures of drugs. CO4 
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COMPLEXATION 
Complexation may be defined as association of two or more species capable of independent 

existence. Complex may be result as donor or accept mechanisms which include reactions 

between two or more different chemical constituents forming a coordinating compound. Various 

intermolecular forces involved in the formation of complex are vander waal forces, dipole forces 

and dipole-dipole induced forces. 

Complexation is an extensively used technique in the pharmaceutical field to improve solubility 

of several pharmaceutical ingredients, and subsequently the bioavailability of poorly water- 

soluble drugs. Complexation uses a chelating agent to convert inorganic ions to a complex that 

has higher solubility in the organic extraction solvent. 

Classification of Complexes 

Basically there are three types of complexes: 

1. Metal ion complex 

 Inorganic type 

 Chelates 

 Olefin type 

 Aromatic type 

a. Pie bond 

b. Sigma bond 

c. Sandwich compounds 

2. Organic molecular complexes 

 Quinhydrone type 

 Picric acid type 

 Caffeine and other drug complexes 

 Polymer type 

3. No bond complexes or inclusion complexes 

 Clathrate 
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 Channel lattice type 

 Layertype 

 Monomolecular type 

 Macromolecular type 

 

Metal ion complexes: It consists of central atom or ion that is bonded to one or more ligands. 

Ligands are ions or molecules that contain one or more pair of electron that can be shared with 

metal. 

Metal ion can be neutral, positively charged or negatively charged. Electrically charged metal 

complexes are also called complex ions. 

A complex ion has a metal ion at its center with a number of other molecules or ions surrounding 

it. These can be considered to be attached to the central ion by co-ordinate (dative covalent) 

bonds. (In some cases, the bonding is actually more complicated than that.) 

 Inorganic type: In this type the ligands provide only one site for binding with 

metals. In this type metals and ligands bonded with each other by electrostatic or covalent 

binding. 

 Chelates: A compound containing a ligand (typically organic) bonded to a central 

metal atom at two or more points. Chelation is a type of bonding of ions and molecules to 

metal ions. It involves the formation or presence of two or more separate coordinate bonds 

between a polydentate (multiple bonded) ligand and a single central atom. These ligands 

are called chelates, chelators, chelating agents, or sequestering agents. They are usually 

organic compounds, but this is not a necessity, as in the case of zinc and its use as a 

maintenance therapy to prevent the absorption of copper in people with Wilson's disease. 

 Olefin type: Olefin, also called alkene, compound made up of hydrogen and 

carbon that contains one or more pairs of carbon atoms linked by a double bond. Olefins 

are examples of unsaturated hydrocarbons (compounds that contain only hydrogen and 

carbon and at least one double or triple bond). 

 Aromatic type: Aromatic compounds, also known as arenes or aromatics, are 

chemical compounds that contain conjugated planar ring systems with delocalized pi 

electron clouds instead of discrete alternating single and double bonds. Typical aromatic 

compounds are benzene and toluene. 



 

 

ASBASJSM COLLEGE OF PHARMACY (AN AUTONOMOUS COLLEGE) BELA 

    The Pioneer Pharmacy Institute of Punjab  

a. Sigma bond: sigma bonds (σ bonds) are the strongest type of covalent 

chemical bond. They are formed by head-on overlapping between atomic orbitals. 

Sigma bonding is most simply defined for diatomic molecules using the language 

and tools of symmetry groups. 

b. Pie bond: Pi bonds (π bonds) are covalent chemical bonds where two 

lobes of an orbital on one atom overlap two lobes of an orbital on another atom 

and this overlap occurs laterally. Each of these atomic orbitals has zero electron 

density at a shared nodal plane, passing through the two bonded nuclei. 

c. Sandwich bond: A sandwich compound is a chemical compound featuring 

a metal bound by haptic covalent bonds to two arene ligands, because the metal is 

usually situated between the two rings, it is said to be "sandwiched". A special 

class of sandwich complexes is the metallocenes. 

 

2. Organic Molecular complexes: complex organic molecules are molecules with 

multiple carbon atoms such as benzene and acetic acid. These molecules have been 

detected in interstellar space with radio telescopes. In chemistry, “complex organic 

molecules” refer to polymer-like molecules such as proteins. 

 Quinhydrone complex: Quinhydrone is a molecular complex composed of 

equimolar p-benzoquinone (quinone) and hydroquinone. In quinhydrone, two 

intermolecular interactions are essential face-to-face charge transfer (CT) interaction and 

OH/O(¼C) hydrogen bond. 

 Picric acid type: Picric acid types, Picric acid, being a strong acid, forms organic 

molecular complexes with weak bases, whereas it combines with strong bases (anesthetic 

activity of butesin) to yield salts. Picric acid was the first high explosive nitrated organic 

compound widely considered suitable to withstand the shock of firing in conventional 

artillery. 

 Caffeine acid type: Drugs such as benzocaine, procaine and tetracaine form 

complexes with caffeine. A number of acidic drugs are known to form complexes with 

caffeine. 

Polymer type: A polymer-metal complex is a coordination complex between a ligand 

function anchored on a polymer matrix and a metal ion in which the metal ion is attached 
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to the polymeric ligand by a coordinate bond. Here apolymeric ligand is considered as a 

polymeric substance that contains coordinating groups or atoms  mainly N, 0 and S. 

 No bond or inclusion complexes: Inclusion complexes are molecular compounds having the 

characteristic structure of an adduct in which one compound (host molecule) spatially encloses 

another. The enclosed compound <guest molecule) is situated in the cavity of the host without 

significantly affecting the host framework structure. 

 Clathrate: clathrate compounds are polymeric and completely envelop the guest molecule, 

but in modern usage clathrates also include host–guest complexes and inclusion compounds. 

According to IUPAC, clathrates are inclusion compounds "in which the guest molecule is in a 

cage formed by the host molecule or by a lattice of host molecules. 

 Channel lattice type: A complex in which one component (the host) forms a cavity or, in 

the case of a crystal, a crystal lattice containing spaces in the shape of long tunnels or channels in 

which molecular entities of a second chemical species (the guest) are located. 

 Layer type: Compounds such as clays, montomorillorite (constituent of bentonite), can 

entrap hydrocarbons, alcohols and glycols. They form alternate monomolecular (monoatomic) 

layers of guest and host. 

 Monomolecular type: Monomolecular inclusion compounds involve the entrapment of a 

single guest molecule in the cavity of one host molecule. Most of the host molecules are 

cyclodextrins. The interior of the cavity is relatively hydrophobic, whereas the entrance of the 

cavity is hydrophilic in nature. 

 Macromolecular type: It is also called macromolecular metal complex, is a complex of 

atom or usually metallic ion and a surrounding array of bound molecules or anions, which are 

known as ligands. In bioinorganic chemistry the ligands are the side chains of proteins or 

cofactors like porphyrins. 

Applications of Complexes 

 

1. Complex formation has been used to alter physiochemical and biopharmaceutical properties 

of drugs. 

2. In various types of poisoning chelating agents are used as antidote in heavy metal 

poisoning, mercury and arsenic poisoning. 
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Drug absorption and bioavailability of various dosage form heparin in ionized form having 

high molecular weight is not absorbed from GIT however in the presence of EDTA (chelating 

agent) the absorption of heparin (anticoagulant) increases. 

3. Complexation is also used in solubilization of various drugs. 

4. Stability of products for example hydrolysis of local anesthetic can be decreased by 

complexation with caffeine but in case of procaine the stability of product increases from 26 

hours to 46 hours. 

5.  As a therapeutic agent complexation of iron with simple salt like ferrous sulphate and 

carbonate are used to reduce GIT irritation and also decreases irritation at the site of injection. 

6. It is also used in diagnosis of kidney function. 

7. As a therapeutic tool EDTA and citrates are used for preservation of blood. 

8. Assay of drug complexometric titrations are used to assay the drug containing metal ion 

such as magnesium trisilicate. 

9. Development of novel drug delivery system (NDDS) complexation of drug with polymers 

are used in formulation of novel drug delivery devices. 

Protein Binding 

Protein binding is most clinically significant for antimicrobial therapy, where a high degree of 

protein binding serves as a drug “depot,” allowing for increased duration of the time the drug 

concentration remains above the bacterial minimum inhibitory concentration, adding to 

antimicrobial efficacy. 

Protein-binding may affect drug activity in one of two ways: either by changing the effective 

concentration of the drug at its site of action or by changing the rate at which the drug is 

eliminated, thus affecting the length of time for which effective concentrations are maintained. 

Factors affecting protein binding 

1. Drug related factors 

 Physiochemical characteristics of drug. 

 Concentration of drug in body. 

 Drug’s affinity towards protein/tissue. 

2. Protein and tissue related factors 
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 Physiochemical characteristics of protein or binding agent. 

 Concentration of protein and binding component. 

 Number of binding sites on the protein. 

3. Drug interactions 

 Competition between drugs for binding sites. 

 Competition between drug and normal body constituents. 

 Allosteric changes in protein molecule. 

4. Patient related factors 

 Age. 

 Inter- subject variations. 

 Disease state. 

5. Drug related factors 

 Physiochemical characteristics of drug: Increase in lipophilicity increases the extend of 

binding. 

Acidic/anionic drugs bind to HSA; basic/cationic drugs to AAG 

neutral/unionized drugs to lipoproteins. 

 Concentration of drug in body: At low concentrations, most drugs may be bound to 

proteins. 

At high concentrations, more free drugs may be present owing to saturation of binding sites on 

protein. 

 Drug’s affinity towards protein/tissue: Lidocaine has greater affinity for AAG than for 

HSA. 

Digoxin has more affinity for proteins of cardiac muscles than those of skeletal muscles or 

plasma. 

Iophenoxic acid, a radio opaque medium, has half life of 2 ½ years due to its high affinity to 

plasma proteins. 

6. Protein and tissue related factors 
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Physicochemical Properties of Protein/Binding Component: Lipoproteins and adipose tissue 

tend to bind lipophillic drugs by dissolving them in their lipid core. The physiologic pH 

determines the presence  of active  anionic  and cationic groups on the albumin molecules to bind 

a variety of drugs. 

 Concentration of protein and binding component: The amount of several proteins and 

tissue components available for binding, change during disease state. 

 Number of binding sites on protein: Albumin has a large number of binding sites as 

compared to other proteins. Indomethacin binds to 3 sites on albumin. 

AAG is a protein with limited binding capacity due to low concentration & molecular size. 

Lidocaine binds to 2 sites on AAG in presence of HSA. 

7. Drug Interactions 

 Competition between drugs for the binding site: Interactions will result when: The 

displaced drug (E.g. warfarin) is more than 95% bound having small volume of distribution, 

rapid onset of action and also has a narrow therapeutic index. 

The displacer drug (E.g phenyl butazone) has a high degree of affinity and competes for the 

same binding sites and the drug/protein concentration ratio is high. 

 Competition between drugs and normal body constituents: Interaction with free fatty 

acids, free fatty acid levels are increased during fasting, diabetes, MI, etc. Interaction of sod. 

salicylate with bilirubin inneonates. 

 Allosteric changes in protein molecule: involves alteration of the protein structure by the 

drug/metabolite modify binding capacity. 

Aspirin acetylation of albumin; modify the binding capacity of NSAIDs (increased affinity). 

8. Patient related factors 

 Age: Neonates: Low albumin content, more free drug. 

Young infants: High dose of digoxin due to large renal clearance. Elderly: Low albumin content, 

so more free drug. 

 Inter subject variation is due to genetic and environmental factors. 

 Disease state due to renal failure, hepatic failure and inflammatory state. 
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Methods of analysis of protein binding 

1. Equilibrium Dialysis method. 

2. Dynamic Dialysis method. 

 

1. Equilibrium Dialysis method: Equilibrium dialysis is a specific application of dialysis that 

is important for the study of the binding of small molecules and ions by proteins. It is one of 

several methods available for this purpose, and its attractive feature continues to be its physical 

simplicity. 

 

 

 

Generally, the objective of an equilibrium dialysis experiment is to measure the amount of a 

ligand bound to a macromolecule. This is typically done through an indirect process because in 

any mixture of the ligand and macromolecule, it is difficult to distinguish between the bound and 

free ligand. If, however, the free ligand can be dialyzed through a membrane, until its 

concentration across the membrane is at equilibrium, the free ligand concentration can be 

measured easily. Data obtained under different experimental conditions then provides 
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information on various binding parameters of the compounds such as the binding constants and 

the number of binding sites or binding capacity. 

2. Dynamic Dialysis method: A method for determining the concentrations 

of unbound and bound small molecule in a protein solution is described, based on 

the fact that the 

rate of disappearance of small molecule from a dialysis cell is proportional to the concentration 

of the unbound species. 

Method of analysis of complexation 

There are 6 methods which are used for analysis of complexation. 

1. Method of continuous variation. 

2. Spectroscopy method. 

3. Distribution method. 

4. pH titration method. 

5. Solubility method. 

 

1. Method of continuous variation: The method of continuous variations, also called Job’s 

method, is used to determine the stoichiometry of a metal-ligand complex. In this method we 

prepare a series of solutions such that the total moles of metal and ligand, ntotal, in each solution 

are the same. If (nM)i and (nL)i are, respectively, the moles of metal and ligand in solution i, 

then 

N total = (nM)i + (nL)i 

The relative amount of ligand and metal in each solution is expressed as the mole fraction of 

ligand, (XL)i, and the mole fraction of metal, (XM)i, 

(XL)i = (nL)i/ntotal 

(XM)i = 1 – (nL)i/ntotal = (nM)i/ntotal 

The concentration of the metal–ligand complex in any solution is determined by the limiting 

reagent, with the greatest concentration occurring when the metal and the ligand are mixed 

stoichiometrically. If we monitor the complexation reaction at a wavelength where the metal–

ligand complex absorbs only, a graph of absorbance versus the mole 

fraction of ligand will have two linear branches—one when the ligand is the limiting reagent and 
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a second when the metal is the limiting reagent. The intersection of these two branches represents 

a stoichiometric mixing of the metal and the ligand. 

 

 

2. Spectroscopy method: The UV spectroscopy is used extensively in 

determining rate constants, equilibrium constants, acid-base dissociation constants 

etc for chemical reactions. 

 

 

 

3. Distribution method: The distribution behaviour of a solute between two 

immiscible liquids is expressed by distribution coefficient or partition coefficient. 

When a solute complexes with an added substance, the solute distribution pattern 
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changes depending on the nature of a complex. A set of such experiments provides 

data for the estimation of complex equilibrium stability. 

4. pH titration method: An acid–base titration is a method of quantitative 

analysis for determining the concentration of an acid or base by exactly 

neutralizing it with a standard solution of base or acid having known 

concentration. A pH indicator is used to monitor the progress of the acid–base 

reaction. It is one of the most reliable method method and can be used whenever 

the complexation is attended by a change in pH. 

 

 

 

5. Solubility method: When mixture form complexes solubility may increase 

or decrease. Point A represents intrinsic solubility of drug in water. As we add 

ligand, the drug complexes with it and more solid drug is withdrawn into solution 

to maintain free drug concentration constant, resulting in increased total drug 

concentration. Consequently the concentration increases to reach point B. At point 

B the system is saturated with respect to both the drug and the complex. 

 

 

Complexation and drug action 
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Drug molecules can form complexes with other small molecules or with macromolecules such as 

proteins. Once complexation occurs, the physical and chemical properties of the complexing 

species are altered. For some drugs, complexation with certain hydrophilic compounds can 

enhance excretion. Protein binding inactivates the drug, because sufficient concentration of drug 

cannot be built up in the receptor site for action. Example is naphthoquinones. Certain drugs 

though bind to proteins, still retain the drug activity. Examples are penicillins and sulfadiazine. 

Crystalline Structures of Protein 

Protein structure is the three-dimensional arrangement of atoms in an amino acid-chain molecule. 

Proteins are polymers, specifically poly peptides formed from sequences of amino acids, the 

monomers of the polymer. Protein structures range in size from tens to several thousand amino 

acids. The process of protein crystallization, proteins are dissolved in an aqueous environment 

and sample solution until they reach the supersaturated state. Different methods are used to reach 

that state such as vapor diffusion, micro batch, micro dialysis, and 

free-interface diffusion. Developing protein crystals is a difficult process influenced by many 

factors, including pH, temperature, ionic strength in the crystallization solution, and even gravity. 

Once formed, these crystals can be used in structural biology to study the molecular structure of 

the protein, particularly for various industrial or medical purposes. 

Thermodynamic Treatment of Stability Constant 

A stability constant (formation constant, binding constant) is an equilibrium constant for the 

formation of a complex in solution. It is a measure of the strength of the interaction between the 

reagents that come together to form the complex. There are two main kinds of complex: 

compounds formed by the interaction of a metal ion with a ligand and supramolecular complexes, 

such as host–guest complexes and complexes of anions. The stability constant(s) provide the 

information required to calculate the concentration(s) of the complex (es) in solution. There are 

many areas of application in chemistry, biology and medicine. 
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IMPORTANT QUESTIONS 

2 Marks Questions 

1. Define complexation. 

2. What is protein binding? 

3. Classify complexes. 

4. Define crystalline structures of complexation. 

5. What is thermodynamic treatment of stability constant. 

6. Differentiate between Monomolecular and Macromolecular complexes. 

7. What are clathrates? 

8. What are layer type complexes? 

9. Define coordination number. 

10. What are ligands? 

11. Define polymer type complexes. 

12. What are inclusion complexes? 

5 Marks Questions 

1. Explain the methods used for analysis of complexation. 

2. Write a detail note on protein binding. 

3. Briefly explain different types of complexes. 

4. Explain the methods used for protein binding. 

5. Write a note on applications of complexes used in pharmacy. 

10 Marks Questions 

1. Explain the factors effecting protein binding. 

2. Explain inclusion type complexes with examples. 
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3. Explain the applications of complexation. 

4. With examples and significance explain thermodynamic treatment of stability constant.  

5. Differentiate between monomolecular and macromolecular complexes with significance. 

6. Write a note on crystalline structure of complexation. 
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