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Complexation and protein binding
Introduction
• Complexes are compounds that result from donor–acceptor 

mechanisms or Lewis acid-base reaction between two or more 
chemical species.

• Complexes can be divided broadly into three classes depending the 
type of the acceptor substance:
1. Metal ion complexes
2. Organic molecular complexes
3. Inclusion complexes

• Intermolecular forces involved in the formation of complexes:
1. Van der Waals forces
2. Hydrogen bonds (important in molecular complexes)
3. Coordinate covalence (important in metal complexes)
4. Charge transfer
5. Hydrophobic interaction
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Complexation
Physical and chemical properties altered by complexation:
• Solubility 

– enhanced aqueous solubility → e.g., theophylline complexation 
with ethylenediamine to form aminophylline (making it more 
suitable for intravenous administration.)

– optimization of delivery systems (e.g., ion-exchange resins), can 
help control the release rate of drugs, improving their solubility 
and bioavailability. This method is used in formulations like 
cholestyramine resin complexes to improve drug delivery.

• Stability (e.g., inclusion complexes of labile drugs 
with cyclodextrins) 
 Labile drugs, which are prone to degradation, can form inclusion complexes 

with cyclodextrins. This complexation shields the drug from environmental 
factors like light, heat, and moisture, thereby enhancing its stability. 
Cyclodextrins are widely used to stabilize compounds such as prostaglandins 
and volatile oils.

• Partitioning 
– Complexation can significantly influence the partition coefficient of a drug. By 

altering the lipophilicity through complex formation, the distribution of the drug 
between aqueous and lipid phases can be optimized. This can enhance drug absorption 
and reduce toxicity.

• Example: 
• Cyclodextrins reduce toxicity of NSAIDs by limiting direct mucosal contact.
• EDTA binds heavy metals (like lead), reducing metal-induced toxicity.
• The complexation of hydrophobic drugs with hydrophilic carriers can increase 

their bioavailability by improving their partitioning into biological membranes.
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• Energy absorption and emission of the drug 
– Complex formation can alter the electronic structure of a drug 

molecule, leading to changes in its UV-Visible absorption spectra, 
fluorescence, and phosphorescence properties. These changes can be 
utilized in analytical chemistry for drug identification and 
quantification.

– Example: The complexation of drugs with metal ions often results in a 
shift in absorption maxima (λ_max) and can enhance or quench 
fluorescence emission, which is useful in studying drug interactions 
and stability.

Metal ion Complexes

• Metal ion complex (coordination complex) consists of a
transition-metal ion (e.g. cobalt, iron, copper, nickel and
zinc) linked or coordinated with one or more counter ions
or molecules to form a complex.

• The ions or molecules (e.g. Cl−, NH3, H2O, Br−, I−, CN−,
etc.) directly bound with the metal are called ligands.

• The interaction between the metal and the ligand represents
a Lewis acid-base reaction in which the metal ion (Lewis
acid) combines with a ligand (Lewis base) by accepting a
pair of electrons from the ligand to form the coordinate
covalent or electrostatic forces:

Co3+ + 6 (:NH3)  [Co(NH3)6]3+
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Metal ion Complexes
• The number of ligands bound to the 

metal ion is defined as coordination 
number.

• The coordination number of cobalt 
is six, since it complexed with six 
NH3 groups.

• Compound (e.g. NH3) which has a
single pair of electrons for bonding
with the metal ion, is called
unidentate ligand.
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Metal ion Complexes
• Citric acid forms a complex with Fe3+ attachment (the three

carboxylic acid groups bond with Fe3+) and is called
tridentate.

Citric acid-Fe  complex

Metal ion Complexes
• Ethylenediaminetetraacetic acid (EDTA) has six points for attachment

(two nitrogen and four oxygen donor groups) and is called
hexadentate.

EDTA EDTA complex
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• Formulated iron supplements often contain iron
in the form of ferrous citrate, providing a stable
and bioavailable iron source. This prevents iron from
precipitating or oxidizing (turning into ferric Fe³⁺, which
is less soluble).

• Ferrous citrate = ferrous iron + citric acid
✅ Stays soluble.
✅ Absorbs better.
✅ Less irritation in the stomach compared 
to some other iron salts.

Metal ion Complexes
Chelates

• Chelation is the formation of two or more coordinate bonds 
between a multidentate ligand (organic compound called 
chelating agent) and a single central metal atom.

• The bonds in the chelate may be ionic, primary covalent, or 
coordinate type.

• Important in biological systems, examples:
– Iron in hemoglobin
– Zinc in alcohol dehydrogenase (ADH)
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Inclusion Complexes
• An inclusion compound is a complex in which one

chemical compound (the ‘host’) forms a cavity in which
molecules of a second compound (‘guest’) are entrapped
(e.g. Cyclodextrins with drugs).

• These complexes generally do not have any adhesive forces
working between their molecules and are therefore also
known as no-bond complexes.

Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• Monomolecular inclusion complex involves the entrapment 
of guest molecules into the cage-like structure formed from 
a single host molecule.

• Cyclodextrins are a family of compounds made up of sugar 
molecules bound together in a ring (cyclic oligosaccharides)

• They consist of 6, 7, and 8 units of glucose referred to as α, 
β, and γ cyclodextrins, respectively.
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• Cyclodextrons have truncated cone structure with a
hydrophobic interior cavity because of the CH2 groups, and
a hydrophilic exterior due to the presence of hydroxyl
group.

Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• Molecules of appropriate size and stereochemistry get
entrapped in the cyclodextrin cavity by hydrophobic
interaction by squeezing out water from the cavity.

• β-CD and γ-CD are the most useful for pharmaceutical
technology owing to their larger cavity size.
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

In general, there are four energetically favourable
interactions that help shift the equilibrium to form the
inclusion complex:

1. The displacement of polar water molecules from the
apolar cyclodextrin cavity

2. The increased number of hydrogen bonds formed as the
displaced water returns to the larger pool.

3. A reduction of the repulsive interactions between the
hydrophobic guest and the aqueous environment.

4. An increase in the hydrophobic interactions as the guest
inserts itself into the apolar cyclodextrin cavity.

Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• Cyclodextrins can enhance the solubility and bioavailability
of hydrophobic compounds due to the large number of
hydroxyl groups on the CDs.

• Although β-CD contains a high number of hydroxyl groups,
β-CD solubility is the lowest compared to the α-CD or γ-
CD.

• This is due to the formation of an internal hydrogen bond
network between the secondary hydroxyl groups.
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• Derivatives of the natural CDs have been developed to improve
aqueous solubility and avoid toxicity.

• Partial alkylation of some of the OH groups in CD reduces the
intramolecular hydrogen bonding, leaving some OH groups free to
interact with water, thus increasing the aqueous solubility of CD.

Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• In addition to hydrophilic derivatives, hydrophobic forms of 
βCD have been used as sustained release drug carriers.
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

Complexes: Methods of analysis
• A determination of the (1) stoichiometric ratio of 

ligand to metal (or donor to acceptor) and the (2) 
stability constant for complex formation are 
important in the study and application of complexes.

• Several methods for estimation of these parameters 
have been developed such as:
1. Method of continuous variation
2. pH Titration method
3. Distribution Method
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Inclusion Complexes
Monomolecular Inclusion Compounds: Cyclodextrins

• In addition to improving the solubility of 
compounds, complexation with cyclodextrin has 
been used to:
– Improve the stability of many drugs by inclusion of the 

compound and protecting certain functional groups from 
degradation.

– Mask the bitter taste of certain drugs such as femoxetine.
– Fixation of very volatile substances
– Reduction of drug induced irritation


