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Abstract 
Cyclodextrins (CYDs) are cyclic oligosaccharides comprising of at least six D-(+)-glucopyranose units 
attached by 1, 4-linkages produced by the action of the cyclodextrin-trans-glycosidase enzyme on a 
medium containing starch. These toroidal molecules possess a hydrophobic interior and a hydrophilic 
exterior, and are capable of encapsulating, entirely or partially, selected drugs as a guest molecule. 
Certain CYDs may be administered orally while others can be given parenterally. Complexes of drug 
molecules may occur in a solid as well as solution state. The physicochemical properties of drugs may 
be altered upon their complexation with CYDs and these changes may be reflected in a drug’s in vitro 
performance, e.g., solubility, dissolution rate or stability. The complex formation is characterized by 
using various analytical tools. 
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INTRODUCTION 
Cyclodextrins (CYDs) are cyclic oligosaccharides comprising of at least six D-(+)-glucopyranose units 
attached by 1, 4-linkages produced by the action of the cyclodextrin-trans-glycosidase enzyme on a 
medium containing starch. These toroidal molecules possess a hydrophobic interior and a hydrophilic 
exterior, and are capable of encapsulating, entirely or partially, selected drugs as a guest molecule. Certain 
CYDs may be administered orally while others can be given parenterally. Complexes of drug molecules 
may occur in a solid as well as solution state. The physicochemical properties of drugs may be altered 
upon their complexation with CYDs and these changes may be reflected in a drug’s in vitro performance, 
e.g., solubility, dissolution rate or stability. The complex formation is characterized by using various 
analytical tools. 
 

Background 
Cyclodextrin (CYD) was first isolated in 1891 by Villers from a culture medium of Bacillus amylobacter, 
grown on a medium containing starch. Since this crystalline substance resembled cellulose, it was called 
‘cellulosine’. Further progress in cyclodextrin chemistry was made between 1903 and 1911 by Schardinger. 
He isolated the bacterium (Bacillus macerans), which is now the frequently used enzyme source to produce 
cyclodextrins. He also published the first detailed description for the methods of preparation and 
isolation of these cyclic oligosaccharides. Therefore, CYDs are also known as Schardinger dextrins, 
cycloamyloses or cycloglucans. Other scientists who have contributed greatly to the research in 
cyclodextrins include Pringsheim, Lichtenstein, Freudenberg, Jacobi, and Cramer. The chemistry of 
CYDs has been reviewed by Pringsheim, Samec, French, Thoma, Stewart, Caesar, and Komiyama.1 
 

CHEMISTRY 
CYDs are enzymatically modified starches comprising of D-(+)-glucopyranose units. They are prepared 
by the action of the cyclodextrin-transglucosidase enzyme (CTG) on a medium containing starch. Due to 
the helical structure of starch molecules, the primary product of the enzymatic cleavage undergoes an 
intramolecular reaction and results in α-1,4- linked cyclic products. CYDs are designated by a Greek letter 
to denote the number of D-glucose units: α- for 6, β- for 7, γ- for 8, and so on for higher CYDs. The 
most commonly used CYDs include α-, β-, and γ- CYD. Higher homologues of cyclodextrin are difficult 
to purify and have poor complexing abilities and CYDs with less than six D-glucose units cannot be 
formed due to steric reasons. The enzymes required for the production of CYDs include Bacillus macerans 
(used most frequently), Alkalophilic bacterium No 38-2, and Klebsiella pneumonia.2 
 
CYDs are toroidal molecules (Fig 1a & b) with a hydrophilic exterior and hydrophobic interior. The 
hollow CYD molecules serve as host to encapsulate, completely or partially, selected molecules or guests. 
The hydrophilicity of the exterior of cyclodextrins is attributed to the presence of the secondary hydroxyl 
groups (on the C-2 and C-3 atoms of the glucose units) on one edge of the ring and all primary hydroxyls 
on the other (Fig 1). The wider end of toroidal molecule of CYDs possesses secondary hydroxyl groups 
while the narrower end possesses the primary hydroxyl groups. This difference is attributed to the 
inability of only the primary hydroxyl molecules to rotate freely, which reduces the effective diameter of 
the cavity whereas the secondary hydroxyl groups cannot rotate. The cavity of the torus is non-polar 
compared to water because it consists of a ring of C (3) -H groups, a ring of glucosidic oxygen, and 
another ring of C (5) -H groups3.  
 

Derivatives 
Natural CYDs such as β-CYD can be modified for various purposes; for example, to improve the low 
aqueous solubility of β-CYD or to decrease the toxicity for parenteral applications. For the broader 
applications of β-CYD, hydroxyl, alkyl, hydroxyalkyl, and sulfate groups have been incorporated at 
various positions.1 
 
Methylated CYDs are synthesized by introducing methyl groups onto the hydroxyl groups of C(2), C(3) 
or C(6), rendering the macrocyclic conformation more flexible. The aqueous solubility of methylated 
derivatives is much higher than that of natural CYDs, and it decreases with increasing temperature. The 
stability of inclusion complexes with dimethylated derivatives is often greater than those of natural 
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CYDs.2 The introduction of apolar methyl groups into β-CYD imparts surface activity to the derivatives 
and, as the degree of substitution increases, the surface activity and the apolar nature of the derivatives 
also increase.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1 The structure of -cyclodextrin  
(* Adapted from reference 56) 

 
Hydroxyalkylated CYDs such as 2-hydroxypropyl and hydroxyethyl β-CYD exhibit much higher aqueous 
solubilities as compared to the natural CYDs (>50%).2 It was found that a lower degree of substitution 
improved the complexing ability of the reprivatized CYD and reduced the surface activity.5 Derivatives 
with lower degree of substitution manifested optimal solubilization and these preparations could be 
converted to non-hygroscopic powders.6 The hydroxypropyl β-CYD is a better solubilizer than 
hydroxyethyl β-CYD.7  Branched CYDs such as glucosyl-, maltosyl-, and dimaltosyl -β-CYD exhibit 
higher aqueous solubility compared to the parent CYD.2  
  
CYD polymers may contain two or more covalently linked CYD-units. These high molecular weight 
derivatives of CYD swell in the presence of water regardless of their solubility. They do form inclusion 
complexes with drugs; however, their complexing properties differ from those of monomeric CYD. They 
are used in gel-inclusion and affinity chromatography and those possessing excellent disintegrating 
properties, and moderate binding capacity can also be used as binder-disintegrant when direct 
compression method is employed.2 
   
CYD sulfates are newer derivatives of α- and β- hydroxypropyl and α- and hydroxypropyl β-CYD. They 
are more potent solubilizers of drugs than cyclodextrins and they do possess anti-inflammatory, antiviral, 
and angiogenic inhibitory activities.8 
 

Sulfobutylether--CYD (SBE--CYD) are the newer cyclodextrin derivatives.  SBE--CYD, like HP--

CYD, are water miscible and parenterally safe; however, unlike HP--CYD, higher sulfobutyl group 
substitution often results in higher rather than lower drug binding.9  
 
Some of the important physical-chemical properties of selected pharmaceutically important CYDs and 
their derivatives are reported in Table 1. 
 

METABOLISM AND TOXICITY 
Cyclodextrins are resistant to hydrolysis by acid and β-amylase.10 They are, however, hydrolyzed by 
α-amylase at a low rate. It is reported that, following the oral ingestion of cyclodextrins, insignificant 
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amounts are absorbed intact through the intestinal tract. Most of the cyclodextrins are metabolized by the 
colonic microflora11. The primary metabolites undergo further metabolism and are absorbed the same 
way as starch, and are finally excreted as CO2 and water.11 The detailed metabolism and toxicity studies in 
rats and dogs have indicated that cyclodextrins can be safely administered orally and no acute toxicity has 
been observed. The prolonged administration of cyclodextrins leads to no significant changes in the 
organs.12 Though an oral administration of β-cyclodextrin is not known to induce toxic symptoms13, the 
exact mechanism of absorption of intact β-CYD in the small intestine remains unclear.14 Hydroxypropyl 
β-CYD, on the other hand, was reported to exhibit minimal absorption and tissue distribution and the 
highest concentration of hydroxypropyl β-CYD was found in the kidneys. 
 

Table 1 Physical properties of the CYDs and some derivatives*  
(*Adapted from reference 2) 
 

Cyclodextrin type     DM-(1) HP-(2) 

Number of glucose residues 6 7 8 7 7 

Cavity dimensions (Å)      

 Cavity diameter 5 6 8 6 6 

 Height of torus 7.9 7.9 7.9 10.0  

 Diameter of periphery 14.6 15.4 17.5   

Molecular weight 973 1135 1297 1331 ± 1300 

Aqueous solubility (3) 14.5 1.85 23.2 57 > 50 

Melting point (C) 275 280 275 295-300  

pKa (4) 12.3 12.2 12.1   

Half-life of ring opening (h)(5)  6.2 5.4 3.0 8.5  

Enzymatic hydrolysis(6) negligible slow rapid   

(1) Heptakis-2,6-di-O-methyl--CYD 

(2) 2-Hydroxypropyl--CYD 
(3) In grams per 100 mL water at ambient temperature 

(4) Determination by potentiometry at 25 C 

(5) In 1 N HCl at 60 C 

(6) By Aspergillus oryzae -amylase  

Severe signs of toxicity are observed following the parenteral administration of high doses of CYD. 
β- CYD forms a complex with cholesterol. Due to its poor aqueous solubility, β-CYD is known to 
produce nephrosis and crystallization of the complex in renal tissues.15 Other side effects of β-CYD 
include membrane disruption and hemolysis of erythrocytes.2 There is no fundamental difference in the 
noxious renal effects produced by β-CYD and its mono-, di- or trimethylated derivatives on parenteral 
administration, except, 2, 6-di-O-methyl-β-CYD appeared to be less toxic. The hemolytic activities of 
methylated derivatives are lower than β-cyclodextrin.  
 
Hydroxypropyl β-CYD is eliminated rapidly and almost exclusively by renal excretion following an 
intravenous administration to dogs and rats. When administered parenterally, the nephrotoxicity is less 
than that of β-cyclodextrin. The hemolytic activities of the hydroxyalkylated CYDs on erythrocytes are 
considerably less than that of natural CYDs or dimethyl β-CYD. Hence, hydroxyalkylated CYDs have 
better utilization in parenteral preparations. The hemolytic activity of glucosyl-β-CYD is about the same 
as that of β-CYD; however, other branched CYDs exhibit lower hemolytic activity than their parent 
CYD, and the activity becomes weaker with lengthening of the side chain.2 
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SBE--CYD is primarily (> 98%) excreted in unchanged form in the feces following oral administration 

in rats. The small amount absorbed is excreted unchanged, primarily, in the urine. SBE--CYD, like HP-

-CYD, is parenterally safe. Also, the inability of the SBE--CYD, to form strong 1:2 complexes with 
cholesterol and other membrane lipids, probably due to their polyanionic nature giving rise to coulombic 
repulsion, results in little or no membrane disruption. This behavior provides a sound mechanistic basis 

for the greater safety of (SBE)7M--CYD compared to some of the other cyclodextrin derivatives.9 
 

APPLICATIONS IN PHARMACY 
The pharmaceutical applications of cyclodextrins16 can be broadly classified as follows: 
 

Complexation of Drugs by Cyclodextrins 
The drug-CYD complexes are prepared for the conversion of a liquid material into a solid product, 
masking an unpleasant taste or odor of a compound, avoidance of an incompatibility of uncomplexed 
compound with other drugs or excipients in a formulation, stabilization of a compound which could 
otherwise be sensitive to temperature, hydrolysis, auto-oxidation, photo degradation, changing the color 
of a compound or altering the formation rates of isomeric products17 and, most importantly, increasing 
aqueous solubility of a poorly soluble drugs; thus, potentially enhancing the in vivo absorption and, 
therefore, bioavailability of a drug.18 Recently, Parikh has demonstrated the utility of complex forming 
ability of CYD in improving drug content uniformity of a low dose drug.19 Bibby, et.al, have reviewed 
CYD application in modifying drug release and concluded that CYD addition to polymeric matrices can 
reduce drug release by forming a complex which, in turn, would increase the weight and hence reduce the 
diffusivity (provided all drug is in solution), by reducing the concentration of diffusible species by 
forming poorly soluble complexes, by reducing the concentration of diffusible species by forming drug-
CYD complexes in which the host is covalently bound to the polymer backbone or by acting as cross-
linking agents and decreasing polymer mesh size20 . Loftson and Masson21 have reviewed the application 
of CYD in topical drug formulations. These authors have concluded that CYD can enhance topical drug 
delivery in the presence of water as a solvent system21. 
 

Non-complexing Applications of Cyclodextrins in Drug Formulations  
The application of CYDs as a tableting excipient has been investigated for direct compression as well as 
by wet granulation. CYD have been used extensively in separation science because of their ability to 
discriminate between positional isomers, functional groups, homologues, and enantiomers.22   
 

Direct Therapeutic Applications of Cyclodextrins 
The presence of CYDs in plasma can serve as competitors to plasma proteins in binding of drugs. Such 
competition facilitates the elimination of the drug from the circulation. CYD derivatives were found to 
possess significant diuretic properties. β-CYD was reported to be successful against acne and as a body 
deodorant in various cosmetic formulations. Some derivatives of CYDs were useful in reducing 
endogenous cholesterol levels, inhibition of angiogenesis, and prevention of teratogenesis and 
nephrotoxicity. 
 

COMPLEXATION WITH CYCLODEXTRINS 
In the pharmaceutical field there are several phenomena or areas of investigation that must be considered 
in every pre-formulation or formulation study - solubility and stability are glaring examples. There are 
other phenomena that may offer practical and imaginative solutions to difficult problems; however, they 
do not become part of the investigative process. Complexation is this second type of phenomenon. When 
two (or more) species in solution exhibit non-additive chemical or physical properties, this non-additive 
behavior is accounted for either by a so-called physical description in terms of activity coefficient effects 
or a physical theory of the deviation from additivity, or by a chemical explanation that postulates the 
equilibrium formation of one or more new species (i.e., complexes) having properties different from 
those of initial interactants.23   
 
Cyclodextrins act as the host molecule and are able to entrap various external guest molecules (drugs) 
inside their cavity; however, prerequisite for this is that the guest molecule must fit entirely or, at least 
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partially, into the cyclodextrin cavity to form a stable complex. Too small a molecule will not form a 
complex and extremely bulky drug molecules, on the other hand, will have difficulty penetrating the 
cavity.  However, penetration of certain functional groups or side chains of drug molecules into the 
cyclodextrin cavity may be feasible. Complexes formed are usually 1:1 in nature; however, occasionally, 
due to incomplete accommodation in one cavity and availability of the other end to form another 
complex, the higher order complexes such as 2:1, 2:2, etc. may be observed.  
 

Binding Forces Involved in Complexation 
A drug serves as an ideal candidate for complexation only if it satisfies the requirements for complexation. 
These include geometric compatibility, polarity and charge, and binding force of the complexes.  
 
The polarity and charge of the drug molecule determine the complexation and the stereochemistry. In an 
aqueous solution, hydrophobic drug molecules, generally, tend to have a higher affinity towards the 
cyclodextrin cavity compared to hydrophilic drug molecules. In addition, the hydration of a cyclodextrin 
complex with a hydrophobic guest is energetically favored as compared with the hydration of individual 
components. This hydrophobic interaction occurs due to the intrinsic cohesion of the water molecules 
and not due to the mutual attraction of the two components.2 The nature of the binding force involved in 
complexation, however, continues to remain unresolved.  
 
Inclusion complex formation is associated with a favorable enthalpy change. Since apolar binding is 
characterized by a very favorable entropy change, Bender and Komiyama3 suggested that the interaction 
force for inclusion complexation with cyclodextrins could not be a classical non-polar binding. Therefore, 
the sizable favorable enthalpy change observed during complexation of drugs with cyclodextrins may be 
attributed to the following factors: 
 

 Van der Waals interactions between a guest and host; 

 Hydrogen bonding between a guest and the hydroxyl groups of cyclodextrin; 

 Release of high energy water molecules in complex formation; and 

 Release of strain energy in the macromolecular ring of the cyclodextrin. 
 
In case of complexes of polar substrates with CYDs, the release of strain energy and/or expulsion of high 
energy cavity water are not important factors. The contribution of London dispersion forces to overall 
binding energy will vary with the dipolar nature of the substrate and, therefore, will be less important for 
less polar substances.24 Polar molecules can bind with CYDs only in specific orientations.25 The stability 
of complexes formed between some polar molecules and CYDs is controlled by the energy required in 
transferring a charged species from a medium of high dielectric constant to a medium of low dielectric 
constant. This ‘insertion energy’ is approximated from free energy of solution studies.26    
 

Preparation of Cyclodextrin Complexes 
The method selected for the preparation of complexes depends, to a large extent, on the properties of the 
guest molecules. On a smaller scale, two methods can be used to prepare inclusion complexes: 
 
In the first method, equimolar quantities or an excess of a water soluble drug can be dissolved in a 
concentrated aqueous solution of cyclodextrin. Upon slow cooling or evaporation, the inclusion complex 
crystallizes out immediately. In some cases, the mixture of water soluble guest and CYD, in the form of 
an aqueous solution, may be heated with agitation for several days. The inclusion complex precipitates 
spontaneously or upon cooling. The mixture may be freeze-dried or spray-dried to obtain a solid 
amorphous complex.27 
 
In the second method, a water-insoluble drug can be dissolved in an organic solvent, shaken with a 
concentrated aqueous cyclodextrin solution. In layering, crystals are formed at the interface or as a 
precipitate. The precipitate can be washed with an organic solvent to remove any adhering substances.27 
 
On a larger scale, complexes may be prepared by employing the following methods: 
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a. Kneading 
For a large scale preparation of solid complexes, kneading28 is a preferred technique. The method involves 
adding the dissolved guest molecules to the slurry of cyclodextrins. Upon stirring, the viscosity of the 
mixture increases and a paste is formed. The paste can be dried, powdered, and washed. If the inclusion 
complex is readily soluble in water or decomposes during drying, a lyophilization technique may be 
employed. The method provides a finely dispersed form of the complex.29 
 
Some of the other reported methods of preparing solid complexes include: freeze drying28,30,31, spray 
drying32,33, co-precipitation28,30,34,35, and neutralization.36 When complexes are prepared by freeze drying or 
spray drying, the stoichiometry of complexation must be known.  
 

b. Freeze Drying     
In freeze drying, a weakly acidic drug is dissolved in water using ammonia, if necessary. The cyclodextrin 
is dissolved in the required proportion with mixing. The clear solution is lyophilized, washed with diethyl 
ether, and the residues are dried under vacuum. The yields obtained by this method are good. The 
method has proven very successful for a number of drugs namely, indomethacin, phenylbutazone, 
ibuprofen, ketoprofen and other drugs like sulphathiazole with α- and β-cyclodextrin.  
 

c. Co-precipitation          
This method involves the addition of an aqueous solution of CYD to the ethereal drug solution with 

agitation. Upon cooling to 2 C, crystallization occurs. The crystals are washed with diethyl ether, and 

dried at 50 C to yield powdered samples. The yields of the complexes formed by this method, however, 
tend to be less than those prepared by freeze drying.16 
 

d. Heating in a Sealed Container 
This new method of preparing solid complexes requires gradual heating of a physical or a ground mixture 
of the drug and CYDs in a sealed container following the adsorption of definite amount of water vapor. 
The method is simple and does not require any dissolution process.34 
 

Characterization of Inclusion Complexes 
The following methods are recommended2, 17 in the literature to characterize the formation of a solid 
complex.  
 

a. X-ray Diffractometry and Single Crystal X-ray Structure Analysis 
Powder X-ray diffractometry is a good technique if the guest molecule is a liquid because liquids have no 
diffraction pattern of their own. The pattern of a newly formed complex, therefore, clearly differs from 
that of the un-complexed drug. In case of the guest molecule being solid, the diffraction of the complex is 
compared to that of the physical mixture of the guest and the cyclodextrin molecules. It is imperative to 
maintain identical conditions while handling the samples, namely the physical mix and the complex. The 
diffraction pattern of a physical mix will be the sum of each component; however, the diffraction of the 
complex will be very different from that of the diffraction of the individual components.  
 
Single crystal X-ray structure analysis provides detailed information about the inclusion structure and the 
mode of interaction. Therefore, an interaction between the guest and host molecules can be easily 
identified. Although single crystal X-ray analysis provides accurate information, it is too laborious a 
technique for routine use.  
 

b. Thermo-analytical Methods 
The method is based on the principle of identifying changes occurring in the drug (guest) before the 
thermal degradation of cyclodextrins. The changes may include melting, evaporation, decomposition, 
oxidation or polymorphic transition of the guest molecule. A reversible transformation of β-cyclodextrin 

at 220C, thermal decomposition accompanied by oxidation at 250C, and melting and ignition near 

300C and above, respectively, is observed. The thermo-analytical methods utilized to detect complex 
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formation include: DSC (differential scanning calorimetry), vacuum sublimation, EGA (evolved gas 
analysis), TG or DTG (thermoderivatography), and pyrolytic GC (gas chromatography). 
 

i. DSC (Differential Scanning Calorimetry) 
DSC measures the rate of heat evolved or absorbed by the sample during a temperature program. DSC of 
a physical mixture is compared with that of the complex. The DSC of a physical mixture is the sum of the 
curves of cyclodextrin and the drug. In case of the complex, the melting point of the guest will not be 
observed. This is often the case with guests that melt or re-crystallize before reaching the decomposition 
temperature of cyclodextrin.   
 

ii. Vacuum Sublimation 
Vacuum sublimation is suitable to characterize guest substances like camphor and menthol. The 
uncomplexed guests are quantitatively recovered from the cold finger of the vacuum sublimator, but the 
complexed guests remain firmly bound. 
 

iii. EGA (Evolved Gas Analysis) 
EGA measures the rate of evolution of gases or vapors from the sample during a temperature program. 
The uncomplexed volatile guests and other organic substances due to thermal decomposition, except 
water, are detected. The complexed substances generally neither escape nor decompose until the 
cyclodextrin is decomposed. The method quantitatively estimates the amount of uncomplexed guest.  
 

iv. DTG and TG (Thermoderivatography) 
DTG and TG quantitate the loss of mass with rise in temperature. Cyclodextrins lose their water content 

below 100C and decompose over 250C.    
 

v. Pyrolytic GC  
This method detects volatile guests. The chromatograph delivers quantitative data as a function of 
temperature.      
 

c. Spectrophotometric Methods of Detection of Complexes 
These methods include solid state NMR (nuclear magnetic resonance) spectroscopy, IR (infra-red) 
spectroscopy, and reflectance spectroscopy. 
 

i. Solid state NMR 
Solid state NMR or 13C-NMR help characterize the complexes from the unique splitting pattern of the 
host-lattice spectrum. Additionally, this technique also provides information about stoichiometry and the 
amount and location of cavity water molecules prior to and after inclusion. The cost of the equipment 
and expertise required, however, preclude its use for routine characterization of complexes. 
 

ii. IR Spectroscopy 
IR spectroscopy is generally unsuitable method to detect inclusion complexes because it is less 
discriminatory than most other methods. It assesses an interaction between the guests and cyclodextrins. 
If the fraction of the drug molecule encapsulated in a complex is less than 25%, the bands assigned to the 
included part of the drug molecules would be easily masked by the bands of the cyclodextrin spectrum. 
The method is limited to guests with characteristic bands such as carbonyl and sulfonyl groups.2  
 

iii. Reflectance spectroscopy 
Reflectance spectroscopy is a direct, simple, and fast method for detecting complex formation. The 
reflectance spectra patterns are more or less identical for a finely powdered guest and a mechanical 
mixture of the guest and cyclodextrin; however, they differ for the complex. The value of λmax of the 
reflected spectra of a complex shifts by 1 to 25 nm.37 
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d. Wettability and Dissolution Tests 
The wetting of the solid phase by a solvent is always the first step in the dissolution process. CYD 
complexes of a lipophilic drug often exhibit greater wettability in aqueous fluids. Wettability is 
characterized by measuring contact angles, powder sedimentation studies and registration of the upward 
migration of a colored front of three open tubes containing the guest, the guest compound with CYD, 
and the inclusion complex, respectively, as a function of time. 
 
When a complex is dispersed in water, a rapid dissolution is observed. Therefore, dissolution tests are 
used. The most frequently used dissolution tests are the rotating disk method36,38,39 and the dispersed 
amount technique.28,40-43 In the former, the solid CYD formulations that are compressed into tablets with 
identical surfaces are placed on rotating disk apparatus in an aqueous solution. At appropriate time 
intervals, samples are removed and analyzed for guest content. The latter technique is similar to the disk 
method; however, the solid cyclodextrin complex is used in the powder form instead of a compressed 
tablet.2 The methods employed in characterizing CYD inclusion complexes in solution 2,17 include: 
 

i. Spectroscopy Methods    

 Ultraviolet / visible (UV/VIS) spectroscopy: UV/VIS spectroscopy is a useful method to characterize 
inclusion complexes if the complexation causes a change in the absorption spectrum of a guest 
molecule. The spectral changes may be associated with the transfer of the chromophore of the guest 
from an aqueous medium to the non-polar CYD cavity. These changes must be due to perturbation 
of the electronic energy levels of the guest caused by direct interaction with the CYD, by the 
exclusion of solvating water molecules or by a combination of these two effects. Therefore, though 
small shifts are observed on the UV spectra of the guest, the method is often used to detect inclusion 
complexes2, 28, 44, and 45-47. Usually, a bathochromic shift and/or band broadening are observed in the 
spectrum.  The bathochromic shift in the UV absorption spectrum of the guest on complexation may 
be explained by partial shielding of the excitable electrons in the CYD cavity. Such shifts have been 
observed with CYD complexes of e.g., salicylic acid, vitamin K3, and vitamin D3.48  
 

 Fluorescence Spectroscopy: The fluorescence spectra of a drug, when complexed with CYD, may be 
altered. An increase in the fluorescence of the drug included in the CYD cavity is observed.2,17,49 

 

 Circular Dichroism (CD) Spectroscopy: When an achiral guest molecule is included within the 
asymmetric locus of the CYD cavity consists of chiral glucose units, new CYD bands can be induced 
in the absorption bands of the optically inactive guest and, consequently, induced Cotton effects are 
observed in the circular dichroism spectra.2, 17 These changes largely depend upon the geometry of 
guest and host molecules. CD spectroscopy has been utilized to detect complexes in aqueous 
solutions.35,46,47,50 
 
The magnitude of the induced Cotton effects is quite sensitive to the orientation of the guest 
chromopher in the CYD cavity. If the electric dipole moment coincides with the axis of the CYD, a 
positive Cotton effect is observed.48  
   

 Nuclear Magnetic Resonance (NMR) Spectroscopy: The 1H-NMR spectroscopy is the most direct 
evidence for the inclusion of a guest into the CYD cavity in solution.2,48,51-53 It can be used to 
determine the direction of penetration of guest molecules into the CYD cavity. The H-3 and H-5 
atoms of CYD, which are directed toward the interior of the CYD cavity, will show a significant up 
field shift if inclusion does occur and the H-1, H-2, and H-4 atoms, located on the exterior of the 
cavity, show only marginal up field shifts. Alternatively, if association takes place at the exterior of the 
torus, H-1, H-2, and H-4 will be strongly shielded. The spectrum of the guest may also be changed 
when an inclusion complex is formed.  A 1H-NMR may be technically hindered if the complex is 
slightly soluble in D2O. 
 
The 13C-NMR spectroscopy may also be used to investigate inclusion complex formation 2,40,48,54,55 
and the mode of inclusion complexes in aqueous solution. The CYD-induced change in the 
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13C-chemical shift results predominantly from the electrical environmental effects of the CYD cavity, 
and in general 13C inclusion shifts may be mainly divided into hydrophobic and Van der Waals 
interaction shifts. A 13C-NMR spectrum may be obtained in aqueous solutions, which is very 
advantageous; however, higher concentrations of the complex are required.2 
  

 Electron Spin Resonance (ESR): It is a useful method to investigate inclusion complexation with 
radicals in aqueous solutions. The hyperfine coupling constant of radicals is known to be sensitive to 
the polarity of the medium. If the hyperfine coupling constant alters, the movement of a radical to an 
environment less polar than water is indicated2. 

 

ii. pH-potentiometric Titration 
If the guest has a prototropic function, the potentiometric titration method can be used to detect 
formation of inclusion complex.55 Since the CYDs favor the unionized form of guest molecules with 
higher hydrophobicity than ionized ones, the pKa value of an acidic guest is usually increased while that 
of the basic guests is usually decreased by binding to CYDs.2  
 

iii. Electrochemistry 

 Polarography: It is a suitable method to study inclusion complexation if the electron distribution of a 
complexed electroactive guest molecule in aqueous solution is different from that in the 
non-complexed state in aqueous solution and if this change is polarographically detectable. 

 

 Conductivity: Solution conductivities are dramatically affected by inclusion complex formation with 
CYDs. When certain ionic surfactants form inclusion complexes with CYDs, the amphiphilicity of 
the former often leads to strong associative species that dramatically affect solution conductivities2.  

 

 Microcalorimetry: Changes in thermodynamic properties, due to inclusion complexation, can be 
measured by microcalorimetry. These changes in enthalpy and entropy are associated with the change 
in behavior of water, following complex formation and include a breakdown of water structure within 
the cavity, removal of the water from the cavity, restructuring of water around the guest molecule and 
release of water into bulk. Other contributions to overall energies of reaction are due to the 
restriction in rotation around the glycosidal linkages of the CYD when the guest molecule enters the 
cavity. Positive entropies suggest significant contributions from the redistribution of water and large 
enthalpies should be consistent with dipole interactions and hydrogen bond formation.2,50 

 

iv. Solubility Methods 
In the solubility method, changes in solubility of the guest are plotted as a function of the CYD 
concentration. If the solubility of a potential guest increases with increasing CYD concentration, complex 
formation in solution is indicated. 
 

v. Surface Tension Technique 
The complex formation between surfactants and CYDs can be assessed by surface tension technique. The 
inclusion of surfactants into CYDs can result in striking changes in the critical micelle concentration, 
surface tension, etc. of the surfactant.2, 48 
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