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Abstract 
The advent of biotechnology has led to be discovery of a number of newer drugs, which are proteins 
and peptides in nature. They are highly fragile molecules and offer many challenges to the 
formulation scientists in designing a dosage form. Instability, poor absorption, rapid elimination are 
some of the major problems associated with proteins. To overcome these problems, many 
approaches are used. Among them, use of adjuvants to eliminate undesirable effects of proteins is an 
important approach. Recently, complexation with cyclodextrins is widely used to overcome the 
formulation problems. Cyclodextrins are used as solubilizers, stabilizers and absorption enhancers for 
proteins. Hydrophobic cyclodextrins are used as sustained release carriers. They are also used as 
chaperone mimics to correct the protein folding problems during formulation development. Due to 
their toxicity, cyclodextrins are to be used with care in designing of protein drug delivery systems. 
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INTRODUCTION 
The advent of biotechnology has led to the discovery of a number of new drugs in the recent past. Using 
different techniques of modern biotechnology such as hybridoma technology, recombinant DNA 
technology, tissue culture technology and fermentation technology, many drugs are produced. 
Biotechnology derived human therapeutic agents currently comprise the largest product category of 
pharmaceuticals in R&D.1According to a recent report by PhRMA (Pharmaceutical Research and 
Manufacturers of America), US biopharmaceutical research companies are using biological processes to 
develop 907 medicines and vaccines targeting more than 100 diseases—including 352 for cancer, 188 for 
infectious diseases, 69 for autoimmune diseases, and 39 for AIDS/HIV and related conditions (Fig 1).2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Biotechnology medicines in development (Report by PhRMA, USA) (a) By Product Category (b) By 
Therapeutic Category* 

 
Most of the drugs obtained from biotechnology are peptides and polypeptides. The major challenge to a 
pharmaceutical scientist is the designing of suitable dosage forms or drug delivery systems for these 
products. A pharmaceutical scientist will come across a number of problems in designing the dosage 
forms. Chemical and enzymatic instability, poor absorption through biological membranes, peculiar dose-
response curves, rapid elimination are some of the major challenges in developing suitable drug delivery 
systems for the biopharmaceuticals.1 Many attempts have been made to address these problems. The 
approaches include – chemical modifications of the active ingredient, coadministration of adjuvants to 
eliminate undesirable properties of proteins.3 Recently, cyclodextrin (CD) complexation is widely used to 
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overcome the stability and bioavailability problems associated peptides and proteins, and seems to be an 
attractive alternative to the other approaches mentioned above.4 
 

CYCLODEXTRINS  
Cyclodextrins are cyclic oligosaccharides, composed of glucopyranose units, with a cavity in the center. 

Different types of cyclodextrins, namely, alpha (), beta (), gamma (), and substituted (methylated, 
hydroxy alkylated) are available, which are made up of six, seven and eight alpha-(1,4)-linked glycosyl 

units, respectively. Of all the cyclodextrins available, -cyclodextrin is the most widely used in 
pharmaceutical industry because of its cavity size, efficiency of drug complexation, availability in pure 
form and relatively low cost.5 The structures of alpha, beta and gamma cyclodextrins are shown in Fig 2. 
 
Cyclodextrins are mainly used to increase the aqueous solubility, stability and bioavailability of drugs and 
they can also be used to convert liquid drugs into microcrystalline powders, prevent drug-drug or drug-

excipient interactions and to reduce drug irritation after oral or topical administration.5 -Cyclodextrin 
(BCD) is used in industry for modifying the physicochemical properties of the drug, stabilizing the 
volatile materials and flavors, providing protection against oxidation and UV degradation during storage 
and to increase the solubility of water insoluble materials. All the above characters of BCD are because of 
its ability to form monomolecular inclusion complexes with different drugs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2. Structure of important cyclodextrins 
 
 

INTERACTION OF CYCLODEXTRINS WITH AMINO ACIDS AND PROTEINS 
Peptides and proteins are bulky molecules and cannot be completely included in the cavities of CDs. 
Also, the topological constraints of the peptide backbone may not allow or may reduce the chances the 
formation of inclusion complexes. Hence, the interaction of proteins with CDs can be local. For example, 
the hydrophobic side chains of a protein can form inclusion complexes with CDs.6,7 Such interaction can 
change the chemical and biological properties of proteins as it changes the three dimensional structure of 
proteins, which in turn, affects the intermolecular association.6-8  
 
Many researchers have extensively studied the interaction between polypeptides and CDs.9-13 In one such 
study, the points of interaction between dimethyl beta cyclodextrin (DM-BCD) and a synthetic 
nonapeptide – buserelin acetate – have been reported.9 Buserelin acetate is a potent agonist of lutenizing 
hormone-releasing hormone. The amino acid sequence of the peptide is Glu-His-Trp-Ser-Tyr-D-Ser-(tert 
butyl) Leu-Arg-Pro. Using ultraviolet and circular dichroism spectroscopies it is proved that the aromatic 
side chains of L-tryptophan and L-tyrosine residues of the peptide are incorporated into the hydrophobic 
environment of DM-BCD.9 
 
Another study describes the interaction of BCD with maltodextrin binding protein.10 BCD binds to the 
substrate binding domain of maltodextrin binding protein from Escherichia coli. Even though it is not a 
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ligand for the protein, it binds with the same stability order as those of the linear maltodextrins.10 But, the 
resulting BCD-protein complex is incapable of interacting with the inner membrane associated 
transporter complex because, binding of BCD with protein does not induce closure of N- and C- terminal 
lobes of the protein.11 BCD is also reported to bind to the starch-binding domain of glucoamylase from 
Aspergillus niger. But, this binding does not inhibit the enzyme activity, which indicates that there is no 
interaction between BCD and the starch binding domain.12  
 
Alpha cyclodextrin (ACD) is a competitive inhibitor for starch hydrolysis by beta amylase. ACD blocks 
the entrance by binding with d-methyl groups of leucine 383 at the entrance. It does not interact with the 
active site of the enzyme, but physically blocks the access of substrates to the catalytic center.13  
 
Hydrophilic CDs are reported to affect the tertiary structure of recombinant human growth hormone 
(hGH).14 The fluorescence and circular dichroism spectroscopies revealed change in tertiary structure of 
hGH when complexed with 6-O-maltosyl-BCD, but there was no change in secondary structure of the 
protein. With an increase in concentration of CD, a reduced intramolecular hydrophobic interaction was 
observed, which was indicated by a shift in the 1H NMR signals of tyrosine residues in hGH.14 
 

CYCLODEXTRINS IN PROTEIN DRUG DELIVERY 
Cyclodextrins find a wide range of applications in protein and peptide delivery. Hydrophilic CDs are used 
as solubilizers, stabilizers and absorption enhancers for proteins. Hydrophobic CDs are used as sustained 
release carriers. CDs are also used to correct the protein folding problems during formulation 
development. Some of these applications are described below. 
 

CDs as Solubilizers and Stabilizers 
CDs can be used to solubilize and stabilize peptides and proteins. Some of the proteins that are 
solubilized and stabilized by the use of CDs include interleukins15, growth hormone15, tumor necrosis 
factor16, lactate dehydrogenase17 and insulin.18 
 
Insulin has a tendency to get adsorbed on the hydrophobic surfaces of the containers. In neutral 
solutions, insulin forms aggregates.18 Hydroxy propyl BCD (HP-BCD) and 6-O-maltosyl BCD (G2-BCD) 
are reported to inhibit the adsorption of insulin and also prevent the aggregation.19,20 ACD is reported to 
increase the solubility of cyclosporin A in eye drops, which enhances the corneal penetration.21  
 

CDs as Absorption Enhancers 
The systemic delivery of biotechnology based drugs is a major challenge in the development of 
biopharmaceuticals.1 The dosage form should deliver the drug with minimum discomfort or 
inconvenience to the patient. Different routes of administration reported for peptides and proteins 
include parenteral, oral, transdermal, nasal, ocular and transmucosal routes.1 In case of proteins drugs, the 
size of molecule and the complex structure are the limiting factors in formulation development. All the 
above-mentioned routes offer different types of physical as well as metabolic barriers to the absorption of 
proteins.1 Hence, it is necessary to use absorption enhancers / penetration enhancers in the protein 
formulations.  
 
CDs have potential to enhance the absorption of proteins.1 Methylated CDs have been reported to 
enhance nasal absorption of insulin, calcitonin and granulocyte colony stimulating factor.22-24 The 
enhancement of absorption by the use of CDs is due to their ability to reduce physical / metabolic 
barriers to the proteins. 
 

CDs as Sustained Release Carriers 
Peptides and proteins have short biological half-life, which implicates frequent dosing to maintain 
therapeutic plasma concentration for the entire duration of therapy.1 Development of sustained release 
(SR) and controlled release (CR) formulations can overcome this problem. Some of the approaches for 
developing SR / CR formulations include oily suspensions, microencapsulation, spheroids, biodegradable 
implants and gels.25 Injectable sustained release oily suspensions of buserelin acetate have been reported 
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using hydrophobic CDs such as heptakis(2,6-di-O-ethyl)-BCD (DE-BCD).26 Hydrophobic CDs 
significantly reduce the transfer of protein from oil suspension into the aqueous phase.26 
 

CDs for Correction of Protein Folding Problems 
Proteins exhibit activity due to their three dimensional structure and conformations. The 3D structure of 
the protein is attributed to its folding. Use of genetic engineering for large scale production of proteins 
using bacteria as protein factories exhibits a limitation that the produced proteins often get misfolded, 
which often results in partial or total loss of activity / functionality.1 These proteins may be refolded with 
the help of specific proteins known as chaperones. CDs can mask the hydrophobic residues of unfolded 
proteins; this interaction can enhance the solubility of denatured protein, thereby assisting re-folding of 
the proteins. Hence, CDs may act as chaperone-mimics, in cases where re-folding is inhibited by poorly 
reversible aggregation.27,28 Interaction of hydrophilic CDs with accessible hydrophobic side chains in 
hGH has been reported to reduce the aggregation of hGH during the unfolding process.28   
 

TOXICITY OF CYCLODEXTRINS 
The toxicity and metabolism of cyclodextrins in the human body is extensively reviewed by Jambhekar 
and Thomas.29 Safety of excipient is an important concern for use in drug delivery systems. CDs are 
proved to be safe when administered orally. But, in case of protein drug delivery, they need to be 
administered by injections into systemic circulation. Hence, their toxicity has to be considered carefully. 
CDs are known to induce shape changes of membrane proteins at low concentrations and cause cell lysis 
at higher concentrations.30 This toxicity is due to solubilisation of different membrane components by 
CDs.30 BCD is reported to remove proteins from the membranes of RBCs.31 Hence, CDs should be used 
carefully by evaluating their toxicity issues over the advantages offered by them. 
 

CONCLUSION 
Cyclodextrins find extensive applications in formulation development of biotechnology based drugs such 
as peptides and proteins. They are used as solubilizers, stabilizers, absorption and bioavailability 
enhancers, sustained and controlled release carriers, and also as chaperone mimics in development of 
protein delivery systems. But, the metabolism and toxicity of cyclodextrins is an important factor, which 
determines its use in protein drug delivery systems. 
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