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Cyclodextrin – a super molecule, beyond drug vector:
When the administration matters
Cyclodextrins are able to form water-soluble inclusion complexes with many lipophilic 
poorly-soluble compounds

C
yclodextrin (CD) are

classically known to be

an excellent drug carrier,

although applications as active

drug have been studied (orphan

drug, antiviral, etc). However,

there is no clear explanation

about the increase of activity of

drugs when they are adminis-

tered by cyclodextrin. The team

of Dr Francesco Trotta (Turin,

Italy) tried to obtain the possible

explanation of this issue in his re-

cent review “Cyclodextrin

Monomers and Polymers for

Drug Activity Enhancement” on

polymers. Based on numerous

studies reviewed, the drug ap-

peared more active in a complex

form because of increasing the

stability and the establishment

of a pure drug reservoir prevent-

ing its degradation by different

physicochemical agents (pH,

temperature, ROS). The in-

crease of bioavailability seems to

be justified by the increase of ap-

parent solubility of the molecule.

On the other hand, the intrinsic

activity of CDs against some

agents could generate an appar-

ent increase of drug activity. 

Remarkably, this review indi-

cates that not only the concen-

tration, but also different bioac-

tivities can be improved if the

inclusion complex is formed

opening up a new realm of other

advanced applications expected

to arise soon.

Aqueous solubility is one of

the key determinants in develop-

ment of new chemical entities as

successful drugs. However, new

drug development technologies,

such as combinatorial chemistry

and high throughput screening,

are based on the basic principles

of medicinal chemistry, teaching

that the most reliable method to

increase in-vitro potency is to

add lipophilic moiety at appro-

priate position of the lead struc-

ture. This has led to an increase

in the number of lipophilic and

poorly-soluble molecules being

investigated for their therapeu-

tic activity (Lipinski, 2000). Var-

ious formulation techniques are

applied to compensate for their

insolubility and consequent slow

dissolution rate. These include

formulation of the amorphous

solid form, nanoparticles, mi-

croemulsions, solid dispersions,

melt extrusion, salt formation

and formation of water-soluble

complexes.

By such techniques, pharma-

ceutical formulators try to in-

crease the apparent solubility of

lipophilic compounds without

decreasing their optimised po-

tency. Cyclodextrins are cyclic

oligosaccharides, with hy-

drophilic outer surface and a

somewhat lipophilic central cav-

ity. They are able to form water

soluble inclusion complexes with

many lipophilic poorly-soluble

compounds (Loftsson and Brew-

ster, 1996; Rajewski and Stella,

1996; Loftsson et al., 2004a).

However, cyclodextrins (the

hosts) are also known to form

non-inclusion complexes (Lofts-

son et al., 2002, 2004b). Most

lipophilic compounds (the

guests) form apparent 1:1

guest/host complex although ap-

parent higher order complexes

are not uncommon. Cyclodex-

trins and cyclodextrin com-

plexes have been studied inten-

sively for the past couple of

decades and these studies have

generated a wealth of informa-

tion on the structural require-

ments for complex formation

and the forces involved (Bodor

and Buchwald, 2002; Katritzky

et al., 2004).

However, most of these stud-

ies have been performed in di-

lute aqueous solutions under

close to ideal conditions, or condi-

tions that can almost never be

found in pharmaceutical formu-

lations. Lipophilic drug mole-

cules, as well as drug/cyclodex-

trin complexes, are known to

form aggregates in aqueous so-

lutions, and common pharma-

ceutical excipients, such as wa-

ter-soluble polymers and sur-

face-active preservatives, are

known to solubilise drugs in

aqueous solutions (Loftsson and

Masson, 2004; Loftsson et al.,

2004b). Still, current stoichio-

metric models treat aqueous for-

mulations as ideal solutions in

which dissolved drug and cy-

clodextrin molecules, and indi-

vidual complexes, are independ-

ent of each other as well as of

other excipients. In the present

paper, we will investigate some

of the discrepancies caused by

this over simplification and how

they affect the determination of

stability constants of drug/cy-

clodextrin complexes. We will

also suggest an alternative con-

stant, the complexation effi-

ciency, for evaluation of drug/cy-

clodextrin complexes under

different conditions.
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