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olubility problems are a genuine challenge for 

formulators; about 40% of marketed drugs are classified 

as “practically insoluble,” according to Takagi.1 This will 

not improve during the coming decades as most of the 

drugs in development demonstrate increasingly poor solubility: one 

third of drugs in development are poorly soluble; and two thirds of 

synthesized drugs have low solubility.2 Many techniques have been 

developed to overcome these solubility issues and, by association, 

bioavailability when associated with good permeability. General 

information about these techniques has been reviewed by Das 

and Bhupendra, for example.3,4 Cyclodextrin complexation is one 

of these techniques. The ability of cyclodextrins to form inclusion 

compounds through molecular encapsulation has been known for 

many years. Several pharmaceutical products on the market use this 

formulation technology with different cyclodextrin derivatives. 

When we look at cyclodextrin complexation, there is a temptation 

to think that all cyclodextrin derivatives are similar. The principles of 

the technology are, in effect, the same, but major differences exist 

between the different derivatives, giving rise to noticeable differences in 

complex formation, complex properties and formulation opportunities. 

In particular, the more soluble derivatives, such as hydroxypropyl 

betacyclodextrin, are in a class of their own and have become available 

as a powerful solution for today’s challenging formulations. This paper 

will focus on the hydroxypropyl betacyclodextrin (HPßCD) technology 

platform, briefly reviewing HPßCD and illustrating the potential 

formulation power of this technology for dosage forms throughout the 

main administration routes.

HPßCD at a Glance
Cyclodextrins (CD) are cyclic oligosaccharides derived from 

starch. The relatively hydrophobic cavity formed by the ring shape 

of the molecule allows a non-covalent encapsulation of suitably 

sized drug moieties. Betacyclodextrin (ßCD) is a seven glucose 

unit cyclodextrin; its solubility in water is relatively low (1.8%). 

Hydroxypropyl betacyclodextrins are modified ßCDs having a higher 

aqueous solubility (above 60%) and a proven safe profile, especially 

for parenteral uses. The main properties of HPßCD are summarized 

in Table I. However, the two characteristic features to keep in mind 

are that it has a high aqueous solubility and a safe biological profile. 

These combined characteristics offer huge formulation opportunities 

because

• �the process of complexation is much facilitated compared with 

native ßCD

• �the biological safety of this excipient permits wider use and 

administration routes.

A high aqueous solubility: HPßCD is infinitely soluble in water at 

room temperature. At very high concentrations, HPßCD forms a 

gel, the viscosity of which rules out the evaluation of a real limit in 

solubility. At 25 °C, HPßCD is 65% soluble in water; at 50 °C, it is 

80% soluble. At higher temperatures, the viscosity of the solution 

decreases, which facilitates increased dissolution. Preparing an 

HPßCD solution is therefore straightforward and instantaneous. 

The only limit in concentration will be the viscosity or gel forming 

properties of HPßCD (at more than 50% dry substance), which 

is not related to its solubility. Figure 1 shows the viscosity of two 
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Figure 1: HPßCD viscosity.
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commercial grades of HPßCD as a function of dry substance 

concentration at 20 and 30 °C.

Easy complex formation: With HPßCD, an aqueous drug complex 

preparation is very simple: all you need is an HPßCD solution, add 

the drug, stir and wait for the complex to be formed. Ultimately, 

you can dry the complex, if required, with an appropriate technique 

(freeze-drying or spray-drying, for example). This exceedingly easy 

to use method makes HPßCD an ideal routine screening tool to 

evaluate new drugs and overcome their frequent solubility problems.

A safe profile: Of all the CD derivatives available, HPßCD is the 

safest, as it does not permeate the membranes. A literature survey 

shows that the toxicity of HPßCD has been extensively studied. 

HPßCD has been shown to have a reduced haemolytic potential, 

making it suitable for parenteral use as well as for oral and/or 

topical applications. There are several references in the literature 

concerning the parenteral safety profile of HPßCD, including the 

parenteral infusion of HPßCD in human volunteers with doses 

of up to 470 mg/kg/day (30 g in 4 days), and the IV infusion of 

single doses of up to 3.0 g.5 A recent publication from Gould and 

Scott concludes that HPßCD is well tolerated in most species, 

particularly if dosed orally, and shows limited toxicity, depending 

upon dose and route of administration.6

Many different uses: Pharmaceutical and cosmetics products 

containing HPßCD are already on the market. The Sporanox 

itraconazol formulation from Janssen has pioneered this technology 

and is available in injectable and oral dosage forms. An indomethacin 

eye drop solution has been formulated and marketed by Chauvin 

Laboratories. Numerous cosmetic products containing HPßCD are 

available worldwide for topical applications in skincare and haircare.

Effects of HPßCD: A Literature Review
A tremendous body of scientific work on HPßCD is available, 

illustrating the high level of interest in this technology. The drawback, 

however, is that no completely exhaustive literature review can be 

done. Our survey has been limited to drugs of low solubility (Class 

II and IV in the BCS classification system) and listed in the Top 200 

Marketed Drugs Worldwide.1 From this extensive work, we have 

extracted some relevant publications to illustrate the benefits of 

HPßCD on drugs:

• HPßCD increases drug solubility (Table II)

• �HPßCD increases drug dissolution speed (Table III)

• HPßCD increases drug bioavailability (Table IV) 

• HPßCD reduces drug side-effects (Table V)

• HPßCD stabilizes drugs (Table VI).

Table I: HPßCD: a summary.

Table II: HPßCD increases drug solubility.

Table III: HPßCD increases the speed of drug dissolution.

HPßCD technology can open up new 

perspectives for both existing and 

future drugs — as new dosage forms, 

new administration routes and new 

formulations become available.
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Advantages of HPßCD Per Route of Administration
The benefits of HPßCD described above can be translated into 

benefits for both the patient and for the formulating pharmaceutical 

laboratories (Figure 2). This offers many opportunities to formulators. 

The HPßCD technology platform enables the use of new routes 

of administration or the exploration of new dosage forms. HPßCD 

is much more than just a safe solubilizing excipient and is truly an 

enabling technology. Some examples of its potential are described 

for a variety of administration routes.

Injectable: In injectable dosage forms, using HPßCD as a 

solubilizing excipient is a safe formulation strategy, and has the 

added benefit of reducing irritation at the injection site. HPßCD is not 

just an intrinsically safe excipient; it can also circumvent or reduce 

the use of potentially hazardous substances, such as surfactants 

and cosolvents. Loftsson, et al. has shown that HPßCD can replace 

surfactants and cosolvents in some formulations.7 Furthermore, 

HPßCD technology enables formulation at physiological pH. As an 

example, an aqueous phenytoin parenteral formulation containing 

HPßCD exhibited reduced drug tissue irritation and tendency 

to precipitate because its pH levels were closer to physiological 

values.8 This not only opens up new perspectives for some drugs 

as injectable dosage forms, but also for more atypical routes, such 

as spinal delivery, for example. HPßCD is recognized as a useful 

excipient for spinal delivery as it allows relatively high concentrations 

of lipid drugs to be administered in small volumes, thanks to its 

solubilizing power and its safety.9

Oral: Oral dosage forms are by far the most popular and include 

drug delivery via the gastrointestinal tract. In this case, HPßCD 

technology can help to alleviate a drug’s side-effects. In buccal 

drug delivery, HPßCD’s main application is to effect rapid drug 

delivery by accelerating dissolution. In liquid dosage forms, HPßCD’s 

obvious advantage is its solubilizing and stabilizing power, leading 

to the formation of soluble drug complexes and enabling rapid and 

quantitative drug delivery. 

Dermal: HPßCD is a safe formulation aid that enhances drug 

bioavailability in dermal dosage forms. HPßCD causes neither 

physical nor chemical changes within the skin barrier.10 It enhances 

drug delivery from an aqueous diffusion layer by increasing drug 

solubility, but not through the lipophilic membrane barrier. In dermal 

dosage forms, the composition of the vehicle greatly influences 

overall drug delivery and, as such, the entire formulation has to be 

evaluated for efficacy. A hydrophilic cyclodextrin such as HPßCD 

improves the release rate of lipophilic drugs from hydrophilic 

aqueous vehicles.

Ocular: Low viscosity eye drop solutions are the preferred 

formulation strategy for ocular drug delivery. HPßCD acts as a 

carrier by keeping the hydrophobic drug molecules in solution and 

delivering them through the aqueous mucin layer to the surface 

of the ocular barrier where they partition into the barrier. HPßCD 

reduces ophthalmic drug irritation by

• solubilizing drugs

• masking the irritating part of the molecule

• replacing irritating additives

• formulating at physiological pH.

Table IV: HPßCD increases drug bioavailability.

Table V: HPßCD reduces drug side-effects.

The potential formulation power of this 

technology is apparent; it is applicable in 

dosage forms for all the main administration 

routes [and] for injectable products.
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Nasal and pulmonary: The respiratory tract is being studied 

extensively as a convenient administration route for high potency 

drugs with low oral bioavailability. HPßCD’s strength is its low toxicity 

and lack of membrane permeation. It acts as a safe carrier.

Conclusion
HPßCD can offer many advantages in pharmaceutical formulations, 

including the following:

• increased solubility for active ingredients 

• �increased bioavailability for high permeation, low solubility drugs

• quicker onset of action

• reduced side-effects

• increased shelf-life

• better compliance

• reduced toxicity.

An extensive body of literature backs up the potential contribution that 

HPßCD technology can make. This opens up new perspectives for both 

existing and future drugs — as new dosage forms, new administration 

routes and new formulations become available. Moreover, HPßCD is 

so soluble in water that it makes complex formation very simple. It is so 

straightforward that it can be done routinely to evaluate potential drug 

candidates at a very early stage. HPßCD is not only a safe excipient; it 

is a multipurpose tool and the centrepiece in an enabling technology for 

challenging pharmaceutical formulations.

Figure 2: Advantages of HPßCD for laboratories and patients.

 Table VI: HPßCD increases drug stability.
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NB: A complete list of the references cited in Tables II–VI is available from the authors.
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