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Effect of hydroxypropyl-f}-cyclodextrin on hydrocortisone dissolution from
films intended for ocular drug delivery

M. BeCIRevIC-LACAN and J. FiLiPoviE-GRCIS

The formation of an inclusion complex between hydrocortisone and hydroxypropyl-f3-cyclodextrin can affect the in vitro
transfer rate of hydrocortisone from the aqueous to the organic phase. The observed first order transfer rate constants
showed that the complexation of hydrocortisone with hydroxypropyl-f3-cyclodextrin decreased significantly the transport
of the drug depending on the partition coefficient of the drug, and the relative magnitude of the stability constant of the
inclusion complex. To optimize the ocular drug delivery, high molecular weight cellulosis and PVA polymeric films were
prepared. No unified mathematical model can predict the release profile of drug and complex from films. The drug and
complex-polymer interactions in each system could be responsible for the solubility of the drug, and different release

behaviours of hydrocortisone and cyclodextrin inclusion complex from the films prepared.

1. Introduction

Absorption of drugs into the eye requires good corneal
penetration plus prolonged contact time with corneal tis-
sue. Ideally, the formulation should be able to sustain
drug release and to remain in contact with the front of the
eye for an extended period of time. Traditional dosage
forms for the delivery of drugs and artificial tears to the
eye have been solutions and ointments. Several ap-
proaches have been used to improve the precorneal resi-
dence time and to enhance corneal penetration using poly-
mers for the preparation of films [1]. Some recent rewiews
summarize the factors which affect corneal penetration of
the drugs using cyclodextrins in ophthalmic formulations
[2, 3].

Cyclodextrins are said to improve the ocular bioavailabil-
ity of drugs by keeping water insoluble drug molecules in
solution and deliver them to the surface of the corneal
barrier where they penetrate into the eye [4]. The rela-
tively lipophilic membrane has low affinity for the
hydrophilic cyclodextrin (CD) molecules and therefore
they remain in the aqueous membrane exterior, e.g. the
tear fluid. It was reported that hydroxypropyl-p-cyclodex-
trin (HPBCD) did not cause any alterations in the corneal
tissues. The large and very hydrophilic HPBCD molecules
do not penetrate biological membranes but act as penetra-
tion enhancers leading to a constant high concentration of
dissolved drug at the membrane surface [5].

The aim of this study was to formulate and evaluate a
film of hydrocortisone (HC) using different polymers
having different aqueous solubility. Oving to its poor aqu-
eous solubility, HC is usualy formulated as topical opthal-
mic suspensions. It was claimed that the dissolution rate
of the particles must be equal to or greater than their rate
of clearance from the precorneal area. To overcome this
problem a water soluble CD complex of HC was formu-
lated and used in ocular polymeric systems.

2. Investigations, results and discussion
2.1. Transport experiments

The interfacial model system was employed to measure
the transfer rate constants from the aqueous to the organic
phase of HC alone or in the complex form. The model
system chosen was used to predict the effect of HPBCD
on partitioning of HC to the lipoidal membranes of the
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eye. The biological activity of a drug depends on its con-
centration in the receptor compartment, which strongly de-
pends on the transfer rate between both administration and
receptor compartments. So the transfer rate studies often
use biphasic models, water and organic solvent. The meth-
od is based on the fact that polar CD molecules are not
expected to partition into the organic phase, and that trans-
fer of HC from an aqueous phase to an organic phase
may reflect the ability of the drug to be absorbed into the
corneal tissue.

The first order transfer rate constants (k) were obtained
from the slope of the linear regression on the logarithm of
HC concentrations in the aqueous phase against time
(Fig. 1). Table 1 shows first order transfer rate constants
for HC alone and its CD complex, k, and half-lifes, t,
determined by interfacial transfer study. The observed first
order transfer rate constants clearly show that the com-
plexation of HC with HPBCD decreased significantly the
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Fig. 1: First order plots (interfacial transfer study) for the decrease of HC
concentration in aqueous phase. CD complex (0J), HC (O)

Table 1: First order transfer rate constants, k, and half lifes,
ti2, of HC and its CD complex determined by inter-
facial transfer study

Compound k (min~") ty2 (min)
HC 0.298 £+ 0.023 2.33
HC-HPBCD complex 0.048 £ 0.003 14.34
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transport of the drug from the aqueous to the organic
phase. A decrease of the first order transfer rate constant
from 0.298 min~! (HC alone) to 0.048 min~—! (HPBCD
complex) was observed, while the half-lilfes of the trans-
fer increased up to 515%.

When dissociation of the complex occured in the aqueous
phase only the free fraction of HC can diffuse into the
organic phase depending on the partition coefficient of the
drug and the relative magnitude of the stability constant of
the inclusion complex. The stability constant for the 1:1
HC-HPBCD complex was previously determined from a
phase solubility diagram [6]. However, the stability con-
stant found for the HC-HPBCD complex was 466 M~
suggesting interaction, and favourable positioning of the
drug inside the cavity of the HPBCD molecule. The ob-
served decrease in transport rate was probably due to
changes in the partition coefficient upon CD complexa-
tion. By altering the apparent solubility and partition coef-
ficient of HC, complexation influenced the transport from
the aqueous to the organic phase.

2.2. Dissolution of hydrocortisone and complex from the
films

Phase solubility studies indicate the feasibility of obtain-
ing a HC-HPBCD solid inclusion complex by spray dry-
ing of solubilized HC in CD solution using ethanol cap-
able of dissolving HC, and giving a clear solution after
mixing with an aqueous HPBCD solution. Spray-drying of
solubilized HC in CDsolution (1:1 molar ratio) yields a
product of amorphous apprearance with spherical small
particles. The particles of about 5 um were distinguished
by the formation of aggregates, as observed by the image
analysis technique. The content of HC in the complex was
determined to be about 25% [6].

An area where cyclodextrins may have a significant thera-
peutic benefit is the solubilization of drugs intended for
ophthalmic use. One way to optimize ocular drug delivery
and to prolong precorneal drug residence time is to em-
ploy polymers. Ocular delivery films have demonstrated
promising improvements in the ocular bioavailability. We
used high molecular weight cellulosic and PVA polymers
which cannot cross biological membranes and are widely
used in opthalmic preparations as drug delivery vehicles.
Plasticizers were added to the formulations mostly to re-
duce brittlenes, impart flexibility and to improve adhesion
and removal of the film.

In an attempt to obtain more information on the release ki-
netics, dissolution data of HC from different films were ana-
lysed calculating the expected curves for first order kinetics,
biphasic first order kinetics and square root of time kinetic.
The curfit computer program which consisted of a least
squares fit to a linerar or nonlinear function was used.

Table 2 presents the kinetic parameters for dissolution of
HC from different films applying different kinetics. The
first order kinetics show a deviation from the expected,
with low correlation coefficients. The biphasic first order
kinetics and diffusion controlled system fit the release pat-
terns better, but the correlation coefficients listed indicate
that the release pattern followed better biphasic first order
kinetics. The biphasic kinetics included two fairly separate
phases. A relatively fast initial release was followed by a
slow one. Each of these phases can be characterized by a
first order kinetic equation. The concentration of HC in
the film did not remain constant after the elapse of a cer-
tain period of time because exhaustion of drug was lead-
ing to a change in the concentration gradient following
first-order release profile. Continual loss of the drug
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Fig. 2: Release profiles of HC from from PVA, HC and EC films as a
function of time in the absence (Fig 2A) and presence of CD (Fig 2B).
HPC (O), PVA (O), EC (A)

Table 2: Kinetics parameters for dissolution of HC from different films, applying first order Kinetic, biphasic release model and

Higuchi type matrix kinetic

Film First order Biphasic model Higuchi model
k (min~")  tjp (min) 2 k; (min~")  t;5 (min) k; (min~") tip (min) 2 k(mg min~"?) 1

HPC-HC 0.011 62.3 0.9251 0.255 2.7 0.012 60.2 0.9921 0.219 0.9708
HPC-Complex 0.086 8.1 0.8573 4.338 0.2 9.7-1073 70.9 0.9865 0.788 0.9484
PVA-HC 0.032 23.4 0.9120 0.321 2.2 0.018 38.6 0.9920 0.229 0.9800
PVA-Complex 0.087 8.0 0.8684 0.326 2.1 0.005 146.7 0.9862 1.061 0.9794
EC-HC 0.055 12.6 0.8743 0.298 2.3 0.014 48.5 0.9985 0.160 0.9905
EC-Complex 0.135 5.1 0.8467 0.726 0.9 0.001 682.5 0.9918 0.266 0.9329
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would produce a situation where the rate would fall expo-
nentially in the second phase. Our systems have shown
that HC release obly also Higuchi type matrix kinetics,
and the release data may conform to those from matrix
devices. So, one should therefore be aware that no unified
mathematical model can predict the complete release pro-
file.

To obtain films for ocular administration suitable polymers
as ethylcellulose (EC), a typical hydrophobic cellulose de-
rivative, HPC as hydrophilic cellulose derivative, PVA as
water soluble and bioerodible polymer, were used. Fig. 2
shows HC release from PVA, HC and EC films as a func-
tion of time in the absence (Fig. 2A) and presence of CD
(Fig. 2B). The release of HC from the films prepared was
expected to be affected by the complexation of the drug
with HPBCD. By CD complexation it was possible to in-
crease the aqueous solubility of HC without changing its
molecular structure. The HC release from the films in the
presence and absence of CD decreased in the order
PVA>HPC>EC. Ethylcellulose produced a film which was
quite brittle, insoluble in water, and maintained its integ-
rity. PVA and HPC are more hydrophilic than EC. In PVA
and HPC films, substantial swelling was noted which
would increase water content and channels for diffusion.
HPC is water soluble, and no visual dissolution of the
film was observed until the end of the experiment. PVA
swelled during the time of testing and appreciable film
dissolution was noted. PVA and HPC films were subjected
to a gelation process and to an erosion process during the
release test which was due to the swelling properties of
the polymer used.

The complicated drug-polymer interaction in each system
could be responsible for the solubility of the drug in the
polymer and different release behaviours of the drug in
the films prepared. Drug solubility and diffusion coeffi-
cient in the film might also affect the release rate. Recent
reports have shown that some other water soluble poly-
mers increase the complexation of the drug with cyclo-
dextrins. The addition of polymer to the aqueous com-
plexation medium resulted in an increase in the apparent
stability constant of the complex [7].

As a conclusion we can state that in general HC- and CD
complex-polymer interactions in different films could be
responsible for the different release behaviours of HC.
The formation of the inclusion complex can affect the so-
lubility of HC as well as the in vitro release characteristics
of the drug.

3. Experimental

3.1. Material

Hydrocortisone (HC) was purchased from Sigma (St. Louis, Mo, USA).
Hydroxypropyl-B-cyclodextrin MS 0.9 (HPBCD) was a generous gift of
Wacher Chemie GmbH (Munich, Germany). Polyvinyl alcohol (PVA) re-
agent grade with an average mol. wt. of 16,000 was obtained from Aldrich
Chemical Co (Milwaukee, Wis, USA). Ethylcellulose (EC) Ethocel (50 cp)
was the product of Dow Chemical Co (Midland, Mich, USA). Hydroxy-
propyl cellulose (HPC) with an average mol. wt. of 100,000, Klucel LF,
was supplied by Hercules Ind. (Wilmington, USA). All other solvents and
reagents were of analytical reagent grade.
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3.2. Interfacial transfer studies

The interfacial transfer studies were performed by a modification of the
method of Dollo etal. [8]. The two phase stirred transfer device which
consisted of a beaker thermostated at 37 °C, equipped with the one glass-
bladed impeller in the centre of the upper phase with the rotation speed of
100 rev/min, and a magnetized agitator in the bottom phase giving an
opposite 100 rev/min rotation was used. The volume of the organic phase
(methylene chloride) was 100 ml, equilibrated for 2 h at 37 °C with 150 ml
of water. At the beginning of the experiment a solution of water containing
0.02 g HC (“free” or in the complex form) was poured directly into the
aqueous phase giving a final volume of 200 ml for the aqueous phase.
Samples were collected from the aqueous phase at appropriate times dur-
ing 90 min and the concentration of the drug was analysed spectrophoto-
metrically at 262 nm after appropriate dilution with ethanol (LKB Ultra-
spec Plus Spectrophotometer, Pharmacia, Sweden).

3.3. Preparation of the inclusion complex

HC and HPBCD in a 1:1 molar ratio were separately dissolved in 400 ml
of 96% (v/v) ethanol and 400 ml of purified water, respectively. The solu-
tions were mixed and sonicated for 15 min to produce a clear solution
which was subjected to spray-drying using a Biichi 190 M Mini Spray
Dryer (Switzerland). Under these conditions, no spontaneous precipitation
of the inclusion did occur. The drying conditions were as follows: flow
rate 1000 ml/h, inlet temperature 190 °C, outlet temperature 90 °C and air
flow rate 700 NI/h. The content of hydrocortisone incorporated into the
complex was determined by UV spectrophotometry.

3.4. Film preparation

Polymer films containing 100 mg of HC “free” or in the complex form
were cast from the solutions containing 5% of the polymer. Polymers were
added as a dry powder to the vigorously stirred chloroform-ethanol mix-
ture (1:1) or purified water in the case of PVA. The solutions were spread
on the glass Petri dishes, allowing the films to air dry for 7 days at ambi-
ent conditions. The plasticizers polyethylene glycol 400 and acetyltriethyl
citrat (Citroflex A2) were added in the concentration corresponding to
20% of the amount of the polymer. The initial drug concentrations in the
films prepared were determined spectrophotometrically using samples of
the films dissolved in an ethanol-chloroform mixture (1:1) or in water.

3.5. Determination of release rate

Rectangular films were obtained by cutting a section of the film. The film
was weighed on an analytical balance, and it was placed into a beaker in a
37 °C water bath containing 200 ml of pH 7.4 phosphate buffer solution.
The system was agitated with a magnetic stirrer. Samples were withdrawn
at time intervals and assayed spectrophotometrically. To maintain a con-
stant volume of the dissolution medium, an amount equal to the volume
withdrawn was immediately added after each withdrawal.
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