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Effect of drug solubility on in vitro availability rate from suppositories with
polyethylene glycol excipients
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Factors involved in the availability mechanism of different drugs from suppositories with polyethylene glycol (PEG)
excipients were studied using an in vitro model of the rectal compartment with a porous membrane simulating the rectal
barrier. Different from lipophilic excipients, the drug is released as a consequence of the progressive dissolution of PEG
into the intrarectal aqueous phase. Drug concentration in this small intrarectal phase produces the gradient against the
large volume of the plasmatic phase, which regulates the diffusion rate through the barrier. As with lipophilic excipients,
drug solubility in water was found to be an important factor influencing suppository release rate. Nevertheless, PEG
influenced in vitro drug availability considerably, by increasing both drug solubility and dissolution rate. The osmotic
effect of PEG in the intrarectal compartment influenced the increase in volume of the aqueous phase. The results, com-
pared with those obtained from suppositories with a lipophilic excipient, show a higher dissolution rate from PEG excipi-
ent, but a higher diffusion rate across the barrier did not always correspond. Drugs less soluble in water showed a greater

availability from PEG suppositories. On the contrary the more soluble drugs were less available.

1. Introduction

Hydrosoluble excipients consisting of polyethylene glycol
(PEG) mixtures are currently used in suppositories as an
alternative to lipophilic excipients. The mechanism by
which the drug is made available for absorption is differ-
ent from that in suppositories with lipophilic excipients.
With lipophilic excipients, drug particles immobilised in
the solidified suppository mass can migrate and transfer
into the small volume of aqueous phase in the intrarectal
compartment. Here the drug can go into solution, follow-
ing the melting of the excipient at rectal temperature [1].
PEG often has a melting temperature higher than the rec-
tal temperature and when used as excipient, the drug is
released gradually as a result of the progressive dissolu-
tion of the excipient in the intrarectal phase [2—6]. The
volume of this phase is increased by the diffusion of
water from the plasmatic phase by osmotic effect [7]. The
drug concentration in the small volume of intrarectal
phase regulates diffusion across the rectal barrier in rela-
tion to the concentration gradient between the intrarectal
and plasmatic phases.

We wished to verify the influence of solubility in water of
different drugs on the above-mentioned mechanism of
drug availability from suppositories prepared with PEG.
The same rectal compartment model as in the previous
study on the effect of drug solubility on availability from
suppositories with lipophilic excipients was used [8]. We
wished to verify the influence of solubility in water of
different drugs on the above-mentioned mechanism of
drug availability from suppositories prepared with PEG.
To compare results with those obtained with lipophilic ex-
cipients, we studied the same six drugs with different so-
lubilities in water at rectal temperature, and pH condi-
tions. The drugs used were: propyphenazone, naproxen,
paracetamol, aminophenazone, aminophylline, guaifene-
sine.

2. Investigations and results
2.1. Suppository dissolution rate

The results of drug release rates from suppositories in
contact with an aqueous phase at pH 7.4, expressed as
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the area under the dissolution curves (% drug dissolved
X time), are shown in Fig. 1A in order of drug solubility
in pH 7.4 buffer solution [8].

The presence of PEG led to an increase in dissolution rate
in rectal conditions for some of the drugs studied. With
the exception of propyphenazone, for two of the drugs
with low solubility in water at pH 7.4 (naproxen, paraceta-
mol) dissolution increased considerably. These drugs, in a
1:6 w/w ratio between drug and excipient, dissolved into
the melted excipient to a great extent. After solidification
of the suppositories the drug remained in “solid solution”
and this condition allowed fast dissolution. The presence
of PEG also contributed to increased solubility in the aqu-
eous medium. Aminophenazone also showed an increase
in solubility. No particular influence was observed for the
two drugs easily soluble at 37 °C (aminophylline and
guaifenesine).

2.2. In vitro drug availability

The suppositories with the six different drugs in PEG ex-
cipient were tested for drug availability using the same
model of rectal compartment with porous membrane as
used in a previous study with lipophilic excipients [8].
The results obtained, expressed as values of the area under
release curves (%drug dissolved x time), are compared in
Fig. 1B in order of solubility at 37 °C, as in the dissolu-
tion test above.

In the presence of a lipophilic excipient, drug availability
can be correlated with drug solubility in water under rec-
tal conditions. However, the presence of PEG influenced
in vitro availability, considerably which could no longer
be correlated with drug solubility. In fact, the mechanism
of drug availability from suppositories is different. Drug
release is not the result of the migration of drug particles
from the melted excipient, and their transfer into the in-
trarectal aqueous phase. Instead, it is due to drug release
as a result of dissolution of the excipient, which contri-
butes to an increase in drug solubility. Moreover, the os-
motic effect of PEG draws water into the rectal compart-
ment followed by an increase in volume of the intrarectal
phase [7]. This can influence the diffusion mechanism of
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Fig. 1: Values of AUC (£ SD) calculated for A) after 1 h dissolution curves (% drug dissolved x time), and B) after 3 h release curves (% drug released

X time), from suppositories with PEG of the six different drugs used in order of their solubility (pH 7.4; 37 °C)

the drug through the barrier. In fact it appears that the
results can neither be correlated with drug solubility nor

with the dissolution test results.

2.3. Invitro release test

In the rectal compartment model used to test in vitro re-
lease of drugs from suppositories [8], the drug concentra-

tion in the small volume of the intrarectal phase appears
to be the fundamental parameter for drug diffusion across

the membrane simulating the rectal barrier. The drug dis-
solution rate from suppositories and drug solubility in the
presence of PEG appear to be the principal parameters for
explaining the behaviour in the release test.

Following the procedure adopted in our previous study
[8], it was necessary to determine drug concentration in
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both the intrarectal and plasmatic phases and the volume
of intrarectal phase at different time intervals during the
release test in vitro.

In Fig. 2, concentrations of propyphenazone (A) and na-
proxen (B) in the intrarectal and plasmatic phases are
compared. The two drugs, both with a low solubility in
water, showed different dissolution rates in the presence of
PEG. The low solubility of propyphenazone, more or less
unchanged in the presence of PEG, produced a rapid sa-
turation of the intrarectal phase, which was no longer re-
ceptive to further quantities of drug released as a result of
dissolution of the excipient. Although values were low,
the concentration remained constant. Thus a concentration
gradient was ensured which allowed constant drug diffu-
sion into the plasmatic phase, whose concentration re-
mained low in any case. Total drug availability after 6 h
never exceeded 10%.

The behaviour of naproxen was different. An hour after
beginning the test, drug concentration in the intrarectal
phase appeared high as a consequence of the solubilising
effect of PEG. This produced a high concentration gradient
which allowed fast diffusion in the plasmatic phase, result-
ing in high availability (see Fig. 1). This is also shown by
the rapid and continuous decrease in intrarectal concentra-
tion while the drug transfers into the plasmatic phase.

High initial concentrations in the intrarectal phase were
also observed for paracetamol and aminophenazone
(Fig. 2, C and D). The solubilising effect of PEG was also
evident for paracetamol which had higher intrarectal con-
centrations than aminophenazone, in spite of its lower so-

volume of water

Fig. 3: Volume of water diffused into the intrarectal phase by osmotic ef-
fect during the release test of the different drugs from PEG suppo-
sitories

drug released

Fig. 4: Amounts (mg) of drug (having different solubilities in water) avail-
able in time from PEG suppositories
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lubility. In both cases the concentration gradient remained
high enough to allow a good availability rate.

The higher solubility in water of aminophylline and guai-
fenesine produced a high initial drug concentration in the
intrarectal phase (Fig. 2, E and F). The solubilising effect
of PEG produced a higher concentration of aminophylline,
although solubilities of both drugs were almost the same.
The different courses of the intrarectal concentration
curves show a greater availability of aminophylline, as can
also be seen from the AUC values (see Fig. 1). This can
be ascribed to an osmotic influence on drug diffusion
across the membrane.

Fig. 3 shows the course of the osmotic effect of PEG on
volumes of intrarectal compartment by diffusion of water
from the plasmatic phase. The effect was limited with pro-
pyphenazone, with the lowest solubility, while for the
other drugs it was considerable and almost equivalent, and
cannot be correlated with either solubility or in vitro avail-
ability.

Drug availability kinetics from suppositories with PEG are
compared in Fig. 4. With the exception of propyphena-
zone (whose low solubility led to a considerable quantity
of drug remaining undissolved in the rectal compartment
after dissolution of the excipient), the drugs demonstrated
adequate availability with initial high peaks followed by
successive amounts which could foresee a suitable support
for therapeutic response.

3. Discussion

In the in vitro model of the rectal compartment used, drug
availability from suppositories is estimated by the amount
of drug diffused across the porous barrier into the plas-
matic phase. The diffusion rate is conditioned by drug
concentration in the small volume of the intrarectal phase,
which must be high enough to support a concentration
gradient in the plasmatic phase necessary to ensure a dif-
fusion flow. Drug concentration in the intrarectal phase is
the parameter which the course of availability depends on.
This is, in turn, conditioned by the solubility and dissolu-
tion rate of the drug released from the suppository. A cor-
relation between drug solubility and drug rectal availabil-
ity was shown in our previous study on suppositories with
lipophilic excipients [8].

When using PEG as excipient, drug dissolution rates from
suppositories are modified by the interaction with PEG, so
that low solubility drugs, such as naproxen and paraceta-
mol, have an increased dissolution rate (see Fig. 1). This
allows intrarectal concentrations to be reached quickly,
producing an intense and rapid diffusion into the plas-
matic phase and thus a high overall availability. The re-
sults obtained may therefore explain different authors’ ob-
servations regarding a greater availability of various drugs
from suppositories with PEG compared with lipophilic ex-
cipients, either in vitro [9-16] or in vivo in animals [13,
16, 17-20], and in man [3-6, 10, 11, 21, 22].

Fig. 5 shows the results obtained with suppositories pre-
pared with PEG compared with those of suppositories pre-
pared with a lipophilic excipient (Witepsol H15), of the
same volume (3 ml) and containing the same drugs in the
same unitary dose (500 ml). In any case the use of PEG
led to a higher dissolution rate (Fig. SA ). This can be
ascribed above all to the different drug release mechan-
isms; in suppositories with lipophilic excipient by means
of migration of drug particles from the melted suppository
into the intrarectal aqueous phase, and in suppositories
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Fig. 5: Values of AUC (£ SD) calculated for A) after 1 h dissolution curves (% drug dissolved x time), and B) after 3 h release curves (% drug released
x time), of the six different drugs studied, from suppositories with lipophilic excipient (Witepsol H15) in comparison with those obtained from PEG

suppositories

with PEG as a consequence of the progressive dissolution
of excipient in the intrarectal phase. In some cases there is
a solubilising effect, as seen for naproxen.

A higher drug diffusion rate across the porous barrier of
the rectal compartment model did not always correspond
to a greater dissolution rate with PEG (Fig. 5B). While the
less soluble drugs (propyphenazone, naproxen, paraceta-
mol) demonstrated greater availability from suppositories
with PEG, the more soluble drugs had greater availability
from suppositories with lipophilic excipient. This can be
ascribed to the different osmotic conditions produced by
PEG in solution in the intrarectal phase.

4. Experimental

4.1. Materials

Propyphenazone, paracetamol, aminophenazone, aminophylline and guaife-
nesine were purchased from A.C.E.F. (Fiorenzuola d’Arda, Piacenza, Italy)
and naproxen from Alfa Wassermann S.p.A. (Milano, Italy). Polyethylene
glycols (PEG) 400 and 4000 were also purchased from A.C.E.F.

4.2. Methods
4.2.1. Preparation of suppositories

Suppositories of 3 ml were prepared with each of the six drugs at the same
dose of 500 mg. The excipient (PEG 400 and 4000 in a 40:60 ratio) was
melted at 50 °C and the drug in a fine powder was uniformly dispersed by
a Silverson turbomixer (Waterside, Chesham, U.K.). The melted mass was
then poured into disposable PVC moulds and cooled to solidification at
room temperature (18-20 °C). After 24 h the suppositories were refriger-
ated (5-10 °C) until use in the different tests.

4.2.2. Drug dissolution rate from suppositories

The conditions described in our previous paper [8] were followed using
phosphate buffer pH 7.4, at 37 °C.

4.2.3. Contemporary determination of drug availability, and intrarectal
phase volume and drug concentration

Each suppository was placed in a piece of dialysis tube (Visking Tubing,
London, U.K.) 10 cm long and 25 mm diameter, closed at one end, which
had previously been soaked in water overnight at room temperature. After
the addition of 5 ml of phosphate buffer solution 1/15 M, pH 7.4, the tube
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was closed at the other end. The two ends of each tube were held by
Perspex 1.5 x 3 cm clamps. Six suppositories were placed horizontally and
radially 3 cm from the bottom of a cylindrical basin (25 cm in diameter
and 10 cm deep) containing 31 of buffer solution pH 7.4 thermostated to
37 °C and stirred constantly at 100 r.p.m. by a 10 cm blade stirrer. Every
15 min 2 ml samples of diffusion fluid were collected from each basin and
replaced with the same amount of buffer solution. The concentration of
drug released from suppositories was determined spectrophotometrically
after suitable dilution with buffer solution at wavelengths of 267 nm for
propyphenazone, 262 nm for naproxen, 242 nm for paracetamol, 260 nm
for aminophenazone, 271 nm for aminophylline and 222 nm for guaifene-
sine. The test was carried out contemporaneously using six basins.

After 1 h the test was stopped for the first basin. The intrarectal phase was
drawn up with a graduate syringe and measured. The volume of water
diffused osmotically into the intrarectal compartment was calculated by
subtracting the 5 ml of buffer solution initially introduced in each tube.
Drug concentration was determined spectrophotometrically for the solution
obtained from each tube. This operation was repeated hourly for the other
five basins.
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