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An attempt was made to optimize the rectal delivery of acetaminophen (paracetamol). One of the aims was to determine
which of the various lipophilic and hydrophilic suppository bases proved to be the best with respect to in vitro drug
liberation. Among several experimental vehicles the Witepsol H 15 base with 10 of Miglyol 812 and the Macrogolum
1540 with 5% of Span 20 proved to be excellent. Furthermore, a well-known pharmacological effect of the paracetamol
containing suppositories was evaluated in vivo in rats. The antipyretic response to the drug depends on the vehicle admi-
nistered, showing an excellent correlation between in vitro and in vivo results.

1. Introduction

Paracetamol (acetaminophen) is currently approved for use
in several countries [1±3], it is widely used as an anti-
pyretic and analgesic drug both in the treatment of adults
an children [4].
However, a distinction has to be made as the given com-
position aims to achieve an analgesic [5±6] or an anti-
pyretic effect [7]. There are several examples or rectal ad-
ministration as reviewed by Thoma [8] and MuÈller [9]. In
the case of suppositories it is important for paracetamol to
have a great degree of dispersion [10]. Considerable dif-
ferences also arise depending on the lipophilic or hydro-
philic nature of the suppository base [11±13]. Today var-
ious additives are indispensable to modern technology
[14], including suppository formulation [15±18]. The
bioavailability of drugs with different physical-chemical
properties, among them paracetamol, was studied by sev-
eral authors comparing oral and rectal drug administra-
tion [19±23]. In a previous paper, we demonstrated
some factors influencing drug liberation from paraceta-
mol containing suppositories in vitro [24]. Now, the bioa-
vailability of paracetamol following rectal administration
in hydrophilic and lipophilic suppositories was evaluated
in rats.

2. Investigations, results and discussion

Under in vitro conditions paracetamol was liberated to var-
ious extents from different suppository bases (Fig. 1). The
diffusion of 300 mg paracetamol powder was regarded as
standard. This served as a control for the comparison of
drug liberation from drug containing suppositories.
In Table 1 considerable differences can be seen in the in
vitro relative availability values. Suppositories could be
sreened in this way, as diffusion was influenced favour-
ably by Miglyol 812 and unfavourably by Aerosil. The
worst results were obtained with suppositories formulated
with the conventional lipophilic cocoa butter vehicle.
The vehicles to be used for in vivo studies were selected
on the basis of the in vitro liberation studies. Thus the
tested substances included the best hydrophilic composi-
tion (code #55), the best lipophilic base (code #56) and
cocoa butter (code #53), from which paracetamol is
poorly liberated. Nevertheless, it was included in the study
on account of its traditional use for more than two centu-
ries. The Witepsol H 15 lipophilic suppository base con-
taining Miglyol 812 (code #54) served as control, because
according to the results of previous experiments this com-
position, which showed very good drug liberation, did not
have disturbing effects in the animals used in the experi-
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Table 1: In vitro relative availability values of paracetamol-
containing (300 mg/2.0 g) suppositories

Suppository vehicles Solubility properties In vitro relative
availability (%)

Control 1 part of powder 100.0
(300 mg of paracetamol
powder without vehicle)

dissolved in 60
parts of water

(corresponds to
73.2 absolute %)

Cocoa Butter lipophilic 45.5*
Witepsol W 35 lipophilic 62.2
2.5% Aerosil
97.5% Witepsol W 35

lipophilic 33.9

Massa Estarinum 299 lipophilic 65.1
Witepsol H 15 lipophilic 81.0
5% Miglyol 812 lipophilic 82.1
95% Witepsol H 15
10% Miglyol 812
90% Witepsol H 15

lipophilic 113.6*

10% Polysorbatum 20 lipohydrophilic 64.3
10% Polysorbatum 61
80% Witepsol W 35
5% Span 20
95% Macrogolum 1540

hydrophilic 136.2*

Mean values measured after 4 h of diffusion
* The antipyretic effect was measured in animal experiments
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Fig. 1: In vitro diffusion from paracetamol containing rectal suppositories
(300 mg/2.0 g). A � paracetamol powder (without suppository base).



ment (irritation index � 0). Temperature taken 1 h prior to
suppositories on fevered animals served as pretreatment
control. The febrile response to a yeast suspension showed
no significant intergroup difference (Table 2).

Fig. 2 sums up the extent and the time course of the anti-
pyretic effect of the suppositories in rats. The areas under
the effect-time curve were analysed. The columns show
the integrated values of the area under the temperature-
response curve (X � SEM). Compared to the initial value
(baseline temperature) the antipyretic effect and the tem-
perature rise are represented by the areas under the nega-
tive and the positive curves, respectively. The number of
animals were 6±8 per group. The F-values are the results
of one-way ANOVA, where significant differences were
found in suppositories. The vertical F-values compare the
antipyretic effect of the 4 suppository bases, while the
horizontal F-values indicate the significant change within
individual suppository bases in time (Fig. 2). The antipyre-
tic effect was found to be significant both statistically and
biologically with the use of the lipophilic suppository base
of code #56.
Fig. 3 shows the time effects of different suppositories to-
gether with the standard error of the mean. Thus the anti-
pyretic effect of paracetamol containing suppositories for-
mulated with various vehicles can be compared well. The
antipyretic effect occurred the soonest and lasted for the
longest time with suppositories of code #56.
The two-way ANOVA revealed significant differences
(p < 0.001) in the antipyretic effect of rectal suppositories
containing different vehicles. This is indicated by the F-va-
lue (175.7) with degrees of freedom being 3 and 1416.
The time course of the antipyretic effect was significant
from the beginning [F(58.1416) � 13:2] at p < 0:001.
Further statistical analysis definitely showed that the sup-
pository with code #56 was the most efficient even in the
third hour after administration [F(3.984) �91.6].
Smith and Hamburger [25] introduced the administration
of a yeast suspension to produce fever in rats. Yeast fever
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Fig. 2: Area-under the curve values (X � SEM) after the administration of
paracetamol-containing suppositories. Open bar � prior to supposi-
tory administration and after 1 h (black bar) and additional 2 h
(hatched bar), respectively. The columns show the AUC changes in
body temperature/time dependence.

Fig. 3: Time course of the antipyretic effects of rectal paracetamol using different bases. Arrows indicate the time of application of suppositories. The ordinate
shows the relative change in body temperature with respect to the initial value. The vertical lines represent the standard error of the mean (X � SEM).



has been used to investigate the effect of antipyretic drugs
[26]. Since rats require higher doses of pyrogens than rab-
bits, they probably would not be as sensitive as test ob-
jects for the assay of pyrogens in pharmaceutical solutions
as the latter species [27]. However, our results demon-
strate that yeast-treated rats respond well to the antipyretic
drug, and can be used for the assay of such compounds.
Our results demonstrate that under proper conditions rats
give a reasonably uniform and predictable hyperthermic
response to yeast suspension, and that this response is
easily adapted to the assay of antipyretic drugs.
The in vitro studies proved to be useful and could be ap-
plied for in vivo animal experiments. It was confirmed that
the lipoid solubility of the pharmacon and the lipophilic/
hydrophilic nature of the vehicle are of great importance
in influencing drug liberation and rectal absorption. From
the experiments it is obvious that in the case of supposi-
tories prepared with cocoa butter (#53) a close correlation
can be found between the in vitro and in vivo results,
although liberation was poor and the antipyretic effect was
insufficient. The results obtained in vivo agreed well with
those of the in vitro study. Therefore a Witepsol H 15 li-
pophilic suppository base containing 10 Miglyol 812 is
recommended for therapeutic use.
Finally, it should be noted that the hydrophilic Macrogol
mixture vehicle (code #55) used in our experiments is also
capable of exerting the required antipyretic effect.

3. Experimental
The studied suppository bases were predominantly of lipophilic nature.
They included cocoa butter, Witepsol and Estarinum bases. In addition,
hydrophilic macrogol bases were also studied (Chemische Werke, HuÈls
AG, Troisdorf, Germany).
Additives were tested for various purposes, for example colloidal silicium
dioxide (Aerosil) to increase viscoxity, neutral oil (Miglyol 812) to soften
consistency, polysorbatum 20 and 61 (Tween 20 and 61) for moistening
and sorbitatum monolaurinicum (Span 20) to facilitate diffusion (Th. Gold-
schmidt, AG, Essen, Germany).

3.1. In vitro examination

Drug liberation from the suppositories was measured based on 5 parallel
measurements in each series with a vibrostat at 37� 0:2 �C, on the basis
of the principle of dynamic diffusion. A kidney dialysing membrane with a
surface of 18 cm2 and a pore diameter of 2±8 nm was used (Union Car-
bide Co. Chicago, USA) (Table 1).

3.2. Fever induction and body temperature measurement

In the in vivo experiments male Wistar rats were used (body weight: 250±
300 g). The study was approved by the Institutional Review Board of the
Medical University.
For the test period the animals were housed individually at an ambient
temperature of 23� 1 �C. A light-dark schedule of 12±12 h was main-
tained. The animals were fasted for 24 h before and during experiment.
The suppository was inserted to a depth of 2 cm from the anus, and the
anus was gently closed with a wood-device for 15 min.
Yeast aqueous suspension (12%) was administered subcutaneously in the
neck 24 h before the temperature in a total volume of 30 ml kgÿ1 body

weight [28]. The thermoregulatory reaction was tested in 4 groups of rats
(Table 2) which were put together according to the vehicle. The different
groups were tested in random order, and the observer was unaware of the
content of suppositories. Control rats were treated with vehicle-containing
suppositories without paracetamol. Each rat was tested only once.
Body temperature (Tb) was taken by a thermometer probe inserted 6.5 cm
deep into the colon. The restrained rats were kept in special wire-mash
cages which prevented them from turning around. They had been re-
strained for 1 h before the experiment to avoid the well-known emotional
hyperthermia [29]. Tb was taken repeatedly as indicated in Fig. 3 for 3 h.
To minimize the confounding effects of rats' circadian rhythm, all experi-
ments were performed between 11:00±16:00 h [30].

3.3. Statistical analysis

The area under the time-response curve (AuC0±180 min) was calculated for
each rat. The data are expressed as mean areas �SEM. The statistical sig-
nificance was carried out by one-way analysis of variance (ANOVA). In
the Results section F-values are given, with degrees of freedom in paran-
theses.
The statistical significance of different suppositories on the antipyretic re-
sponse was assessed over time by two-way ANOVA. The main effects
tested were vehicle difference (group) and time. Post hoc comparison was
made with the Dunnett test at a significance level of 0.05.
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Table 2: Description of experimental groups

Code # Suppository bases used in the experiment Baseline temperature
(�C)

53 Cocoa butter 38:64� 0:27
54 Control: 10% Miglyol 812

90% Witepsol H 15
38:29� 0:29

55 5% Span 20
95% Macrogolum 1540

38:38� 0:21

56 10% Miglyol 812
90% Witepsol H 15

38:65� 0:25

(Paracetamol dose � 150 mg/1.0 suppository/rat)
The animal studies were approved of by the Institutional Review Board of the Medical
University


