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Suppositories are important tools for individual therapy, especially in paediatrics, and an instrumental assay method
has become necessary for the quality control of dosage units. The aim of this work was to develop a rapid, effective
high-performance liquid chromatography method to assay aminophenazone in extemporaneous suppositories
prepared with two different suppository bases, adeps solidus and massa macrogoli. With a novel sample preparation
method developed by the authors, 4-dimethylaminoantipyrine was determined in these suppository bases with
95-105% recovery. The measurements were carried out on a Shimadzu Prominence ultra high-performance liquid
chromatography system equipped with a 20 pl sample loop. The separation was achieved on a Hypersil ODS
column, with methanol, sodium acetate buffer (pH 5.5+0.05, 0.05 M, 60:40, v/v) as the mobile phase at a flow rate
of 1.5 ml/min. The chromatograms were acquired at 253 nm. The chromatographic method was fully validated in
accordance with current guidelines. The presented data demonstrate the successful development of a rapid, efficient
and robust sample preparation and high-performance liquid chromatography method for the routine quality control

of the dosage units of suppositories containing 4-dimethylaminoantipyrine.
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Suppositories are currently very popular formulations
especially in paediatrics, where they can be used
for the effective lowering of fever. The choice of a
suppository as the mode of drug delivery is justified
in all cases when oral delivery is impossible, that is
an unconscious or vomiting patient, or in the case
of infants. The therapeutic effect of correctly applied
suppositories can be compared with that of injections
because the active substance can penetrate from the
lower tract of the rectum to the inferior vena cava,
thereby avoiding the vena portae and the liver, and can
exert a systemic effect when transported to the vena
cava inferior. Currently suppositories are actuality used
therapeutically all over the world. Suppository is being
widely used for several indications utilising its feature
that local effect of the suppository can be transformed
into therapeutic benefit (e.g. in case of treatment of
ulcerative colitis, ulcerative proctitis or colorectal cancer
in paediatric practise)!'*l. Treatment of acute malaria in
case of children requires combination therapy in order
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to avoid development of multidrug resistance. In these
scenarios it is a plausible solution to deliver one of
the drugs of the combination in suppositoryt>l. Thus
rapid systemic effect can be achieved. For the delivery
of several nonsteroid antiinflammatory drugs, such as
paracetamol or indomethacin, efficacy of suppository
form is equivalent with or superior to oral route(®”.
Therefore, the quality control of this widely applied
dosage form with a modern, instrumental analytical
method is highly desired.

In Hungarian pharmaceutical practice, extemporaneous
products including suppositories are just as popular
as factory-produced medicines. Extemporaneous
products comprise part of personal therapy, and
take into account the physical status, age and other
diseases of the patient. Extemporaneously produced
pharmaceuticals are used particularly in paediatric
clinical departments, where they are the most effective
means of lowering fever.

4-Dimethylaminoantipyrine (aminophenazone,
AMFZ) is an antipyretic and analgesic that is
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frequently used in paediatric practice in Hungary.
This molecule is also referenced in literature
as 4-dimethylamino-1,5-dimethyl-2-phenyl-1,2-
dihydro-3H-pyrazol-3-on, aminopyrin, pyramidon,
dimethylaminophenyldimethylpyrazolon, 2,3-dimethyl-
4-dimethylamino-1-phenyl-5-pyrazolon or
dimethylaminophenazon.

Numerous manufacturers market antipyretic
suppositories in various dosage strengths for neonates
and infants. The antifebrile effect of AMFZ develops
especially quickly (comparable to that of injections)
if the drug is taken rectally. An additional benefit
is that its administration does not require specially
trained staff.

Agranulocytosis, one of the registered side-
effects of the substance, has a very low
incidence, while carcinogenicity, another possible
side-effect, can be completely eliminated
through rectal administration®'. During its
biotransformation® '), AMFZ is demethylated!!!¢!7]
in two steps, catalysed by cytochrome P450
2B The demethylated product then undergoes
acetylation!'?! and is eliminated from the body as
acetylaminoantipyrine. In the presence of nitrite
ion at pH between 2.0 and 3.1, the carcinogenic
nitrosamine derivative dimethylnitrosamine is
formed™® in parallel with the demethylation.
The physiological circumstances in the stomach
provide a suitable medium for this reaction to take
place!'"!. In contrast, the rectal administration of
AMFZ completely eliminates the possibility of
dimethylnitrosamine formation as the pH of the
mucous fluid in that region is around 7.9.

In consequence of the increased application of
suppositories, there is a current demand for a
rapid, effective and state-of-the-art reversed-phase
chromatographic method for routine analysis. Our
literature search revealed that methods for the high-
performance liquid chromatography (HPLC) analysis
of AMFZ are very rare and those found related
to very low concentrations in biological fluids or
tissues?-23, Qur aim was therefore to develop and
validate a suitable general sample preparation and
chromatographic method for suppositories containing
AMFZ. Moreover, HPLC analysis of the pyrazolone
derivative metamizole in tablet formulations
could shed light on the initial steps of method
development(?3-27],
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MATERIALS AND METHODS

Throughout this investigation, HPLC grade organic
solvents were used. Methanol was obtained from
Merck (LiChrosolv, Darmstadt, Germany) and Sigma-
Aldrich (Chromasolv for HPLC, St. Louis, MO,
USA). The buffer solutions were prepared by using
triple distilled water. The pH of the buffer solutions
was set to the desired value by using sodium acetate
anhydrate (Reanal) and acetic acid 96% (Molar
Chemicals). 4-Dimethylaminoantipyrine (Sigma-
Aldrich) was used as reference substance.

Suppositories based on adeps solidus (hard fat; Ph.
Eur. 7.4) or on massa macrogoli (a hydrophilic
suppository base sorbitan monolaurate and macrogol
1540 in 95:5 w/w ratio), without or with the active
substance (100 mg of AMFZ), were utilised for the
accuracy and specificity studies of the validation and
during the method development; they were provided
by the Pharmacy of the University of Szeged.

Repeatability and intermediate precision studies were
carried out with Suppositorium antipyreticum pro
parvulo prepared according to Formulae Normales
VII. (a collection of standard prescriptions in
Hungary), produced by Naturland Hungary Ltd.
(Budapest, Hungary), in order to ensure the best
homogeneity of the samples.

Paediatric suppositories that contain 100 mg of AMFZ
exclusively are not marketed by pharmaceutical
companies. These reference suppositories
for the repeatability and intermediate precision
measurements were therefore provided by the
Institute of Pharmaceutical Technology of the Faculty
of Pharmacy, University of Szeged, prepared as
prescribed by the authors: 12 suppositories were
prepared containing 100 mg of AMFZ in each
dosage unit. All dosage units used during the method
development and validation were prepared through the
use of moulds for infant suppositories.

Instruments and conditions:

All measurements were carried out using a Shimadzu
Prominence (Shimadzu Corp., Japan) ultra high-
performance liquid chromatography (UHPLC) system,
consisting of an LC-20AD high-pressure pump
equipped with a 4-way solenoid mixing valve, a
CT0-20A column thermostat and an SPD-M20A
UV/Vis Diode Array detector equipped with a 10
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mm optical path length flow cell. The injections were
carried out via a Rheodyne manual injection valve
fitted with a 20 ul sample loop. The separation was
achieved on a Hypersil ODS (C18) 150%4.6 mm,
5 um column (Thermo Scientific, Keystone, UK).
The flow rate of the mobile phase was 1.5 ml/min.
The composition of the mobile phase was selected
on the basis of the results obtained from Pallas
chromatographic prediction software!l. The mobile
phase was methanol-sodium acetate buffer (pH 5.5;
0.05 M) (60:40, v/v). The chromatograms were
acquired at 253 nm for 5 min. The chromatograms
were integrated by means of LCSolution software
(Shimadzu Corp.)

Chromatographic method development:

The stationary phase was chosen on the basis of the
work of El-Seikh et al.?”, but our initial experiments
revealed that the composition and the pH of the
mobile phase had to be changed considerably. With
methanol-acetic acid (pH 2.78; 1.0%) (70:30, v/v)
as mobile phase, the AMFZ peak eluted between
15 and 30 min and showed significant asymmetry.
It was obvious that the mobile phase composition
described by El-Seikh et al. would have given a
much longer retention time. Simulations carried out
with the Pallas software®®! showed that the pH should
be >4.5 to achieve acceptable robustness and peak
shape. A set of experiments was therefore designed
using methanol-sodium acetate buffer (pH 4.5 or 5.0;
0.05 M, 50:50 or 60:40, v/v) as mobile phase in the
various combinations. The shape of the AMFZ peak
in the resulting chromatograms improved on increase
of both the pH and the proportion of methanol. In the
final experiment, with methanol-sodium acetate buffer
(pH 5.5; 0.05 M) (60:40, v/v) as eluent, the symmetry
factor of the AMFZ peak proved to be 1.43, and the
peak width measured at the baseline was 0.2 min. It
still seemed plausible to use acetate buffer at pH 5.5,
where it has a somewhat lower buffer capacity, but
the chosen concentration of 0.05 M compensates this.

Preparation of samples for analysis:

Extemporaneous prescriptions do not usually specify
the suppository base to be used as vehicle and it is
left to the pharmacist to apply his or her professional
knowledge to choose the most suitable one from the
possibilities listed in the official Pharmacopoeia. The
development of the sample preparation involved in
particular two suppository vehicles, adeps solidus and
massa macrogoli, as these are the most commonly
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chosen ones. The same methanol-water solvent
mixture (50:50, v/v) was used for both vehicles.
However, the methods differed as concerns other
aspects of the sample preparation. This is due to the
fundamentally different physico-chemical properties of
these two vehicles.

Adeps solidus and massa macrogoli cannot be
distinguished by purely organoleptic examination. In
the first step of sample preparation, the suppository
(containing the unidentified vehicle) was weighed in
a beaker, 15 ml of the above solvent mixture was
added, and the beaker was heated in a 40° water
bath until the suppository melted. (At this point,
the behaviour of the molten suppository reveals its
nature). In the case of adeps solidus, a consistent,
clear, colourless fatty phase appears on the surface of
the solvent mixture, whereas with massa macrogoli
the solution becomes homogeneous and clear and no
second phase can be observed. In some cases, massa
macrogoli may contain a certain amount of tensides,
when the resulting solution is opaque, but even then
no second phase or fat droplets can be observed.

At this stage, the active substance was extracted from
the vehicle by shaking the sample for 10 min.

The massa macrogoli-based samples did not require
filtration, so the solution was transferred directly into
a 50 ml volumetric flask and the beaker was washed
out with another 15 ml and then 2x5 ml of solvent
mixture, the washings likewise being transferred to
the volumetric flask, the solution next being made up
to volume with the solvent mixture.

The adeps solidus-based samples required removal
of the fatty phase by freezing on an ice-bath, when
the fat solidified and the liquid could be decanted
into a 50 ml volumetric flask. This extraction step
was repeated with a second 15 ml portion of solvent
mixture in a 40° water bath. The beaker was finally
washed twice with 5 ml of solvent mixture, which
was transferred to the volumetric flask, the solution
then being made up to volume with the solvent
mixture. The outstanding benefit of this sample
preparation procedure is that it does not require an
initial knowledge of the suppository base used.

Finally, in both cases a 0.3 ml aliquot of the stock
solution was transferred to a 10 ml volumetric flask
and made up to volume with the solvent mixture. The
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solution was filtered on a Millipore Millex PVDF
membrane filter with a pore size of 0.45 um.

Preparation of standard solution and establishment
of system suitability:

The AMFZ contents of the samples were quantified
by reference to a standard AMFZ solution with a
concentration of 0.075 mg/ml in the same solvent
mixture, which corresponded to the theoretical 100%
concentration level of the sample solutions to be
examined. Two standard solutions were prepared from
independent stock solutions in order to check the
system suitability by the following procedure.

The precision of the injections was checked before
all measurement sets by injecting the first standard
solution five times. The system was considered
suitable if the relative standard deviation percent
(RSD%) of the five replicate injections did not exceed
2.0%. The accuracy of the calibration was checked
by injecting the second standard solution twice.
The results were accepted if the correlation factor
calculated from the average response ratio of the two
standard solutions did not exceed 2.0.

Correlation factor was calculated by the following
formula, [1-(AStd1xwStd2)/(AStd2xwStd1)]x100%;
where AStdl and AStd2 are the average peak areas
of the replicate standard injections, while wStd1 and
wStd2 are the weights of the standard substances used
to prepare the solutions. The symmetry factor of the
main peak of interest was also monitored throughout
the measurements; it had to be between 0.7 and 2.0
for the analysis to be started.

Validation:

A full validation of the method according to
International Conference on Harmonisation (ICH)
guideline Q2 (R1)?, including linearity, repeatability,
intermediate precision, accuracy, specificity and
robustness have been performed. As the method
was to be utilised for the rapid quality control of
dosage units, which does not require the method to
be stability-indicating, forced degradation studies
were not conducted®”. The repeatability, intermediate
precision, accuracy and specificity studies were carried
out with both vehicles.

Linearity:
The linearity of the method was examined in the
concentration range between 0.025 and 0.150 mg/ml,
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which corresponds to 50-450% of the nominal content
of the suppositories. The higher limit was chosen
with regard to the fact that initial experiments gave
individual results in this concentration range. Thus,
it was necessary to check the method at extremely
high active substance concentrations. The range was
covered by seven solutions each diluted from two
individually prepared reference solutions so that the
sequence of the stock solutions used for the dilutions
alternated. The peak areas determined with LCSolution
were plotted versus the concentration of the solutions
and a straight line was fitted to the points. The slope
of the fitted straight line was found to be 3.498 107,
the intercept was -5.165 104 and R? was 0.9998. This
proved that in the proposed concentration range the
method was linear.

Precision and repeatability:

Repeatability was checked on six individual
suppositories prepared according to the method
described in chromatographic method development
section. In the case of adeps solidus as vehicle, one
of the six replicate results exceeded the 125% limit,
and this result was omitted from the calculation
of the RSD%. On the basis of our result that
there is no carryover between the injections and
the fact that active substance was not added to
the solution. RSD% proved to be 1.4%, which
can be considered acceptable when it is taken into
account that each sample preparation was made
from different individual suppositories and not from
a composite sample of multiple suppositories. The
massa macrogoli-based suppositories gave an RSD%
of 2.1%, which is also acceptable.

Intermediate precision:

The same analytical procedure was carried out by
another analyst on another day, using a freshly
prepared mobile phase. Relative differences between
average results of 2 days were calculated with the
following formula: (XDayl1-XDay2)x2/(XDayl-
XDay2)x100%, where XDayl denotes the average
result of the specific day. The results for the adeps
solidus-based samples were an RSD% of 1.2% and
a relative difference of 1.3% between the averages
of the repeatability (Day 1) and intermediate
precision (Day 2) results compared to the mean
of the average values measured for each. Both
results can be accepted according to the principles
of general pharmaceutical analytical practice. For
the massa macrogoli-based samples, the RSD% of
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the individual results was 2.5%, while the relative
difference between the repeatability and intermediate
precision was 3.7%. Both results are in accordance
with the appropriate guidelines, and are therefore
considered acceptable.

Accuracy:

The accuracy of the method was studied between 50%
and 450% of the nominal content of the suppositories,
that is, 100 mg. The results are shown in Table 1.
Although all of the average values fell between 95%
and 105%, it should be mentioned that in the case
of adeps solidus most of the averages were below
100%, while in the case of massa macrogoli they
were above 100%. This may raise a warning flag,
but there was no trend within the results that could
be correlated with the increasing concentration of the
sample groups.

Stability of standard and sample solutions:
Stability of the standard solution and the sample
solution was studied for 4 days. Both solutions
were stored in a refrigerator between 2° and 8°.
The acceptance criterion was set up according to the
relative difference value defined by the following
formula: [(AStart-AStored)/AStart]x100%. The
solution was considered stable as long as the relative
difference at a specific time point was lower than
3.0%. On the basis of the data presented in Table 2,
the standard solutions can be considered stable for at
least 96 h, and the sample solutions can be considered
stable for at least 96 h.

Specificity:

When the procedure was carried out with blank
suppositories (containing no active substance), no peak
was detected at the retention time of AMFZ. It can be
stated that there are so excipients in either vehicles
that interfere with the determination of AMFZ.

Robustness:

The effects of changing the organic—aqueous ratio,
the pH of the aqueous phase, the flow rate of the
mobile phase and the temperature of the column on
the retention time and on the shape of the AMFZ
peak were examined. The results of the robustness
study presented in Table 3 demonstrate that the ratio
of the aqueous and organic phases exerted a great
influence on both the retention time and the peak
symmetry of the analyte. The pH of the aqueous
phase significantly changed the symmetry of the peak,
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TABLE 1: RESULTS OF THE ACCURACY STUDIES

Level % Adeps solidus Massa macrogoli
Replicates % Mean % RSD% Replicates % Mean % RSD%

50 1. 98.7 99.4 0.63 1. 104.10 102.5 1.56
2. 99.9 2. 100.90
3. 99.6 3. 102.40

100 1. 99.5 100.3 0.75 1. 97.40 99.7 1.9
2. 100.3 2. 100.50
3. 101.0 3. 101.10

150 1. 96.0 95.3 1.36 1. 104.60 104.9 0.42
2. 93.8 2. 105.40
3. 96.1 3. 104.70

300 1. 96.2 95.5 0.87 1. 104.60 102.7 2.43
2. 95.8 2. 103.70
3. 94.6 3. 99.90

450 1. 96.3 96.5 0.55 1. 102.80 102.5 1.49
2. 96.1 2. 103.80
3. 97.1 3. 100.80

TABLE 2: RESULTS OF THE SOLUTION STABILITY
STUDIES

Time (h) Standard solution Sample solution
Area Relative Area Relative
difference (%) difference (%)

0 2903 843 2 076 275

18 2909 154 0.2 2075720 0.0
24 2904 895 0.0 2073721 -0.1
39 2902 092 -0.1 2 074 466 -0.1
48 2 904 450 0.0 2073 840 -0.1
63 2906 272 0.1 2074709 -0.1
72 2903753 0.0 2 080 587 0.2
96 2 904 386 0.0 2 077 305 0.0

TABLE 3: RESULTS OF THE ROBUSTNESS STUDIES

Condition changed (Units) £, (min) N Symmetry factor
Aqueous: Organic ratio
45:55 2.088 3973 1.535
40:60 1.761 4074 1.434
35:65 1.616 4512 1.460
Buffer pH
5.00+0.05 1.837 3747 1.602
5.50+0.05 1.761 4074 1.434
6.00£0.05 1.846 4441 1.346
Flow rate (ml/min)
1.3 2.021 4346 1.432
1.5 1.761 4047 1.434
1.7 1.676 4117 1.405
Column temperature (°C)
25 1.785 3890 1.433
30 1.761 4074 1.434
35 1.751 4340 1.408

which is in accordance with the results obtained from
the simulations with the Pallas software. The lower
the pH, the more asymmetrical the peak was. In
contrast, the pH of the mobile phase had only a very
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slight effect on the retention time of the peak. The
flow rate influenced the retention time, as expected,
while it had a negligible effect on the peak shape.
The column temperature did not influence either the
retention time or the symmetry of the main peak. The
acquired chromatograms can be seen in fig. 1.

RESULTS AND DISCUSSION

On the basis of the results presented here the
proposed method is appropriate for the determination
of AMFZ in the concentration range 0.025-0.150 mg/
ml with excellent repeatability, intermediate precision
and accuracy. The chromatographic method is robust
with respect to changing the parameters between the
boundaries presented in Table 3. Retention parameter
changes of the AMFZ peak are in excellent agreement

with the expected behaviour in case of changing the
flow rate, column temperature or ratio of the organic
modifier. Changing the buffer pH did not influence
the retention time or number of theoretical plates of
AMEFZ but had significant effect on the peak shape of
the component.

The data presented in this paper reveal that a rapid,
efficient and robust sample preparation procedure and
HPLC method were successfully developed and fully
validated for the routine quality control of the dosage
units of suppositories containing AMFZ as active
substance in various vehicles as supporting materials.
The method is simple and sufficiently general to be
conveniently used for the regular quality control of
AMFZ suppositories formulated through the use of
different suppository bases.
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Fig. 1: Chromatograms of robustness test

Curves (a, d, g, j) show the initial condition. Curves (b, c) show the effect of column temperature variation (25°, 35°, respectively). Curves
(e, f) show the effect of flow rate change (1.3 ml/min, 1.7 ml/min, respectively). Curves (h, i) show the effect of mobile phase pH (5.0, 6.0,
respectively). Curves (k, 1) show the influence of organic modifier percent (55%, 65%, respectively).
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