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active pharmaceutical ingredient or active substance
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acetylsalicylic acid
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critical micelle formation concentration

EP:

see Ph Eur

f:

displacement factor

HPLC:

high-performance liquid chromatography

MeOH:

methanol

NIR:

near infrared spectroscopy
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nuclear magnetic resonance
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over-the-counter

Ph Eur:

European Pharmacopoeia
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reversed-phase HPLC
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research and development

UHPLC:

ultra high-performance liquid chromatography
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1. INTRODUCTION AND AIMS

1. Introduction and aims
Pharmaceutical analysis is one of the most challenging fields of analytical chemistry.
Pharmaceutical analysts carry out the qualitative and quantitative control of APIs and drug
products and also develop and validate appropriate methods. These methods are routinely
used by manufacturing companies in process testing and by authorities for the quality control
of drug products. In the vast majority of pharmaceutical analyses, instrumental analytical
methods are applied. The most widespread of all techniques is HPLC, which is complemented
or hyphenated with mass spectrometry, spectrophotometry, NMR or others. In consequence of
its dominant role in the pharmaceutical industry, HPLC is developing with huge leaps
nowadays. UHPLC is increasingly making conventional HPLC obsolete. The field of coreshell particles, the application of new detection techniques or 2D chromatography and the
very popular hyphenated systems provide many interesting problems or challenges.
Nevertheless, it should not be forgotten that these development directions are very
cost-intensive, as up-to-date instruments and even columns are very expensive. Smaller
national pharmaceutical companies and state-financed control laboratories of national
authorities therefore cannot always follow the development of instrumental analysis in this
direction. One of my main goals was to develop modern, rapid, precise and reproducible, but
also cost-effective HPLC assay methods which are generally available and applicable for
most users.
The development of sample preparation from complex drug products is the most
challenging area of assay method development for HPLC. To demonstrate this, I have chosen
to show two examples in my thesis. In the first example, the development problem relates to
the separation of three physico-chemically different APIs of a multicomponent drug product.
In the second example, the challenge is the complete recovery of the API from various
complex suppository dosage forms manufactured with different bases.
Even today a significant number of suppositories are prepared extemporaneously in
Hungary. Most are prepared by clinical pharmacies for paediatric use. The magistral
preparation of suppositories is cheap; moreover, customized personal therapy can be achieved
much better through their use. On the other hand, the independent quality control of such
products by authorities is not carried out at present. Accordingly, I would like to stress here
how important this topic is and, by demonstrating the consequences of technological errors
that may be committed during preparation, I would like to contribute to improving the quality
of extemporaneous pharmaceutical manufacturing in pharmacies.
1
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2. Literature
2.1. Tested pharmaceutical dosage forms
2.1.1. Oral powders
An oral powder as a pharmaceutical dosage form containing solid, loose, dry ingredients,
including one or more APIs with or without excipients. It is generally administered in or with
water or another suitable liquid. It may also be swallowed directly. It is presented as single-

dose or multidose preparations. Multidose oral powders require the provision of a measuring
device capable of delivering the quantity prescribed. Each dose of a single-dose powder is
enclosed in an individual container, for example a sachet or a vial [1].
Oral powders are currently very popular dosage forms. Especially favoured are the
granule forms of various OTC preparations, such as ACC®, Aspirin® or Neo Citran®. Their
main advantage over compressed dosage forms is the larger specific surface, the less
significant incompatibility issues and the comparative ease of adding taste maskers and
colouring agents during formulation. When a rapid effect is desired, the API, for example an
analgesic drug can be applied in oral powder dosage form (Flector®).
2.1.2. Suppositories
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 API can penetrate from the lower tract of the rectum to the vena anales,
thereby avoiding the vena portae and the liver, and can exert a systemic effect when
transported to the vena cava inferior, so the API does not undergo a first pass effect
(Figure 1).
The therapeutic use of suppositories has another aspect worldwide at present. The
suppository dosage form is widely used for various therapeutic indications, making use of the
feature that the local effect of the suppository can be transformed into therapeutic benefit (e.g.
in the treatment of asthma, ulcerative colitis, ulcerative proctitis or colorectal cancer in
paediatric practice) [2-8]. The treatment of acute malaria in children requires combination
2
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therapy in order to avoid the development of multidrug resistance. In these scenarios, it is a
plausible solution to deliver one of the drugs of the combination in a suppository [9, 10]. Thus,
a rapid systemic effect can be achieved. For the delivery of several non-steroid antiinflammatory drugs, such as paracetamol or indometacin, the efficacy of the suppository form
is equivalent or superior to that of the oral route [11-14].

Figure 1 Potential uptake locations of the drug from the different sections of the rectum

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.
Approximately 80% of the suppositories used in Central Europe are produced
extemporaneously by moulding technique. In clinical pharmacies quantities of 100-300 and in
independent pharmacies 10-12 suppositories are generally moulded as one batch. Suspension
suppositories in particular are formulated with a solid fat vehicle (e.g. Witepsol 35) or a
combination of this suppository base with surfactants [15]. The core of this technology is the
dispersion of the finely powdered drug in the molten suppository base, after which the
suspension is moulded under continuous stirring. The viscosity of fatty suppository bases is
very low, and decreases still further with the increase of temperature, causing rapid
sedimentation of the suspended particles and leading to an inhomogeneous product. When the
liquid mass is moulded at around the solidification point, solidification occurs immediately
when the mass enters the mould, making further additions of the base and drug impossible. In
the calculation of the suppository base weight, Eq. 1 must be applied:
3
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n

Tm = E − ∑ f i ⋅ s i

(1)

i=1

where Tm is the suppository base to be weighed, E is the calibration constant of the mould, fi is
the displacement factor of the ith component and si is the weight of the ith component. During
the calculation of a correct formula, it is not sufficient to subtract the weight of the solid
components from the final weight of the suppository to obtain the required amount of
suppository base. We have to know the value of E for the specific mould and the specific
suppository base, which can be determined through independent measurements. Ten
suppositories are moulded with the mould, using the pure base, and after cooling they are
weighed and the average suppository weight is calculated. This average value will be used as
the calibration constant of the mould for the specific base. As the density of the API
incorporated in the suppository can differ from that of the base, the displacement factor (f) is
required to compensate the difference in densities. The value of f, which shows how much
base will be displaced by unit weight of API, can be calculated from Eq. 2:
f=

100 ⋅ (E − G)
+1
G⋅x

(2)

where E is the weight of the blank suppository containing only base, G is the weight of the
suppository containing the API in known concentration, and x is the API content of the
suppository in weight percentage. If the pharmacist fails to carry out the steps in strict
accordance with the rules, significant deviations will be observed in the results of the
homogeneity of the batch and in the total drug content of the batch. In pharmacies, the
f values of the most frequent APIs in the most common bases are not generally available.
According to good manufacturing practice, pharmacists apply the principle of overage during
the calculation of the batch composition, but an incorrect calculation for the amount of vehicle
required and other technological errors may lead to serious deviations in the final dosage for
the individual suppositories [16-18].
In Hungarian pharmaceutical practice, moulded suppositories are formulated
predominantly with three suppository bases: adeps solidus, massa macrogoli and W35TT,
which contains surfactants. The lipophilic adeps solidus is officially included in Ph Eur as
hard fat or Witepsol W35. Massa macrogoli is a hydrophilic base, which contains: macrogol
1540 and Span 20. W35TT is a special lipohydrophilic base, which is included officially in
FoNo. It is a mixture of 95 w/w% of hard fat, 2.5 w/w% of Tween 20 and 2.5 w/w% of

4
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Tween 61. In consequence of procurement issues relating to Tween 61, Tween 60 is
nowadays used instead.
Numerous studies that have focused on the liberation of drugs from suppositories
containing surfactants from the aspect of pharmaceutical technology have clearly revealed
that it is beneficial for a suppository base to have high hydroxyl group content. The usage of
non-ionic surfactants is now suggested, but in lower amounts than those used in older recipes,
which generally means lower than 3%, and preferably around 1% [19]. A high surfactant
concentration may lead to the formation of micelles, which incorporate some of the API,
impeding its release [20]. According to Ghorab et al. [21], the optimum amount of Tween 60
is 5%; higher proportions than that up to 10% had a lower effect on the release rate. Above
10%, the release rate is decreased due to micelle formation. Surfactants not only enhance
release of the drug from the suppository base, but increase the permeability of the tissues
surrounding the rectal lumen. Non-ionic surfactant Tween 20 showed outstanding
effectiveness when used in 5% combined with lipophilic vehicles [22].

2.2. Analysed drug substances
2.2.1. Aminophenazone
CH3

AMFZ is a phenazone derivative. It is a white crystalline powder
which is soluble in water and freely soluble in alcohol. Its pKa is 4.70,

N

H3C

CH3

and its log P is 0.99. AMFZ is an antipyretic and analgesic drug, for
®

N
O

®

example in Demalgon tablet or Germicid suppository. This API is

N

CH3

frequently used in clinical paediatric practice in Hungary, especially as
an extemporaneous dosage form [23-26].
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 [27-35]. During its biotransformation,
AMFZ is demethylated in two steps, catalysed by cytochrome P450 2B [28, 29]. 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
5
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this reaction to take place [36-38]. On the other hand, 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.
2.2.2. Paracetamol
H
N

Paracetamol or acetaminophen is one of the most frequently
used antifebrile and painkiller drugs around the world. It has been
used in Hungary only since 1990. It is incorporated in many well-

CH3

O
HO

known products (Rubophen®, Panadol®, Coldrex®, Mexalen®, Miralgin®, Neo Citran® and
Saridon®). It is an aniline derivative. It is a white, crystalline powder, which is moderately
soluble in water and freely soluble in alcohol. Its calculated pKa is 9.48 and its log P value is
0.53 [24, 26, 39].
Usually it is not classified as an NSAID because it does not show a significant antiinflammatory effect. In the event of an overdose, it causes acute liver failure. This is due to
the saturation of conjugation with sulphate and glucuronide systems, which generate nontoxic
metabolites, leading to the conversion of paracetamol to the highly reactive intermediate
metabolite N-acetyl-p-benzoquinoneimine (NAPQI) via the cytochrome P450 2E1 and 3A4
enzyme system, which becomes predominant. Excess amounts of NAPQI and glutathione are
produced, which are responsible for decreased detoxification. Acetylcysteine can be used as
the antidote of paracetamol toxication, which reduces paracetamol toxicity by rebuilding body
stores of glutathione. Glutathione reacts with the toxic NAPQI metabolite so that it does not
damage cells and can be safely excreted [40-42].
2.2.3. Acetylsalicylic acid
O

ASA is a white, odourless, crystalline powder, which is slightly soluble
in water and freely soluble in alcohol. It is used as a painkiller, antifebrile or

OH

anti-rheumatic drug. Its pKa is 3.83, and its log P is 1.25 [24, 26, 43].
For the mitigation of acute renal or gastrointestinal pain, the primary
drug of choice is a NSAID such as ASA, paracetamol or ibuprofen [44].

6
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2.2.4. Papaverine
O

Papaverine is a white, crystalline powder that is

H3C

moderately soluble in water and alcohol. It is freely

H3C

N
O

soluble in hot water. Its solubility can be increased by

O
CH3

decreasing the pH of the aqueous medium. It is an alkaloid

CH3

of opium. It has a smooth muscle relaxant effect [40, 45].

O

Its pKa is 6.12 and its log P is 3.92 [26]. A number of drug products are available on the
market for the treatment of smooth muscle spasm, e.g. in the biliary, renal and intestinal tracts
(BILA-GIT®). Such conditions are frequently treated with combined products, which contain
a smooth muscle antispasmodic together with one or more NSAID painkiller drugs [46]. The
combination of papaverine-HCl or papaverine base and ibuprofen or indometacin is nowadays
commonly used, especially for the treatment of dysmenorrhoea. As regards the administration
of papaverine, the research focus has shifted in recent years from the gastrointestinal tract to
the coronary arteries [47] and the therapy of an erectile dysfunction [48-50, 40]. Nevertheless,
in pharmaceutical practice, papaverine is still commonly prescribed as an antispasmodic to
relieve gastrointestinal and menstrual spasms.

2.3. Analytical methods
2.3.1. Development of HPLC assay
As an analytical technique, HPLC possesses a very impressive history, which has been
extensively studied by many authors [51-55]. In my thesis, the focus is placed on the
development of sample preparation methods and assay determination of pharmaceutical
products. A deep theoretical introduction on the separation of small molecules will therefore
not be included.
One of the most important tasks of a chromatographic analyst in pharmaceutical R&D is
the development of analytical methods for the assay of pharmaceutical products and
validation of the methods before submission.
The most challenging key step in this process, especially in the case of complex dosage
forms (such as suppositories, extended release tablets, etc.), is the sample preparation. In this
step, the API must be separated from the matrix, which can be a very complex task if both
identification and quantitative determination are required. To achieve optimum recovery, the
total API content of the product must be liberated. The European Pharmacopoeia does not
7

2. LITERATURE

provide any guidance as concerns general sample preparation for the assay of any dosage
form; details are included only in the pharmaceutical technological procedures. The US
Pharmacopoeia, on the other hand, contains monographs about pharmaceutical products,
including suppositories [16]. According to the literature, samples can be divided into 4
groups: solid or liquid pharmaceutical products, biotechnological samples (proteins) or
biological samples (blood, urine, tissue fluid, etc.). In the case of solid dosage forms,
dissolution of the API from the finely ground powder of the sample with an appropriate
solvent is necessary. It should be noted that the solvent must be compatible (miscible) with
the chosen mobile phase of the chromatographic system. In the event of liquid dosage forms,
this step is much simpler. On the other hand, solubility problems may arise, partition of the
API between solvents of different polarity can be observed, or a change in solubility can
occur with the change of pH. It may be generally stated that physical interactions of APIs and
excipients that potentially cause problems during recovery are studied very rarely. Sample
preparation should be handled within the scope of method development.
During method development for HPLC, there are many options beyond those in the
scientific literature to design or to predict the behaviour of the system. The main goal is
always to separate the analytes from each other and from other components of the sample in a
rapid, reproducible, accurate and robust method which provides optimum peak shape and
theoretical plate number.
HPLC method development is currently aided by many expert systems, such as the
Pallas program package or the Marvin program package. In order to design the separation, it
is necessary to know the basic physico-chemical parameters (log P, pKa and log D), which
can provide guidance to reach the optimum method in the fewest development steps. log P
determines the polarity of the compound, which is a fundamental parameter of the retention.
pKa facilitates determination of the pH range in which a robust method can be developed, and
also aids the choice of appropriate buffer system. log D describes the change in polarity of the
compound vs. pH. It is a good indicator of how the retention may change in the studied pH
range. The log D vs. pH function presents the distribution change of the dissociated and nondissociated forms. Thus, the mobile phase composition can be effectively designed on the
basis of the predicted pKa and log D vs. pH curve, obtained from the expert system. In some
cases, the sequence of elution of the components can also be effectively estimated.
If the retention factors of the components differ too widely (k’1-k’2 > 10), it is suggested
to apply gradient elution instead of isocratic elution. In gradient elution, the composition of
the mobile phase is varied as a function of time. The application of gradients can effectively
8
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decrease the retention of selected components if the concentration of the stronger component
in the mobile phase is increased.
2.3.2. The CMC and its determination
One of the most characteristic properties of a surfactant is its CMC. In a specific solvent
system, this is the concentration above which individual surfactant molecules spontaneously
aggregate and form micelles through secondary interactions. Several methods are available
for the determination of CMC. The most widely used techniques are the measurement of
surface tension, conductance in the case of ionic surfactants, UV/VIS spectrophotometry, NIR
spectroscopy, turbidimetry and densitometry [56, 57]. As the suppository base studied in the
present work contained Tween 20 and Tween 60, in Table 1 the CMCs of these materials
determined with different methods in previous studies are listed.
Table 1 CMCs of Tween 20 and Tween 60

TWEEN 20
Reference Method
[58]
[59]
[60]
[61]
[62]
[63]

[64]
[65]

Surface tension
NIR
Surface tension
Densitometry
Surface tension
Spectrophotometry
iodine absorbance
Shift in λmax
Surface tension
Surface tension
Dye micellization
Surface tension

TWEEN 60
[61]
Densitometry
Spectrophotometry
[63]
iodine absorbance
Shift in λmax
Surface tension
[64]
Surface tension
[65]
Dye micellization
Surface tension

Temperature

of

of

RT
RT
RT
24.88 °C
RT

Medium
H2O
0.0804
0.08
0.0488
0.097
0.059

D 2O
0.12
-

Spec.a
70
-

RT

0.055

-

-

RT
RT
RT
RT
RT

0.0557
0.0488
0.048
0.042
0.011

-

-

24.88 °C

0.068

-

-

RT

0.0209

-

-

RT
RT
RT
RT
RT

0.0196
0.0206
0.021
0.022
0.0055

-

-

a

1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide [EMIm]+[Tf2N]-.

When a colloidal solution is irradiated with visible light, the incident coherent beam is
scattered. The intensity of the transmitted light is therefore lower than that of the incident
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light, and scattered light can be detected in any direction around the incident beam. This
phenomenon is called pseudoabsorbance or turbidity and is described by Eq. 3:

1 I 
τ = ln  0 
(3)
l  It 
where τ is the turbidity, It is the intensity of the transmitted light, Io is the intensity of the
incident light and l is the path length. As the light absorption properties of the colloidal
solution before and after micelle formation differ, the rate of turbidity increase changes when
the surfactant concentration is increased. This method therefore appeared appropriate for
CMC determination. The intensity of the scattered light in connection with the turbidity of the
solution is influenced by the size of the scattering particles, the difference between the
refractive indices of the particles, the medium (contrast) and the interaction of the particles. In
dilute solutions, interactions between particles can be neglected, and thus the increase in
turbidity can be ascribed to the aggregation of the particles or in other words the formation of
micelles [66].
2.3.3. Cerimetric titration of AMFZ
The basis of the determination is a cerimetric redox titration method [67], during which
the nascent oxygen evolved from the reaction of Ce(IV) with water oxidizes AMFZ. The endpoint of the titration is observed by the change in colour of ferroin present as indicator.
CH3
H3C

CH3
O O

CH3

N

CH3

N
H3C
N
CH3

O
N

+ 4Ce4+ + 2H2O
-4Ce3+ - 4H+

AMFZ

N
O
N

CH3

Dioxypyramidone

The Ce(IV) ion oxidizes the water according to the following equations :
Ce4+ + H2O••

→

Ce3+ + [H2O•]+

[H2O•]+

→

HO• + H+

2 HO•

→

H2O + O••

The produced nascent oxygen (O••) oxidizes the pyrazolone ring to dioxypyramidone [68, 69].
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3. Materials and methods
3.1. Materials
The following materials were used in these studies: AMFZ (Sigma-Aldrich, St. Louis,
MO, USA), paracetamol (Ph Eur 6.0, Phoenix Pharma Zrt., Hungary, Lot. No.: 1011204),
papaverine-HCl (Molekula, Shaftesbury, UK), ASA (Ph Eur 6.0, University Pharmacy,
University of Szeged, Szeged, Hungary), MeOH (Chromasolv for HPLC, Sigma-Aldrich, St.
Louis, MO, USA), ACN (VWR, Prolabo, Fontenay-Sous-Bois, France), sodium acetate
(Reanal, Budapest, Hungary), sulfuric acid 96% (Analyticals Carlo Erba, Milano, Italy),
acetic acid 96% (VWR, Prolabo, Fontenay-sous-Bois, France), sodium hydroxide (Reanal,
Budapest, Hungary), sodium chloride (VWR, Prolabo, Leuven, Belgium), potassium
dihydrogenphosphate (Spektrum 3D, Debrecen, Hungary) and potassium hydroxide (Reanal,
Budapest, Hungary), Suppositorium antipyreticum pro parvulo FoNo VII. (Naturland Ltd.,
Hungary, Lot. No.: 1938-1112 and Parma Produkt Ltd., Hungary, Lot. No.: 1209-1106).
Throughout the experiments, HPLC grade solvents were used. The solvents and the aqueous
solutions were prepared with triple distilled water. During the spectrophotometric
measurements, MeOH (VWR, Prolabo, Fontenay-sous-Bois, France), TWEEN® 20 (SigmaAldrich, St. Louis, MO, USA) and TWEEN® 60 (Sigma-Aldrich, St. Louis, MO, USA) were
used.
The suppository bases applied were hard fat and W35TT (University Pharmacy,
University of Szeged, Szeged, Hungary).
The divided powder samples in 4.1. Part I contained approximately 17.0 mg
paracetamol, 26.0 mg ASA and 5.0 mg papaverine in a homogeneous mixture. For the stock
solution, 48.0 mg powder was weighed with analytical precision into a 50.0 ml volumetric
flask, dissolved and made up to volume with the solvent, phosphate buffer (25 mM, pH
3.43) : ACN (85:15, V/V). During the preparation, the sample was heated to 40 °C, this step
being required for the complete dissolution of ASA, which has low solubility (slightly soluble
according to Ph Eur) in water. For the working sample solution, 3.0 ml stock solution was
diluted to 10.0 ml and filtered through a 0.45 µm Millipore syringe filter before injection.
Volumetric solutions for the cerimetric titrations in 4.3. Part III were prepared with the
following materials: cerium(IV) sulfate tetrahydrate (Panreac, Barcelona, Spain), sulfuric acid
96% (Farmitalia Carlo Erba, Milano, Italy) and ferroin-solution, 1/40 M (Reanal, Budapest,
Hungary).
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Factory-made suppositories were used during the comparison of the analytical methods.
The reference product was Suppositorium antipyreticum pro parvulo FoNo VII. Naturland
(Naturland Magyarország Kft., Budapest, Hungary), which contained 150 mg AMFZ per
suppository in solid fat suppository base. One box contained six suppositories [70].
The studied samples in 4.3 Part III were prepared in regular pharmacies by a moulding
technique, according to the following prescription. Ten suppositories were prescribed with a
labelled claim of 100 mg AMFZ in each suppository. The choice of vehicle for the
suppository was left to the responsibility of the pharmacist. Practically all of the samples were
prepared with solid fat. In each case, predetermined technological errors (known to us) were
made during the manufacturing samples.

3.2. Methods
3.2.1. Preparation of reference solutions and establishment of system suitability
The API contents of the samples were quantified by reference to reference solution in
the appropriate solvent mixtures with concentrations presented in Table 2, which
corresponded to the theoretical 100% concentration level of the sample solutions to be
examined. Two reference solutions were prepared from independent stock solutions in order
to check the system suitability by the following procedure.
Table 2 Concentrations of standard APIs

Paracetamol
ASA
Papaverine
AMFZ
Paracetamol

Concentration (mg/ml)
Divided powder
0.100
0.150
0.030
Suppository
0.075
0.075

Solvent
Phosphate buffer (25 mM,
pH 3.43) : ACN (85:15, V/V)
MeOH: water (50:50, V/V)
MeOH : ACN : 50 mM
phosphate buffer (pH 6.3),
(50:5:45, V/V/V)

The precision of the injections was checked before all measurement sets by injecting the
first reference solution 5 times. The system was considered suitable if the RSD% of the 5
replicate injections did not exceed 2.0%. The accuracy of the calibration was checked by
injecting the second reference solution twice. The results were accepted if the correlation
factor (see Eq. 4) calculated from the average response ratio of the two reference solutions
was not more than 2.0.
12
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Correlation factor = 1 −

A Std1 ⋅ w Std2
⋅ 100 %
A Std2 ⋅ w Std1

(4)

where AStd1 and AStd2 are the average peak areas of the replicate reference injections, while
wStd1 and wStd2 are the weights of the reference 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.
3.2.2. Titrimetric analysis of suppositories with AMFZ
During the sample preparation, 1 suppository was melted over a 40 °C water bath and 3
replicate samples of 0.20-0.30 g were weighed from the molten mass into titration flasks.
10.0 ml of 15% sulfuric acid was added to each sample and the mixture was heated to 40 °C
to extract the API from the suppository base. The mixture was then cooled to room
temperature, 15 ml of distilled water was added, and after mixing and the addition of 1 drop
of ferroin indicator, titration with 0.05 M cerium(IV) sulfate volumetric solution was
performed until the colour of the solution changed from orange to green and remained green
for at least 1 min.

3.3. Instruments and other equipment
For mobile phase degassing and sample sonication a DLS 310-T DONAU-LAB-SONIC
US bath was used.
HPLC measurements were carried out on a Shimadzu Prominence UHPLC system
(Shimadzu Corp., Kyoto, Japan) equipped with an LC-20AD pump, a 4-port solenoid mixing
valve, a CTO-20A column oven, a DGU-20ASR degasser, and an SPD-M20A UV/VIS PDA
detector with a 10 mm optical path length flow cell. Samples were injected via a Rheodyne 6port manual injector valve fitted with a 20 µl sample loop. Separation was studied on a
Hypersil ODS (C18) 150x4.6 mm, 5 µm column (Thermo Scientific, Keystone, UK), a Luna
C18(2), 150x4.6 mm, 3 µm column (Phenomenex, Torrance, CA, USA) and a Zorbax SBC18 150x4.6 mm, 3.5 µm column (Agilent, Santa Clara, CA, USA) during the method
development procedure. Data acquisition and peak integration were carried out with
LCSolution (Shimadzu Corp., Kyoto, Japan) chromatographic data acquisition and processing
software. The results were evaluated with LC Solution and Microsoft Office Excel 2007
software. The log D vs. pH functions for the tested compounds were predicted with Pallas
intelligent chromatographic software [26].
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Spectrophotometric measurements were carried out on a Shimadzu UV-1601 UV/VIS
double-beam spectrophotometer. Throughout the measurements, quartz cells with 10 mm
optical path length were used. The spectrophotometric data were evaluated with Microsoft
Excel.
1

H NMR spectra were recorded on a BRUKER Avance DRX 500 spectrometer at room

temperature, with a deuterium lock. There was no water suppression during the experiment.
The carrier frequency (O1) was placed at 7.01 ppm and a 16.00 ppm wide region was detected,
the excitation was carried out with a 30° pulse (PW90=12.5 µs), the interpulse delay was set to
3 seconds, the acquisition time was 2.05 s and 8 transients were collected into 32K data points.
The spectral processing included an exponential filtering with 0.3 Hz, zero-filling to 64K data
points and a complex Fourier transformation. The data collection and data processing were
carried out with Bruker XWIN-NMR 3.1 software.
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4. Results
4.1. Part I. Development and validation of HPLC assays
4.1.1. Chromatographic separation problems of drugs with different polarities
Many authors have described the simultaneous determination of paracetamol and ASA
in various pharmaceutical dosage forms and also in blood or urine samples [71–81], but the
available literature on the HPLC analysis of papaverine is quite limited. Mostly, the presence
of papaverine together with opiates has been studied [82–90] and many findings are available
as concerns its identification in blood samples from opiate drug users [83, 86, 87, 89, 90]. It is
very rarely detected by means of UV/VIS photometry in chromatographic methods.

Figure 2 log D vs. pH curves of paracetamol, ASA and papaverine

4.1.1.1. Method development strategy
As the first step of chromatographic method development, the chemical properties of
the drugs, which may influence the separation, were determined. Particularly the separation of
papaverine and ASA can be difficult to achieve, in view of the specific pKa values and the
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log D vs. pH curves (Figure 2). The pH of the applied aqueous mobile phase was one of the
key parameters that affected the separation. The range between 2 and 8 was optimum from the
aspect of the stationary phase, but the range between 1 and 6 was not appropriate for the
separation of papaverine, which contains 1 basic nitrogen with a pKa in the upper part of the
range. The ratio of dissociated and undissociated forms of ASA changes in the pH range 3-8.
At pH > 6 (which is beneficial for papaverine separation), ASA peak splitting was observed
[26].
In light of the above findings, the most challenging task was to find the most
appropriate combination of the boundary conditions, where the overall negative influence on
the separation and elution of the analytes was least. pH 3.4 ± 0.05 was found to be a
reasonable compromise for the pH of the aqueous phase. An assay of papaverine alone was
reported in the application database of Agilent, which involved a similar pH in the aqueous
mobile phase [91]. In this method, the aqueous eluent contained 25 mM potassium
dihydrogenphosphate, but sulfuric acid was used to adjust the pH so as not to increase the
phosphate concentration.

Figure 3 Chromatograms obtained on Hypersil ODS (a), Luna C18 (b) and Zorbax SB-18 (c) columns.
Coeluting peaks are magnified in the insets
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It can be seen in Figure 2 that at pH 3.4 paracetamol and most of the ASA are in an
undissociated form. The basic papaverine is at the beginning of the transient section of the
equilibrium, which can be observed between pH 3 and 6 in the log D curve. The ratio of the
organic modifier of the mobile phase, ACN, was linearly increased from 7% to 80% during
the initial 16 min of the run time, and was then kept constant for 4 min. Between 20 and 22
min, the ratio of the organic modifier was linearly decreased to the initial level, at which it
was held constant during the remainder of the run, to 25 min. A 1:1 (V/V) mixture of MeOH
and the mobile phase was suggested as solvent in the literature method. The flow rate of the
mobile phase was 1.5 ml/min and the separation was achieved on a Hypersil ODS column at
60 °C. The results of the runs under the above-described conditions can be seen in
chromatogram (a) in Figure 3, where paracetamol and ASA were co-eluted. An initial
isocratic hold was therefore inserted into the method before the gradient for the resolution of
the co-elution, because the lower organic content selectively increased the retention times of
the peaks, removing them from the void. In the new method, a constant 7% ACN section was
applied during the initial 2 min, followed by a similar gradient as described above. At this
point it became obvious that the hydrophobicity of the stationary phase was too low and the
retention of basic papaverine was too high, so that it could not be eluted with acceptable peak
shape within reasonable time, although the separation of the paracetamol and the ASA was
ideal.

Figure 4 Selectivity and hydrophobicity comparison of the three columns in the database of Waters
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For optimization of the peak shape, an alternative column had to be used. Two columns
with different selectivity and higher hydrophobicity than that of the Hypersil ODS column
were chosen on the basis of the data to be found in the comparative column selectivity
database of Waters [92] (Figure 4), the Luna C18(2) and the Zorbax SB-C18 stationary
phases. It is clear from chromatogram (b) in Figure 3 that a hydrophobicity increase of less
than one order of magnitude led to the successful elution of papaverine. This latter method
resulted in the co-elution of ASA and papaverine on both columns. In order to resolve the
peaks, the ACN content at the end of the gradient and in the second isocratic section had to be
decreased from 80% to 25%.
This modification resulted in suitable separation for all three analytes on both Luna
C18(2) and Zorbax SB-C18. ASA and the papaverine were eluted with higher resolution on
the more selective Zorbax SB-C18 column. The retention parameters of the separated peaks
on the three different columns are presented in Table 3. It is clear that the Hypersil ODS
column was not suitable for the simultaneous separation of the three components, whereas the
Luna C18 and Zorbax SB-C18 columns were equally appropriate; nevertheless, the results
obtained on the Zorbax SB-C18 column were superior to those on the Luna C18 stationary
phase as concerns its higher selectivity. Sample chromatograms measured on the three
columns are presented in Figure 5.

Figure 5 Comparison of the three stationary phases. It can be observed that papaverine was completely
retained on Hypersil ODS
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Table 3 Chromatographic parameters of the sample peaks on the three columns; k’ is the retention factor,
α the separation factor, Rs the resolution and tR the retention time

Column type
Hypersil ODS

Luna C18

Zorbax SB-C18

Parameter
k’
α
R
tR
k’
α
R
tR
k’
α
R
tR

Paracetamol
0.549
0.000
2.323
1.324
0.000
3.486
0.662
0.000
2.492

ASA
2.866
5.224
25.511
5.799
3.487
2.634
29.949
6.731
2.932
4.432
30.844
5.897

Papaverine
3.937
1.129
7.039
7.406
4.102
1.399
16.192
7.653

4.1.1.2. The developed method
The mobile phase during the quantitative determination was a potassium
dihydrogenphosphate (25 mM, pH 3.43) : ACN mixture. The details of the solvent gradient
are to be seen in Table 4. The buffer was prepared with potassium dihydrogenphosphate, and
the pH of the solution was adjusted to the desired value with 1 M sulfuric acid solution. The
flow rate was 1.5 ml/min, the run time was 10 min and the column temperature was 60 °C.
The chromatograms were recorded at 240 nm, at which wavelength all three components can
be detected reproducibly. The choice of the detection wavelength was limited by the molar
absorptivity of ASA, which is about one order of magnitude lower than those of the other
components [93]. Although ASA is the main component of the mixture, its peak intensity is
lower than that of paracetamol. During runs, the UV spectra (200-300 nm) of the components
were collected for identification of the drugs. The column applied during method validation
was the Zorbax SB-C18 150x4.6 mm, 3.5 µm column.
Table 4 Solvent gradient in the chromatographic method described in section 3.1

Time
0.00
2.00
4.00
8.00
8.10
10.0

ACN %
7
7
25
25
7
7
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4.1.1.3. Validation
A full validation of the method according to ICH guideline Q2 (R1) [94] is presented
here. The performance characteristics linearity, repeatability, intermediate precision, accuracy,
specificity and robustness were tested. As the method was to be utilized for the rapid quality
control of dosage units, which does not require the method to be stability-indicating, forced
degradation studies were not conducted [95].
Linearity
The linearity of the method was examined in the concentration range between 0.02 and
0.04 mg/ml in the case of paracetamol, between 0.03 and 0.065 mg/ml for ASA and between
0.006 and 0.013 mg/ml for papaverine, these data corresponding to 70-130% of the nominal
contents of the dosage units. The range was covered by use of six 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 concentrations of the solutions and a straight line was fitted to the points. The slope of the
paracetamol fitted straight line was found to be 2.0171·108, the intercept was 1.5172·103 and
R2 was 0.9995. The slope of the fitted straight line in the case of ASA was found to be
4.9169·107, the intercept was 4.9344·104 and R2 was 0.9997. Finally, the slope of the fitted
straight line for papaverine was found to be 3.1811·108, the intercept was -3.6861·104 and R2
was 0.9997. This demonstrated that in the studied concentration range the response of the
method was linear.
Precision/ Repeatability
Repeatability was checked on six individual samples according to the method described
in section 3.1. For paracetamol and ASA, RSD% proved to be 0.4% and 0.6%, respectively,
both of which are acceptable. The papavarine results gave the highest RSD%, 1.4%, but this is
also acceptable when the very low nominal amount of drug in the sample is taken into
consideration.
Precision/ Intermediate precision
The same analysis procedure was carried out by a different analyst on a different day,
using a freshly prepared mobile phase. The results for the paracetamol component were an
RSD% of 0.7% 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
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values measured for each. Both results can be accepted according to the principles of general
pharmaceutical analytical practice. For the ASA, the RSD% of the individual results was
0.9%, while the relative difference between the repeatability and intermediate precision was
1.2%. For papaverine, the RSD% proved to be 2.1% and the relative difference of the mean
values on the two days was also 2.1%. All three results are in accordance with the appropriate
guidelines, and were therefore accepted.
Accuracy
The accuracy of the method was studied in the range between 70% and 130% of the
nominal content of the powder. The results are shown in Table S-1. Although all of the
average values fell between 95% and 105%, it should be mentioned that in the cases of ASA
and papaverine most of the averages were below 100%, while in the case of paracetamol they
were above 100%. This may raise a warning flag, but no trend was observed within the results
that could be correlated with the increasing concentration of the sample groups.
Specificity
When the procedure was carried out with solvent as blank (the sample contained the
API without excipients), no peak was detected at the retention times of the drugs.
Robustness
Examinations were made of the effects of changing the organic : aqueous ratio in the
isocratic phases of the gradient, 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 shapes of the
analyte peaks. The results of the robustness studies (Table S-2, Figure 6) 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. Variation of the pH of the aqueous phase caused
only minor shifts in the retention times of the paracetamol and ASA peaks. The elution of
paracetamol was not influenced by this parameter at all. In the cases of ASA and papaverine,
the shift of the retention time in the opposite direction with the increase of pH caused an
increase in resolution, which is in agreement with the increasing polarity of the components
with pH. The flow rate change caused a minimal change in the retention time, proportional to
the extent of the change. Flow rate changes did not influence the peak shape or plate numbers.
Changes in column temperature did not cause significant changes in the retention times.
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Figure 6 Robustness test results

Nevertheless, it is noteworthy that the retention of papaverine decreased with the
decrease of temperature. Finally, variation of the organic : aqueous ratio, both at the start and
at the end of the gradient, caused considerable changes in the peak retention times. Decrease
of the organic modifier content of the initial hold increased the retention of paracetamol,
while increase of the organic component pushed the peak very close to the void peak.
Decrease of the organic modifier content at the end of the gradient increased the retention of
both ASA and papaverine, this being more significant in the case of papaverine. On the other
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hand, the papaverine peak shape became more asymmetric and the number of theoretical
plates also decreased in this case. A change in the opposite direction led to decreases in the
retention time of ASA and papaverine, the greater effect being observed for papaverine, and
in this case the two peaks eluted too close to each other. This last change did not influence the
retention of paracetamol; only a slight increase in the theoretical plate number was observed.
The results reveal that the method is robust, and the peaks are well separated and elute with
acceptable symmetry within the studied boundaries of the parameters.
4.1.2. Chromatographic assay of AMFZ and paracetamol for suppository study
Due to the complex nature of suppository matrices, a fast and efficient HPLC assay
method was required to control the development of sample preparation. In the following
subsections, the results of the development is presented.
4.1.2.1. Method development for AMFZ
A current, rapid, effective and state-of-the-art reversed-phase chromatographic method
for instrumental routine analysis of suppositories containing AMFZ was to be set up. The
literature search revealed that methods for the HPLC analysis of AMFZ were very rare and
those found related to very low concentrations in biological fluids or tissues. On the other
hand, many hits were found for the HPLC analysis of the pyrazolone derivative metamizole in
tablet formulations, which could shed light on the initial steps of method development for
AMFZ [96-103].
The stationary phase was chosen on the basis of the work of El Seikh et al. [96], but the
initial scouting experiments revealed that the composition and the pH of the mobile phase had
to be changed considerably. With MeOH–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
(Figure 7). 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 [26] showed that the pH of the aqueous part of the mobile phase should be > 4.5 to
achieve acceptable robustness and peak shape (Figure 8).
A set of experiments was therefore designed using MeOH–sodium acetate buffer (pH
4.5 or 5.0; 0.05 M) (50:50 or 60:40, V/V) as mobile phase in various combinations. The shape
of the AMFZ peak in the resulting chromatograms improved on increase of both the pH and
the proportion of MeOH.
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Figure 7 Initial chromatogram of development

Figure 8 log D curve of aminophenazone by Pallas

In the final experiment, with MeOH–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
compensated this.
4.1.2.2. Final assay for AMFZ analysis
The mobile phase was MeOH–sodium acetate (pH5.5; 0.05 M) (60:40, V/V). The pH of
the sodium acetate buffer solution was set to 5.5 with acetic acid. The flow rate of the
reversed-phase isocratic eluent was 1.5 ml/min and the run time was 5 min. The
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chromatographic column was thermostated at 30 °C. The chromatograms were recorded at
243 nm. The retention time of aminophenazone was 1.8 min.
4.1.2.3. Development of a HPLC method for paracetamol assay
The method development was based on the parameters described in the literature.
Phosphate buffer was prepared by mixing aqueous 0.05 M phosphoric acid solution with 0.2
M sodium hydroxide solution to reach pH 6.3 [77].
The isocratic mobile phase applied was a mixture of phosphate buffer (pH 6.3) and
ACN (90:10) (V/V), filtered and degassed. The separation of the API was originally achieved
on a Hypurity Advance column (150 x 4.6 mm, 5 µm, Thermo-Hypersil Keystone, Bellefonte,
PA, USA, with a polar amide group embedded within a C8 chain). The flow rate was
1 ml/min, and the injection volume was 20 µl. The detection wavelength was set at 220 nm.
The sample to be separated contained paracetamol and tramadol hydrochloride as APIs. The
peak features of paracetamol were a retention time of 3.65 and a selectivity (α) of 2.50.
In the developed method, four parameters were refined. The isocratic elution remained,
but the preparation of the aqueous phase was modified. The new buffer was prepared from
50 mM potassium dihydrogenphosphate, with the pH set to 6.3 ± 0.05 with 5 M potassium
hydroxide solution. The final aqueous : organic ratio remained at 90 : 10, with ACN as the
organic modifier. The application of potassium dihydrogenphosphate was necessary, because
appropriate HPLC grade phosphoric acid was not available on stock.
The next modification was the change of the stationary phase. In the original method,
the authors used a C8 column with an embedded polar group, but this was needed only for the
separation of the other component (tramadol), and not for the retention of paracetamol. A general
C18 column, Thermo Scientific Hypersil ODS, 150 x 4.6 mm, 5 µm, was therefore chosen.
Furthermore, the flow rate was increased from 1 ml/min to 1.5 ml/min, the retention time of
the paracetamol then decreasing to 2.4 min. The shorter running time (5 min instead of the
original 8 min) was more plausible because the tested samples were monocomponent, and
more injections could be completed within a given time in the absence of an autosampler. The
detection wavelength was set to 241 nm because paracetamol has an absorption maximum at
this wavelength (Figure 9).
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Figure 9 UV spectrum of paracetamol in MeOH

4.1.2.4. Final assay for paracetamol analysis
The mobile phase during the quantitative determination of paracetamol was ACN–
potassium dihydrogenphosphate (pH 6.3; 0.05 M) (10:90, V/V). The buffer was prepared with
potassium dihydrogenphosphate and the pH of the solution was adjusted to 6.3 with 1 M
potassium hydroxide solution. The flow rate, the run time and the column temperature were
the same as described in subsection 4.1.2.2. The chromatograms were recorded at 241 nm.
The retention time of paracetamol was 2.3 min.
4.1.2.5. Validation
Full validation of both methods described in subsections 4.1.2.2 and 4.1.2.4 according
to ICH guideline Q2 (R1) [94] has been carried out. The following performance
characteristics have been studied: linearity, repeatability, intermediate precision, accuracy,
specificity and robustness. As the methods were to be used for the rapid quality control of
dosage units, which did not require the method to be stability-indicating, forced degradation
studies were not conducted [95].
The repeatability, intermediate precision, accuracy and specificity studies were carried
out with three vehicles in the case of AMFZ and with W35TT in the case of paracetamol.
These vehicle specific results are shown in section 4.2.6.
Linearity
AMFZ method
The linearity of the method was examined in the concentration range between 0.025 and
0.150 mg/ml, which corresponds to 50-450% of the nominal content of the suppositories. The
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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 7 solutions each diluted from 2
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 R2 was 0.9998.
This proved that in the proposed concentration range the method was linear.
Paracetamol method
The linarity of the method was tested analogously to AMFZ. Linearity samples were
prepared from 2 standard solutions, 0.5 mg/ml (A) and 0.6 mg/ml (B) paracetamol in MeOH.
7 solutions were prepared, which corresponded to 50-300% of the nominal content of the
suppositories and using both individually prepared stock solutions alternatively. The target
concentration was 0.05 mg/ml. The slope of the fitted straight line was found to be 6.210·107,
the intercept was 7.474·104 and the goodness of fit, expressed by R2, was 0.9963. This proved
that in the proposed concentration range the method was linear.
Stability of standard and sample solutions
Table 5 Results of solution stability studies

Time/hours
0
18
24
39
48
63
72
96

Standard solution
Relative
Area
difference %
2903843
2909154
0.2
2904895
0.0
2902092
-0.1
2904450
0.0
2906272
0.1
2903753
0.0
2904386
0.0

Sample solution
Relative
Area
difference %
2076275
2075720
0.0
2073721
-0.1
2074466
-0.1
2073840
-0.1
2074709
-0.1
2080587
0.2
2077305
0.0

Only the AMFZ samples were tested in this respect. The stability of the standard
solution and the sample solution was studied for 4 days. Both solutions were stored in a
refrigerator between 2-8 °C. The acceptance criterion was set up according to the relative
difference value shown below:
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Relative difference =

AStart − AStored
⋅ 100
AStart

(6)

The solution was considered stable as long as the relative difference at a specific time
point was not more than 3.0%. On the basis of the data presented in Table 5, 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.
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 and paracetamol peaks were examined. The results of the robustness
studies presented in Table S-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 analytes.
Overlaid chromatograms of the robustness study in the case of AMFZ are shown in Figure 10
to provide a more straightforward visual display of the tabulated data. It can be seen that the
pH of the aqueous phase significantly changed the symmetry of the peak, 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. On the other hand, the pH of the mobile phase
had only a very 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 overlaid chromatograms of the paracetamol robustness study are shown in
Figure 11. Changing the pH of the aqueous component of the mobile phase did not influence
the retention parameters of paracetamol significantly. On the other hand, higher temperature,
a higher organic ratio in the eluent and a higher flow rate of the eluent significantly decreased
the retention time. The change in the aqueous organic ratio affected the peak shape of
paracetamol strongly, which changed from 0.911 to 1.215 during the experiments. In all other
cases, the symmetry of the peak remained stable around 1.15.
It can be stated on the basis of the above data that the developed methods are robust
within the studied parameter ranges.

28

4. RESULTS – PART I.

Figure 10 AMFZ robustness test results

Figure 11 Paracetamol robustness test results

29

4. RESULTS – PART II.

4.2. Part II. Challenges in the development of sample preparation for
suppositories
4.2.1. Suppositories without surfactants
Magistral prescriptions do not usually specify the suppository base to be used as vehicle
and it is left to the pharmacists to apply their 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 chosen ones. The same MeOH–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
unindentified vehicle) was weighed in a beaker, 15 ml of the above solvent mixture was
added, and the beaker was heated in a 40 °C water bath until the suppository melted. (At this
point, the behaviour of the molten suppository revealed its nature. In the case of adeps solidus,
a consistent, clear, colourless fatty phase appeared on the surface of the solvent mixture,
whereas with massa macrogoli the solution became homogeneous and clear and no second
phase could be observed. In some cases, massa macrogoli may contain a certain amount of
tensides, when the resulting solution was opaque, but even then no second phase or fat
droplets could 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 rinsed with another
15 ml and then 2 x 5 ml of solvent mixture, the rinsing solvent 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 icebath, 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 °C
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
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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 solution was filtered on
a Millipore Millex PVDF membrane filter with a pore size of 0.45 µm.
4.2.2. Surfactant-containing suppositories
As W35TT is based on hard fat, it seemed reasonable to choose the sample preparation
method described in section 4.2.1 for hard fat as the starting point for the development.
However, our expectations were not fulfilled; the recovery of the API from the W35TT base
was only 88%. It was hypothesized that the surfactants formed micelles within the
suppository base, which encapsulated some of the API. The sample preparation procedure
described in section 4.2.1 for hard fat was not suitable for quantitative release of the drug
from the micelles for the analysis. This caused the difference in recovery between the two
bases. In order to achieve a satisfactory release, the micelles had to be broken down to gain
access to the entrapped drug. It was presumed that salting-out might be a suitable method to
solve this problem.
4.2.2.1. Effect of sodium chloride concentration on drug recovery
The procedure applied in the case of hard fat was amended with an additional step by
adding sodium chloride solution in increasing concentrations to the first 15 ml of solvent in
order to study the micelle-opening effect of salting-out. The sodium chloride concentrations
applied were 0, 50, 100, 150 and 200 mM. At all levels, two parallel samples were prepared.
HPLC analysis revealed that the recovery from all of the samples remained below 95%.
Figure 12 demonstrates that the increasing sodium chloride concentration did not correlate
with the observed recovery change. Calculated covariance between the concentrations and the
recoveries suggested a slightly increasing relationship, which was possibly due to the minor
CMC-decreasing effect of strong electrolytes [103, 104]. The question may arise as to
whether further increase of the sodium chloride concentration might have improved the
recovery sufficiently. The answer is a clear no because higher sodium chloride concentration
would probably have caused the precipitation of the salt in the mobile phase as sodium
chloride has a solubility one order of magnitude lower in MeOH than in water, making the
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analysis impossible. Precipitation could have damaged the silica core of the column, or could
have caused clogging in the flow lines; therefore, higher salt concentrations were not tested.

Figure 12 Recovery of AMFZ and paracetamol. (a) Effects of NaCl concentration. (b) Effects of pH. (c,d)
Effects of pH at constant c(NaCl) = 100 mM. Vertical bars denote means of 3 independent measurements
(n=3), error bars indicate the standard deviation of the 3 data. Covariances between the independent
variable (concentration) and the dependent variable (recovery) for plot a=28.67; b=-13.47; c=58.71 and
d=75.38

4.2.2.2. Effect of pH change on drug recovery
Micelle formation can be influenced by change of pH [105]. The API recovery was
therefore studied in analytical samples containing increasing sodium hydroxide concentration.
The additional step in this case was the addition of 5 M sodium hydroxide solution to the
initial 15 ml of extraction solvent during the melting of the suppository. Three parallel
samples were prepared, in which the concentrations were 0, 20, 40, 60 and 80 mM. The
HPLC analysis indicated that none of the recovery results reached the lower limit of the
required range of 95-105% at any sodium hydroxide concentration. Similarly to the sodium
chloride concentration study, these recovery values did not exhibit any correlation with the
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increasing base concentration. The covariance of the series of data (see caption of Figure 12)
indicates a negative relationship. Therefore, higher sodium hydroxide concentrations were not
studied.
4.2.2.3. Effect of US treatment on drug recovery
Micelles can be effectively destroyed by US treatment. Due to the ineffectiveness of pH
change and salting out, 30 min ultrasound was applied on 3 parallel preparations of
suppositories. The average recovery was 92.6±2.8%. Due to the fact that during longer US
treatment the transfer medium underwent warming, longer agitation times were not applied.
The ineffectiveness of the individual effects described in sections 4.2.2.1, 4.2.2.2 and 4.2.2.3
led to the straightforward idea to study the combined effects of sodium chloride, sodium
hydroxide and US treatment simultaneously.
4.2.2.4. Combined effect of sodium chloride and sodium hydroxide on drug recovery
The combination of sodium chloride and sodium hydroxide was tested together with an
additional 30 min US treatment. Constant, 100 mM sodium chloride and 0, 10, 20 or 40 mM
sodium hydroxide were applied. The recovery results were favourable at 20 and 40 mM
sodium hydroxide concentrations: 95.7% and 98.0%, respectively. Figure 12 clearly reveals
the correlation between the sodium hydroxide concentration and the recovery of the API when
sodium chloride was present in the sample. The application of 100 mM sodium chloride and
40 mM sodium hydroxide was suggested.
This sample preparation method was also tested on paracetamol. Samples were prepared
by the combined sodium chloride and sodium hydroxide addition method described in the
previous paragraph. The suppository was modelled by combining the blank hard fat
suppository, Tween 20 and Tween 60 in the appropriate proportion and exactly weighed 100.0
mg of paracetamol. The sodium hydroxide concentration was set to 0, 10, 20 or 40 mM
during the experiment. The recoveries determined by HPLC analysis are presented in
Figure 12, plot d. In the case of paracetamol, 40 mM sodium hydroxide was required to
liberate the API entirely. The average recovery was found to be 98.4%.
The covariance values for plots c and d in Figure 12 reveal a strong positive
relationship between the increase of the hydroxide concentration and the change in the
recovery. These values are significantly higher than those determined for plots a and b in
Figure 12.
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4.2.2.5. Extension of sample preparation method developed in section 4.2.1
On the basis of the results described in subsection 4.2.2.4, the sample preparation
method shown in section 4.2.1 needed to be amended with the following extra step.
2 ml of 1 M NaOH and 1 ml of 5 M NaCl solution were added to the initial 15 ml of
solvent mixture and the solution was sonicated for 30 min. After this, the sample preparation
procedure remained similar to that described in section 4.2.1. The scheme of micelle breaking
can be seen in Figure 13.
In order to find evidence of micelle formation in the sample solution of W35TT, the
determination of CMC for both surfactants became necessary. The results of these studies are
presented in the following section.

Figure 13 Theoretical figure of micelle-breaking mechanism

4.2.3. CMC determination: CMCs of TWEEN 20 and TWEEN 60
The concentration range for the combined surfactants was determined from the data for
the initially characterized individual Tween 60 and Tween 20. The highest concentration in
the series was always 0.5 mM, which corresponds to that of both surfactants in the sample
solution in the analytical method for suppositories containing W35TT.
The absorbances of the series of solutions were determined at 550 nm at ambient
temperature. This wavelength was chosen on the basis of preliminary experiments. A solution
was prepared in which the surfactant concentration corresponded to the composition of the
sample solution and a spectrum was acquired between 200 and 600 nm. In the spectrum, the
wavelength for the study was chosen from a plateau region where the absorption was
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independent of the wavelength. This indicated that the increase in absorbance is due to
scattering rather than absorption. The absorbances obtained in this way were plotted against
surfactant concentrations. The linear regions of the plots were fitted by straight lines and the
intersection of the straight lines gave the concentration of the CMC. The CMC can be
identified as the breakpoint of the absorbance vs. concentration curve [69, 106].
Table 6 Surfactant concentration ranges of CMC determination

Concentration/mM
Tween 60

0 0.03 0.04 0.05 0.06 0.08 0.09 0.1 0.2 0.3 0.5

Tween 20

0 0.04 0.05 0.06 0.07 0.08 0.1 0.3 0.5

Tween 20 & 60 0 0.001 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.1 0.3 0.5
Tween 20 & 60
0 0.001 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.1 0.3 0.5 0.7 0.8 0.9
with NaOH
The CMCs of Tween 20 and Tween 60 were determined in the applied solvent mixture:
MeOH : water (50:50 V/V) in the presence of hard fat by measuring the turbidity of solutions
with different surfactant concentrations at 550 nm. Four series of solutions were prepared
with a constant amount of hard fat and increasing concentrations of the two surfactants, either
separately or together, and together in the presence of NaOH. The concentrations used are
listed in Table 6.
Table 7 Calculation of CMCs from the data of fitted straight lines

Slope
Tween 20
Tween 60
Tween 20 &
Tween 60
Tweens 20 & 60
with salt and base

SD

Intercept

SD

0.4

±

0.110

0.24

± 0.033

2.8

±

0.485

0.04

± 0.027

0.52

±

0.039

0.12

± 0.011

4.1

±

1.022

-0.096

± 0.047

2.1

±

0.163

0.75

± 0.040

12.6

±

2.083

0.34

± 0.032

0.07

±

0.011

1.99

± 0.199

0.529 ±

0.008

-0.09

± 0.037

Intersect/mM
0.084
0.061
0.040
0.324

Turbidity was plotted against surfactant concentration. Straight lines were fitted to each
series of points. The parameters of the fitted straight lines and their intersects are presented in
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Table 7. In MeOH : water (50:50, V/V) as solven,t the CMCs of Tween 20, Tween 60 and
their mixture were 0.084 mM, 0.061 mM, and 0.040 mM, respectively.
These results are in good agreement with the trends reported in previous studies. The
slight differences from the literature data (Table 1) can be attributed to the different
measurement techniques and the different solvents [59, 62]. The solvent in this case, an
equivolume mixture of water and MeOH, could increase the CMC. Short-chain alcohols such
as MeOH or ethanol are known to decrease the hydration of the ethylene oxide chains of nonionic surfactants, so the observed trend in the CMC increase is in good agreement with this
explanation [107]. The tendencies earlier found for different Tween substances can be
observed in our results too: the CMC of Tween 20 is higher than that of Tween 60. Moreover,
the two surfactants together give a significantly lower CMC, which is also characteristic [58].
It is obvious that the applied surfactant concentration in the suppository base is well above the
determined CMC, which explains the micelle formation and the decreased recovery of drug as
compared with the “pure” hard fat. Although the application of surfactants in the suppository
base has a beneficial effect on the formulation properties of the material and on the drug
release in the body, the amounts of surfactants must be optimized to avoid the analytical
pitfall of failing the recovery study. Too high a surfactant concentration will always pose a
potential risk of analytical error.

Figure 14 Turbidimetric plots for determination of CMCs of Tween 20 (▪), Tween 60 (▪), Tween 20 & 60
(▪) and Tweens 20 & 60 with salt and base (▪)

The complex sample preparation method, which was tested with two different model
compounds, is rapid and effective in the case of suppository bases containing surfactants to
enhance the liberation of the encapsulated drugs. The success of the development can be
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explained through the micelles losing their colloidal stability due to the loss of electrostatic
interactions, which is caused by the addition of electrolytes. The mechanism is similar to that
in formulations with targeted drug release. The initial hypothesis was proven by determining
the CMC of Tween 20 and Tween 60 in a medium where the final sodium chloride
concentration was 100 mM and the sodium hydroxide concentration was 40 mM. The results
can be seen in Figure 14. The CMC of the combined surfactants is about 5 times higher in the
presence of salt and base than in their absence. The applied salt and base concentrations
combined with the US treatment was sufficient to raise the CMC of the system so that the
surfactants within the suppository could not assemble into micelles entrapping part of the API.
4.2.4. Stability verification of the drugs by NMR spectroscopy during sample
preparation
The stability of the prepared samples was verified to make sure that the applied sample
preparation method did not cause any degradation or decomposition of the active substance
(AMFZ or paracetamol) and that its structure remained unchanged throughout the experiment.
The measurements were carried out at 25 °C.
The analytical sequence for both model compounds incorporated the measurement of a
reference solution, which contained the appropriate compound in the solvent used during the
chromatographic sample preparation, and the sample solution itself. The method of sample
preparation for the HPLC measurements had to be altered slightly as the NMR studies
required higher concentrations of the active substances. A 5-fold amount of AMFZ or
paracetamol (500 mg) was therefore dissolved in the appropriate solvent described in section
4.2.1 to 50 ml in the case of the reference solutions. The sample solution was prepared
similarly to the reference solution, except that 1 W35TT blank suppository was dissolved in
the solvent together with 1 ml of 1 M sodium hydroxide and 1 ml of 5 M sodium chloride
solution before making the solution up to volume. For the paracetamol measurements, 500 mg
of substance was dissolved for the reference solution in 50 ml of solvent described in section
4.2.1. The solution modelling the sample was prepared by dissolving 500 mg of paracetamol,
and placing 1 blank W35TT suppository in the first 15 ml of solvent. Micelle demulsion was
achieved according to subsection 4.2.2.5, except for the last dilution step. 10 V/V% of D2O
was added to each sample before the NMR measurements.
In the assigned spectra of paracetamol, the signals of the OH and NH protons are not
visible due to the fast exchange with water. It is clearly visible in the paracetamol sample
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spectrum that, due to the deprotonation of the OH and NH groups with the increase of pH, the
chemical shift of the aromatic protons decreases by 0.2 ppm. In the case of AMFZ, no
deprotonation takes place, and thus there is no change in the chemical shifts.
The overlaid spectra showed no significant difference, i.e. no new peaks were detected,
which confirmed that the samples remained intact during the sample preparation (Figure 15).

Figure 15 1H NMR spectra of aminophenazone and paracetamol standards and samples. The signals
marked with letters prove that no decomposition takes place in the sample solution treated with strong
base. Peaks a and b of paracetamol are shifted to the right by 0.2 ppm due to the deprotonation of the OH
and NH groups in the alkaline medium
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4.2.5. Dissolution tests of hard fat and W35TT suppositories
Dissolution tests were carried out in a Hanson SR8+ dissolution tester equipped with a
basket apparatus. Commercially available suppositories (prepared for children) containing
aminophenazone and either hard fat or W35TT were tested. The dissolution medium,
potassium dihydrogenphosphate buffer (pH 7.5; 0.05 M), was thermostated to 37 °C. The
agitation speed was 50 rpm. Samples were collected at 5, 10, 15, 30, 45, 60 and 120 min and
tested by HPLC with the system described in section 2.2.3.

Figure 16 Dissolution profiles of AMFZ containing hard fat (••) and W35TT (♦
♦) suppositories

Six dosage units were tested from both hard fat and W35TT-containing suppositories
according to the parameters described in section 2.2.7. It can be seen in Figure 16 that
dissolution from solid fat-based suppositories is slower in the time range critical for the in
vivo effect, and up to 120 min only 70% of the drug is released. W35TT-based suppositories
demonstrated saturation from 60 min (88.9±10.9%). On the other hand, it should be noted that
during these experiments the volume of the dissolution medium was 900 ml, where the
concentration of Tween 20 was 0.0244 mM and that of Tween 60 was 0.0228 mM, which was
significantly lower than in the case of our analytical samples. Application of such large
volumes for sample preparation to avoid micelle formation is not recommended in routine
laboratories. Furthermore, it is worth consideration that the dissolution rate in large volumes
is favourably influenced by surfactants because their concentration falls below their CMC, but
this certainly cannot model the physiological conditions, where the volume of rectal fluid is

39

4. RESULTS – PART II.
only 2-3 ml. In such a small volume, the surfactant concentration will be definitely higher
than those in our analytical samples and will fall above the CMC in every case. If a 2.5 ml
rectal fluid volume is hypothesized, the concentration of Tween 20 will be 9.76 mM and that
of Tween 60 will be 9.12 mM, accounting for an even higher extent of micelle formation.
4.2.6. Extension of the validation study with matrix-dependent performance
characteristics
Precision/ Repeatability
Repeatability was checked on 6 individual AMFZ or paracetamol suppositories prepared
according to the developed methods described in sections 4.2.1 and 4.2.2.5. In the case of
adeps solidus as vehicle, 1 of the 6 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 not composite samples of multiple dosage units, but rather unique dosage units
were used for each sample preparation. The massa macrogoli-based suppositories gave an
RSD% of 2.1% and the AMFZ W35TT samples had an RSD% of 1.5%, which are also
acceptable. The other model system (paracetamol W35TT) results are similarlye acceptable,
because the RSD% is 4.4%.
Precision/ Intermediate precision
The same analysis procedure was carried out by another analyst on another day, using a
freshly prepared mobile phase.
Relativedifference=

X Day1 − X Day2
X Day1 + X Day2

⋅ 2 ⋅ 100%

(5)

The results for the adeps solidus-based samples of AMFZ 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 of AMFZ, the RSD% of the individual
results was 2.5%, while the relative difference between the repeatability and intermediate
precision was 3.7%. The samples of the third vehicle, W35TT with AMFZ, gave an RSD% of
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1.7%, while the relative difference was found to be 5.5%. These values for W35TT samples
of paracetamol were an RSD% of 4.9% and a relative difference of 2.9%. All four results
were in accordance with the appropriate guidelines, and were therefore considered acceptable.
Accuracy
The accuracy of the AMFZ method was studied between 50% and 450% of the nominal
content of the suppositories, i.e. 100 mg, except for W35TT, which was studied between 50%
and 300%. The results are shown in Table S-4. Although all of the average values fell
between 95% and 105%, it should be mentioned that in the cases of adeps solidus and W35TT
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.
The accuracy of the paracetamol method with respect to the W35TT base was studied at
50%, 100%, 150% and 200% concentration levels with three parallel samples. The results fell in
the range 100.9-103.2%, which is acceptable. The results are shown in Table S-5.
Specificity
When the procedure was carried out with blank suppositories (containing no active
substance), no peak was detected at the retention times of AMFZ or paracetamol. It can be
stated that there are no excipients in either vehicle that interfere with the determination of
AMFZ or paracetamol.
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4.3. Part III. Quantitative analysis of magistrally produced suppositories
In this section, an investigation of samples prepared in pharmacies is reported, with
special emphasis on the homogeneity and the total API content of the batches. The
circumstances of the preparation of the suppositories were known in all cases and are
presented.
4.3.1. Comparison of the assay results obtained with cerimetric titration and HPLC
Two analytical methods were first compared by measuring 6 samples each from the
same factory-produced batch, and the individual assays of the suppositories were carried out
by either the volumetric titration (see section 3.2.2) or the chromatographic technique.
Samples of extemporaneously prepared suppositories for HPLC analysis were prepared
according to the flow chart in Figure 17.
All of the final results (the averages of the 3 replicates in the case of the titrimetric
method, and the assay value in the case of the chromatographic determination) fell within the
range 95-105%, which conforms to the strictest requirements of the EP. The individual
content data are presented in Table 8.
Table 8 Assay results on factory-produced suppository samples, measured by titrimetry or HPLC

Cerimetric titration

HPLC assay

Sample
Replicates %

Content %

Content %

1

101.6 107.2 103.5

104.1

103.9

2

98.9

97.5

98.5

104.9

3

106.3 100.7 100.3

102.4

102.8

4

96.1 100.7 97.1

98.0

102.3

5

100.9 110.4 102.1

104.5

103.9

6

103.6 104.0 104.7

104.1

104.6

99.3

Mean

-

-

-

101.9

103.7

SD

-

-

-

2.93

1.01
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Figure 17 The flow chart of the sample preparation procedure

It should be noted that the volumetric results exhibit a larger standard deviation than
that of the chromatographic results, but the preparation of the sample for titrimetry (replicate
samples are prepared from the molten suppository) involves a higher level of uncertainty, and
this can therefore be considered acceptable. Comparison of the two methods reveals that both
can be used for the analysis of suppositories containing AMFZ.
4.3.2. Dosage uniformity study of magistrally produced suppositories
We additionally studied paediatric suppositories with the composition described in
section 3.1. All samples were from different Hungarian public pharmacies, and each sample
consisted of 10 individual suppositories. The manufacturing technology of each of the
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samples was known to us; the pharmacists committed intentional technological errors during
the preparation of the suppositories. Samples Ph1-Ph9 were measured with the HPLC
technique described in subsection 4.1.2.2, while samples Ph10-Ph15 were tested for dosage
uniformity with the titrimetric method presented in section 3.2.2. Ph in the sample identifier
stands for pharmacy. All of the findings were compared (see Figure 18 and Table 9) on the
basis of the results given in section 4.3.1. It can be stated that 2 samples conformed to the
specifications of EP 7.8, i.e. the individual assay values fell within the range 85-115% at level
1, and 1 further sample would probably conform to the level 2 specification of 75-125%. For
the remaining samples, generally either lower individual assay results or (in 2 samples)
significant inhomogeneity was found.

Figure 18 Mean API contents for the samples, with the standard deviations. An API content in the
interval 85-115% is satisfactory. Samples Ph1-Ph9: measured by HPLC; samples Ph10-Ph15 measured by
cerimetric titration

4.3.3. Effects of f on the assay results
The possible consequences of the most common errors can be illustrated on a theoretical
example. If the pharmacist produces suppositories on the basis of the following parameters:
E = 1.7 g f = 0.78 and s = 0.1 g, then, according to Equation 1, Tm = 15.22 g for 10
suppositories. If f is not applied, but only the weight of the API is subtracted from the value of
E, then we heve Tm = 16.0, which will result in an assay 4.6% lower than the required value.
If this error is superimposed with the one when the calculated moulding excess is taken solely
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from the suppository base, by taking the required base for 12 dosage units instead of 10, the
concentration of 1 suppository is diluted even further, to 80.3% of the intended theoretical
value. Such errors are visible in case of samples Ph3, Ph8, Ph11 or Ph12.
4.3.4. Effects of stirring on the homogeneity and total assay of the samples
The suppository mass can be homogenized well by choosing an appropriate rate of
manual stirring or machine-based mixing. Stirring during the moulding process can help
avoid sedimentation of the active substance in the container. Too slow stirring is not effective,
but too fast stirring may also lead to errors: air bubbles are formed in the mass, which will
decrease the weight of the suppositories, foam can be formed from surfactant-containing
bases, or shearing forces may appear, which decrease the viscosity of the suppository mass by
rheodestruction, causing the rapid sedimentation of the active substance. The ideal machine
stirring speed for fat-based suppositories is 150 rpm.
Table 9 Average assay results on the samples and standard deviations in the homogeneity study
Sample

Ph1 Ph2 Ph3 Ph4 Ph5 Ph6 Ph7 Ph8 Ph9 Ph10 Ph11 Ph12 Ph13 Ph14 Ph15

Average % 87.7 56.1 75.6 74.8 85.8 84.7 86.9 76.2 49.5
SD

4.8

3.6

3.6

11.1 52.8 11.6

3.0

7.8

7.0

93.7

75.5

70.4

82.9

54.9

78.6

10.2

8.0

7.4

79.7

5.5

14.3

The results demonstrate that the stirring technique of the preparing pharmacist before
and during the moulding procedure was appropriate, with the exception of a small number of
serious cases. Those samples can be considered homogeneous which gave SD ≤ 10 with
respect to the individual suppository assays. A larger deviation can originate from the lack of
stirring during the moulding, as may be seen for samples Ph4, Ph6 and Ph15. Extremely large
deviations result when both thorough homogenization and stirring during the moulding
process are omitted, which may be observed for samples Ph5 and Ph13. If f is not applied and
the suppository base is applied in excess amount, the assays of the samples will fall below the
lower limit of acceptance. If the molten mass is not stirred during moulding, the decrease in
the active substance content becomes more serious as the suspended material is sedimented,
and the mould will contain an active substance-depleted mixture. Such samples were Ph2,
Ph9 and Ph14.
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5. Final conclusions
5.1. Conclusions of Part I
The presented results clearly demonstrate that the most challenging part of the
development was to find an appropriate stationary phase on which all 3 compounds can be
separated with good peak symmetry and resolution. The Hypersil ODS stationary phase
proved to be too retentive for papaverine and it was obvious during the development that good
peak shape cannot be achieved. The application of a stationary phase equivalence chart led us
to Zorbax SB-C18 and Luna C18 stationary phases, which were more hydrophobic and more
selective according to the chart data. The increased hydrophobicity of the stationary phase
made it necessary to reduce the final organic modifier content of the gradient. In this way, all
three compounds eluted within 10 min and were separated well on both stationary phases.
Another problem was the low solubility of ASA in water. In organic solvents such as MeOH
or ACN it is freely soluble, but a higher organic content of the mobile phase would have
caused the too early elution of paracetamol (within the void peak) which is unacceptable. A
too low organic content, on the other hand, led to the ASA precipitating and clogging the
tubing and the column. In the final method, a balance was successfully found between
retention and solubility by applying 7% ACN content in the initial phase of the gradient. The
peak symmetry and selectivity were found to be better on the Zorbax SB-C18 phase. This
column was therefore chosen for the final method and the validation steps were carried out
with this phase. An elevated column temperature made it possible to develop a rapid and
efficient method with rather low back-pressure (a maximum of about 100 bar during the runs),
which ensures a longer column lifetime. The method validation was carried out according to
current ICH guidelines. All the results satisfied the guideline requirements.

5.2. Conclusions of Part II
The data presented in this section revealed 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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An adequate sample preparation method was developed for Tween 20 and Tween
60-containing hard fat-based suppositories. We proved that micelles are formed in the sample
solution and successfully destabilized them by applying 100 mM sodium chloride and 40 mM
sodium hydroxide and 30 min US treatment, which made the complete release of two
physico-chemically

different

APIs

possible.

Provided

that

there

are

appropriate

chromatographic methods at hand, the developed sample preparation method could be utilized
for the determination of other drug molecules from surfactant-containing suppositories too.
This problem raises the question of how micelle formation influences drug release during
therapeutic application. As the problem appeared during the melting of the suppository for
analytical sample preparation, the question arises of whether this phenomenon would cause
homogeneity problems at surfactant concentrations higher than the CMC in suppositories
produced by industrial technology, which is based mainly on moulding techniques for large
quantities.

5.3. Conclusions of Part III
The results for paediatric suppositories produced extemporaneously under predefined
conditions in Hungarian independent pharmacies revealed that serious errors may arise if the
rules used in the pharmaceutical technology for preparing such suppositories are not strictly
adhered to, and the assay results on the individual dosage units may be affected. On the other
hand, suppositories prepared with strict adherence to the correct manufacturing practices
conform to the specifications described in EP 7.8. Since extemporaneously prepared
suppository preparations are frequently compounded and supplied in central European clinical
pharmaceutical practice because of the low costs involved, I would encourage the use of and
the inclusion of the f values for the most common APIs and for the most common suppository
bases into the European or national pharmacopoeias. To my knowledge, the paucity of this
information prohibits the preparation of the “right” dose for the “right” patient and may even
cause harm. Calibration of the mould and the determination of the f value for these basic
common suppository bases can be accomplished very simply.
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Summary
1. A HPLC method was developed and validated for the simultaneous assay of an oral
powder dosage form containing 3 APIs.
1.1. The pH of the mobile phase was determined with chromatographic prediction
software on the basis of paracetamol, ASA and papaverine log D vs. pH functions. pH
3.4 ±0.05 was found to be a reasonable compromise for the pH of the aqueous phase.
1.2. Appropriate organic-aqueous ratio and gradient profile were determined in order to
achieve satisfactory retention and peak shape.
1.3. Different stationary phases were compared for the separation of compounds with
different polarities. Of the 3 stationary phases tested (ODS Hypersil, Luna C18,
Zorbax SB-C18), Zorbax SB-C18 proved to be the most suitable on the basis of the
separation parameters calculated from the chromatograms.
1.4. The developed method was validated by testing linearity, precision (repeatability and
intermediate precision), accuracy, specificity and robustness. The method met all the
acceptance criteria set up before validation.
2. A HPLC method was developed and validated for the assay of AMFZ and paracetamol.
2.1. A RP-HPLC assay method was developed for AMFZ.
2.2. A RP-HPLC assay method was developed for paracetamol.
2.3. Both methods were validated by testing linearity, precision (repeatability and
intermediate precision), accuracy, specificity and robustness. Accuracy was tested in
an extended range (up to 450% of the labelled claim) in the case of AMFZ, and
specificity was also tested with respect to the solvent and matrix components. Both
methods met all the acceptance criteria set up before validation.
3. A sample preparation procedure was elaborated for the analysis of suppositories prepared
from any of the possible 3 different suppository bases.
3.1. API recovery from lipophilic hard fat suppository base with a freezing technique.
3.2. API recovery from hydrophilic massa macrogoli suppository with dissolution.
3.3. API recovery from W35TT suppository base with micelle breaking. The effects of
solvent pH, salt concentration and length of US treatment on the recovery efficiency
were studied independently and simultaneously. The most effective conditions were
found to be the combination of 100 mM NaCl, 40 mM NaOH and 30 min US treatment.
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3.4. Turbidimetric CMC determination of the surfactant components of W35TT
suppository base. Tween 20, Tween 60 and Tween 20+60 CMC were measured in
MeOH-water as solvent. Tween 20+60 CMC was measured in MeOH-water and under
the most effective conditions described in section 3.3.
3.5. In a comparative dissolution study of adeps solidus and W35TT-based suppositories,
dissolution samples were analysed with the HPLC method developed in section 2.1.
Dissolution was found to be faster from the W35TT matrix in 900 ml of dissolution
medium (pH=7.5). The beneficial effect of surfactants observed under in vitro
conditions may decrease when an in vivo available volume of rectal fluid of about 2 ml
is considered. In this case, the concentration of applied surfactants will be higher than
the CMC. Thus, formation of micelles cannot be avoided, which may decrease the
bioavailability of the administered drug. The application of less surfactant is therefore
suggested.
3.6. The structural stability of AMFZ and paracetamol was studied with NMR
spectroscopy under the conditions applied for micelle breaking. (100 mM NaCl,
40 mM NaOH and 30 min US). No change was observed between the NMR spectra of
the reference and test solutions, which proved that the 2 APIs did not suffer
degradation during US and basic treatment.
4. Comparative analysis was performed of magistrally produced suppositories (HPLC assay)
with identification of manufacturing errors.
4.1. The assay results obtained with cerimetric titration and RP-HPLC were compared.
Classical titration and HPLC assay can be applied equivalently for the analysis of
AMFZ.
4.2. In a dosage uniformity study of magistrally produced suppositories, sample batches of
10 AMFZ-containing suppositories prepared by and purchased from 15 Hungarian
pharmacies were tested.
4.3. The effects of f on the assay results were identified. It is strongly suggested that the f
values for the most common APIs should be determined, and applied in everyday
pharmaceutical practice.
4.4. The effects of stirring on the homogeneity and total assay of the suppository samples
indicated that the lack of stirring may lead to decreased homogeneity and API content,
depending on the phase in which stirring was omitted.
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SUPPLEMENT

Table S-1 Results of accuracy studies

Level

70%

100%

130%

1.
2.
3.
1.
2.
3.
1.
2.
3.

Paracetamol %
Rep. Mean RSD
103.0
102.1 102.5 0.45
102.3
101.4
102.3 101.9 0.43
102.1
100.7
102.5 101.7 0.94
102.1

ASA %
Rep. Mean RSD
100.8
99.8 100.1 0.61
99.7
98.3
98.7
98.5
0.17
98.5
97.0
98.1
97.6
0.59
97.7

Papaverine %
Rep Mean RSD
98.4
97.9
98.1
0.26
98.2
98.2
98.9
98.7
0.47
99.0
95.8
97.4
96.8
0.90
97.1

Table S-2 Results of method robustness tests

Paracetamol
Condition changed

Column
temperature/°C
Buffer pH

Flow rate/(ml/min)

Aqueous : organic ratio

55
60
65
3.23
3.43
3.63
1.4
1.5
1.6
5%
7%
9%
23%
25%
27%

tR/min

N

2.660
2.527
2.358
2.531
2.527
2.516
2.695
2.527
2.357
3.030
2.527
2.122
2.516
2.527
2.502

6380
5540
5600
5843
5540
5690
5521
5540
5346
6408
5540
5865
6052
5540
6152

Symmetry
factor
1.261
1.237
1.264
1.249
1.237
1.245
1.242
1.237
1.265
1.210
1.237
1.319
1.270
1.237
1.252

ASA
tR/min

N

6.324
6.213
6.032
6.308
6.213
6.072
6.453
6.213
6.000
6.324
6.213
5.986
6.399
6.213
5.998

69377
69445
81057
68186
69445
75013
68816
69445
70952
77103
69445
69115
65585
69445
78520

Papaverine
Symmetry
factor
1.445
1.460
1.423
1.476
1.460
1.412
1.437
1.460
1.449
1.418
1.460
1.476
1.404
1.460
1.443

tR/min

N

7.122
7.160
6.992
6.933
7.160
7.252
7.459
7.160
6.900
7.132
7.160
6.947
7.714
7.160
6.618

50747
53197
60963
53433
53197
52516
51720
53197
53720
54830
53197
54415
45410
53197
63169

Symmetry
factor
1.597
1.588
1.542
1.629
1.588
1.563
1.604
1.588
1.595
1.583
1.588
1.567
1.613
1.588
1.559

Table S-3 Results of robustness studies. The second line of every condition changed refers to the nominal
value of the parameter

AMFZ method

Condition
changed
Aqueous : organic
ratio
Buffer pH
Flow rate
(ml/min)
Column
temperature/°C

45:55
40:60
35:65
5.00±0.05
5.50±0.05
6.00±0.05
1.3
1.5
1.7
25
30
35

tR/min

N

2.088
1.761
1.616
1.837
1.761
1.846
2.021
1.761
1.676
1.785
1.761
1.751

3973
4074
4512
3747
4074
4441
4346
4047
4117
3890
4074
4340

Paracetamol method

Symmetry
Symmetry
tR/min N
factor
factor
1.535
95:5
4.309 2512
0.911
1.434
90:10
2.400 2887
1.148
1.460
85:15
1.803 3746
1.215
1.602
5.80±0.05 2.391 2948
1.146
1.434
6.30±0.05 2.400 2887
1.148
1.346
6.80±0.05 2.421 2906
1.150
1.432
1.0
3.575 3458
1.132
1.434
1.5
2.400 2887
1.148
1.405
2.0
1.799 2495
1.175
1.433
25
2.514 3134
1.168
1.434
30
2.400 2887
1.148
1.408
35
2.308 2873
1.119

Table S-4 Results of AMFZ accuracy studies

Level
50%

100%

150%

300%

450%

Adeps solidus
Replicates
Mean
1.
98.7%
2.
99.9%
99.4%
3.
99.6%
1.
99.5%
2.
100.3% 100.3%
3.
101.0%
1.
96.0%
2.
93.8%
95.3%
3.
96.1%
1.
96.2%
2.
95.8%
95.5%
3.
94.6%
1.
96.3%
2.
96.1%
96.5%
3.
97.1%

RSD%
0.63%

0.75%

1.36%

0.87%

0.55%

Massa macrogoli
Replicates
Mean
RSD%
104.10%
100.90%
102.5%
1.56%
102.40%
97.40%
100.50%
99.7%
1.99%
101.10%
104.60%
105.40%
104.9%
0.42%
104.70%
104.60%
103.70%
102.7%
2.43%
99.90%
102.80%
103.80%
102.5%
1.49%
100.80%

Replicates
102.3%
96.0%
98.2%
97.7%
98.2%
102.6%
101.3%
100.4%
97.4%
100.1%
97.1%
100.4%
-

W35TT
Mean

RSD%

98.8%

3.24%

99.5%

2.71%

99.7%

2.05%

99.2%

1.84%

-

-

Table S-5 Results of accuracy measurement of paracetamol in W35TT

Level

50%

100%

150%

200%

Replicates
recovery (%)
1.
2.
3.
1.
2.
3.
1.
2.
3.
1.
2.
3.

95.4
108.7
99.1
96.9
97.8
103.0
102.1
103.2
104.3
105.0
102.2
95.4

Mean (%)

RSD%

101.1

6.8

99.2

3.3

103.2

1.1

100.9

4.9
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a b s t r a c t
Rectal drug delivery is currently at the focus of attention. Surfactants promote drug release from the
suppository bases and enhance the formulation properties. The aim of our work was to develop a sample
preparation method for HPLC analysis for a suppository base containing 95% hard fat, 2.5% Tween 20
and 2.5% Tween 60. A conventional sample preparation method did not provide successful results as the
recovery of the drug failed to fulﬁl the validation criterion 95–105%. This was caused by the non-ionic
surfactants in the suppository base incorporating some of the drug, preventing its release. As guidance
for the formulation from an analytical aspect, we suggest a well deﬁned surfactant content based on
the turbidimetric determination of the CMC (critical micelle formation concentration) in the applied
methanol–water solvent. Our CMC data correlate well with the results of previous studies. As regards
the sample preparation procedure, a study was performed of the effects of ionic strength and pH on the
drug recovery with the avoidance of degradation of the drug during the procedure. Aminophenazone
and paracetamol were used as model drugs. The optimum conditions for drug release from the molten
suppository base were found to be 100 mM NaCl, 20–40 mM NaOH and a 30 min ultrasonic treatment of
the ﬁnal sample solution. As these conditions could cause the degradation of the drugs in the solution,
this was followed by NMR spectroscopy, and the results indicated that degradation did not take place.
The determined CMCs were 0.08 mM for Tween 20, 0.06 mM for Tween 60 and 0.04 mM for a combined
Tween 20, Tween 60 system.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
The use of suppositories as a dosage form has once again
come into the foreground. Besides traditional antifebrile suppositories, suppositories containing probiotics are becoming more
widespread. Ulcerative colitis and colorectal carcinoma are currently being diagnosed in rising numbers among children in Great
Britain, and rectal drug administration is increasingly and more frequently resorted to in the pre- and postoperative therapy of such
diseases [1–7].
Numerous studies that have focused on the liberation of drugs
from suppositories containing surfactants from the aspect of pharmaceutical technology have clearly revealed that it is beneﬁcial for
a suppository base to have high hydroxyl group content. The usage
of non-ionic surfactants is now suggested, but in lower amounts
than those used in older recipes, which generally means lower than
3%, and preferably around 1% [8]. A high surfactant concentration
may lead to the formation of micelles, which incorporate some of

∗ Corresponding author. Tel.: +36 62545925; fax: +36 62545806.
E-mail address: gerda.szakonyi@pharm.u-szeged.hu (G. Szakonyi).
0731-7085/$ – see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jpba.2013.04.039

the API, impeding its release [9]. According to Ghorab et al. [10] optimum amount of Tween 60 is 5%, higher proportion than that up to
10% had lower effect on the release rate. Above 10% the release rate
is decreased due to micelle formation. Surfactants not only enhance
release of the drug form the suppository base but increase the permeability of the tissues surrounding the rectal lumen. Non-ionic
surfactant Tween 20 showed outstanding effectiveness used in 5%
amount combined with lipophilic vehicles [11].
One of the most characteristic properties of a surfactant is its
CMC. In a speciﬁc solvent system, this is the concentration above
which individual surfactant molecules spontaneously aggregate
and form micelles through secondary interactions. Several methods are available for the determination of CMC. The most widely
used techniques are the measurement of surface tension, conductance in the case of ionic surfactants, UV–vis spectrophotometry,
NIR spectroscopy, turbidimetry and densitometry [12,13]. As the
suppository base studied in the present work contained Tween
20 and Tween 60, in Table 1 we list the CMCs of these materials
determined with different methods in previous studies.
In the present work, we focus on the role of non-ionic surfactants through the analysis of suppositories. In the case of generics,
besides the technological formulation, the development of analytical methods is needed to acquire the data required for ofﬁcial
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Table 1
CMCs of Tween 20 and Tween 60.
Reference

Tween 20
[14]
[15]
[16]
[17]
[18]
[19]

[20]
[21]
Tween 60
[17]
[19]

[20]
[21]
a

Method

Temperature

Medium
H2 O

D2 O

Surface tension
NIR
Surface tension
Densitometry
Surface tension
Spectrophotometry of iodine absorbance
Shift in max
Surface tension
Surface tension
Dye micellization
Surface tension

RT
RT
RT
24.88 ◦ C
RT
RT
RT
RT
RT
RT
RT

0.0804
0.08
0.0488
0.097
0.059
0.055
0.0557
0.0488
0.048
0.042
0.011

–
0.12
–
–
–
–
–
–
–
–
–

Densitometry
Spectrophotometry of iodine absorbance
Shift in max
Surface tension
Surface tension
Dye micellization
Surface tension

24.88 ◦ C
RT
RT
RT
RT
RT
RT

0.068
0.0209
0.0196
0.0206
0.021
0.022
0.0055

–
–
–
–
–
–
–

Spec.a
–
70
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

1-Ethyl-3-methylimidazolium bis(triﬂuoromethylsulfonyl) imide [EMIm]+ [Tf2 N]− .

registration. The sample preparation is an indispensable part of
method development.
In the European Pharmacopoeia, there is no guidance as concerns general sample preparation for the assay of any dosage
form; details are included only in the pharmaceutical technological procedures. The US Pharmacopoeia, on the other hand, contains
monographs about pharmaceutical products, including suppositories [22]. However, micelle formation can cause problems during
sample preparation. One plausible solution could be the use of
microemulsion liquid chromatography (MELC) but this technique
requires a complicated multicomponent mobile phase system [23].
Our present work is focused on extending the general knowledge
relating to the analysis of suppositories, which can help those who
choose rectal suppositories for drug delivery from both analytical
and technological aspects; as such developments are conducted in
parallel.
In Hungarian pharmaceutical practice, moulded suppositories are formulated predominantly with three suppository bases:
hard fat (WitepsolW 35, adeps solidus in Hungarian practice), a
hydrophilic base, which contains: macrogol 1540 and Span 20, as
massa macrogoli. Third is adeps solidus compositus, which contains surfactants. In fact it is Witepsol W35 with Tween 20 and
Tween 61. We will refer to this base in the present work as W35TT.
A new HPLC method for the analysis of suppositories containing
aminophenazone as model compound was previously developed
and validated by our research group (unpublished data). In that
work a new sample preparation method was elaborated for the
recovery of the drug from hard fat or hydrophilic matrices. The
method was intended to be applied to W35TT-based suppositories,
too. However, in that case, with the well-established sample preparation method, the quantity of drug released was between 80% and
90%, which did not fulﬁl the requirements (95–105%) of the relevant ICH guideline. We present here a possible explanation and a
solution for this phenomenon.

2. Materials and methods
2.1. Materials and instruments
The following materials were used: 4-dimethylaminoantipyrine
(hereafter aminophenazone) (Sigma–Aldrich, St. Louis, MO, USA),

paracetamol (Ph.Eur. 6.0, Phoenix Pharma Zrt., Hungary, Lot. No.:
1011204), methanol (Chromasolv for HPLC, Sigma–Aldrich, St.
Louis, MO, USA), acetonitrile (VWR, Prolabo, Fontenay, France),
sodium acetate (Reanal, Budapest, Hungary), acetic acid 96%
(VWR, Prolabo, Fontenay-sous-Bois, France), sodium hydroxide
(Reanal, Budapest, Hungary), sodium chloride (VWR, Prolabo, Leuven, Belgium), potassium dihydrogenphosphate (Spektrum 3D,
Debrecen, Hungary) and potassium hydroxide (Reanal, Budapest,
Hungary), Suppositorium antipyreticum pro parvulo FoNo VII.
(Naturland Ltd., Hungary, Lot. No.: 1938-1112 and Parma Produkt
Ltd., Hungary, Lot. No.: 1209-1106). Throughout the experiments,
HPLC grade solvents were used. The aqueous solutions were prepared with triple distilled water. During the spectrophotometric
measurements, methanol (VWR, Prolabo, Fontenay-sous-Bois,
France), TWEEN® 20 (Sigma–Aldrich, St. Louis, MO, USA) and
TWEEN® 60 (Sigma–Aldrich, St. Louis, MO, USA) were used.
The suppository bases applied were hard fat and W35TT (University Pharmacy, University of Szeged, Szeged, Hungary). Adeps
solidus is ofﬁcially included in Ph.Eur. as hard fat. W35TT is a special
lipohydrophilic base, which is included ofﬁcially in Fo.No. (Formulae Normales, the Hungarian collection of standard prescriptions.)
It is a mixture of 95% (w/w) of hard fat, 2.5% (w/w) of Tween 20 and
2.5% (w/w) of Tween 61. In consequence of procurement issues
relating to Tween 61, Tween 60 is nowadays used instead.
For eluent degassing and sample sonication a DLS 310-T
DONAU-LAB-SONIC ultrasonic bath was used.
HPLC measurements were carried out on a Shimadzu Prominence UHPLC system (Shimadzu Corp., Japan) equipped with an
LC-20AD pump, a 4-port solenoid mixing valve, a CTO-20A column oven, a DGU-20ASR degasser, and an SPD-M20A UV/VIS PDA
detector with a 10 mm optical path length ﬂow cell. Samples were
injected via a Rheodyne 6-port manual injector valve ﬁtted with a
20 ml sample loop. Separation was achieved on a Hypersil ODS (C18)
150 mm × 4.6 mm, 5 mm column (Thermo Scientiﬁc, Keystone, UK).
Data acquisition and peak integration were effected with LCSolution (Shimadzu Corp., Japan) chromatographic data acquisition and
processing software.
Spectrophotometric measurements were carried out on a
Shimadzu UV-1601 UV-vis double-beam spectrophotometer.
Throughout the measurements, quartz cells with 10 mm optical
path length were used. The spectrophotometric data were evaluated with Microsoft Excel.
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Table 2
Surfactant concentration ranges of the CMCs determination.
Concentration (mM)
Tween 60
Tween 20
Tween 20 and 60

0
0
0

0.03
0.04
0.001

0.04
0.05
0.005

0.05
0.06
0.01

0.06
0.07
0.02

1H

NMR spectra were recorded on a BRUKER Avance DRX 500
spectrometer at room temperature, with a deuterium lock. There
was no water suppression during the experiment The carrier frequency (O1) was placed at 7.01 ppm and a 16.00 ppm wide region
was detected, the excitation was carried out with a 30◦ pulse
(PW90 = 12.5 ms), the interpulse delay was set to 3 s, the acquisition time was 2.05 s and 8 transients have been collected into 32 K
datapoints. The spectral processing included an exponential ﬁltering with 0.3 Hz, zero-ﬁllig to 64 K datapoints and a complex Fourier
transformation. The data-collection and data-processing were carried out using Bruker XWIN-NMR 3.1 software.
2.2. Methods
2.2.1. Preparation of hard fat-based suppository containing
aminophenazone as model compound for HPLC analysis
The suppository was weighed on an analytical balance, and was
then placed into 15 ml of a mixture of methanol–water (50:50, v/v).
The suppository was melted on a 40 ◦ C water bath and the fatty
phase was frozen by placing the vessel in ice. The liquid was ﬁltered through moistened cotton to separate the frozen fat from
the solution. The ﬁltrate was collected in a 50 ml volumetric ﬂask.
The beaker was washed with once 15 ml and twice 5 ml of solvent and the washing solvent was combined with the solution in
the volumetric ﬂask, which was then made up to volume with the
same solvent. 0.3 ml of stock sample solution obtained this way
was diluted to 10 ml and ﬁltered through a 0.45 mm pore size nylon
membrane ﬁlter. The clear ﬁltrate was injected into the HPLC system.
2.2.2. Preparation of W35TT-based suppository containing
paracetamol as model compound for HPLC analysis
The suppository was weighed on an analytical balance, and
was then placed into a beaker containing 15 ml mixture of
methanol–acetonitrile–potassium dihydrogen phosphate (pH 6.3;
0.05 M) (50:5:45, v/v/v) (later: solvent), 1 ml 5 M sodium chloride
and 2 ml 1 M sodium hydroxide. The suppository was melted on
a 40 ◦ C water bath. After that the beaker with the solution was
placed into ultrasonic bath for 30 min. The following steps of sample preparation were the same as in Section 2.2.1 beginning with
ﬁltration.
2.2.3. Aminophenazone determination with HPLC
Aminophenazone content was determined with an HPLC
method. The mobile phase was methanol–sodium acetate (pH
5.5; 0.05 M) (60:40, v/v). The pH of the sodium acetate buffer
solution was set to 5.5 with acetic acid. The ﬂow rate of the
reversed-phase isocratic eluent was 1.5 ml/min and the run time
was 5 min. The chromatographic column was thermostated at
30 ◦ C. The chromatograms were recorded at 243 nm. The retention
time of aminophenazone was 1.8 min.
2.2.4. Paracetamol determination with HPLC
The mobile phase during the quantitative determination of
paracetamol was acetonitrile–potassium dihydrogen phosphate
(pH 6.3; 0.05 M) (10:90, v/v). The buffer was prepared with potassium dihydrogen phosphate and the pH of the solution was
adjusted to 6.3 with 1 M potassium hydroxide solution. The ﬂow

0.08
0.08
0.03

0.09
0.1
0.04

0.1
0.3
0.05

0.2
0.5
0.06

0.3

0.5

0.08

0.1

0.3

0.5

rate, the run time and the column temperature were the same as
described in Section 2.2.3. The chromatograms were recorded at
241 nm. The retention time of aminophenazone was 2.3 min.
2.2.5. Active substance identiﬁcation by NMR spectroscopy
The stability of the prepared samples was veriﬁed to make
sure that the applied sample preparation method did not
cause any degradation or decomposition of the active substance
(aminophenazone or paracetamol) and that its structure remained
unchanged throughout the experiment. The measurements were
carried out at 25 ◦ C.
The analytical sequence for both model compounds incorporated the measurement of a reference solution, which contained
the appropriate compound in the solvent used during the chromatographic sample preparation, and the sample solution itself.
The method of sample preparation for the HPLC measurements had
to be altered slightly as the NMR studies required higher concentrations of the active substances. A 5-fold amount of aminophenazone
or paracetamol (500 mg) was therefore dissolved in the appropriate
solvent to 50 ml in the case of the reference solutions. The sample
solution was prepared similarly to the reference solution, except
that one W35TT blank suppository was dissolved in the solvent
together with 1 ml of 1 M sodium hydroxide and 1 ml of 5 M sodium
chloride solution. For the paracetamol measurements, 500 mg of
substance was dissolved for the reference solution in 50 ml of solvent described in Section 2.2.2. The solution modelling the sample
was prepared by dissolving 500 mg of paracetamol, and placing
one blank W35TT suppository in the ﬁrst 15 ml of solvent. Micelle
demulsion was achieved according to Section 2.2.2 except the last
dilution step. 10% (v/v) of D2 O was added to each sample before the
NMR measurements.
2.2.6. CMC determination
We determined the CMCs of the components present in the
aminophenazone-containing test suppositories in the applied
solvent mixture: methanol–water (50:50, v/v). We used spectrophotometry for the measurement of the CMCs of the non-ionic
surfactants Tween 20 and Tween 60. Three series of solutions were
prepared with a constant amount of hard fat and increasing concentrations of the two surfactants, either separately or together.
The concentrations used are listed in Table 2.
The concentration range for the combined surfactants was
determined from the data for the initially characterized individual
Tween 60 and the Tween 20. The highest concentration in the series
was always 0.5 mM, which corresponds to that of both surfactants
in the sample solution in the analytical method for suppositories
containing W35TT.
The pseudoabsorbances (turbidity) of the series of solutions were determined at 550 nm at ambient temperature. The
absorbances obtained in this way were plotted against surfactant concentrations. The linear regions of the plots were ﬁtted by
straight lines and the intersection of the straight lines gave the concentration of the CMC. The CMC can be identiﬁed as the breakpoint
of the absorbance vs. concentration curve [24,25].
2.2.7. Dissolution test of hard fat and W35TT suppositories
Dissolution tests were carried out in a Hanson SR8+ dissolution tester equipped with basket apparatus. Commercially available
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Fig. 1. Recovery of aminophenazone and paracetamol. (a) Effect of NaCl concentration. (b) Effect of pH. (c) and (d) Effects of pH at constant c(NaCl) = 100 mM. Vertical
bars represent the mean of 3 independent measurement (n = 3), error bars show the standard deviation of the three data. Covariances between the independent variable
(concentration) and the dependent variable (recovery) for plot a = 28.67; b = −13.47; c = 58.71 and d = 75.38.

suppositories prepared for children containing aminophenazone
and either hard fat or W35TT were tested. Dissolution medium,
potassium dihydrogen phosphate buffer (pH 7.5; 0.05 M), was thermostated to 37 ◦ C. The agitation speed was 50 RPM. Samples were
collected at 5, 10, 15, 30, 45, 60 and 120 min and tested by HPLC
with the system described in Section 2.2.3.
3. Results and discussion
As W35TT is based on hard fat, it seemed reasonable to choose
the sample preparation method described in Section 2.2.1 for hard
fat as the starting point for the development. However, our expectations were not fulﬁlled; the recovery of the API from the W35TT
base was only 88%. The surfactants formed micelles within the suppository base, which encapsulated some of the API. The sample
preparation procedure described in Section 2.2.1 for hard fat was
not suitable for quantitative release of the drug from the micelles
for the analysis. This caused the difference in recovery between the
two bases. In order to achieve a satisfactory release, the micelles
had to be broken down to gain access to the trapped drug. It was
presumed that salting-out might be a suitable method to solve this
problem.
3.1. Effect of sodium chloride concentration on drug recovery
The procedure applied in the case of hard fat was amended with
an additional step by adding sodium chloride solution in increasing concentrations to the ﬁrst 15 ml of solvent in order to study
the micelle-opening effect of salting-out. At all levels, two parallel samples were prepared. The sodium chloride concentrations
applied were 0, 50, 100, 150 and 200 mM. HPLC analysis revealed

that the recovery from all of the samples remained below 95%. Fig. 1
demonstrates that the increasing sodium chloride concentration
did not correlate with the observed release. Calculated covariance
between the concentrations and the recoveries suggest a slightly
increasing relationship, which was possibly due to the minor CMCdecreasing effect of strong electrolytes [26,27]. The question may
arise whether further increase of sodium chloride concentration
could have improved the recovery sufﬁciently. On the other hand
higher sodium chloride concentration would probably have caused
the precipitation of the salt in the mobile phase as sodium chloride
has solubility one order of magnitude lower in methanol than in
water. Precipitation could damage the silica core of the column;
therefore higher salt concentrations were not tested.

3.2. Effect of pH change on drug recovery
Micelle formation can be inﬂuenced by change of pH [28]. The
API recovery was therefore studied in analytical samples containing increasing sodium hydroxide concentrations. The additional
step in this case was the addition of 5 M sodium hydroxide solution to the initial 15 ml of extraction solvent during the melting of
the suppository. Two parallel samples were prepared, in which the
concentrations were 0, 20, 40, 60 and 80 mM. The HPLC analysis
indicated that none of the recovery results reached the lower limit
of the required range of 95–105% at any sodium hydroxide concentration. Similarly to the sodium chloride concentration study,
these results did not exhibit any correlation with the increasing
base concentration. The covariance of the series of data (see caption of Fig. 1) indicates a negative relationship. Therefore higher
sodium hydroxide concentrations were not studied.
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Fig. 2. 1 H NMR spectra of aminophenazone and paracetamol standards and samples. The signals marked with letters prove that no decomposition takes place in the sample
solution treated with strong base. Peaks a and b of paracetamol are shifted to the right by 0.2 ppm due to the deprotonation of the OH and NH groups in the alkaline medium.

3.3. Effect of ultrasonic treatment on drug recovery
Micelles can be effectively destroyed by ultrasonic treatment.
Due to the ineffectiveness of pH change and salting out, we applied
30 min ultrasound on 3 parallel preparations of suppositories. Average recovery was (92.6 ± 2.8)%. Due to the fact that during longer
ultrasonic treatment the transfer medium is warming, longer agitation times were not applied. The ineffectiveness of the individual
effects described in Sections 3.1–3.3 led us to study the combined

effect of sodium chloride, sodium hydroxide and ultrasonic treatment simultaneously.
3.4. Combined effect of sodium chloride and sodium hydroxide on
the drug recovery
The combination of sodium chloride and sodium hydroxide was
tested together with an additional 30 min ultrasonic treatment.
Constant, 100 mM sodium chloride and 0, 10, 20 or 40 mM sodium
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Table 3
Calculation of CMCs from the data of ﬁtted straight lines.
Slope ± SD

Intercept ± SD

Intersect (mM)

Tween 20

0.4 ± 0.110
2.8 ± 0.485

0.24 ± 0.033
0.04 ± 0.027

0.084

Tween 60

0.52 ± 0.039
4.1 ± 1.022

0.12 ± 0.011
−0.096 ± 0.047

0.061

Tween 20 + Tween 60

2.1 ± 0.163
12.6 ± 2.083

0.75 ± 0.040
0.34 ± 0.032

0.040

0.07 ± 0.011
0.529 ± 0.008

1.99 ± 0.199
−0.09 ± 0.037

0.324

Tween 20 + 60 with salt and base

hydroxide were applied. The recovery results were favourable at 20
and 40 mM sodium hydroxide: 95.7% and 98.0%, respectively. Fig. 1
clearly reveals a correlation between the sodium hydroxide concentration and the recovery of the API when sodium chloride was
present in the sample. The application of 100 mM sodium chloride
and 40 mM sodium hydroxide was suggested.
This sample preparation method was also tested on paracetamol. Samples were prepared by the combined sodium chloride and
sodium hydroxide addition method described in Section 2.2.2. The
suppository was modelled by combining the blank hard fat suppository, Tween 20 and Tween 60 in the appropriate proportion
and exactly weighed 100 mg of paracetamol. The sodium hydroxide
concentration was set to 0, 10, 20 or 40 mM during the experiment.
The recoveries demonstrated by HPLC analysis are presented in
Fig. 1 plot d. In the case of paracetamol, 40 mM sodium hydroxide was required to liberate the API entirely. The average recovery
was found to be 98.4%.
Covariance values for plots c and d of Fig. 1 express a strong
positive relationship between the increase of the hydroxide concentration and the change of the recoveries. These values are
signiﬁcantly higher than those determined for plots a and b of Fig. 1.
3.5. Stability of the drugs during sample preparation
In both cases, the drugs were subjected to treatment with strong
base. Sodium hydroxide is suggested to be used between 20 and
40 mM, but it must be ensured that the drugs do not suffer degradation during the treatment. The ﬁrst check was during the HPLC runs,
where the spectra of the samples and the pure substances proved
to be identical. The retention times were also found to be similar.
Finally, the 1 H NMR spectra of the pure standards and the treated
samples were also recorded. In the assigned spectra of paracetamol,
the signals of the OH and NH protons are not visible due to the fast
exchange with water. It is clearly seen in the paracetamol sample
spectrum that, due to the deprotonation of the OH and NH groups
with the increase of pH, the chemical shift of the aromatic protons
decreases by 0.2 ppm. In the case of aminophenazone, no deprotonation takes place, and thus there is no change in the chemical
shifts.
The overlaid spectra showed no signiﬁcant difference, i.e.
no new peaks were detected, which conﬁrms that the samples
remained intact during the sample preparation (Fig. 2).
3.6. CMCs of Tween 20 and Tween 60
The CMCs of Tween 20 and Tween 60 were determined in the
presence of hard fat by measuring the turbidity of solutions with
different surfactant concentrations at 550 nm. Turbidity was plotted against surfactant concentration. Straight lines can be ﬁtted
to each series of points, the intersect of which gives the CMC in
the speciﬁc solvent system. This intersection can also be identiﬁed as the breakpoint of the curve. The parameters of the ﬁtted

straight lines and their intersects are presented in Table 3. In
methanol–water (50:50, v/v) as solvent the CMC of Tween 20 was
0.084 mM, that of Tween 60 was 0.061 mM, and that of the two
surfactants together was 0.040 mM.
These results are in good agreement with the trends reported
in previous studies. The slight differences from the literature data
can be attributed to the different measurement techniques and the
different solvents [15,18]. The solvent in this case, an equivolume
mixture of water and methanol, could increase the CMC. Shortchain alcohols such as methanol or ethanol are known to decrease
the hydration of the ethyleneoxide chains of non-ionic surfactants,
so the observed trend in the CMC increase is in good agreement
with this explanation [29]. The tendencies earlier found for different Tween substances can be observed in our results too: the CMC
of Tween 20 is higher than that of Tween 60. Moreover, the two
surfactants together give a signiﬁcantly lower CMC, which is also
characteristic [14]. It is obvious that the applied surfactant concentration in the suppository base is well above the determined CMC,
which explains the micelle formation and the decreased recovery
of drug as compared with the “pure” hard fat. Although the application of surfactants in the suppository base has a beneﬁcial effect on
the formulation properties of the material and on the drug release
in the body, the amounts of surfactants must be optimized to avoid
the analytical pitfall of failing the recovery study. Too high a surfactant concentration will always pose a potential risk of analytical
error.
This problem raises the question of how micelle formation inﬂuences drug release during therapeutic application. As the problem
appeared during the melting of the suppository for analytical sample preparation, the question arises whether this phenomenon
would cause homogeneity problems at surfactant concentrations
higher than the CMC in suppositories produced in the industrial
technology, which is based mainly on moulding techniques for
large quantities. Our research group is conducting further studies
to ﬁnd answers for these questions.
The complex sample preparation method, which was tested
with two different model compounds, is rapid and effective in the
case of suppository bases containing surfactants to enhance the liberation of the encapsulated drugs. The success of the development
can be explained through the micelles losing their colloidal stability due to the loss of electrostatic interactions, which is caused
by the addition of electrolytes. The mechanism is similar to that
in formulations with targeted drug release. This hypothesis was
proven by determining the CMC of Tween 20 and Tween 60 in a
medium where ﬁnal sodium chloride concentration was 100 mM
and sodium hydroxide concentration was 40 mM. The results can
be seen in Fig. 3. The CMC of the combined surfactants is about 5
times higher in the presence of salt and base than in the absence of
them. The applied salt and base concentration combined with the
ultrasonic treatment was sufﬁcient to raise the CMC of the system
so that the surfactants within the suppository could not assemble
into micelles entrapping part of the API.
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Fig. 4. Dissolution proﬁles of aminophenazone containing hard fat (d) and W35TT
() suppositories.

these experiments the volume of dissolution medium was 900 ml
where the concentration of Tween 20 is 0.0244 mM and concentration of Tween 60 is 0.0228 mM, which is signiﬁcantly lower than in
case of our analytical samples. Application of such large volumes for
sample preparation to avoid micelle formation is not recommended
in routine laboratories. Furthermore it is worth for consideration
that dissolution rate in large volumes is inﬂuenced by surfactants
favourably because their concentration fall below their CMC, but
this for sure cannot model the physiological conditions where the
volume of rectal ﬂuid is only 2–3 ml. In such a small volume the
surfactant concentration will be deﬁnitely higher than those in our
analytical samples and will fall above the CMC in every case. If
2.5 ml rectal ﬂuid volume is hypothesized concentration of Tween
20 will be 9.76 mM and concentration of Tween 60 will be 9.12 mM
accounting for even higher extent of micelle formation.
4. Conclusions
We have developed an adequate sample preparation method
for Tween 20 and Tween 60 containing hard fat based suppositories. We have proved that micelles are being formed in the sample
solution and successfully destabilized them by applying 100 mM
sodium chloride and 40 mM sodium hydroxide concentration and
30 min ultrasonic treatment, which made the complete release of
two physico-chemically different APIs possible. Provided that there
are appropriate chromatographic methods at hand, the developed
sample preparation method could be utilized for the determination
of other drug molecules from surfactant containing suppositories
as well.
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(88.9 ± 10.9%). On the other hand it should be noted that during

This work was ﬁnanced by the Project “TÁMOP-4.2.1/B09/1/KONV-2010-0005 – Creating the Centre of Excellence at the
University of Szeged”, supported by the European Union and coﬁnanced by the European Regional Development Fund and ERC
HU 09 3D TRPV1. We are also grateful to Ágnes Dura, Pharm. D., at
the Pharmacy of the University of Szeged, for providing the blank
suppository samples.
References
[1] K. Okabayashi, H. Hasegawa, M. Watanabe, T. Ohishi, A. Hisa, Y. Kitagawa,
Usefulness of the preoperative administration of tegafur suppositories as alternative adjuvant chemotherapy for patients with resectable stage II or III
colorectal cancer: a KODK4 multicenter randomized control trial, Oncology 83
(2012) 16–23.

156

É. Kalmár et al. / Journal of Pharmaceutical and Biomedical Analysis 83 (2013) 149–156

[2] J.-M. Richter, S. Kushkuley, J.A. Barrett, G. Oster, Treatment of new-onset ulcerative colitis and ulcerative proctitis: a retrospective study, Aliment. Pharmacol.
Ther. 36 (2012) 248–256.
[3] D. Hadas, I. Youngster, A. Cohen, E. Leibovitch, I. Shavit, I. Erez, Y. Uziel, M.
Berkovitch, Premarketing surveillance of ibuprofen suppositories in febrile
children, Clin. Pediatr. (Phila.) 50 (2012) 196–199.
[4] M. Heyman, J. Kierkus, J. Spe’nard, H. Shbaklo, M. Giguere, Efﬁcacy and safety of
mesalamine suppositories for treatment of ulcerative proctitis in children and
adolescents, Inﬂamm. Bowel Dis. 16 (2010) 1931–1939.
[5] D. Scolnik, E. Kozer, S. Jacobson, S. Diamond, N.L. Young, Comparison of oral
versus normal and high-dose rectal acetaminophen in the treatment of febrile
children, Pediatrics 110 (2002) 553–556.
[6] A. Sabchareon, P. Attanath, P. Chanthavanich, P. Phanuaksook,
V. Prarinyanupharb, Y. Poonpanich, D. Mookmanee, P. Teja-Isavadharam, D.G.
Heppner, T.G. Brewer, T. Chongsuphajaisiddhi, Comparative clinical trial of
artesunate suppositories and oral artesunate in combination with meﬂoquine
in the treatment of children with acute falciparum malaria, Am. J. Trop. Med.
Hyg. 58 (1998) 11–16.
[7] X.T.I. Cao, D.B. Bethell, T.P. Pham, T.T.M. Ta, T.N.T. Tran, T.T.H. Nguyen, T.T.T.
Pham, T.T.A. Nguyen, N.P.J. Day, N.J. White, Comparison of artemisinin suppositories, intramuscular artesunate and intravenous quinine for the treatment of
severe childhood malaria, Trans. R. Soc. Trop. Med. Hyg. 91 (1997) 335–342.
[8] J. Hanaee, Y. Javadzadeh, S. Taftachi, D. Farid, A. Nokhodchi, The role of various
surfactants on the release of salbutamol from suppositories, Farmaco 59 (2004)
903–906.
[9] Sz. Berkó, G. Regdon Jr., I. Erős, Solutol and cremophor products as new additives
in suppository formulation, Drug Dev. Ind. Pharm. 28 (2002) 203–206.
[10] D. Ghorab, H. Refai, R. Tag, Preparation and evaluation of fenoterol hydrobromide suppositories, Drug Discov. Ther. 5 (2011) 311–318.
[11] K. Nakanishi, M. Masada, T. Nadai, Effect of pharmaceutical adjuvants on the
rectal permeability of drugs. II. Effect of Tween-type of surfactants on the permeability of drugs in the rat rectum, Chem. Pharm. Bull. 31 (1983) 3255–3263.
[12] L.L. Schramm, E.N. Stasiuk, D.G. Marangoni, Surfactants their applications,
Annu. Rep. Prog. Chem. C: Phys. Chem. 99 (2003) 3–48.
[13] F. Ysambertt, F. Vejar, J. Paredes, J.L. Salager, The absorbance deviation method:
a specrophotometric estimation of the critical micelle concentration (CMC)
of ethoxylated alkylphenol surfactants, Colloids Surf. A: Physicochem. Eng.
Aspects 137 (1998) 189–196.
[14] C. Kim, Y.L. Hsieh, Wetting and absorbancy of nonionic surfactant solutions
on cotton fabrics, Colloids Surf. A: Physicochem. Eng. Aspects 187/188 (2001)
385–397.

[15] C.D. Tran, S. Yu, Near-infrared spectroscopic method for the sensitive and direct
determination of aggregations of surfactants in various media, J. Colloid Interface Sci. 283 (2005) 613–618.
[16] K.L. Mittal, Determination of CMC of polysorbate 20 in aqueous solution by
surface tension method, J. Pharm. Sci. 61 (1972) 1334–1335.
[17] B. Farhadieh, Determination of CMC and partial speciﬁc volume of polysorbates
20, 60 and 80 from densities of their aqueous solutions, J. Pharm. Sci. 62 (1973)
1385–1388.
[18] D.K. Chou, R. Krishnamurthy, T.W. Randolph, J.F. Carpenter, M.C. Manning,
Effects of Tween 20 and Tween 80 on the stability of albutropin during agitation,
J. Pharm. Sci. 94 (2005) 1368–1381.
[19] S.K. Hait, S.P. Moulik, Determination of critical micelle concentration (CMC) of
nonionic surfactants by donor–acceptor interaction with iodine and correlation of CMC with hydrophile–lipophile balance and other parameters of the
surfactant, J. Surfactants Deterg. 4 (2001) 303–309.
[20] L.S.C. Wan, P.F.S. Lee, CMC of polysorbates, J. Pharm. Sci. 63 (1974) 136–137.
[21] A. Patist, S.S. Bhagwat, K.W. Penﬁeld, P. Aikens, D.O. Shah, On the measurement of critical micelle concentrations of pure and technical-grade nonionic
surfactants, J. Surfactants. Deterg. 3 (2000) 53–58.
[22] L.V. Allen Jr., Suppositories, Pharmaceutical Press, London, UK, 2007.
[23] E. McEvoy, S. Donegan, J. Power, K. Altria, Optimisation and validation of a
rapid and efﬁcient microemulsion liquid chromatographic (MELC) method for
the determination of paracetamol (acetaminophen) content in a suppository
formulation, J. Pharm. Biomed. Anal. 44 (2007) 137–143.
[24] D.M. Lawler, Turbidity and nephelometry, in: P. Worsfold, A. Townshend, C.
Poole (Eds.), Encyclopedia of Analytical Science, 8, Elsevier Ltd., Oxford, 2005,
pp. 343–351.
[25] C.Y. Chang, S.J. Wang, I.J. Liu, Y.C. Chiu, A simple method for determining the
critical micellar concentration of a surfactant, J. Chin. Chem. Soc. 34 (1987)
243–246.
[26] Y. Wang, K. Kimura, Q. Huang, P.L. Dubin, W. Jaeger, Effects of salt on
polyelectrolyte–micelle coacervation, Macromolecules 32 (1999) 7128–7134.
[27] S. Javadian, H. Gharibi, Z. Bromand, B. Sohrabi, Electrolyte effect on mixed
micelle and interfacial properties of binary mixtures of cationic and nonionic
surfactants, J. Colloid Interface Sci. 318 (2008) 449–456.
[28] P.M. Saikia, M. Bora, R.K. Dutta, Acid–base equilibrium of anionic dyes partially
bound to micelles of nonionic surfactants, J. Colloid Interface Sci. 285 (2005)
382–387.
[29] N. Nishikido, Y. Moroi, H. Uehara, R. Matuura, Effect of alcohols on the micelle
formation of nonionic surfactants in aqueous solutions, Bull. Chem. Soc. Jpn. 47
(1974) 2634–2638.

II.

Saudi Pharmaceutical Journal (2013) xxx, xxx–xxx

King Saud University

Saudi Pharmaceutical Journal
www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Dosage uniformity problems which occur due
to technological errors in extemporaneously
prepared suppositories in hospitals and pharmacies
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Abstract The availability of suppositories in Hungary, especially in clinical pharmacy practice, is
usually provided by extemporaneous preparations. Due to the known advantages of rectal drug
administration, its beneﬁts are frequently utilized in pediatrics. However, errors during the extemporaneous manufacturing process can lead to non-homogenous drug distribution within the dosage
units. To determine the root cause of these errors and provide corrective actions, we studied suppository samples prepared with exactly known errors using both cerimetric titration and HPLC
technique. Our results show that the most frequent technological error occurs when the pharmacist
fails to use the correct displacement factor in the calculations which could lead to a 4.6% increase/
decrease in the assay in individual dosage units. The second most important source of error can
occur when the molding excess is calculated solely for the suppository base. This can further dilute
the ﬁnal suppository drug concentration causing the assay to be as low as 80%. As a conclusion we
emphasize that the application of predetermined displacement factors in calculations for the formu-
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lation of suppositories is highly important, which enables the pharmacist to produce a ﬁnal product
containing exactly the determined dose of an active substance despite the different densities of the
components.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.

1. Introduction
Drugs used for rectal administration are frequently supplied by
independent pharmacies and especially clinical pharmacies.
This route of administration is very important in pediatrics.
Pharmaceuticals used for the treatment of fever, pain, spasms,
asthmatic symptoms and vomiting can be administrated rectally (Abd-el-Maeboud et al., 1991; Dahl et al., 2000; Fumoleau et al., 1997; Kauss et al., 2012; Okabayashi et al., 2012;
Richter et al., 2012; Sabchareon et al., 1998; Shiohira et al.,
2009; Tinner et al., 2013). Approximately 80% of the suppositories used in Central Europe are produced extemporaneously
using the molding technique. In clinical pharmacies quantities
of 100–300 and in independent pharmacies 10–12 suppositories
are generally molded as one batch. Suspension suppositories,
in particular, are formulated with a solid fatty vehicle (‘‘e.g.’’
Witepsol 35) or a combination of this suppository base with
surfactants (Rowe et al., 2003). The core of this technology
is the dispersion of the ﬁnely powdered drug with the molten
suppository base. After which, the suspension is molded under
continuous stirring. Fatty suppository bases have very low viscosities, which decrease still further with an increase in temperature, causing rapid sedimentation of the suspended particles
and leading to a non-homogeneous product. When the liquid
mass is molded at around the solidiﬁcation point, solidiﬁcation
occurs immediately as the mass enters the mold, making further additions of the base and drug impossible. In the calculation of the suppository base weight, the following formula
must be applied (Eq. (1)):
Tm ¼ E ÿ

n
X
fi  si

ð1Þ

i¼1

where Tm is the suppository base to be weighed, E is the calibration constant of the mold, fi is the displacement factor of
the ith component and si is the weight of the ith component.
During the calculation of a correct formula, it is not sufﬁcient
to subtract the weight of the solid components from the ﬁnal
weight of the suppository to obtain the required amount of
the suppository base. We must also know the value of E for
the speciﬁc mold and speciﬁc suppository base, which can be
determined through independent measurements. Ten suppositories are usually prepared with the mold, using the pure base,
and after cooling they are weighed and the average suppository
weight is calculated. This average value will be used as the calibration constant for the mold for any speciﬁc base. Since the
density of the active ingredient (hereinafter referred to as
‘‘API’’) incorporated into the suppository base can differ from
that of the base itself, the displacement factor (f) is required to
compensate for the difference in densities. The value of f,
which shows how much base will be displaced by a unit weight
of an API, can be calculated from the following equation (Eq.
(2)):
f¼

100  ðE ÿ GÞ
þ1
Gx

ð2Þ

where E is the weight of the blank suppository containing only
base, G is the weight of the suppository containing an API in a
known concentration, and x is the API content of the suppository in weight percentage.
If the pharmacist fails to carry out the steps in strict accordance with these rules, signiﬁcant deviations will be observed
in the results for the homogeneity of the batch and in the total
drug content of the batch.In this research we report on an
investigation of samples prepared in pharmacies, with a special
emphasis on the homogeneity and the total API content of the
batches. The circumstances of the preparation of the suppositories were known in all cases and are presented. In pharmacies, the f-values of the most frequent APIs in the most
common bases are not generally available. According to a
good manufacturing practice pharmacists apply the participle
of overage during the calculation of the batch composition,
but an incorrect calculation for the amount of vehicle required
and other technological errors may lead to serious deviations
in the ﬁnal dosage for the individual suppositories (Allen,
2007; Miseta and Soós-Csányi, 2011; Rácz and Selmeczi,
1991).
2. Materials and methods
2.1. Materials
HPLC grade solvents and triple-distilled water were used during the chromatographic measurements. For the preparation
of the HPLC mobile phases and sample preparation solvents,
the following materials were used: 4-dimethylaminoantipyrine
(Sigma–Aldrich, St. Louis, MO, USA), methanol (Chromasolv
for HPLC, Sigma–Aldrich, St. Louis, MO, USA), sodium acetate (Reanal, Budapest, Hungary), acetic acid 96% (Molar
Chemicals, Budapest, Hungary), sodium hydroxide (Reanal,
Budapest, Hungary) and sodium chloride (VWR, Prolabo,
Leuven, Belgium). Volumetric solutions for the cerimetric
titrations were prepared with the following materials: cerium(IV) sulfate tetrahydrate (Panreac, Barcelona, Spain), sulfuric acid 96% (Farmitalia Carlo Erba, Milano, Italy) and
ferroin-solution, 1/40 M (Reanal, Budapest, Hungary).
Commercially-made suppositories were used during the
comparisons for the analytical methods. The reference product
was Suppositorium antipyreticum pro parvulo FoNo VII.
Naturland (Naturland Magyarország Kft., Budapest, Hungary), which contained 150 mg of aminophenazone per suppository in a solid fatty suppository base. One box contains
six suppositories (Paál, 2003).
Samples were also prepared in regular pharmacies by the
molding technique, according to the following procedure.
Ten suppositories were obtained from 15 independent pharmacies with a labeled claim of 100 mg of aminophenazone in each
suppository. The choice of vehicle for the suppository was left
to the responsibility of the pharmacist at the site. Practically all
of the samples were prepared with a solid fatty base. In each
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case, predetermined technological errors (known to us) were
made during the sample preparation.
2.2. Test methods
2.2.1. Cerimetric titration
The basis of the drug content determination is the use of a cerimetric redox titration method (Rózsa, 1953), During this assay the nascent oxygen evolved from the reaction of Ce(IV)
with water oxidizes aminophenazone. The end-point of the
titration is observed by the change in color of ferroin added
as the indicator. During the sample preparation, whether from
the commercially prepared suppository or the extemporaneously prepared ones, one suppository is melted over a 40 °C
water bath and 3 replicate samples of 0.20–0.30 g are weighed
from the molten mass into titration ﬂasks. A 10.0 ml portion of
15% sulfuric acid is added to each sample and the mixture is
heated to 40 °C to extract the API from the suppository base.
The mixture is then cooled to room temperature. A 15 ml portion of distilled water is added, and after mixing, one drop of
ferroin as indicator is added. This is then titrated with 0.05 M
cerium(IV) sulfate volumetric solution until the color of the
solution changes from orange to green and remains green for
at least 1 min (Paulenova et al., 2002; Townshend, 2005).
2.2.2. Assay of aminophenazone by HPLC
HPLC measurements were carried out on a Shimadzu Prominence UHPLC system (Shimadzu Corp., Kyoto, Japan)
equipped with an LC-20AD pump, a four port solenoid mixing
valve, a CTO-20A column oven, a DGU-20ASR degasser, and
an SPD-M20A UV/VIS PDA detector with a 10 mm optical
path length ﬂow cell. Sample injection was performed with a
Rheodyne six port manual injector valve ﬁtted with a 20 ll
sample loop. Separation was achieved on a Hypersil ODS
(C18) 150 · 4.6 mm, 5 lm column (Thermo Scientiﬁc, Keystone, UK). Data acquisition and peak integration were carried out with the LC Solution (Shimadzu Corp., Kyoto,
Japan) chromatographic data acquisition and processing
software.
The mobile phase was methanol:sodium acetate (pH 5.5;
0.05 M) (60:40, v/v). The pH of the sodium acetate buffer solution was adjusted to the desired value with acetic acid. The
ﬂow rate of the reversed-phase isocratic eluent was 1.5 ml/
min and the run time was 5 min. The chromatographic column
was thermostated at 30 °C throughout the separation. The
chromatograms were recorded at 243 nm. The retention time

Table 1
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of aminophenazone was found to be 1.8 min. The applied
method was validated. The samples were prepared with a technique elaborated previously by our research group. The exactly
weighed suppository was melted over a 40 °C water bath in a
50:50 (v/v) methanol:water mixture. After identiﬁcation of
the suppository base on the basis of its physicochemical properties, the base was separated from the solution if necessary.
The sample solution was then ﬁltered through a 0.45 lm pore
size nylon membrane ﬁlter. The solution was injected onto the
HPLC through the Rheodyne injector valve.
3. Results and discussion
3.1. Comparison of the cerimetric titration and the HPLC
method
We compared the two analytical methods by measuring two
sets of six commercially-made suppositories from the same
batch having the exact lot number. The individual assays for
the suppositories were carried out by either the volumetric or
the chromatographic technique. All of the ﬁnal results (the
averages of the three replicates for each of the six suppositories
in the case of the titrimetric method, and the individual suppository assay value in the case of the chromatographic determination) fell within the range 95–105%, which conforms to
the strictest requirements of the European Pharmacopoeia.
The individual content data are presented in Table 1.
It should be noted that the volumetric results exhibit a larger standard deviation than that of the chromatographic results, but the preparation of samples for titration (one total
of 18 replicate samples prepared from the molten suppository)
involves a higher level of uncertainty, and this can therefore be
considered acceptable. A comparison of the two methods reveals that both can be used for the analysis of suppositories
containing aminophenazone.
3.2. Dosage uniformity study of extemporaneously prepared
suppositories
We additionally studied pediatric suppositories with the
composition described in Section 2.1. All samples were from
different Hungarian independent pharmacies, and each sample
consisted of 10 individual suppositories. The manufacturing
technology for each of the samples was known to us with the
pharmacists committing intentional technological errors
during the preparation of the suppositories. The extemporane-

Assay results for factory-produced suppository samples, measured by cerimetric titration or the HPLC method.

Sample

Cerimetric titration

S1
S2
S3
S4
S5
S6
Average
SD

101.6
98.9
106.3
96.1
100.9
103.6

Replicates%

Sample

HPLC

S7
S8
S9
S10
S11
S12

103.9
104.9
102.8
102.3
103.9
104.6
103.7
1.01

Average cont.%
107.2
99.3
100.7
100.7
110.4
104.0

103.5
97.5
100.3
97.1
102.1
104.7

104.1
98.5
102.4
98.0
104.5
104.1
101.9
2.93

Content%
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3.4. Effects of stirring on the homogeneity and total assay of the
samples

Figure 1 Mean API content for the samples, with the standard
deviations. An API content in the interval 85–115% is satisfactory. Samples Ph1–Ph9: HPLC results; Samples Ph10–Ph15:
cerimetric titration results.

ously prepared samples (containing 10 suppositories) from
pharmacies Ph1–Ph9 were measured with the HPLC technique
described in Section 2.2.2. The extemporaneously prepared
samples (containing 10 suppositories) from pharmacies
Ph10–Ph15 were tested for dosage uniformity with the titrimetric method presented in Section 2.2.1. All of the ﬁndings (see
Fig. 1) were compared on the basis of the results given in
Section 3.1. It can be stated that two samples conformed to
the speciﬁcations of Ph. Eur. 7.8, ‘‘i.e.’’ the individual assay
values fell within the range 85–115% at level 1, and one further
sample would probably have conformed to the level 2 speciﬁcation of 75–125% (Ph Eur 7.8). For the remaining samples,
generally either lower individual assay results or (in 2 samples)
signiﬁcant non-homogeneity was found, which are justiﬁed by
standard deviation values visible in Table 2.
3.3. Effects of f-value on the assay results
The possible consequences of the most common errors can be
illustrated utilizing a theoretical example. If the pharmacist
produced suppositories on the basis of the following parameters: E = 1.7 g; f = 0.78 and s = 0.1 g then, according to
Eq. (1), Tm = 15.22 g for the 10 suppositories. If f-value is
not applied, but only the weight of the API is subtracted from
the value of E, then we have Tm = 16.0, which will result in an
assay which is 4.6% lower than the required value. If this error
is superimposed with the one when the calculated molding excess is taken solely from the suppository base (taking the required base for 12 dosage units instead of 10) then the
concentration of one suppository is diluted even further, to
80.3% of the intended theoretical value.

The suppository mass can be well homogenized by choosing an
appropriate rate of manual stirring or machine-based mixing.
Stirring during the molding process can help avoid the sedimentation of the API in the container. Too slow a stirring rate
is not effective, however too fast a stirring rate may also lead
to errors: since air bubbles may be formed in the mass, which
will decrease the weight of the suppositories. Foam can be
formed from the surfactant-containing bases, or shearing
forces may appear, which decrease the viscosity of the suppository mass by rheodestruction, causing the rapid sedimentation
of the API. The ideal machine stirring speed for fat-based suppositories is recommended as 150 rpm.
The results demonstrate that the stirring technique for
extemporaneously prepared pharmacist suppositories before
and during the molding procedure was appropriate, with the
exception of a small number of serious cases. Those samples
can be considered homogeneous which gave SD 6 10 with respect to the individual suppository assays. A larger deviation
can originate from the lack of stirring during molding, as
may be seen for samples 5, 7 and 16. Extremely large deviations result when both thorough homogenization and stirring
during the molding process are omitted, which maybe observed for samples 6 and 13. If (f) is not applied and the suppository base is used in an excess amount, the assays for the
samples will fall below the lower limit of acceptance. If the
molten mass is not stirred during molding process, the decrease
in the API content becomes more serious since the suspended
material is sedimented, and the mold will contain an API –
which is depleted from the mixture.
4. Conclusions
The results for pediatric suppositories produced extemporaneously under predeﬁned conditions in Hungarian independent
pharmacies revealed that serious errors may arise if the rules
used in the pharmaceutical technology for preparing such suppositories are not strictly adhered to, and the assay results on
the individual dosage units may be affected. On the other
hand, suppositories prepared with strict adherence to the correct manufacturing practices conform to the speciﬁcations described in Ph. Eur. 7.8. Since extemporaneously prepared
suppository preparations are frequently compounded and supplied in central European clinical pharmaceutical practice because of the low costs involved, we would encourage the use
of and the inclusion of the f-values for the most common APIs
and for the most common suppository bases into the European
or national pharmacopoeias. To our knowledge the paucity of
this information prohibits the preparation of the ‘‘right’’ dose
for the ‘‘right’’ patient and may even do harm. Calibration of

Table 2 Average assay results on the samples and standard deviations in the homogeneity study. Ph in the sample raw stands for
pharmacy.
Sample

Ph1

Ph2

Ph3

Ph4

Ph5

Ph6

Ph7

Ph8

Ph9

Ph10

Ph11

Ph12

Ph13

Ph14

Ph15

Average%
SD

87.7
4.8

56.1
3.6

75.6
3.6

74.8
11.1

85.8
52.8

84.7
11.6

86.9
3.0

76.2
7.8

49.5
7.0

93.7
10.2

75.5
8.0

70.4
7.4

82.9
79.7

54.9
5.5

78.6
14.3
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the mold and the determination of the f-value for these basic
common suppository bases can be accomplished very simply.
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Combined drug products have the advantages of better patient compliance and possible synergic effects. The simultaneous application
of several active ingredients at a time is therefore frequently
chosen. However, the quantitative analysis of such medicines can
be challenging. The aim of this study is to provide a validated
method for the investigation of a multidose packed oral powder that
contained acetylsalicylic acid, paracetamol and papaverine-HCl.
Reversed-phase high-pressure liquid chromatography was used.
The Agilent Zorbax SB-C18 column was found to be the most suitable of the three different stationary phases tested for the separation of the components of this sample. The key parameters in the
method development (apart from the nature of the column) were
the pH of the aqueous phase (set to 3.4) and the ratio of the organic
(acetonitrile) and the aqueous (25 mM phosphate buffer) phases,
which was varied from 7:93 (v/v) to 25:75 (v/v) in a linear gradient,
preceded by an initial hold. The method was validated: linearity,
precision (repeatability and intermediate precision), accuracy, specificity and robustness were all tested, and the results met the ICH
guidelines.

Many authors have described the simultaneous determination
of paracetamol and ASA in various pharmaceutical dosage forms
and also in blood or urine samples (8 –18), but the available literature on the HPLC analysis of papaverine is quite limited.
Mostly, the presence of papaverine together with opiates has
been studied (19–27) and many ﬁndings are available as concerns its identiﬁcation in blood samples from opiate drug users
(20, 23, 24, 26, 27). Its UV –vis detection in chromatographic
methods is very rare. The mobile phase compositions applied
are often complex, containing multiple organic modiﬁers, which
are beneﬁcial from the aspect of papaverine, but do not facilitate
the analysis of samples containing paracetamol and ASA too. The
NSAID components of the mixtures would elute within the void
or coelute if the method suitable for paracetamol analysis were
applied. Despite a thorough search, we have found no hits for
the determination of paracetamol, papaverine and ASA with a
single analytical method, and conclude that the simultaneous
RP-HPLC analysis of these three components has not been previously published.

Introduction

Experimental

A number of drug products are available on the market for the
treatment of smooth muscle spasm, e.g., in the biliary, renal and
intestinal tracts. For the mitigation of acute renal or gastrointestinal pain, the primary drug of choice is a nonsteroidal antiinﬂammatory drug (NSAID) such as paracetamol, acetylsalicylic
acid (ASA) or ibuprofen (1). Such conditions are frequently
treated with combined products, which contain a smooth
muscle antispasmodic together with one or more NSAID painkiller(s) (2). The combination of papaverine hydrochloride ( papaverine) and ibuprofen or indometacin is nowadays commonly
used, especially for the treatment of dysmenorrhea. As regards
the administration of papaverine, the research focus has shifted
in recent years from the gastrointestinal tract to the coronary arteries (3) and the therapy of an erectile dysfunction (4 –6).
Nevertheless, in pharmaceutical practice, papaverine is still commonly prescribed as an antispasmodic to relieve gastrointestinal
and menstrual spasms.
When a rapid effect is desired, the active pharmaceutical
ingredients (APIs) can be applied in powder dosage form
without excipients. Analgesic drugs are often formulated as multidose packed oral powders. An oral powder as a pharmaceutical
dosage form containing solid ingredients, including one or more
APIs with or without excipients. It is generally administered in
or with water or another suitable liquid. It may also be swallowed
directly (7).

Materials and instruments
The following materials were used in our studies: paracetamol
(Ph. Eur. 6.0, Phoenix Pharma Plc., Hungary, Lot No.: 1011204),
papaverine-HCl (Molekula, Shaftesbury, UK), ASA (Ph. Eur. 6.0,
University Pharmacy, University of Szeged, Szeged, Hungary),
methanol (Chromasolv for HPLC, Sigma-Aldrich, St. Louis, MO,
USA), acetonitrile (ACN) (VWR, Prolabo, Fontenay-Sous-Bois,
France), sulfuric acid 96% (Analyticals Carlo Erba, Milano, Italy),
potassium dihydrogenphosphate (SPEKTRUM-3D, Debrecen,
Hungary) and potassium hydroxide (Reanal, Budapest, Hungary).
Throughout the experiments, HPLC grade solvents were used.
The solvents and the aqueous solutions were prepared with
triple distilled water.
HPLC measurements were carried out on a Shimadzu
Prominence UHPLC system (Shimadzu Corp., Kyoto, Japan)
equipped with an LC-20AD pump, a four-port solenoid mixing
valve, a CTO-20A column oven, a DGU-20ASR degasser and an
SPD-M20A UV/VIS PDA detector with a 10-mm optical path
length ﬂow cell. Samples were injected via a Rheodyne six-port
manual injector valve ﬁtted with a 20-mL sample loop. During
the method development, separation was studied on a Hypersil
ODS (C18) 150  4.6 mm, 5 mm column (Thermo Scientiﬁc,
Keystone, UK), a Luna C18(2), 150  4.6 mm, 3 mm column
(Phenomenex, Torrance, CA, USA) and a Zorbax SB-C18 150 
4.6 mm, 3.5 mm column (Agilent, Santa Clara, CA, USA). Data
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acquisition and peak integration were carried out with LCSolution
(Shimadzu Corp., Kyoto, Japan) chromatographic data acquisition
and processing software. The results were evaluated with
LCSolution and Microsoft Ofﬁce Excel 2007 software. The log D
vs. pH function was predicted with Pallas intelligent chromatographic software (28). The samples were ﬁltered through a
0.45-mm pore size nylon membrane ﬁlter (Millipore Ireland Ltd.,
Tullagreen, Carrigthwohill, Ireland) before the injection.

Sample preparation
For the stock solution, 48.0 mg powder (17.0 mg paracetamol,
26.0 mg ASA and 5.0 mg papaverine in a homogeneous mixture)
was weighed with analytical precision into a 50.0-mL volumetric
ﬂask, dissolved and made up to volume with the solvent, phosphate buffer (25 mM, pH 3.43): ACN (85:15, v/v). During the
preparation, the sample was heated to 408C, this step being
required for the complete dissolution of ASA, which has low
solubility (slightly soluble according to Ph. Eur.) in water. For
the working sample solution, 3.0 mL stock solution was diluted
to 10.0 mL and ﬁltered through a 0.45-mm Millipore syringe ﬁlter
before injection.

Results
Method development strategy
As the ﬁrst step of the chromatographic method development,
the properties of the drugs which may inﬂuence the separation
were determined. Particularly, the separation of papaverine and
ASA can be difﬁcult to achieve in view of the speciﬁc pK values
and the log D versus pH curves (Figure 1), which were calculated with Pallas chromatographic software. The pH of the
applied aqueous mobile phase is one of the key parameters that
affects the separation. The range between 2 and 8 is optimum
from the aspect of the stationary phase, but the range between 1
and 6 is not appropriate for the separation of papaverine, which
contains one basic nitrogen with a pK in the upper part of the
range. In the pH interval 3 –8, the ratio of the dissociated and

Figure 1. Log D versus pH curves of paracetamol, ASA and papaverine.
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undissociated forms of ASA changes. At pH .6 (which is beneﬁcial for papaverine separation), ASA peak splitting was observed.
In light of the above ﬁndings, the most challenging task was to
ﬁnd the most appropriate combination of the boundary conditions, where the overall negative inﬂuence on the separation and
elution of the analytes is least. pH 3.4 + 0.05 was found to be a
reasonable compromise for the pH of the aqueous phase. An
assay of papaverine alone was reported in the application database of Agilent, which involved a similar pH in the aqueous mobile
phase (http://www.chem.agilent.com/Library/applications/596
81112.pdf ). In this method, the aqueous eluent contained
25 mM potassium dihydrogenphosphate, but sulfuric acid was
used to adjust the pH so as not to increase the phosphate concentration.
It can be seen in Figure 1 that at pH 3.4 paracetamol and most
of the ASA are in an undissociated form. The basic papaverine is
at the beginning of the transient section of the equilibrium,
which can be observed between pH 3 and 6 in the log D curve.
The ratio of the organic modiﬁer of the mobile phase, ACN, was
linearly increased from 7 to 80% during the initial 16 min of the
run, and was then kept constant for 4 min. Between 20 and
22 min, the ratio of the organic modiﬁer was linearly decreased
to the initial level, at which it was held constant during the remainder of the run, to 25 min. A 1:1 (v/v) mixture of methanol
and the mobile phase was suggested as solvent in the literature
method. The ﬂow rate of the mobile phase was 1.5 mL/min and
the separation was achieved on a Hypersil ODS column at 608C.
The results of the runs under the above-described conditions
can be seen in chromatogram (a) in Figure 2, where paracetamol
and ASA were co-eluted. An initial isocratic hold was therefore
inserted into the method before the gradient for the resolution
of the co-elution, because the lower organic content selectively
increased the retention times of the peaks, removing them from
the void. In the new method, we applied a constant 7% ACN
section during the initial 2 min, followed by a similar gradient as
described above. At this point, it became obvious that the hydrophobicity of the stationary phase was too low and the retention
of the basic papaverine was too high, so that it could not be
eluted with acceptable peak shape within a reasonable time, although the separation of paracetamol and ASA was ideal.
For optimization of the peak shape, an alternative column had
to be used. Two columns with different selectivity and with
higher hydrophobicity than that of the Hypersil ODS column
were chosen on the basis of the data to be found in the comparative column selectivity database of Waters (http://www.waters.
com/waters/promotionDetail.htm?id=10048475&locale=en_US)
the Luna C18(2) and the Zorbax SB-C18 stationary phases. It is
clear from chromatogram (b) in Figure 2 that a hydrophobicity
increase of ,1 order of magnitude led to the successful elution
of papaverine. This latter method resulted in the co-elution of
ASA and papaverine on both columns. In order to resolve the
peaks, the can content at the end of the gradient and in the
second isocratic section had to be decreased from 80 to 25%.
This modiﬁcation resulted in suitable peak separation for all
three analytes on both Luna C18(2) and Zorbax SB-C18. ASA and
papaverine were eluted with higher resolution on the more selective Zorbax SB-C18 column. The retention parameters of the
separated peaks on the three different columns are presented in
Table I. It is clear that the Hypersil ODS column was not suitable
for the simultaneous separation of the three components,

Table I
Chromatographic Parameters of the Sample Peaks on the Three Columns
Column type

Parameter

Paracetamol

ASA

Papaverine

Hypersil ODS

k0
a
R
tR
k0
a
R
tR
k0
a
R
tR

0.549
0.000
–
2.323
1.324
0.000
–
3.486
0.662
0.000
–
2.492

2.866
5.224
25.511
5.799
3.487
2.634
29.949
6.731
2.932
4.432
30.844
5.897

–
–
–
–
3.937
1.129
7.039
7.406
4.102
1.399
16.192
7.653

Luna C18

Zorbax SB-C18

k0 is the retention factor, a is the separation factor, R is the resolution and tR is the retention time.

Figure 3. Comparison of the three stationary phases: (a) Zorbax SB-C18, (b) Luna C18
and (c) Hypersil ODS. It can be observed that papaverine was completely retained on
the Hypersil ODS.

Figure 2. Chromatograms obtained on the Hypersil ODS (a), Luna C18(2) (b) and
Zorbax SB-18 (c) columns.

whereas the Luna C18 and Zorbax SB-C18 columns were equally
appropriate; nevertheless, the results obtained on the Zorbax
SB-C18 column were superior to those the on the Luna C18 stationary phase as concerns its higher selectivity. Sample chromatograms measured on the three columns are presented in
Figure 3.

The developed method
The mobile phase during the quantitative determination was
a potassium dihydrogenphosphate (25 mM, pH 3.43): ACN
mixture. The details of the solvent gradient are to be seen in
Table II. The buffer was prepared with potassium dihydrogenphosphate, and the pH of the solution was adjusted to the
desired value with 1 M sulfuric acid solution. The ﬂow rate was
1.5 mL/min, the run time was 10 min and the column temperature was 608C. The chromatograms were recorded at 240 nm, at
which wavelength all three components can be detected reproducibly. The choice of the detection wavelength was limited by
the molar absorptivity of ASA, which is ≏1 order of magnitude
lower than those of the other components (29). Although ASA is
the main component of the mixture, its peak intensity is lower
than that of paracetamol. During runs, the UV spectra (200 –
300 nm) of the components were collected for identiﬁcation of
the drugs. The column applied during method validation was the
Zorbax SB-C18 150  4.6 mm, 3.5 mm column.

Validation
We present a full validation of the method according to ICH
guideline Q2 (R1) (30), including linearity, repeatability, intermediate precision, accuracy, speciﬁcity and robustness. As the
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Table II
Solvent Gradient in the Chromatographic Method Described in Section Method Development
Strategy
Time

ACN (%)

0.00
2.00
4.00
8.00
8.10
10.0

7
7
25
25
7
7

Table III
Results of the Accuracy Studies
Level

70%

100%

130%

Paracetamol %

1.
2.
3.
1.
2.
3.
1.
2.
3.

ASA (%)

Papaverine (%)

Rep.

Mean

RSD

Rep.

Mean

RSD

Rep.

Mean

RSD

103.0
102.1
102.3
101.4
102.3
102.1
100.7
102.5
102.1

102.5

0.45

100.1

0.61

0.26

0.43

98.5

0.17

98.7

0.47

101.7

0.94

97.6

0.59

98.4
97.9
98.2
98.2
98.9
99.0
95.8
97.4
97.1

98.1

101.9

100.8
99.8
99.7
98.3
98.7
98.5
97.0
98.1
97.7

96.8

0.90

method was to be utilized for the rapid quality control of dosage
units, which does not require the method to be stability indicating, forced degradation studies were not conducted (31).

Linearity
The linearity of the method was examined in the concentration
range between 0.02 and 0.04 mg/mL in the case of paracetamol,
between 0.03 and 0.065 mg/mL for ASA and between 0.006 and
0.013 mg/mL for papaverine, these data corresponding to 70 –
130% of the nominal contents of the dosage units. The range
was covered by the use of six 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 concentrations of the solutions and a straight line was ﬁtted to the
points. The slope of the paracetamol ﬁtted straight line was
2.0171  108, the intercept was 1.5172  103 and R 2 was
0.9995. The slope of the ﬁtted straight line in the case of ASA
was 4.9169  107, the intercept was 4.9344  104 and R 2 was
0.9997. Finally, the slope of the ﬁtted straight line for papaverine
was 3.1811  108, the intercept was 23.6861  104 and R 2 was
0.9997. This demonstrated that in the studied concentration
range the response of the method was linear.

Precision

Repeatability. Repeatability was checked on six individual
samples according to the method described in Section Method
development strategy. For paracetamol and ASA, RSD% proved to
be 0.4 and 0.6%, respectively, both of which are acceptable. The
papavarine results gave the highest RSD%, 1.4%, but this is also
acceptable when the very low nominal amount of drug in the
sample is taken into consideration.
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Intermediate precision. The same analysis procedure was
carried out by a different analyst on a different day, using a
freshly prepared mobile phase.
The results for the paracetamol component were an RSD% of
0.7% and a relative difference of 1.3% between the averages of
the repeatability (Day 1) and intermediate precision (Day 2)
results compared with the mean of the average values measured
for each. Both results can be accepted according to the principles of general pharmaceutical analytical practice. For ASA, the
RSD% of the individual results was 0.9%, while the relative difference between the repeatability and intermediate precision was
1.2%. For papaverine, the RSD% proved to be 2.1% and the relative difference of the mean values on the 2 days was also 2.1%.
All three results are in accordance with the appropriate guidelines, and are therefore considered acceptable.
Accuracy
The accuracy of the method was studied in the range between
70 and 130% of the nominal content of the powder. The results
are shown in Table III. Although all of the average values fell
between 95 and 105%, it should be mentioned that in the cases
of ASA and papaverine most of the averages were ,100%, while
in the case of paracetamol they were .100%. This may raise a
warning ﬂag, but no trend was observed within the results that
could be correlated with the increasing concentration of the
sample groups.
Specificity
When the procedure was carried out with the solvent as blank
(the sample contained the API without excipients), no peaks
were detected at the retention times of the drugs.
Robustness
Examinations were made of the effects of changing the organic:aqueous ratio in the isocratic phases of the gradient, 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
shapes of the drug peaks. The results of the robustness studies
(Table IV) 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. Variation of the pH of the
aqueous phase caused only minor shifts in the retention times of
the paracetamol and ASA peaks. The elution of paracetamol was
not inﬂuenced by this parameter at all. In the cases of ASA and
papaverine, the shift of the retention time in the opposite direction with the increase of pH caused an increase in resolution,
which is in agreement with the increasing polarity of the components with pH. The ﬂow rate change caused a minimal change
in the retention time, proportional to the extent of the change.
Flow rate changes did not inﬂuence the peak shape or plate
numbers. Changes in column temperature did not cause signiﬁcant changes in the retention times. Nevertheless, it is noteworthy that the retention of papaverine decreased with the
decrease of temperature. Finally, variation of the organic:aqueous ratio, both at the start and at the end of the gradient,
caused considerable changes in the peak retention times.
Decrease of the organic modiﬁer content of the initial hold
increased the retention of paracetamol, while increase of the
organic component pushed the peak very close to the void

Table IV
Results of the Method Robustness Tests
Condition changed

Column temperature (8C)

Buffer pH

Flow rate/(mL/min)

Aqueous : organic ratio

Paracetamol

55
60
65
3.23
3.43
3.63
1.4
1.5
1.6
5%
7%
9%
23%
25%
27%

ASA

Papaverine

tR (min)

N

Symmetry factor

tR (min)

N

Symmetry factor

tR (min)

N

Symmetry factor

2.660
2.527
2.358
2.531
2.527
2.516
2.695
2.527
2.357
3.030
2.527
2.122
2.516
2.527
2.502

6380
5540
5600
5843
5540
5690
5521
5540
5346
6408
5540
5865
6052
5540
6152

1.261
1.237
1.264
1.249
1.237
1.245
1.242
1.237
1.265
1.210
1.237
1.319
1.270
1.237
1.252

6.324
6.213
6.032
6.308
6.213
6.072
6.453
6.213
6.000
6.324
6.213
5.986
6.399
6.213
5.998

69,377
69,445
81,057
68,186
69,445
75,013
68,816
69,445
70,952
77,103
69,445
69,115
65,585
69,445
78,520

1.445
1.460
1.423
1.476
1.460
1.412
1.437
1.460
1.449
1.418
1.460
1.476
1.404
1.460
1.443

7.122
7.160
6.992
6.933
7.160
7.252
7.459
7.160
6.900
7.132
7.160
6.947
7.714
7.160
6.618

50,747
53,197
60,963
53,433
53,197
52,516
51,720
53,197
53,720
54,830
53,197
54,415
45,410
53,197
63,169

1.597
1.588
1.542
1.629
1.588
1.563
1.604
1.588
1.595
1.583
1.588
1.567
1.613
1.588
1.559

peak. Decrease of the organic modiﬁer content at the end of the
gradient increased the retention of both ASA and papaverine,
this being more signiﬁcant in the case of papaverine. On the
other hand, the papaverine peak shape became more asymmetric and the number of theoretical plates also decreased in this
case. A change in the opposite direction led to decreases in the
retention times of ASA and papaverine, the greater effect being
observed for papaverine and in this case the two peaks came too
close to each other. This last change did not inﬂuence the retention of paracetamol; only a slight increase in the theoretical plate
number was observed.
The results reveal that the method is robust, and the peaks are
well separated and elute with acceptable symmetry within the
studied boundaries of the parameters.

method and the validation steps were carried out with this
phase. An elevated column temperature made it possible to
develop a rapid and efﬁcient method with rather low back pressure (a maximum of ≏100 bar during the runs), which ensures a
longer column lifetime. The method validation was carried out
according to the current ICH guidelines. All the results satisﬁed
the guideline requirements.
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Kalmár, et al.: HPLC Determination of 4-Dimethylaminoantipyrine in Suppository Bases
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 µl 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.
Key words: HPLC, validation studies, 4-dimethylantipyrine, suppositories, analytic sample preparation

6XSSRVLWRULHV DUH FXUUHQWO\ YHU\ SRSXODU IRUPXODWLRQV
HVSHFLDOO\ LQ SDHGLDWULFV ZKHUH WKH\ FDQ EH XVHG
IRU WKH HIIHFWLYH ORZHULQJ RI IHYHU 7KH FKRLFH RI D
VXSSRVLWRU\ DV WKH PRGH RI GUXJ GHOLYHU\ LV MXVWLILHG
LQ DOO FDVHV ZKHQ RUDO GHOLYHU\ LV LPSRVVLEOH WKDW LV
DQ XQFRQVFLRXV RU YRPLWLQJ SDWLHQW RU LQ WKH FDVH
RI LQIDQWV 7KH WKHUDSHXWLF HIIHFW RI FRUUHFWO\ DSSOLHG
VXSSRVLWRULHV FDQ EH FRPSDUHG ZLWK WKDW RI LQMHFWLRQV
EHFDXVH WKH DFWLYH VXEVWDQFH FDQ SHQHWUDWH IURP WKH
ORZHU WUDFW RI WKH UHFWXP WR WKH LQIHULRU YHQD FDYD
WKHUHE\ DYRLGLQJ WKH YHQD SRUWDH DQG WKH OLYHU DQG FDQ
H[HUW D V\VWHPLF HIIHFW ZKHQ WUDQVSRUWHG WR WKH YHQD
FDYD LQIHULRU &XUUHQWO\ VXSSRVLWRULHV DUH DFWXDOLW\ XVHG
WKHUDSHXWLFDOO\ DOO RYHU WKH ZRUOG 6XSSRVLWRU\ LV EHLQJ
ZLGHO\ XVHG IRU VHYHUDO LQGLFDWLRQV XWLOLVLQJ LWV IHDWXUH
WKDW ORFDO HIIHFW RI WKH VXSSRVLWRU\ FDQ EH WUDQVIRUPHG
LQWR WKHUDSHXWLF EHQHILW HJ LQ FDVH RI WUHDWPHQW RI
XOFHUDWLYH FROLWLV XOFHUDWLYH SURFWLWLV RU FRORUHFWDO FDQFHU
LQ SDHGLDWULF SUDFWLVH >@7UHDWPHQW RI DFXWH PDODULD LQ
FDVH RI FKLOGUHQ UHTXLUHV FRPELQDWLRQ WKHUDS\ LQ RUGHU
*Address for correspondence
E-mail: gerda.szakonyi@pharm.u-szeged.hu
January - February 2014

WR DYRLG GHYHORSPHQW RI PXOWLGUXJ UHVLVWDQFH ,Q WKHVH
VFHQDULRV LW LV D SODXVLEOH VROXWLRQ WR GHOLYHU RQH RI
WKH GUXJV RI WKH FRPELQDWLRQ LQ VXSSRVLWRU\>@ 7KXV
UDSLG V\VWHPLF HIIHFW FDQ EH DFKLHYHG )RU WKH GHOLYHU\
RI VHYHUDO QRQVWHURLG DQWLLQÀDPPDWRU\ GUXJV VXFK DV
SDUDFHWDPRO RU LQGRPHWKDFLQ HI¿FDF\ RI VXSSRVLWRU\
IRUP LV HTXLYDOHQW ZLWK RU VXSHULRU WR RUDO URXWH>@
7KHUHIRUH WKH TXDOLW\ FRQWURO RI WKLV ZLGHO\ DSSOLHG
GRVDJH IRUP ZLWK D PRGHUQ LQVWUXPHQWDO DQDO\WLFDO
PHWKRG LV KLJKO\ GHVLUHG
,Q +XQJDULDQ SKDUPDFHXWLFDO SUDFWLFH H[WHPSRUDQHRXV
SURGXFWV LQFOXGLQJ VXSSRVLWRULHV DUH MXVW DV SRSXODU
DV IDFWRU\SURGXFHG PHGLFLQHV ([WHPSRUDQHRXV
SURGXFWV FRPSULVH SDUW RI SHUVRQDO WKHUDS\ DQG
WDNH LQWR DFFRXQW WKH SK\VLFDO VWDWXV DJH DQG RWKHU
GLVHDVHV RI WKH SDWLHQW ([WHPSRUDQHRXVO\ SURGXFHG
SKDUPDFHXWLFDOV DUH XVHG SDUWLFXODUO\ LQ SDHGLDWULF
FOLQLFDO GHSDUWPHQWV ZKHUH WKH\ DUH WKH PRVW HIIHFWLYH
PHDQV RI ORZHULQJ IHYHU
'LPHWK\ODPLQRDQWLS\ULQH DPLQRSKHQD]RQH
$0)=  LV DQ DQWLS\UHWLF DQG DQDOJHVLF WKDW LV
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IUHTXHQWO\ XVHG LQ SDHGLDWULF SUDFWLFH LQ +XQJDU\
7KLV PROHFXOH LV DOVR UHIHUHQFHG LQ OLWHUDWXUH
DV GLPHWK\ODPLQRGLPHWK\OSKHQ\O
GLK\GUR+S\UD]RORQ DPLQRS\ULQ S\UDPLGRQ
GLPHWK\ODPLQRSKHQ\OGLPHWK\OS\UD]RORQ GLPHWK\O
GLPHWK\ODPLQRSKHQ\OS\UD]RORQ
RU
GLPHWK\ODPLQRSKHQD]RQ
1XPHURXV PDQXIDFWXUHUV PDUNHW DQWLS\UHWLF
VXSSRVLWRULHV LQ YDULRXV GRVDJH VWUHQJWKV IRU QHRQDWHV
DQG LQIDQWV 7KH DQWLIHEULOH HIIHFW RI$0)= GHYHORSV
HVSHFLDOO\ TXLFNO\ FRPSDUDEOH WR WKDW RI LQMHFWLRQV 
LI WKH GUXJ LV WDNHQ UHFWDOO\$Q DGGLWLRQDO EHQHILW
LV WKDW LWV DGPLQLVWUDWLRQ GRHV QRW UHTXLUH VSHFLDOO\
WUDLQHG VWDII
$JUDQXORF\WRVLV RQH RI WKH UHJLVWHUHG VLGH
HIIHFWV RI WKH VXEVWDQFH KDV D YHU\ ORZ
LQFLGHQFH ZKLOH FDUFLQRJHQLFLW\ DQRWKHU SRVVLEOH
VLGHHIIHFW FDQ EH FRPSOHWHO\ HOLPLQDWHG
WKURXJK UHFWDO DGPLQLVWUDWLRQ >@  'XULQJ LWV
ELRWUDQVIRUPDWLRQ>@$0)= LV GHPHWK\ODWHG>@
LQ WZR VWHSV FDWDO\VHG E\ F\WRFKURPH 3
2B >@ 7KH GHPHWK\ODWHG SURGXFW WKHQ XQGHUJRHV
DFHW\ODWLRQ [12] DQG LV HOLPLQDWHG IURP WKH ERG\ DV
DFHW\ODPLQRDQWLS\ULQH ,Q WKH SUHVHQFH RI QLWULWH
LRQ DW S+ EHWZHHQ  DQG  WKH FDUFLQRJHQLF
QLWURVDPLQH GHULYDWLYH GLPHWK\OQLWURVDPLQH LV
IRUPHG >@  LQ SDUDOOHO ZLWK WKH GHPHWK\ODWLRQ
7KH SK\VLRORJLFDO FLUFXPVWDQFHV LQ WKH VWRPDFK
SURYLGH D VXLWDEOH PHGLXP IRU WKLV UHDFWLRQ WR WDNH
SODFH>@ ,Q FRQWUDVW WKH UHFWDO DGPLQLVWUDWLRQ RI
$0)= FRPSOHWHO\ HOLPLQDWHV WKH SRVVLELOLW\ RI
GLPHWK\OQLWURVDPLQH IRUPDWLRQ DV WKH S+ RI WKH
PXFRXV ÀXLG LQ WKDW UHJLRQ LV DURXQG 
,Q FRQVHTXHQFH RI WKH LQFUHDVHG DSSOLFDWLRQ RI
VXSSRVLWRULHV WKHUH LV D FXUUHQW GHPDQG IRU D
UDSLG HIIHFWLYH DQG VWDWHRIWKHDUW UHYHUVHGSKDVH
FKURPDWRJUDSKLF PHWKRG IRU URXWLQH DQDO\VLV 2XU
OLWHUDWXUH VHDUFK UHYHDOHG WKDW PHWKRGV IRU WKH KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ +3/&  DQDO\VLV
RI $0)= DUH YHU\ UDUH DQG WKRVH IRXQG UHODWHG
WR YHU\ ORZ FRQFHQWUDWLRQV LQ ELRORJLFDO IOXLGV RU
tissues>@ 2XU DLP ZDV WKHUHIRUH WR GHYHORS DQG
YDOLGDWH D VXLWDEOH JHQHUDO VDPSOH SUHSDUDWLRQ DQG
FKURPDWRJUDSKLF PHWKRG IRU VXSSRVLWRULHV FRQWDLQLQJ
$0)= 0RUHRYHU +3/& DQDO\VLV RI WKH S\UD]RORQH
GHULYDWLYH PHWDPL]ROH LQ WDEOHW IRUPXODWLRQV
FRXOG VKHG OLJKW RQ WKH LQLWLDO VWHSV RI PHWKRG
GHYHORSPHQW>@
32

0$7(5,$/6$1' 0(7+2'6
7KURXJKRXW WKLV LQYHVWLJDWLRQ +3/& JUDGH RUJDQLF
VROYHQWV ZHUH XVHG 0HWKDQRO ZDV REWDLQHG IURP
0HUFN /L&KURVROY 'DUPVWDGW *HUPDQ\  DQG 6LJPD
$OGULFK &KURPDVROY IRU +3/& 6W /RXLV 02
86$  7KH EXIIHU VROXWLRQV ZHUH SUHSDUHG E\ XVLQJ
WULSOH GLVWLOOHG ZDWHU 7KH S+ RI WKH EXIIHU VROXWLRQV
ZDV VHW WR WKH GHVLUHG YDOXH E\ XVLQJ VRGLXP DFHWDWH
DQK\GUDWH 5HDQDO  DQG DFHWLF DFLG  0RODU
&KHPLFDOV  'LPHWK\ODPLQRDQWLS\ULQH 6LJPD
$OGULFK  ZDV XVHG DV UHIHUHQFH VXEVWDQFH
6XSSRVLWRULHV EDVHG RQ DGHSV VROLGXV KDUG IDW 3K
(XU   RU RQ PDVVD PDFURJROL  D K\GURSKLOLF
VXSSRVLWRU\ EDVH VRUELWDQ PRQRODXUDWH DQG PDFURJRO
 LQ  ZZ UDWLR  ZLWKRXW RU ZLWK WKH DFWLYH
VXEVWDQFH  PJ RI$0)=  ZHUH XWLOLVHG IRU WKH
DFFXUDF\ DQG VSHFL¿FLW\ VWXGLHV RI WKH YDOLGDWLRQ DQG
GXULQJ WKH PHWKRG GHYHORSPHQW WKH\ ZHUH SURYLGHG
E\ WKH 3KDUPDF\ RI WKH 8QLYHUVLW\ RI 6]HJHG
5HSHDWDELOLW\ DQG LQWHUPHGLDWH SUHFLVLRQ VWXGLHV ZHUH
carried out with 6XSSRVLWRULXP DQWLS\UHWLFXP SUR
SDUYXOR SUHSDUHG DFFRUGLQJ WR )RUPXODH 1RUPDOHV
9,, D FROOHFWLRQ RI VWDQGDUG SUHVFULSWLRQV LQ
+XQJDU\  SURGXFHG E\ 1DWXUODQG +XQJDU\ /WG
%XGDSHVW +XQJDU\  LQ RUGHU WR HQVXUH WKH EHVW
KRPRJHQHLW\ RI WKH VDPSOHV
3DHGLDWULF VXSSRVLWRULHV WKDW FRQWDLQ  PJ RI$0)=
H[FOXVLYHO\ DUH QRW PDUNHWHG E\ SKDUPDFHXWLFDO
FRPSDQLHV 7KHVH UHIHUHQFH VXSSRVLWRULHV
IRU WKH UHSHDWDELOLW\ DQG LQWHUPHGLDWH SUHFLVLRQ
PHDVXUHPHQWV ZHUH WKHUHIRUH SURYLGHG E\ WKH
,QVWLWXWH RI 3KDUPDFHXWLFDO 7HFKQRORJ\ RI WKH )DFXOW\
RI 3KDUPDF\ 8QLYHUVLW\ RI 6]HJHG SUHSDUHG DV
SUHVFULEHG E\ WKH DXWKRUV  VXSSRVLWRULHV ZHUH
SUHSDUHG FRQWDLQLQJ  PJ RI $0)= LQ HDFK
GRVDJH XQLW$OO GRVDJH XQLWV XVHG GXULQJ WKH PHWKRG
GHYHORSPHQW DQG YDOLGDWLRQ ZHUH SUHSDUHG WKURXJK WKH
XVH RI PRXOGV IRU LQIDQW VXSSRVLWRULHV
Instruments and conditions:
$OO PHDVXUHPHQWV ZHUH FDUULHG RXW XVLQJ D 6KLPDG]X
3URPLQHQFH 6KLPDG]X &RUS -DSDQ  XOWUD KLJK
SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ 8+3/&  V\VWHP
FRQVLVWLQJ RI DQ /&$' KLJKSUHVVXUH SXPS
HTXLSSHG ZLWK D ZD\ VROHQRLG PL[LQJ YDOYH D
&7$ FROXPQ WKHUPRVWDW DQG DQ 63'0$
899LV 'LRGH $UUD\ GHWHFWRU HTXLSSHG ZLWK D 
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PP RSWLFDO SDWK OHQJWK ÀRZ FHOO 7KH LQMHFWLRQV ZHUH
FDUULHG RXW YLD D 5KHRG\QH PDQXDO LQMHFWLRQ YDOYH
¿WWHG ZLWK D  O VDPSOH ORRS 7KH VHSDUDWLRQ ZDV
DFKLHYHG RQ D +\SHUVLO 2'6 &  î PP
 P FROXPQ 7KHUPR 6FLHQWLILF .H\VWRQH 8. 
7KH ÀRZ UDWH RI WKH PRELOH SKDVH ZDV  POPLQ
7KH FRPSRVLWLRQ RI WKH PRELOH SKDVH ZDV VHOHFWHG
RQ WKH EDVLV RI WKH UHVXOWV REWDLQHG IURP 3DOODV
FKURPDWRJUDSKLF SUHGLFWLRQ VRIWZDUH[21] 7KH PRELOH
SKDVH ZDV PHWKDQRO±VRGLXP DFHWDWH EXIIHU S+ 
 0   YY  7KH FKURPDWRJUDPV ZHUH
DFTXLUHG DW  QP IRU  PLQ 7KH FKURPDWRJUDPV
ZHUH LQWHJUDWHG E\ PHDQV RI /&6ROXWLRQ VRIWZDUH
6KLPDG]X &RUS
&KURPDWRJUDSKLF PHWKRG GHYHORSPHQW
7KH VWDWLRQDU\ SKDVH ZDV FKRVHQ RQ WKH EDVLV RI WKH
ZRUN RI (O6HLNK HW DO[20] EXW RXU LQLWLDO H[SHULPHQWV
UHYHDOHG WKDW WKH FRPSRVLWLRQ DQG WKH S+ RI WKH
PRELOH SKDVH KDG WR EH FKDQJHG FRQVLGHUDEO\ :LWK
PHWKDQRO±DFHWLF DFLG S+     YY 
DV PRELOH SKDVH WKH $0)= SHDN HOXWHG EHWZHHQ
 DQG  PLQ DQG VKRZHG VLJQLILFDQW DV\PPHWU\
,W ZDV REYLRXV WKDW WKH PRELOH SKDVH FRPSRVLWLRQ
GHVFULEHG E\ (O6HLNK HW DO  ZRXOG KDYH JLYHQ D
PXFK ORQJHU UHWHQWLRQ WLPH 6LPXODWLRQV FDUULHG RXW
ZLWK WKH 3DOODV VRIWZDUH>@ VKRZHG WKDW WKH S+ VKRXOG
EH ! WR DFKLHYH DFFHSWDEOH UREXVWQHVV DQG SHDN
VKDSH$ VHW RI H[SHULPHQWV ZDV WKHUHIRUH GHVLJQHG
XVLQJ PHWKDQRO±VRGLXP DFHWDWH EXIIHU S+  RU 
 0  RU  YY  DV PRELOH SKDVH LQ WKH
YDULRXV FRPELQDWLRQV 7KH VKDSH RI WKH$0)= SHDN
LQ WKH UHVXOWLQJ FKURPDWRJUDPV LPSURYHG RQ LQFUHDVH
RI ERWK WKH S+ DQG WKH SURSRUWLRQ RI PHWKDQRO ,Q WKH
¿QDO H[SHULPHQW ZLWK PHWKDQRO±VRGLXP DFHWDWH EXIIHU
S+   0   YY  DV HOXHQW WKH V\PPHWU\
IDFWRU RI WKH$0)= SHDN SURYHG WR EH  DQG WKH
SHDN ZLGWK PHDVXUHG DW WKH EDVHOLQH ZDV  PLQ ,W
VWLOO VHHPHG SODXVLEOH WR XVH DFHWDWH EXIIHU DW S+ 
ZKHUH LW KDV D VRPHZKDW ORZHU EXIIHU FDSDFLW\ EXW
WKH FKRVHQ FRQFHQWUDWLRQ RI  0 FRPSHQVDWHV WKLV
3UHSDUDWLRQ RI VDPSOHV IRU DQDO\VLV
([WHPSRUDQHRXV SUHVFULSWLRQV GR QRW XVXDOO\ VSHFLI\
WKH VXSSRVLWRU\ EDVH WR EH XVHG DV YHKLFOH DQG LW LV
OHIW WR WKH SKDUPDFLVW WR DSSO\ KLV RU KHU SURIHVVLRQDO
NQRZOHGJH WR FKRRVH WKH PRVW VXLWDEOH RQH IURP WKH
SRVVLELOLWLHV OLVWHG LQ WKH RI¿FLDO 3KDUPDFRSRHLD 7KH
GHYHORSPHQW RI WKH VDPSOH SUHSDUDWLRQ LQYROYHG LQ
SDUWLFXODU WZR VXSSRVLWRU\ YHKLFOHV DGHSV VROLGXV and
PDVVD PDFURJROL DV WKHVH DUH WKH PRVW FRPPRQO\
January - February 2014

FKRVHQ RQHV 7KH VDPH PHWKDQRO±ZDWHU VROYHQW
PL[WXUH  YY  ZDV XVHG IRU ERWK YHKLFOHV
+RZHYHU WKH PHWKRGV GLIIHUHG DV FRQFHUQV RWKHU
DVSHFWV RI WKH VDPSOH SUHSDUDWLRQ 7KLV LV GXH WR WKH
IXQGDPHQWDOO\ GLIIHUHQW SK\VLFRFKHPLFDO SURSHUWLHV RI
WKHVH WZR YHKLFOHV

$GHSV VROLGXV and PDVVD PDFURJROL cannot be
GLVWLQJXLVKHG E\ SXUHO\ RUJDQROHSWLF H[DPLQDWLRQ ,Q
WKH ¿UVW VWHS RI VDPSOH SUHSDUDWLRQ WKH VXSSRVLWRU\
FRQWDLQLQJ WKH XQLGHQWL¿HG YHKLFOH  ZDV ZHLJKHG LQ
D EHDNHU  PO RI WKH DERYH VROYHQW PL[WXUH ZDV
DGGHG DQG WKH EHDNHU ZDV KHDWHG LQ D  ZDWHU
EDWK XQWLO WKH VXSSRVLWRU\ PHOWHG $W WKLV SRLQW
WKH EHKDYLRXU RI WKH PROWHQ VXSSRVLWRU\ UHYHDOV LWV
QDWXUH  ,Q  WKH FDVH RI DGHSV VROLGXV, a consistent,
FOHDU FRORXUOHVV IDWW\ SKDVH DSSHDUV RQ WKH VXUIDFH RI
WKH VROYHQW PL[WXUH ZKHUHDV ZLWK PDVVD PDFURJROL
WKH VROXWLRQ EHFRPHV KRPRJHQHRXV DQG FOHDU DQG QR
VHFRQG SKDVH FDQ EH REVHUYHG ,Q VRPH FDVHV PDVVD
PDFURJROL PD\ FRQWDLQ D FHUWDLQ DPRXQW RI WHQVLGHV
ZKHQ WKH UHVXOWLQJ VROXWLRQ LV RSDTXH EXW HYHQ WKHQ
QR VHFRQG SKDVH RU IDW GURSOHWV FDQ EH REVHUYHG
$W WKLV VWDJH WKH DFWLYH VXEVWDQFH ZDV H[WUDFWHG IURP
WKH YHKLFOH E\ VKDNLQJ WKH VDPSOH IRU  PLQ
7KH PDVVD PDFURJROLEDVHG VDPSOHV GLG QRW UHTXLUH
¿OWUDWLRQ VR WKH VROXWLRQ ZDV WUDQVIHUUHG GLUHFWO\ LQWR
D  PO YROXPHWULF ÀDVN DQG WKH EHDNHU ZDV ZDVKHG
RXW ZLWK DQRWKHU  PO DQG WKHQ î PO RI VROYHQW
PL[WXUH WKH ZDVKLQJV OLNHZLVH EHLQJ WUDQVIHUUHG WR
WKH YROXPHWULF ÀDVN WKH VROXWLRQ QH[W EHLQJ PDGH XS
WR YROXPH ZLWK WKH VROYHQW PL[WXUH
7KH DGHSV VROLGXVEDVHG VDPSOHV UHTXLUHG UHPRYDO
RI WKH IDWW\ SKDVH E\ IUHH]LQJ RQ DQ LFHEDWK ZKHQ
WKH IDW VROLGLILHG DQG WKH OLTXLG FRXOG EH GHFDQWHG
LQWR D  PO YROXPHWULF IODVN 7KLV H[WUDFWLRQ VWHS
ZDV UHSHDWHG ZLWK D VHFRQG  PO SRUWLRQ RI VROYHQW
PL[WXUH LQ D  ZDWHU EDWK 7KH EHDNHU ZDV ¿QDOO\
ZDVKHG WZLFH ZLWK  PO RI VROYHQW PL[WXUH ZKLFK
ZDV WUDQVIHUUHG WR WKH YROXPHWULF ÀDVN WKH VROXWLRQ
WKHQ EHLQJ PDGH XS WR YROXPH ZLWK WKH VROYHQW
PL[WXUH 7KH RXWVWDQGLQJ EHQHILW RI WKLV VDPSOH
SUHSDUDWLRQ SURFHGXUH LV WKDW LW GRHV QRW UHTXLUH DQ
LQLWLDO NQRZOHGJH RI WKH VXSSRVLWRU\ EDVH XVHG
)LQDOO\ LQ ERWK FDVHV D  PO DOLTXRW RI WKH VWRFN
VROXWLRQ ZDV WUDQVIHUUHG WR D  PO YROXPHWULF ÀDVN
DQG PDGH XS WR YROXPH ZLWK WKH VROYHQW PL[WXUH7KH
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VROXWLRQ ZDV ILOWHUHG RQ D 0LOOLSRUH 0LOOH[ 39')
PHPEUDQH ¿OWHU ZLWK D SRUH VL]H RI  P
3UHSDUDWLRQ RI VWDQGDUG VROXWLRQ DQG HVWDEOLVKPHQW
RI V\VWHP VXLWDELOLW\
7KH$0)= FRQWHQWV RI WKH VDPSOHV ZHUH TXDQWL¿HG
E\ UHIHUHQFH WR D VWDQGDUG $0)= VROXWLRQ ZLWK D
FRQFHQWUDWLRQ RI  PJPO LQ WKH VDPH VROYHQW
PL[WXUH ZKLFK FRUUHVSRQGHG WR WKH WKHRUHWLFDO 
FRQFHQWUDWLRQ OHYHO RI WKH VDPSOH VROXWLRQV WR EH
H[DPLQHG7ZR VWDQGDUG VROXWLRQV ZHUH SUHSDUHG IURP
LQGHSHQGHQW VWRFN VROXWLRQV LQ RUGHU WR FKHFN WKH
V\VWHP VXLWDELOLW\ E\ WKH IROORZLQJ SURFHGXUH
7KH SUHFLVLRQ RI WKH LQMHFWLRQV ZDV FKHFNHG EHIRUH
DOO PHDVXUHPHQW VHWV E\ LQMHFWLQJ WKH ¿UVW VWDQGDUG
VROXWLRQ ILYH WLPHV 7KH V\VWHP ZDV FRQVLGHUHG
VXLWDEOH LI WKH UHODWLYH VWDQGDUG GHYLDWLRQ SHUFHQW
56'  RI WKH ¿YH UHSOLFDWH LQMHFWLRQV GLG QRW H[FHHG
 7KH DFFXUDF\ RI WKH FDOLEUDWLRQ ZDV FKHFNHG
E\ LQMHFWLQJ WKH VHFRQG VWDQGDUG VROXWLRQ WZLFH
7KH UHVXOWV ZHUH DFFHSWHG LI WKH FRUUHODWLRQ IDFWRU
FDOFXODWHG IURP WKH DYHUDJH UHVSRQVH UDWLR RI WKH WZR
VWDQGDUG VROXWLRQV GLG QRW H[FHHG 
&RUUHODWLRQ IDFWRU ZDV FDOFXODWHG E\ WKH IROORZLQJ
IRUPXOD > $6WGîZ6WG  $6WGîZ6WG @î
ZKHUH$6WG DQG$6WG DUH WKH DYHUDJH SHDN DUHDV
RI WKH UHSOLFDWH VWDQGDUG LQMHFWLRQV ZKLOH Z6WG DQG
Z6WG DUH WKH ZHLJKWV RI WKH VWDQGDUG VXEVWDQFHV XVHG
WR SUHSDUH WKH VROXWLRQV 7KH V\PPHWU\ IDFWRU RI WKH
PDLQ SHDN RI LQWHUHVW ZDV DOVR PRQLWRUHG WKURXJKRXW
WKH PHDVXUHPHQWV LW KDG WR EH EHWZHHQ  DQG 
IRU WKH DQDO\VLV WR EH VWDUWHG
Validation:
$ IXOO YDOLGDWLRQ RI WKH PHWKRG DFFRUGLQJ WR
,QWHUQDWLRQDO &RQIHUHQFH RQ +DUPRQLVDWLRQ ,&+ 
JXLGHOLQH 4 5 >@ LQFOXGLQJ OLQHDULW\ UHSHDWDELOLW\
LQWHUPHGLDWH SUHFLVLRQ DFFXUDF\ VSHFLILFLW\ DQG
UREXVWQHVV KDYH EHHQ SHUIRUPHG $V WKH PHWKRG
ZDV WR EH XWLOLVHG IRU WKH UDSLG TXDOLW\ FRQWURO RI
GRVDJH XQLWV ZKLFK GRHV QRW UHTXLUH WKH PHWKRG WR
EH VWDELOLW\LQGLFDWLQJ IRUFHG GHJUDGDWLRQ VWXGLHV
were not conducted[30] 7KH UHSHDWDELOLW\ LQWHUPHGLDWH
SUHFLVLRQ DFFXUDF\ DQG VSHFL¿FLW\ VWXGLHV ZHUH FDUULHG
RXW ZLWK ERWK YHKLFOHV
/LQHDULW\
7KH OLQHDULW\ RI WKH PHWKRG ZDV H[DPLQHG LQ WKH
FRQFHQWUDWLRQ UDQJH EHWZHHQ  DQG  PJPO
34

ZKLFK FRUUHVSRQGV WR ± RI WKH QRPLQDO FRQWHQW
RI WKH VXSSRVLWRULHV 7KH KLJKHU OLPLW ZDV FKRVHQ
ZLWK UHJDUG WR WKH IDFW WKDW LQLWLDO H[SHULPHQWV JDYH
LQGLYLGXDO UHVXOWV LQ WKLV FRQFHQWUDWLRQ UDQJH 7KXV
LW ZDV QHFHVVDU\ WR FKHFN WKH PHWKRG DW H[WUHPHO\
KLJK DFWLYH VXEVWDQFH FRQFHQWUDWLRQV 7KH UDQJH ZDV
FRYHUHG E\ VHYHQ VROXWLRQV HDFK GLOXWHG IURP WZR
LQGLYLGXDOO\ SUHSDUHG UHIHUHQFH VROXWLRQV VR WKDW WKH
VHTXHQFH RI WKH VWRFN VROXWLRQV XVHG IRU WKH GLOXWLRQV
DOWHUQDWHG7KH SHDN DUHDV GHWHUPLQHG ZLWK /&6ROXWLRQ
ZHUH SORWWHG YHUVXV WKH FRQFHQWUDWLRQ RI WKH VROXWLRQV
DQG D VWUDLJKW OLQH ZDV ¿WWHG WR WKH SRLQWV 7KH VORSH
RI WKH ¿WWHG VWUDLJKW OLQH ZDV IRXQG WR EH  
WKH LQWHUFHSW ZDV   DQG 52 ZDV  7KLV
SURYHG WKDW LQ WKH SURSRVHG FRQFHQWUDWLRQ UDQJH WKH
PHWKRG ZDV OLQHDU
3UHFLVLRQ DQG UHSHDWDELOLW\
5HSHDWDELOLW\ ZDV FKHFNHG RQ VL[ LQGLYLGXDO
VXSSRVLWRULHV SUHSDUHG DFFRUGLQJ WR WKH PHWKRG
GHVFULEHG LQ FKURPDWRJUDSKLF PHWKRG GHYHORSPHQW
VHFWLRQ ,Q WKH FDVH RI DGHSV VROLGXV DV YHKLFOH RQH
RI WKH VL[ UHSOLFDWH UHVXOWV H[FHHGHG WKH  OLPLW
DQG WKLV UHVXOW ZDV RPLWWHG IURP WKH FDOFXODWLRQ
RI WKH 56' 2Q WKH EDVLV RI RXU UHVXOW WKDW
WKHUH LV QR FDUU\RYHU EHWZHHQ WKH LQMHFWLRQV DQG
WKH IDFW WKDW DFWLYH VXEVWDQFH ZDV QRW DGGHG WR
WKH VROXWLRQ 56' SURYHG WR EH  ZKLFK
FDQ EH FRQVLGHUHG DFFHSWDEOH ZKHQ LW LV WDNHQ LQWR
DFFRXQW WKDW HDFK VDPSOH SUHSDUDWLRQ ZDV PDGH
IURP GLIIHUHQW LQGLYLGXDO VXSSRVLWRULHV DQG QRW IURP
D FRPSRVLWH VDPSOH RI PXOWLSOH VXSSRVLWRULHV 7KH
PDVVD PDFURJROLEDVHG VXSSRVLWRULHV JDYH DQ 56'
RI  ZKLFK LV DOVR DFFHSWDEOH
,QWHUPHGLDWH SUHFLVLRQ
7KH VDPH DQDO\WLFDO SURFHGXUH ZDV FDUULHG RXW E\
DQRWKHU DQDO\VW RQ DQRWKHU GD\ XVLQJ D IUHVKO\
SUHSDUHG PRELOH SKDVH 5HODWLYH GLIIHUHQFHV EHWZHHQ
DYHUDJH UHVXOWV RI  GD\V ZHUH FDOFXODWHG ZLWK WKH
IROORZLQJ IRUPXOD ;ࡄ 'D\;ࡄ 'D\ î ;ࡄ 'D\
;ࡄ'D\ î ZKHUH ;ࡄDay1 denotes the average
UHVXOW RI WKH VSHFL¿F GD\ 7KH UHVXOWV IRU WKH DGHSV
VROLGXVEDVHG VDPSOHV ZHUH DQ 56' RI  DQG
D UHODWLYH GLIIHUHQFH RI  EHWZHHQ WKH DYHUDJHV
RI WKH UHSHDWDELOLW\ 'D\   DQG LQWHUPHGLDWH
SUHFLVLRQ 'D\   UHVXOWV FRPSDUHG WR WKH PHDQ
RI WKH DYHUDJH YDOXHV PHDVXUHG IRU HDFK %RWK
UHVXOWV FDQ EH DFFHSWHG DFFRUGLQJ WR WKH SULQFLSOHV
RI JHQHUDO SKDUPDFHXWLFDO DQDO\WLFDO SUDFWLFH )RU
the PDVVD PDFURJROLEDVHG VDPSOHV WKH 56' RI
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WKH LQGLYLGXDO UHVXOWV ZDV  ZKLOH WKH UHODWLYH
GLIIHUHQFH EHWZHHQ WKH UHSHDWDELOLW\ DQG LQWHUPHGLDWH
SUHFLVLRQ ZDV  %RWK UHVXOWV DUH LQ DFFRUGDQFH
ZLWK WKH DSSURSULDWH JXLGHOLQHV DQG DUH WKHUHIRUH
FRQVLGHUHG DFFHSWDEOH
$FFXUDF\
7KH DFFXUDF\ RI WKH PHWKRG ZDV VWXGLHG EHWZHHQ 
DQG  RI WKH QRPLQDO FRQWHQW RI WKH VXSSRVLWRULHV
WKDW LV  PJ 7KH UHVXOWV DUH VKRZQ LQ 7DEOH 
$OWKRXJK DOO RI WKH DYHUDJH YDOXHV IHOO EHWZHHQ 
DQG  LW VKRXOG EH PHQWLRQHG WKDW LQ WKH FDVH
RI DGHSV VROLGXV PRVW RI WKH DYHUDJHV ZHUH EHORZ
 ZKLOH LQ WKH FDVH RI PDVVD PDFURJROL they
ZHUH DERYH  7KLV PD\ UDLVH D ZDUQLQJ IODJ
EXW WKHUH ZDV QR WUHQG ZLWKLQ WKH UHVXOWV WKDW FRXOG
EH FRUUHODWHG ZLWK WKH LQFUHDVLQJ FRQFHQWUDWLRQ RI WKH
VDPSOH JURXSV
6WDELOLW\ RI VWDQGDUG DQG VDPSOH VROXWLRQV
6WDELOLW\ RI WKH VWDQGDUG VROXWLRQ DQG WKH VDPSOH
VROXWLRQ ZDV VWXGLHG IRU  GD\V %RWK VROXWLRQV
ZHUH VWRUHG LQ D UHIULJHUDWRU EHWZHHQ  DQG 
7KH DFFHSWDQFH FULWHULRQ ZDV VHW XS DFFRUGLQJ WR WKH
UHODWLYH GLIIHUHQFH YDOXH GHILQHG E\ WKH IROORZLQJ
IRUPXOD > $6WDUW$6WRUHG $6WDUW@î 7KH
VROXWLRQ ZDV FRQVLGHUHG VWDEOH DV ORQJ DV WKH UHODWLYH
GLIIHUHQFH DW D VSHFLILF WLPH SRLQW ZDV ORZHU WKDQ
 2Q WKH EDVLV RI WKH GDWD SUHVHQWHG LQ 7DEOH 
WKH VWDQGDUG VROXWLRQV FDQ EH FRQVLGHUHG VWDEOH IRU DW
OHDVW  K DQG WKH VDPSOH VROXWLRQV FDQ EH FRQVLGHUHG
VWDEOH IRU DW OHDVW  K
6SHFL¿FLW\
:KHQ WKH SURFHGXUH ZDV FDUULHG RXW ZLWK EODQN
VXSSRVLWRULHV FRQWDLQLQJ QR DFWLYH VXEVWDQFH  QR SHDN
ZDV GHWHFWHG DW WKH UHWHQWLRQ WLPH RI$0)= ,W FDQ EH
VWDWHG WKDW WKHUH DUH VR H[FLSLHQWV LQ HLWKHU YHKLFOHV
WKDW LQWHUIHUH ZLWK WKH GHWHUPLQDWLRQ RI$0)=
5REXVWQHVV
7KH HIIHFWV RI FKDQJLQJ WKH RUJDQLF±DTXHRXV UDWLR
WKH S+ RI WKH DTXHRXV SKDVH WKH IORZ UDWH RI WKH
PRELOH SKDVH DQG WKH WHPSHUDWXUH RI WKH FROXPQ RQ
WKH UHWHQWLRQ WLPH DQG RQ WKH VKDSH RI WKH $0)=
SHDN ZHUH H[DPLQHG 7KH UHVXOWV RI WKH UREXVWQHVV
VWXG\ SUHVHQWHG LQ 7DEOH  GHPRQVWUDWH WKDW WKH UDWLR
RI WKH DTXHRXV DQG RUJDQLF SKDVHV H[HUWHG D JUHDW
LQIOXHQFH RQ ERWK WKH UHWHQWLRQ WLPH DQG WKH SHDN
V\PPHWU\ RI WKH DQDO\WH 7KH S+ RI WKH DTXHRXV
SKDVH VLJQL¿FDQWO\ FKDQJHG WKH V\PPHWU\ RI WKH SHDN
January - February 2014

7$%/(5(68/762)7+($&&85$&<678',(6
Level %
50

100

150

300

450

Adeps solidus
Massa macrogoli
Replicates % Mean % RSD% Replicates % Mean %
1.
98.7
99.4 0.63
1. 104.10 102.5
2.
99.9
2. 100.90
3.
99.6
3. 102.40
1.
99.5 100.3 0.75
1.
97.40
99.7
2.
100.3
2. 100.50
3.
101.0
3. 101.10
1.
96.0
95.3 1.36
1. 104.60 104.9
2.
93.8
2. 105.40
3.
96.1
3. 104.70
1.
96.2
95.5 0.87
1. 104.60 102.7
2.
95.8
2. 103.70
3.
94.6
3.
99.90
1.
96.3
96.5 0.55
1. 102.80 102.5
2.
96.1
2. 103.80
3.
97.1
3. 100.80

RSD%
1.56

1.99

0.42

2.43

1.49

7$%/(5(68/762)7+(62/87,2167$%,/,7<
STUDIES
Time (h)

0
18
24
39
48
63
72
96

Standard solution
Area
Relative
GLɛHUHQFH 
2 903 843
2 909 154
0.2
2 904 895
0.0
2 902 092
-0.1
2 904 450
0.0
2 906 272
0.1
2 903 753
0.0
2 904 386
0.0

Sample solution
Area
Relative
GLɛHUHQFH 
2 076 275
2 075 720
0.0
2 073 721
-0.1
2 074 466
-0.1
2 073 840
-0.1
2 074 709
-0.1
2 080 587
0.2
2 077 305
0.0

7$%/(5(68/762)7+(52%8671(66678',(6
Condition changed (Units)
$TXHRXV2UJDQLFUDWLR
45:55
40:60
35:65
%XɛHUS+
5.00±0.05
5.50±0.05
6.00±0.05
Flow rate (ml/min)
1.3
1.5
1.7
Column temperature (°C)
25
30
35

tR (min)

N

Symmetry factor

2.088
1.761
1.616

3973
4074
4512

1.535
1.434
1.460

1.837
1.761
1.846

3747
4074
4441

1.602
1.434
1.346

2.021
1.761
1.676

4346
4047
4117

1.432
1.434
1.405

1.785
1.761
1.751

3890
4074
4340

1.433
1.434
1.408

ZKLFK LV LQ DFFRUGDQFH ZLWK WKH UHVXOWV REWDLQHG IURP
WKH VLPXODWLRQV ZLWK WKH 3DOODV VRIWZDUH 7KH ORZHU
WKH S+ WKH PRUH DV\PPHWULFDO WKH SHDN ZDV ,Q
FRQWUDVW WKH S+ RI WKH PRELOH SKDVH KDG RQO\ D YHU\
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VOLJKW HIIHFW RQ WKH UHWHQWLRQ WLPH RI WKH SHDN 7KH
ÀRZ UDWH LQÀXHQFHG WKH UHWHQWLRQ WLPH DV H[SHFWHG
ZKLOH LW KDG D QHJOLJLEOH HIIHFW RQ WKH SHDN VKDSH
7KH FROXPQ WHPSHUDWXUH GLG QRW LQÀXHQFH HLWKHU WKH
UHWHQWLRQ WLPH RU WKH V\PPHWU\ RI WKH PDLQ SHDN7KH
DFTXLUHG FKURPDWRJUDPV FDQ EH VHHQ LQ ¿J 

ZLWK WKH H[SHFWHG EHKDYLRXU LQ FDVH RI FKDQJLQJ WKH
ÀRZ UDWH FROXPQ WHPSHUDWXUH RU UDWLR RI WKH RUJDQLF
PRGL¿HU &KDQJLQJ WKH EXIIHU S+ GLG QRW LQÀXHQFH
WKH UHWHQWLRQ WLPH RU QXPEHU RI WKHRUHWLFDO SODWHV RI
$0)= EXW KDG VLJQL¿FDQW HIIHFW RQ WKH SHDN VKDSH RI
WKH FRPSRQHQW

5(68/76$1' ',6&866,21

7KH GDWD SUHVHQWHG LQ WKLV SDSHU UHYHDO WKDW D UDSLG
HI¿FLHQW DQG UREXVW VDPSOH SUHSDUDWLRQ SURFHGXUH DQG
+3/& PHWKRG ZHUH VXFFHVVIXOO\ GHYHORSHG DQG IXOO\
YDOLGDWHG IRU WKH URXWLQH TXDOLW\ FRQWURO RI WKH GRVDJH
XQLWV RI VXSSRVLWRULHV FRQWDLQLQJ $0)= DV DFWLYH
VXEVWDQFH LQ YDULRXV YHKLFOHV DV VXSSRUWLQJ PDWHULDOV
7KH PHWKRG LV VLPSOH DQG VXI¿FLHQWO\ JHQHUDO WR EH
FRQYHQLHQWO\ XVHG IRU WKH UHJXODU TXDOLW\ FRQWURO RI
$0)= VXSSRVLWRULHV IRUPXODWHG WKURXJK WKH XVH RI
GLIIHUHQW VXSSRVLWRU\ EDVHV

2Q WKH EDVLV RI WKH UHVXOWV SUHVHQWHG KHUH WKH
SURSRVHG PHWKRG LV DSSURSULDWH IRU WKH GHWHUPLQDWLRQ
RI$0)= LQ WKH FRQFHQWUDWLRQ UDQJH  PJ
PO ZLWK H[FHOOHQW UHSHDWDELOLW\ LQWHUPHGLDWH SUHFLVLRQ
DQG DFFXUDF\ 7KH FKURPDWRJUDSKLF PHWKRG LV UREXVW
ZLWK UHVSHFW WR FKDQJLQJ WKH SDUDPHWHUV EHWZHHQ WKH
ERXQGDULHV SUHVHQWHG LQ 7DEOH  5HWHQWLRQ SDUDPHWHU
FKDQJHV RI WKH$0)= SHDN DUH LQ H[FHOOHQW DJUHHPHQW

(a)

(b)

(c)

(d)

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
HI VKRZWKHHIIHFWRIÁRZUDWHFKDQJH POPLQPOPLQUHVSHFWLYHO\ &XUYHV KL VKRZWKHHIIHFWRIPRELOHSKDVHS+ 
UHVSHFWLYHO\ &XUYHV NO VKRZWKHLQÁXHQFHRIRUJDQLFPRGLÀHUSHUFHQW UHVSHFWLYHO\ 
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$&.12:/('*(0(176
7KLV ZRUN ZDV VXSSRUWHG E\ JUDQWV 7È023%
.219 7È023% DQG
WKH (XURSHDQ 5HJLRQDO 'HYHORSPHQW )XQG WKURXJK JUDQW
(5& B+8B 'B7539 7KH DXWKRUV DUH DOVR JUDWHIXO WR
WKH 3KDUPDF\ RI WKH 8QLYHUVLW\ RI 6]HJHG DQG WKH ,QVWLWXWH
RI 3KDUPDFHXWLFDO 7HFKQRORJ\ )DFXOW\ RI 3KDUPDF\
8QLYHUVLW\ RI 6]HJHG IRU SURYLGLQJ WKH VXSSRVLWRU\
VDPSOHV 7KH DXWKRUV H[SUHVV WKHLU WKDQNV WR WKH$QDO\WLFDO
'HYHORSPHQW 'HSDUWPHQW RI WKH *HQHULF 5 DQG ' 'LYLVLRQ
RI 7HYD 3KDUPDFHXWLFDOV /WG +XQJDU\ IRU SHUPLVVLRQ WR
XVH WKH 3DOODV FKURPDWRJUDSKLF SUHGLFWLRQ VRIWZDUH

5()(5(1&(6


2NDED\DVKL . +DVHJDZD + :DWDQDEH 0 2KLVKL 7 +LVD $
.LWDJDZD< 8VHIXOQHVV RI WKH SUHRSHUDWLYH DGPLQLVWUDWLRQ RI WHJDIXU
VXSSRVLWRULHV DV DOWHUQDWLYH DGMXYDQW FKHPRWKHUDS\ IRU SDWLHQWV ZLWK
UHVHFWDEOH VWDJH ,, RU ,,, FRORUHFWDO FDQFHU$ .2'. PXOWLFHQWHU
UDQGRPL]HG FRQWURO WULDO 2QFRORJ\ 
 5LFKWHU -0 .XVKNXOH\ 6 %DUUHWW -$ 2VWHU *7UHDWPHQW RI QHZRQVHW
XOFHUDWLYH FROLWLV DQG XOFHUDWLYH SURFWLWLV D UHWURVSHFWLYH VWXG\$OLPHQW
3KDUPDFRO7KHU 
 +H\PDQ 0 .LHUNXV - 6SHQDUG - 6KEDNOR + *LJXHUH 0 (I¿FDF\ DQG
VDIHW\ RI PHVDODPLQH VXSSRVLWRULHV IRU WUHDWPHQW RI XOFHUDWLYH SURFWLWLV
LQ FKLOGUHQ DQG DGROHVFHQWV ,QÀDPP %RZHO 'LV 
 6DEFKDUHRQ $ $WWDQDWK 3 &KDQWKDYDQLFK 3 3KDQXDNVRRN 3
3UDULQ\DQXSKDUE 9 3RRQSDQLFK < HW DO &RPSDUDWLYH FOLQLFDO WULDO
RI DUWKHVXQDWH VXSSRVLWRULHV DQG RUDO DUWHVXQDWH LQ FRPELQDWLRQ ZLWK
PHIORTXLQH LQ WKH WKH WUHDWPHQW RI FKLOGUHQ ZLWK DFXWH IDOFLSDUXP
PDODULD$P -7URS 0HG +\J 
 &DR ;7 %HWKHOO '% 3KDP 73 7D 77 7UDQ 71 1JX\HQ 77 HW DO
&RPSDULVRQ RI DUWHPLVLQLQ VXSSRVLWRULHV LQWUDPXVFXODU DUWHVXQDWH DQG
LQWUDYHQRXV TXLQLQH IRU WKH WUHDWPHQW RI VHYHUH FKLOGKRRG PDODULD7UDQV
5 6RF7URS 0HG +\J 
 +DGDV '<RXQJVWHU , &RKHQ$ /HLERYLWFK ( 6KDYLW , (UH] , HW DO
3UHPDUNHWLQJ VXUYHLOODQFH RI LEXSURIHQ VXSSRVLWRULHV LQ IHEULOH FKLOGUHQ
&OLQ 3HGLDWU 
 6FROQLN ' .R]HU ( -DFREVRQ 6 'LDPRQG 6<RXQJ 1/ &RPSDULVRQ
RI RUDO YHUVXV QRUPDO DQG KLJKGRVH UHFWDO DFHWDPLQRSKHQ LQ WKH
WUHDWPHQW RI IHEULOH FKLOGUHQ 3HGLDWULFV 
 0LUYLVK 66 *ROG % (DJHQ 0$UQROG 6 .LQHWLFV RI WKH QLWURVDWLRQ RI
DPLQRS\ULQH WR JLYH GLPHWK\OQLWURVDPLQH &OLQ 2QFRO 
 5REHUWV$* 6M|JUHQ 6( )RUPLQD 19X .7$OPXWDLUL$ +DOSHUW -5
105GHULYHG PRGHOV RI DPLGRS\ULQH DQG LWV PHWDEROLWHV LQ FRPSOH[HV
ZLWK UDEELW F\WRFKURPH 3 % UHYHDO D VWUXFWXUDO PHFKDQLVP RI
VHTXHQWLDO 1GHDON\ODWLRQ %LRFKHPLVWU\ 
 $J~QGH] -$ 0DUWtQH] & %HQtWH] - 0HWDEROLVP RI DPLQRS\ULQH DQG
GHULYDWLYHV LQ PDQ In vivo VWXG\ RI PRQRPRUSKLF DQG SRO\PRUSKLF
PHWDEROLF SDWKZD\V ;HQRELRWLFD 
 *UDP 7( :LOVRQ -7 )RXWV -5 6RPH FKDUDFWHULVWLFV RI KHSDWLF
PLFURVRPDO V\VWHPV ZKLFK PHWDEROL]H DPLQRS\ULQH LQ WKH UDW DQG
UDEELW - 3KDUPDFRO ([S7KHU 
 $J~QGH] -$ &DULOOR -$ 0DUWtQH] & %HQtWH] - $PLQRS\ULQH
0HWDEROLVP LQ 0DQ7KH$FHW\ODWLRQ RI$PLQRDQWLS\ULQH &RVHJUHJDWHV
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ZLWK$FHW\ODWLRQ RI &DIIHLQH7KHU 'UXJ 0RQLW 
 1RGD$ 7VXERQH 1 0LKDUD 0 *RURPDUX 7 ,JXFKL 6 )RUPDWLRQ
RI IRUP\ODPLQRDQWLS\ULQH DV D QHZ PHWDEROLWH RI DPLQRS\ULQH
,, (Q]\PDWLF GHPHWK\ODWLRQ DQG R[LGDWLRQ RI DPLQRS\ULQH DQG
PRQRPHWK\ODPLQRDQWLS\ULQH &KHP 3KDUP %XOO 
 +HUPDQQ * 2Q DPLQRSKHQD]RQH PHWDEROLVP LQ WKH LVRODWHG SHUIXVHG
UDW OLYHU (XU - 'UXJ 0HWDE 3KDUPDFRNLQHW 
 /HY\ 0 =\OEHU.DW] ( 5RVHQNUDQ] % &OLQLFDO SKDUPDFRNLQHWLFV RI
GLS\URQH DQG LWV PHWDEROLWHV &OLQ 3KDUPDFRNLQHW 
 %DVW$ 1RRUGKRHN - ,QKLELWLRQ RI DPLQRS\ULQH GHPHWK\ODWLRQ DQG
ELQGLQJ WR F\WRFKURPH 3 E\ LWV PDLQ PHWDEROLWHV LQ UDW OLYHU
PLFURVRPHV %U - 3KDUPDFRO 
 6XQGHUPDQ ): -U /HLEPDQ .& 1LFNHO FDUERQ\O LQKLELWLRQ RI
LQGXFWLRQ RI DPLQRS\ULQH GHPHWK\ODVH DFWLYLW\ LQ OLYHU DQG OXQJ &DQFHU
5HV 
 ,QDL . .REXNH7 )XMLKDUD 0<RQHKDUD 67DNHPRWR77VX\D7 HW DO
/DFN RI WXPRULJHQLFLW\ RI DPLQRS\ULQH RUDOO\ DGPLQLVWHUHG WR %&)
PLFH -SQ - &DQFHU 5HV 
 7D\ORU +: /LMLQVN\ : 7XPRU LQGXFWLRQ LQ UDWV E\ IHHGLQJ
DPLQRS\ULQH RU R[\WHWUDF\FOLQH ZLWK QLWULWH ,QW - &DQFHU 
 (O6KHLNK $+ $O4XVH 5: (O%DUJKRXWKL 0, $O0DVUL )6
'HULYDWL]DWLRQ RI FKORURSKHQRO ZLWK DPLQRDQWLS\ULQH$ QRYHO
PHWKRG IRU LPSURYLQJ WKH VHOHFWLYLW\ RI PROHFXODUO\ LPSULQWHG VROLG
SKDVH H[WUDFWLRQ RI FKORURSKHQRO IURP ZDWHU7DODQWD 
 'RX< 0L + =KDR / 5HQ< 'HWHUPLQDWLRQ RI FRPSRXQG DPLQRS\ULQH
SKHQDFHWLQ WDEOHWV E\ XVLQJ DUWL¿FLDO QHXUDO QHWZRUNV FRPELQHG ZLWK
SULQFLSDO FRPSRQHQWV DQDO\VLV$QDO %LRFKHP 
 'LPLWURYD % 'R\WFKLQRYD , =ODWNRYD 0 'HWHUPLQDWLRQ RI FRPSRXQG
DPLQRS\ULQH SKHQDFHWLQ WDEOHWV E\ XVLQJ DUWLILFLDO QHXUDO QHWZRUNV
FRPELQHG ZLWK SULQFLSDO FRPSRQHQWV DQDO\VLV - 3KDUP %LRPHG$QDO

 $EG(O0DHERXG .+ (O1DJJDU7 (O+DZL (0 0DKPRXG 6$$EG
(O+D\ 6 5HFWDO VXSSRVLWRU\ FRPPRQVHQVH DQG PRGH RI LQVHUWLRQ
/DQFHW 
 'LQF ( %DOHDQX ' 2QXU ) 6SHFWURSKRWRPHWULF PXOWLFRPSRQHQW
DQDO\VLV RI D PL[WXUH RI PHWDPL]RO DFHWDPLQRSKHQ DQG FDIIHLQH LQ
SKDUPDFHXWLFDO IRUPXODWLRQV E\ WZR FKHPRPHWULF WHFKQLTXHV - 3KDUP
%LRPHG$QDO 
 $OWXQ 0/ +3/& 0HWKRG IRU WKH DQDO\VLV RI SDUDFHWDPRO FDIIHLQH DQG
GLS\URQH7XUN - &KHP 
 *HLVVOLQJHU * %|FNHU 5 /HY\ 0 +LJKSHUIRUPDQFH OLTXLG
FKURPDWRJUDSKLF DQDO\VLV RI GLS\URQH PHWDEROLWHV WR VWXG\ WKHLU
IRUPDWLRQ LQ KXPDQ OLYHU PLFURVRPHV 3KDUP 5HV 
 9ODKRY 9 %DGLDQ 0 9HUKR 0 %DFUDFKHYD 1 3KDUPDFRNLQHWLFV RI
PHWDPL]RO PHWDEROLWHV LQ KHDOWK\ VXEMHFWV DIWHU D VLQJOH RUDO GRVH RI
PHWDPL]RO VRGLXP (XU - &OLQ 3KDUPDFRO 
 3DOODV9HU  &RPSXGUXJ ,QWHUQDWLRQDO ,QF %DO +DUERU )/ 86$
KWWSZZZFRPSXGUXJFRP
 ,&+ 4 5  9DOLGDWLRQ RI $QDO\WLFDO 3URFHGXUHV 7H[W DQG
0HWKRGRORJ\ ,Q 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO &RQIHUHQFH RQ
+DUPRQL]DWLRQ *HQHYD -XQH 
 /R%UXWWR 5 3DWHO7 0HWKRG YDOLGDWLRQ ,Q .D]DNHYLFK< /R%UXWWR 5
HGLWRUV +3/& IRU 3KDUPDFHXWLFDO 6FLHQWLVWV VW HG +RERNHQ -RKQ
:LOH\  6RQV  S 
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