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Abstract
Three historical phenobarbital-containing pharmaceutical preparations with an age of 36–57 years from the date of manufac-
ture were analyzed. The analyzed preparations also differed in the type of dosage form: dragée, suppository, and solution. The 
aim was to evaluate the long-term stability of phenobarbital, within the systematic program aimed at studying the stability 
and degradation of active pharmaceutical ingredients in decades-old pharmaceutical products. The substances contained in 
the analyzed preparations were identified by reverse-phase HPLC with UV and high-resolution mass spectrometric detection, 
capillary zone electrolysis, and head-space solid-phase microextraction followed by GC–MS. The content of the main active 
ingredients was determined and compared with the values declared by the manufacturer. No degradation of phenobarbital 
was found in two preparations, dragée “Sedobelin” and suppository “Spasmoveralgin,” so phenobarbital is stable in these 
preparations even after 36, respectively 43, years since the production of a preparation. In contrast, two degradation products 
were identified in the 57-year-old solution “Sklerophyllin”: pheneturide and 3-aminopentanoic acid. The originally declared 
amount of phenobarbital was found to decrease by 12.5%. Thus, it is clear that phenobarbital is stable for many decades 
in solid dosage forms, whereas in liquid dosage forms it is partially degraded. In the second part of the work, ESI high-
resolution mass spectra of four selected substances were interpreted: phenobarbital, pheneturide, 3-aminopentanoic acid, and 
3,4-methylenedioxymethamphetamine. The latter substance was surprisingly found in the suppository “Spasmoveralgin,” 
probably as a degradation product of ephedrine contained in the product.

Graphical abstract
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Introduction

For the purpose of establishing the shelf life of pharma-
ceutical products, the stability of their active ingredients is 
generally studied in the range of 1–5 years [1]. However, in 
recent years, the possibility of prolonging the shelf life of 
pharmaceutical products has been widely discussed, as it 
has significant economic [2–4], environmental [5], and also 
ethical impacts [6, 7]. The stability of the active ingredient 
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of a pharmaceutical preparation generally depends both on 
its chemical structure and the dosage form used [8, 9]. This 
is because the active ingredient may be subject to a variety 
of degradation reactions, given both the chemical structure 
of the ingredient itself and other natural active substances 
or excipients that together form a particular dosage form.

In this work, we present the study of the long-term stabil-
ity of phenobarbital in three different dosage forms, which 
were older than 36 years at the time of analysis. It is part of 
our systematic program aimed at studying the stability and 
degradation of active pharmaceutical ingredients in decades-
old pharmaceutical products [10]. In this program, we stud-
ied the degradation of heroin and cocaine [11], quinine [12], 
ouabain [13], neosalvarsan [14], and several alkaloids [9] in 
various dosage forms.

Phenobarbital (Fig. 1, CASRN [50-06-6]) is an important 
representative of barbiturates, drugs introduced into therapy 
in 1904 [15]. The parent compound of barbiturates, the bar-
bituric acid itself, was synthesized by the famous German 
chemist Adolf von Bayer in 1864 [16]. In 1903, the Ger-
man physician Joseph von Mering and the German chemist 
Emil Fischer discovered that 5,5-diethylbarbituric acid was 
hypnotic to animals [15]. Under the trade name Veronal, the 
substance was put into practice a year later. Phenobarbital 
was synthesized in 1911 by Fischer’s collaborator Heinrich 
Hörlein, as one of the results of the systematic preparation 
of new barbiturates. One year later, it was marketed under 
the trade name Luminal. Phenobarbital exhibited a more pro-
longed pharmacological action than its predecessors, and 
soon became the “king of barbiturates” and opened the way 
to another important therapeutic application of barbiturates. 
In February 1912, the German physician Alfred Hauptmann 
discovered that phenobarbital significantly helps in the treat-
ment of epileptic seizures [17]. Although today it is rarely 
used for sedative and hypnotic effects, phenobarbital remains 
the oldest antiseizure medication still widely used and is 
still on the World Health Organization’s List of Essential 
Medicines [18].

The phenobarbital stability has been studied by a num-
ber of authors under various conditions. As early as 1927, 
Steenhauer [19] discovered the thermal instability of phe-
nobarbital solutions when heated to 100 °C during auto-
claving of injectable solutions, leading to the formation 

of a substituted acetylurea derivative and carbon dioxide. 
According to Colombo et al. [20], this degradation can be 
suppressed by adding 28% glycerol and 10% ethanol to 
the solution. In 1949, Dunker [21] found that the decom-
position of phenobarbital aqueous solutions occurs in the 
alkaline region (pH = 9.2–10.8), even at room temperature. 
Pheneturide (Fig. 1, CASRN [90-49-3]) was identified as 
the major degradation product. The detailed mechanism 
of phenobarbital degradation has been studied by several 
authors [22–25], and it was found that its hydrolysis occurs 
in the pH range of 6.01 to 12.05 and results in the opening 
of the ring and formation of two main degradation prod-
ucts. For the non-ionized form of barbiturate, the ring opens 
at the 1,2- or equivalent 2,3-position to yield a substituted 
diamide. However, for ionized barbiturate, the ring opens at 
the 1,6- or equivalent 3,4-position to produce a substituted 
acetylurea derivative. This is consistent with the findings 
of Dietz et al. [26], who demonstrated that phenobarbital 
is stable in an elixir, an emulsion, and a propylene glycol 
solution for 56 weeks. On the contrary, in the aqueous solu-
tion of pH = 8, the phenobarbital concentration decreased 
to 76%. The long-term stability of phenobarbital was inves-
tigated by Cantrell et al. [5], who measured the content of 
phenobarbital in tablets, which expired 28 years before the 
analysis. They found 94% of the declared amount; it can be 
caused by both degradation and manufacturing error. With 
the exception of this single publication, no information on 
the long-term stability of phenobarbital is known.

For our analysis, we had three samples of historical phar-
maceutical products containing phenobarbital as the main 
active ingredient (Fig. 2). The first specimen was repre-
sentative of solid dosage forms. It was “Sedobelin” dragées, 
manufactured by the company Spofa (former Czechoslova-
kia) in 1978, so 43 years have passed since its production 
at the time of analysis. The declared content of one dragée 
was: 50 mg phenobarbital, 20 mg papaverine hydrochloride, 
0.25 mg radobelin (a mixture of belladonna alkaloids, espe-
cially atropine), and 100 mg extractum crataegi (hawthorn 
leaf extract, the main components of which are procyanidin 
and hyperoside). The product was used to treat spastic condi-
tions, especially asthma and cholestasis. It was introduced 
into therapy in 1942 by the company Eko (former Czecho-
slovakia); the product is no longer manufactured.

The second analyzed pharmaceutical product, the suppos-
itories “Spasmoveralgin,” was representative of semisolid 
dosage forms. The product was manufactured by the com-
pany Spofa (former Czechoslovakia) in 1985, so 36 years 
have passed since its production at the time of analysis. The 
declared content of a suppository was: 300 mg bromisoval, 
200 mg aminophenazone, 50 mg caffeine, 25 mg pheno-
barbital, 25 mg papaverine hydrochloride, 15 mg codeine 
dihydrogen phosphate, 5 mg ephedrine hydrochloride, and 
0.5 mg atropine methyl bromide. The product was used to 
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Fig. 1   Chemical structure of (a) phenobarbital and its major degrada-
tion product (b) pheneturide
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treat spastic conditions and pain and was introduced into 
use by the company Spolek pro chemickou a hutní výrobu 
(former Czechoslovakia) in 1949; at present, it is no longer 
manufactured.

The “Sklerophyllin” solution was the oldest analyzed 
pharmaceutical product and belonged to liquid dosage 
forms. It was introduced into therapy in 1938 by the com-
pany Interpharma (former Czechoslovakia), later production 
was taken over by Galena (former Czechoslovakia), and the 
manufacture was ceased in 1964. The analyzed sample was 
therefore at least 57 years old at the time of analysis (the 
exact date of production could not be determined for the 
missing lot number). The declared content in 200 cm3 of 
solution was: 300 mg methacholine bromide, 400 mg theo-
phylline, 200 mg phenobarbital, and 200 mg sodium iodide. 
The solution also contains a chlorophyll-based dye, known 
in the literature as chlorophyllinpurin [27], with a concen-
tration of 1 mg cm−3. As indicated on the bottle label, some 
excipients are not explicitly listed by the manufacturer. The 
product was used to treat arteriosclerosis, high blood pres-
sure, and to relieve symptoms of senescence.

Results and discussion

Study of the composition of analyzed preparations

The composition of the analyzed historical phenobarbital-
containing pharmaceutical products was studied by RP-
HPLC with UV and high-resolution tandem mass spec-
trometry (HRMS2) detection. Because all three analyzed 
preparations are multicomponent with a content of tens to 
hundreds of milligrams, two different methods were used 
for the separation of individual components of the analyzed 
preparations on the basis of the literature. For both meth-
ods, the gradient programs and the flow rate of the mobile 

phase were subsequently adapted by monitoring changes in 
the peak retention times and the resolution of consecutive 
peaks. For the separation of the analytes, a Supelcosil™ 
LC-18 (250 × 4.5 mm, 5 μm) column was used for all three 
analyzed preparations.

For the analysis of the preparation “Sedobelin,” or 
“Spasmoveralgin,” gradient elution, hereinafter referred to 
as Gradient I, was selected on the basis of the literature 
[28, 29] and appropriately adjusted. The binary mobile 
phase consisting of aqueous 20 × 10–3 mol  dm−3 acetate 
buffer (CH3COOH/CH3COONH4) of pH = 3.50 (solvent A) 
and acetonitrile (solvent B) was used with a flow rate of 
1.0 cm3 min−1. The adapted gradient program started with 
70% of A which was maintained constant for 7.5 min, then 
linearly decreased to 55% of A within 8.5 min, then linearly 
decreased to 10% of A within 6 min, then maintained con-
stant for 2 min, then linearly increased to 70% of A within 
2 min, and finally maintained constant for 4 min; the total 
analysis time was 30 min.

For the analysis of the preparation “Sklerophyllin,” gra-
dient elution, hereinafter referred to as Gradient II, was 
selected on the basis of the literature [30, 31] and appropri-
ately adjusted. The binary mobile phase consisted of aqueous 
10–2 mol dm−3 acetate buffer (CH3COOH/CH3COONH4) 
of pH = 2.50 (solvent A) and methanol (solvent B), and the 
flow rate was 1.0 cm3 min−1. The adapted gradient program 
started with 75% of A which was maintained constant for 
8 min, then linearly decreased to 45% of A within 8 min and 
then maintained constant for 1 min, then increased to 75% of 
A within 1 min and finally maintained constant for 12 min; 
thus, the total analysis time was 30 min.

The identification of substances in the analyzed pharma-
ceutical preparations was based on HRMS2 measurements 
and comparison of the spectra obtained with the spectra of 
the standards (for most of the substances identified) and, at 
the same time, with data from the literature. An overview of 

Fig. 2   Packaging of the histori-
cal phenobarbital-containing 
pharmaceutical products ana-
lyzed: (a) dragée “Sedobelin” 
(manufactured 1978), (b) 
suppositories “Spasmoveralgin” 
(manufactured in 1985), and (c) 
solution “Sklerophyllin” (manu-
factured in the 1960s)
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the substances found and identified is given in Table 1. The 
representative chromatogram of the analysis of the prepara-
tion “Sklerophyllin” is shown in Fig. 3. It is obvious that the 
separation of the compounds is satisfactory; the tailing peak 
of β-methylcholine is the result of the high concentration of 
this substance in the analyzed preparation.

Selected components (especially main active ingre-
dients) were quantified mainly by HPLC–MS based on 
calibration dependences constructed from peak areas. 
Because the determination of aminophenazone was not 
possible from HPLC measurements (its peak was tailing), 
a spectrophotometric method based on reaction with phos-
phomolybdic acid [49] was used for its quantification in 
“Spasmoveralgin” preparation. The determination of inor-
ganic ions in “Sklerophyllin” preparation was performed 
by capillary zone electrophoresis (CZE). The determina-
tion of ethanol in the “Sklerophyllin” preparation was 
performed by head-space solid-phase microextraction 
followed by GC–MS (SPME–GC–MS). Table 2 provides 
an overview of the results of the determination of selected 
substances and their comparison with the content declared 
by the manufacturer (if possible).

The analysis of the “Sedobelin” preparation identified, 
in addition to the declared substances, quinic acid, whose 
source is the hawthorn leaf extract contained in the prepara-
tion [50], and sucrose, a common excipient in the production 
of dragée. No phenobarbital degradation product was found. 
The determination of the main active ingredients in the prep-
aration showed that the phenobarbital content found was 
48% higher than declared by the manufacturer. A probable 
explanation is a manufacturing error since the papaverine 
content practically corresponds to the declared amount. In 
this case, phenobarbital is therefore stable and undegraded 
even after 43 years of production of this preparation.

Analysis of the “Spasmoveralgin” preparation confirmed 
all declared active substances except atropine, whose declared 
concentration was low and probably below the detection limit 
of the HPLC method used. Somewhat surprising was the find-
ing of 3,4-methylenedioxymethamphetamine, commonly 
known as ecstasy. The plausible explanation is that it is the 
product of the degradation of ephedrine, which is contained in 
the “Spasmoveralgin” preparation [51]. Adipic acid amide is 
the second substance identified in the preparation compared to 
the declared content. Its presence is easily explained because 
this substance is a common excipient in dosage forms. The 
phenobarbital content in the “Spasmoveralgin” preparation 
was determined to be significantly lower than the declared 
amount. This is probably due to a manufacturing error, as no 
phenobarbital degradation products were found. The reason 
may also be the dosage form of the preparation. It is known 
that the manufacturing of suppositories has often resulted in 
inhomogeneity of the active substance content in the indi-
vidual piece of the dosage form [52].

Only in the third specimen analyzed, solution “Sklero-
phyllin,” the degradation of phenobarbital was detected 
and it was proved that pheneturide is the main degradation 
product of phenobarbital. 3-Aminopentanoic acid, found in 
the preparation, is a probable other product of phenobarbi-
tal degradation. Both findings correspond to the measured 
phenobarbital content of 87.5% compared to the declared 
content. After more than 57 years since the manufacture 
of the analyzed product “Sklerophyllin,” phenobarbital has 
degraded from 12.5% to the two degradation products men-
tioned above. The weakly acidic environment of the prepa-
ration may have contributed to the relatively low degree of 
degradation of phenobarbital; the measured value of the 
solution was pH = 5.34. Ethanol, which has been determined 
to be 20% in solution, may also contribute to the stability 
of phenobarbital [20]. The determined content of theophyl-
line, O-acetyl-β-methylcholine bromide, and sodium iodide 
corresponds to the values declared by the manufacturer. The 
green dye, defined by the manufacturer as “chlorophyllinpu-
rin,” has not been accurately identified. It is probably one of 
a wide variety of chlorophyll dyes [53]. It is most likely to 
be hypothesized that this dye is chlorophyllin (known also 
as chlorin e6, CASRN [19660-77-6]), its complex with mag-
nesium ions—chlorophyllin A (CASRN [15611-43-5]), or 
its degradation product, pheophorbide a5 (CASRN [15664-
29-6]). This is also indicated by the measured concentration 
of magnesium ions, which could come from chlorophyllin 
A, because in a slightly acidic environment, magnesium 
ions dechelate [54]. In addition, according to Kephart [55], 
a number of chlorophyll derivatives can be formed from 
plant material in the preparation of chlorophyll-based green 
dyes. Ethyl 4-hydroxybenzoate, which is widely used as 
an antimicrobial preservative in pharmaceutical prepara-
tions [56, 57], was also found in the sample as an excipient 
unspecified by the manufacturer. Its determined concentra-
tion corresponds to the concentrations used for antimicro-
bial purposes. Finally, the finding of β-methylcholine can be 
explained as an impurity or degradation product of O-acetyl-
β-methylcholine bromide.

High‑resolution mass spectrometry of selected 
compounds

For all analyzed preparations, high-resolution tandem mass 
spectra were used to identify the substances present. The 
obtained HRMS2 spectra were compared with both the 
spectra measured for the standards and with the literature 
(Table 1). The HRMS2 spectra for four selected substances, 
including the design of the corresponding ion structures, 
are presented in Fig. 4, to enrich the hitherto insufficiently 
published data.
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Table 1   Substances found in the analyzed historical phenobarbital-
containing pharmaceutical products using RP-HPLC-HRMS2 (reten-
tion time in HPLC, type and m/z of the molecular ion, m/z of diag-
nostic ions, identity and CASRN of the compound, and confirmation 
of the substance with standard and/or reference literature). Measure-

ment conditions: Supelcosil™ LC-18 (250 × 4.5 mm, 5 μm) column, 
the analysis of “Sedobelin” and “Spasmoveralgin” preparations per-
formed with Gradient I, the analysis of “Sklerophyllin” preparation 
performed with Gradient II (for details see the text)

a Due to the very low concentration of analyte in the sample, it was not possible to obtain MS2

b See section High-resolution mass spectrometry of selected compounds

tr/min Molecular ion Diagnostic ions m/z Identity, CASRN Confirmed with

type m/z Standard Refs.

“Sedobelin” preparation
 2.4 [M – H]− 191.0565 171.0280, 127.0423, 109.0303, 93.0348, 

85.0297
Quinic acid, [77-95-2] Yes [32]

 2.5 [M – H]− 341.1093 149.0459, 113.0247, 89.0248, 59.0151 Sucrose, [57-50-1] Yes [33]
 3.2 [M + Na]+ 617.1281 –a Procyanidin, [20347-71-1] No [34]
 3.6 [M + Na]+ 487.0822 –a Hyperoside, [482-36-0] No [35]
 6.7 [M – H]− 231.0768 188.0704, 163.1918, 144.0781, 85.0045, 

68.7895
Phenobarbital, [50-06-6] Yesb [36]

 11.8 [M + H]+ 290.1729 260.1619, 142.1225, 124.1122, 93.0702 Atropine, [51-55-8] Yes [37]
 17.8 [M + H]+ 340.1527 324.1228, 296.1275, 202.0865, 171.0681, 

123.0443
Papaverine, [58-74-2] Yes [38]

“Spasmoveralgin” preparation
 3.5 [M + H]+ 195.0875 138.0660, 123.0426, 110.0713, 83.0605, 

69.0447
Caffeine, [58-08-2] Yes [39]

 4.4 [M + H]+ 194.1175 148.1134, 135.0428, 117.0696, 107.0495, 
91.0546

3,4-Methylenedioxymethamphetamine, 
[42542-10-9]

Nob [40]

 4.5 [M + H]+ 145.0969 102.0917, 85.0650, 61.0397, 57.0698 Adipic acid amide, [628-94-4] No [41]
 5.7 [M + H]+ 300.1595 282.1490, 267.1242, 251.1078, 243.1017, 

225.0910, 215.10654, 199.0753, 183.0801
Codeine, [76-57-3] Yes [42]

 5.9 [M + H]+ 166.1224 148.1117, 133.0881, 115.0542, 104.0621, 
91.0544, 79.0544

Ephedrine, [299-42-3] Yes [43]

 6.7 [M – H]− 231.0777 188.0704, 163.1918, 144.0781, 85.0045, 
68.7895

Phenobarbital, [50-06-6] Yesb [36]

  7.0 [M + H]+ 232.1450 216.1132, 159.0914, 123.0554, 111,0918, 
97,0761, 70,0652

Aminophenazone, [58-15-1] Yes [44]

 7.5 [M + H]+ 223.0080 180.0016, 134.9080, 119.9442, 106.9491, 
101.0835, 86.0602, 69.0335

Bromisoval, [496-67-3] No [45]

 18.3 [M + H]+ 340.1524 324.1218, 310.0777, 296.1273, 202.0850, 
171.0672, 123.0442, 87.0435

Papaverine, [58-74-2] Yes [38]

“Sklerophyllin” preparation
 3.1 [M + H]+ 118.0860 70.0649, 58.0650 3-Aminopentanoic acid, [18664-78-3] No n/a
 4.4 [M – H]− 185.0636 179.0567, 164.0340, 135.0070, 122.0359, 

107.0125, 94.0414, 79.0177, 65.9993
Theophylline, [58-55-9] Yes [46]

 6.5 [M + H]+ 118.1213 62.0806, 59.0486 β-Methylcholine, [7562-87-0] No [47]
 12.2 [M – H]− 231.0777 188.0704, 163.1918, 144.0781, 85.0045, 

68.7895
Phenobarbital, [50-06-6] Yesb [36]

 15.9 [M + H]+ 167.0737 139.0418, 121.0337, 105.0467, 95.0510, 
77.0400, 65.0398

Ethyl 4-hydroxybenzoate, [120-47-8] Yes [48]

 16.2 [M + H]+ 547.1791 396.0577, 299.0739, 164.1077, 87.0442 Green colorant (the exact structure not deter-
mined)

n/a n/a

 17.1 [M + H]+ 207.1168 119.0878, 91.0561. 61.0406 Pheneturide, [90-49-3] Nob n/a
 20.0 [M + H]+ 160.1333 101.604, 85.0886 O-Acetyl-β-methylcholine bromide, [333-31-3] Yes [47]

Phenobarbital is the target molecule studied in this work. 
Its obtained spectrum (Fig. 4a) is analogous to the spec-
tra obtained by other methods of ionization, especially 

collision-induced dissociation [36, 58] chemical ioniza-
tion [59], or electron impact ionization [60]. However, the 
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structures of ESI fragments have not yet been proposed in 
the literature.

According to our best knowledge, the HRMS2 of phe-
neturide, the main product of phenobarbital degradation, 
has not yet been published in the literature. Its measured 
mass spectrum, including the design of the corresponding 
ion structures, is therefore shown in Fig. 4b. The situation 
is similar also in the case of the second probable product of 
degradation of phenobarbital, which is 3-aminopentanoic 
acid. Its measured mass spectrum is shown in Fig. 4c.

Finally, in Fig. 4d, the measured spectrum of 3,4-methyl-
enedioxymethamphetamine is documented, as its presence 
in the analyzed “Spasmoveralgin” preparation was very sur-
prising. Fragmentation ions agree with the data reported in 
the literature [40], but the proposals of probable structures 
of individual ions, given in this work, are much richer.

Conclusions

Analysis of three historical pharmaceutical preparations 
containing phenobarbital, which differ in the type of dosage 
form, revealed that phenobarbital is stable in solid and semi-
solid preparations even after decades of its manufacture. On 
the other hand, the phenobarbital concentration decreased 
to 87.5% in the 57-year-old solution of “Sklerophyllin” and 

two degradation products were found: pheneturide, 3-amin-
opentanoic acid. When determining the content of the main 
active ingredients in the analyzed preparations, relatively 
large manufacturing errors were found in their production. 
Furthermore, the mass spectra of four selected substances 
(phenobarbital, pheneturide, 3-aminopentanoic acid, and 
3,4-methylenedioxymethamphetamine) were measured and 
interpreted, which so far have not been sufficiently published 
in the literature.

Experimental

Analyzed samples, chemicals

The historical pharmaceutical products analyzed (Fig. 2) 
came from the collection of the Department of Analytical 
Chemistry, Faculty of Science, Charles University (Czech 
Republic). The storage conditions of the samples are not 
known; it is assumed that they have been stored in the dark 
at room temperature. Sample dating was performed on the 
basis of a lot number. In the case of the “Sklerophyllin” sam-
ple, the dating was only approximately estimated according 
to the information on the packaging and the data from the 
literature. The composition of the samples is given above in 
the section Introduction.

Fig. 3   HPLC analysis of the preparation “Sklerophyllin” (a) chroma-
togram with UV detection at 280 nm, (b) extracted ion chromatogram 
with ESI in positive mode, (c) extracted ion chromatogram with ESI 
in negative mode at m/z = 231.0777. Identification of the substances: 
1 3-aminopentanoic acid, 2 theophylline, 3 β-methylcholine, 4 pheno-

barbital, 5 ethyl 4-hydroxybenzoate, 6 green colorant, 7 pheneturide, 
8 O-acetyl-β-methylcholine. Measurement conditions: Supelcosil™ 
LC-18 (250 × 4.5 mm, 5 μm) column, gradient elution with aqueous 
10–2 mol  dm−3 acetate buffer of pH = 2.50 and methanol (for details 
see text, Gradient II), and flow rate 1.0 cm3 min−1
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The following substances were used as standards of 
active pharmaceutical ingredients or excipients: O-acetyl-
β-methylcholine bromide (≥ 98%, Merck), aminophena-
zone (reagent grade, Merck), atropine (≥ 99%, Merck), caf-
feine (p.a., Sigma-Aldrich), codeine (according to Ph. Eur., 
Zentiva, Czech Republic), ephedrine (p.a., Lachema, Czech 
Republic), ethanol 96% (p.a., Lach-Ner, Czech Republic), 
ethyl 4-hydroxybenzoate (ReagentPlus, Merck), magne-
sium chloride (p.a., Lach-Ner, Czech Republic), papaverine 
hydrochloride (p.a., collection of the Department of Ana-
lytical Chemistry, Faculty of Science, Charles University), 
phenobarbital (p.a., Lach-Ner, Czech Republic), potassium 
bromide (p.a., Lach-Ner, Czech Republic), potassium iodide 
(p.a., Lach-Ner, Czech Republic), D-(-)-quinic acid (98%, 
Merck), sodium chloride (p.a., Lach-Ner, Czech Republic), 
sucrose (p.a., Lach-Ner, Czech Republic), and theophylline 
(≥ 99%, Merck).

The other chemicals used were: acetic acid 99% (p.a, 
Lach-Ner, Czech Republic), acetonitrile (HPLC Supra-
Gradient, Biosolve Chimie, France), ammonium acetate 
(p.a, Lach-Ner, Czech Republic), 18-crown-6 ether (99%, 
Merck), ethanol 96% (p.a., Penta, Czech Republic), formic 
acid 98% (p.a, Lach-Ner, Czech Republic), imidazole (ACS 

Reagent, Merck), methanol (HPLC Supra-Gradient, Bio-
solve Chimie, France), phosphomolybdic acid hydrate (ACS 
reagent, Merck), and sodium hydroxide (p.a., Lachema, 
Czech Republic). Deionized water, prepared on a Milli-Q 
instrument (Millipore, USA), with a specific conductiv-
ity < 0.05 μS cm−1 was used (unless otherwise stated).

Procedures, instrumentation

Prior to analysis, a weighed formulation of the studied phar-
maceutical product was dissolved in a defined amount of 
methanol in a volumetric flask (50.00 cm3 for “Sedobelin,” 
100.0  cm3 for “Spasmoveralgin”) using ultrasound. The 
resulting suspension was filtered through a 0.20 μm syringe 
filter (Whatman). In the case of “Sklerophylline,” a volume 
of 1.00 cm3 was pipetted from the liquid sample, diluted in 
a 5.00 cm3 volumetric flask by methanol and filtered through 
a 0.20 μm syringe filter.

An Agilent 1200 HPLC System with a binary pump was 
used for HPLC–MS. The detection was performed using 
an internal diode-array detector and with a connected mass 
spectrometer. Separation was performed on a Supelcosil™ 
LC-18 (250 × 4.5  mm, 5  μm; Supelco) column with a 

Table 2   Determination 
of selected substances in 
the analyzed historical 
phenobarbital-containing 
pharmaceutical products 
(substance, method of 
determination, declared amount 
of substance in pharmaceutical 
preparation, found amount of 
substance in pharmaceutical 
preparation, and comparison to 
the declared amount)

a The preparation has a declared content of methacholine bromide of 1.5  mg  cm−3, it corresponds to 
0.50 mg dm−3 of bromide anion alone
b See section Procedures, instrumentation
c A green dye based on chlorophyll could be the source of magnesium (II) ions
d The sum of all sodium ions present; the main source is sodium iodide, but it can also be from excipients 
not explicitly listed by the manufacturer
e Concentration calculated from the determination of the iodide anion

Substance Method, Ref Amount

Declared Found % of declared

“Sedobelin” preparation
 Atropine HPLC, Gradient I n/a 0.085 mg/drg n/a
 Papaverine hydrochloride HPLC, Gradient I 20 mg/drg 18.7 mg/drg 93.5
 Phenobarbital HPLC, Gradient I 50 mg/drg 73.9 mg/drg 148

“Spasmoveralgin” preparation
 Aminophenazone UV spectrometry, [49] 200 mg/supp 114 mg/supp 57.0
 Caffeine HPLC, Gradient I 50 mg/supp 48.4 mg/supp 96.8
 Papaverine hydrochloride HPLC, Gradient I 25 mg/supp 32.4 mg/supp 126
 Phenobarbital HPLC, Gradient I 25 mg/supp 13.5 mg/supp 54.0

“Sklerophyllin” preparation
 Bromide aniona CZEb 0.50 mg cm−3 0.579 mg cm−3 116
 Ethanol SPME-GC-MSb n/a 20% n/a
 Ethyl 4-hydroxybenzoate HPLC, Gradient II n/a 0.342 mg cm−3 n/a
 Magnesium(II) ionsc CZEb n/a 0.014 mg cm−3 n/a
 Phenobarbital HPLC, Gradient II 1.00 mg cm−3 0.874 mg cm−3 87.4
 Sodium ionsd CZEb n/a 1.26 mg cm−3 n/a
 Sodium iodidee CZEb 1.00 mg cm−3 1.06 mg cm−3 106
 Theophylline HPLC, Gradient II 2.00 mg cm−3 2.16 mg cm−3 108
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temperature maintained at 30 °C. To analyze the prepara-
tion “Sedobelin” or “Spasmoveralgin,” the binary mobile 
phase consisting of aqueous 20 × 10–3 mol  dm−3 acetate 
buffer (CH3COOH/CH3COONH4) of pH = 3.50 (solvent 
A) and acetonitrile (solvent B) was used with a flow rate 
of 1.0 cm3 min−1. The gradient program started with 70% 
of A which was maintained constant for 7.5 min, then lin-
early decreased to 55% of A within 8.5 min, then linearly 
decreased to 10% of A within 6 min, then maintained con-
stant for 2 min, then linearly increased to 70% of A within 
2 min, and finally maintained constant for 4 min; the total 
analysis time was 30 min. The volume of injected sample was 
3 mm3. In the case of preparation “Sklerophyllin,” the binary 
mobile phase consisted of aqueous 10–2 mol dm−3 acetate 
buffer (CH3COOH/CH3COONH4) of pH = 2.50 (solvent A) 
and methanol (solvent B). The flow rate was 1.0 cm3 min−1. 
The gradient program started with 75% of A that was main-
tained constant for 8 min, then linearly decreased to 45% of 
A within 8 min and then maintained constant for 1 min, then 
increased to 75% of A within 1 min, and finally maintained 
constant for 12 min; thus, the total analysis time was 30 min. 
The volume of injected sample was 5 mm3.

High-resolution tandem mass spectrometry detection was 
performed on a Bruker QqTOF compact instrument operated 
with Compass otofControl 4.0 software (Bruker Daltonics, 
Germany). For data processing software Compass DataAnal-
ysis 4.4 (Build 200.55.2969; Bruker Daltonics, Germany) 
was used. ESI-MS2 data were collected in both positive and 
negative mode, the scan range was m/z = 50–1000. The dry-
ing gas temperature was set at 220 °C, and its flow rate was 
3.0 dm3 min−1. The cone voltage was 2800 V. Measured 
mass spectra were analyzed using Compass Compound-
Crawler 3.0 software (Bruker, Germany). The calibration 
method was employed for the quantification of analytes.

The determination of aminophenazone in the preparation 
“Spasmoveralgin” was carried out using a spectrophotomet-
ric method based on a reaction with phosphomolybdic acid, 
according to Ghimicescu et al. [49]. Measurement was done 
on a single-beam diode-array spectrophotometer HP-8453 
(Agilent, USA) in a quartz cuvette with an absorption layer 
thickness of 1 cm at wavelength 630 nm. The quantification 
was based on a calibration method.

All electrophoretic measurements were performed 
on an Agilent 7100 capillary electrophoresis instrument 
(Agilent Technologies, Germany) equipped with a diode 

array and a contactless conductivity detector. The meas-
urement temperature was maintained at 25 °C. The calibra-
tion method was used for the quantification of ions. The 
determination of bromide and iodide was carried out in a 
20 µm i.d., 375 µm o.d. fused-silica capillary (Polymicro 
Technologies, USA), 110.0 cm total length, 95.0 cm effec-
tive length. Prior to the first use, the capillary was flushed 
10 min with 1.0 mol dm−3 aqueous solution of sodium 
hydroxide and then 10 min with deionized water. Between 
individual runs, the capillary was flushed 3 min with the 
background electrolyte consisting of 1.0 mol dm−3 aque-
ous solution of formic acid. The sample was introduced 
by a pressure of 5 kPa for 10 s. During separation, the 
voltage was set at − 25 kV (current was 4 µA) and a pres-
sure of 45 mbar was applied to the outlet vial. Contactless 
conductivity detection was used. Determination of mag-
nesium and sodium cations was carried out in a 50 µm 
i.d., 375 µ.m. o.d. capillary, 80.0 cm total length, 71.5 cm 
effective length. Prior to the first use, the capillary was 
treated as previously described. Between individual runs, 
the capillary was flushed 3 min with the background elec-
trolyte consisting of 10–2 mol dm−3 aqueous solution of 
imidazole adjusted to pH = 4.5 (set using acetic acid) and 
with the addition of 4.0 × 10–3 mol dm−3 18-crown-6 ether. 
The sample was introduced by a pressure of 5 kPa for 
10 s. During separation, the voltage was set at 30 kV (cur-
rent was 6 µA). UV detection at 200 nm wavelength was 
employed.

The ethanol concentration in the preparation “Sklero-
phyllin” was determined by head-space solid-phase micro-
extraction (SPME) [61]. The analyzed preparation was 
diluted 1:20 with distilled water. A 1.00 cm3 of the diluted 
solution was dispensed into a 4 cm3 glass vial with the 
septum. The solution in the vial was stirred using a mag-
netic stirrer, and a SPME fiber Carboxen-PDMS 75 μm 
was placed in the headspace using a SPME Holder (both 
Supelco, USA). The sorption on the fiber took place at 
room temperature for 30 min. Next, the fiber was placed 
into the injection port of the GC–MS. The GC–MS meas-
urements were performed on a Shimadzu QP-2010 instru-
ment. The injection was performed in splitless mode, 
and the injector temperature was 250  °C. Separation 
was achieved using an Agilent J&W DB-WAX column 
(30 m × 0.25 mm; the film thickness 0.25 μm). The oven 
temperature was initially set at 35 °C for 3 min and then 
increased at a rate of 15.0 °C min−1 to 250 °C and then 
held for 10 min. The pressure of the carrier gas (helium) 
was 60 kPa. Electron ionization with an electron energy 
of 70 eV and a quadrupole mass analyzer in scan mode in 
the range of m/z = 25–350 was used. The retention time of 
ethanol was 4.11 min, and the standard addition method 
was used for its quantitation.

Fig. 4   High-resolution tandem mass spectra of selected compounds 
found in the analyzed historical phenobarbital-containing phar-
maceutical products (precursor ion is marked by the diamond): 
(a) ESI−-MS2 spectrum of the product ions of phenobarbital, (b) 
ESI+-MS2 spectrum of the product ions of pheneturide, (c) ESI+-MS2 
spectrum of the product ions of 3-aminopentanoic acid, and (d) 
ESI+-MS2 spectrum of the product ions of 3,4-methylenedioxymeth-
amphetamine

◂
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