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AćĘęėĆĈę

The metabolic ϐield aiming at theoretical and applied analysis of metabolic
processes of different levels to be the basis or the background of many dis-
eases has been actively developing for the last decade. Especially, the concepts
of the role of the cell energy metabolic imbalance during various pathologic
processes that are based, ϐirst of all, on themitochondrial deϐiciency have been
actively developed.The irreversible cell damage when affected by the disturb-
ing agents occurs from themoment of damage of organelles- the ATP generat-
ing cell systems. The paper studies the opportunity of creating the combined
dosage formulation containing two active pharmaceutical ingredients (suc-
cinic acid and butafosfan) based on their chemical compatibility. Butafosfan
improves the blood glucose disposal that stimulates the energy metabolism
and accelerates metabolic processes due to the ADP-ATP cycle stimulation.
Succinic acid can directly improve the energy-synthesizing function of mito-
chondria by increasing the succinate delivery and consumption by ischemic
cells, participate in implementation of the succinic acid quick oxidation by
succinate dehydrogenase, as well as activation of the mitochondrial respira-
tory chain leading to the ATP quick resynthesis. One of the obligatory phases
of research is identiϐication and study of physical and chemical properties of
the active ingredient, compatibility assessment of the active ingredient and
excipients, and in case of combination drugs - also compatibility assessment of
ingredients themselves. To choose the necessary conditions during the solu-
tion technology development, the chemical properties, stability and compati-
bility of these pharmaceutical substances were studied.
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INTRODUCTION

The modern treatment any pathology includes a
combination of two or more drugs in the well-
tolerated doses. The use of combination medicines
strengthens organoprotection, since there is a com-
plementary effect on the target organs due to the
physiological andpharmacological synergybetween
products of different classes (Hisao and Masuo,
1989; Brabander et al., 2009). The main task of any
pharmaceutical development is to produce a quali-
tative, effective and safe product. That is why one
of the obligatory phases of research is identiϐica-
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tion and study of physical and chemical properties
of the active ingredient, compatibility assessment of
the active ingredient and excipients, and in case of
combination drugs - also compatibility assessment
of ingredients themselves (Viñas et al., 2004).

Figure 1: Butafosfan structural formula

Figure 2: Succinic acid structural formula

The objective of this work is to study the chemical
compatibility of two pharmaceutical substances in
the same dosage formulation and with excipients.
The developed dosage formulation is a solution con-
taining two active pharmaceutical ingredients: suc-
cinic acid and butafosfan (Zai et al., 2013; Singh,
2015; Cristina et al., 2012).

MATERIALS ANDMETHODS

The main phases in research of the chemical com-
patibility of succinic acid and butafosfan in the same
dosage formulation were: study of the chemical
compatibility of two substances (both jointly and
together with excipients) in the form of model solu-
tions.

Butafosfan (1-butylamino-1-methyl) is a phospho-
rus organic compound. Chemical name - ethyl phos-
phonic acid (Figure 1). By its pharmacological prop-
erties, butafosfan belongs to the metabolic process
stimulants in the organism.

Succinic acid (butanedioic acid, ethan-1,2-
dicarboxylic acid) is the dicarboxylic acid (Fig-
ure 2) consisting of four carbon atoms and occur-
ring in the vegetable and animal tissues. In the
drugs, succinic acid is used as active ingredient

being a metabolic product improving the tissue
metabolism and energy support reducing the tissue
hypoxia (Udalova et al., 2015) .
The ϐirst experimental phase in compatibility
research of the combination drug consisted in mon-
itoring the creation of the identiϐied solutions of the
test substances and, perhaps, new (non-identiϐied)
substances when occurring in the combination
dosage formulation (Singh, 2015).

Identiϐication of chemical substances in the solu-
tions and the mixture of two ingredients was per-
formed bymass-spectrometry with ionization using
the electrospray (ESI-MS-analysis) at the Amazon
X device (Bruker Daltonik GmbH, Germany). The
nitrogen with the temperature of 220 0С is used
in the source as the drying gas. The voltage in
the source was 4.5 kV. The sample was introduced
using the liquid chromatograph auto-sampler Agi-
lent 1260 Inϐinity (Agilent Technologies, USA). Iso-
propanol eluent: water, 50:50, eluent ϐlow rate 0.2
ml/min. The spectra were recorded in the record
mode of the negatively charged particles (Carrasco
et al., 2008; Mahmoudi et al., 2014; Chilumuru et al.,
2015).

RESULTS AND DISCUSSION

The mother solutions of butafosfan and succinic
acid were prepared in the de-ionized water, with 1
mg/ml concentration. The samples were very solu-
ble, without sedimentation. Then the solutionswere
centrifuged for 5min. at 14 ths. rpm for trace impu-
rity and solid particle deposition. The mother solu-
tionswerediluted before spectra recording to the 20
µg/ml concentration. The pure spectra of butafos-
fan and succinic acid were obtained in the record
mode of the negatively charged particles.

In the mass-spectrum ESI-MS (Figure 3), the peaks
m/z178and357belong to the ions [M-H]− and [2M-
H]− butafosfan. The high intensity, peaks m/z 178,
makes it preferable when analyzing this substance
in different mixtures.

In the mass-spectrum ESI-MS (Figure 4), the peaks
m/z117and235belong to the ions [M-H]− and [2M-
H]− Consequently, these peaks are analytical when
determining the succinic acid. The high intensity,
peaks m/z 117, makes it preferable when analyzing
this substance in different mixtures.

Further on, to deϐine the chemical compatibility, the
mixture of mother solutions of 10% butafosfan and
1% succinic acidwas prepared in 1mL of de-ionized
water. The mixture was mixed in the shaker for 1
min. and then centrifuged for 5 min. at 14 ths. rpm.
Then, the pure spectrum of the butafosfan and suc-

4284 © International Journal of Research in Pharmaceutical Sciences



Sergey Yu. Smolentsev et al., Int. J. Res. Pharm. Sci., 2020, 11(3), 4283-4287

Figure 3: ESI-MS analysis of butafosfan solution

Figure 4: ESI-MS analysis of succinic acid solution

Figure 5: ESI-MS analysis of the mixture of the 10% butafosfan and 1% succinic acid, 0.5 %
novocaine solutions
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Figure 6: ESI-MS analysis of the mixture of the 10% butafosfan and 1% succinic acid, 0.5 %
novocaine solutions in 6 and 12months of storage period

cinic acid mixture was obtained.

The analysis of the mass-spectrum of the mixture
of butafosfan and succinic acid and novocaine (Fig-
ure 5) indicates that no interaction between the
mixture components occur. There are no peaks
with the other values m/z in the mass-spectrum.
The ion peaks m/z 117 and m/z 178 belong to the
analytical peaks of the succinic acid and butafosfan
molecules, respectively. The intensity ratio of these
peaks reϐlects their concentration in this mixture.

The 0.5% novocaine solution was prepared in the
de-ionized water in a similar way. In the mass-
spectrumof this specimenESI-MS, the peakm/z235
of ion [M-H]− novocaine was not observed in the
mode of the negatively charged particles. In view of
this, the identiϐication method of novocaine by the
mass-spectra ESI-MS in the mode of the positively
charged particles was used. In this case, the intense
peak m/z 237 of ion [M+H]+ was observed in the
mass-spectrum. Consequently, this peak is analyti-
cal when determining the novocaine in the samples.

Creation of the medicinal product assumes the
determination of shelf life and substantiation of the
optimal storage periods and conditions. The prop-
erties of the medicinal product should be deter-
mined and standardized as per pharmacopoeial
requirements. For standardization and quality con-
trol of the complex antibacterial products, as well
as for stability study during storage, the assessment
methods of the medicinal product applied to the
injection solutionswere used including the determi-

nation of the appearance and concentration of the
active ingredients in the solutions. The shelf life was
established according to the stability study results in
the long-term storage conditions of the solutions at
+5±2 ◦С for 6 and 12 months in the light-protected
area. The organoleptic control of the model solu-
tions showed that all the mixtures withstood the
requirements to the appearance during the shelf life
of 6 and 12 months, that is: the solutions are trans-
parent, without impurities.

During identiϐication of substances of the model
mixtures when stored in the mass-spectrum in the
mode of the negatively charged particles of the sam-
ple (12months for the 10% butafosfan and 1% suc-
cinic acid, 0.5%novocaine solutions) (Figure 6), the
main components - succinic acid and butafosfan -
are clearly visible. Peaks with other values m/z are
minor. The ion peaks m/z 117 and m/z 178 men-
tioned above belong to the analytical peaks of the
succinic acid and butafosfanmolecules, respectively.
The presence of novocaine in this sample is estab-
lished by themass-spectrum in themode of the pos-
itively charged particles. The intense peak m/z 237
of ion [M+H]+ was observed in the mass-spectrum
of this specimen.

CONCLUSIONS

Therefore, using the mass-spectrum method in the
modes of the negatively and positively charged par-
ticles, identiϐication of butafosfan, succinic acid and
novocaine was performed. The intensity ratio of
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these peaks reϐlects their concentration in this mix-
ture, thus evidencing the stability of the produced
mixture in 12 months of the storage period in the
light-protected area at +5±2 ◦С.
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