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DEVELOPMENT AND VALIDATION OF SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF MELDONIUM DIHYDRATE IN DOSAGE FORMS

© A. Donchenko, N. Nahorna, S. Vasyuk

Mema. Cnexmpoghomomempisi € 0OHUM [3 HAUOIILUL WUPOKO 3ACHOCOBYBAHUX MEMOOI8 V (PapmayeemuiHoMy
ananizi. Bucoka uymausicms, eKOHOMIYHICMb Ma 0OCMYNHICMb 051 OLILUWOCME 1A00PaAmOpitl KOHMPOIIO AKOCHE
JIKapcvKux 3acobie € be3nepeuHumMu nepeeazamu ybo2o abcopoyitinozo memoody. OOHAK iCHye HeoOXIOHICmb
NOULYKY HOBUX AHANIMUYHUX peazenmie 05l pO3pOOKU MemOoOUK KLIbKiCHO20 gusHaueHHs. Tomy memoro pobomu
CcmMano 00CiONHCEeHHs 83AEMOOIL MeNbOOHII0 OUiopamy 3 N-XA0PAaHiIOM ma po3poOKA HA OCHOBL OMPUMAHUX Od-
HUX CNeKmpopomoMempusHoi MemoouKy aHalizy npenapamy 8 AiKapcbKux popmax.

Memoou. B 0ocniodcenHi 8UKOpUCINO8Y8AU POOOUUL CIMAHOAPMHUL 3pA30K MeNbOOHII0 0u2iopamy, n-XJa0pamii,
JIM®A, 3pasku eomoeux nikapcokux gopm. [ns eusnauennss OnmudHoi eycmuny npooyKkmie peaxyii 3acmoco-
sysanu cnekmpogpomomemp Specord 200.

Pezynromamu. B xo0i po3pobku memoouxu Oyau nioiopani ORMuMaibHi yMO8U NPOGEOeHHs CREeKMpPogdomoment-
puunozo ananizy. /locniosceno eniue na nepedie peakyii maxkux YUHHUKIG K NRPUPOOA PO3UUHHUKA, KOHYEHMPA-
yis peazenmy, memnepamypa ma 4ac Hazpieanhs. ExcnepumenmanbHo 6CmanosieHo, wo MeibOOoHill 63aEMo0ie
3 n-xaopauinom y cepeoosuwii MDA 3 ymeopenHam 3a0apenenoi ChoayKu 3 MAxKcumymom abcopoyii npu
556 um. Ilposedeno sanioayito po3pobrenoi memoouxu. Buznaueno ocHoeHi eanioayitiHi xapakmepucmuku, da
came, AIHINHICMb, NPEYUIIUHICMb, NPABUILHICIb, pobacHicmbs ma dianazon 3acmocysanHsi. 1lionopsokysarnns
3axoHy Bepa cnocmepicaemoca 6 mesicax konyenmpayin 8,00-20,00 me/100 mn, koegiyicum xopenayii cmarno-
sumv 0,9995. Ilapamempu HiHIlIHOT 3a1€HCHOCMI PO3PAXOBAHO 34 OONOMO20I0 PeSpeciliHo20 AHANIZY MemoOoM
HatlMeHwux keaopamis. 3anpononosana memoouxa sionosioac sumozam ADY, axi eucysaomes 00 Memooux
KIIbKICHO20 AHANI3Y NIKAPCOKUX PEYOBUH.

Bucnoexu. Po3pobneno ma 6anioo6ano cnekmpogomomempuiny MemoouKy KilbKiCHO20 GU3HAYEHHS Melb-
OOHiI0 ouziopamy, AKA YCNIWHO 3ACMOCO8AHA Ol AHANIZY AIKAPCbKux gopm. Pezynomamu docnioscenns ceio-
uamo, WO MEMOOUKA € MOYHOIO, NPOCMOIO Y GUKOHAHHI Ma NPUOAMHON0 Ol GUKOPUCMAHHSL 8 1AOOPAmMOpIsiX
KOHMPOI0 AKOCMI NIKAPCbKUX PeYOBUH

Knrouosi cnosa: cnexkmpogpomomempis, noxioni XiHOHY, N-XAOPAHLN, MeIbOOHII0 Ou2iopam, aHali3, KilbKicHe
BU3HAYEHHNS, 8ani0ayis

1. Introduction
Today, metabolic therapy is an important compo-

drugs that improves metabolic processes in ischemic
myocardium, increase resistance to hypoxia, eliminate
cellular metabolism disorders. To the well-known and

nent of the treatment of virtually any disease of the inter-
nal organs. Drugs affecting the metabolic processes in
the heart, brain, liver, muscles, are widely prescribed by
general practitioners and narrow specialists. A special
place among them take cardioprotectors — a group of

recognized by clinicians cardioprotectors also belongs
meldonium [1]. The drug was created at the Latvian
Institute of Organic Synthesis in the mid-1970s and was
used as a veterinary product. In clinical practice meldo-
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nium began to be applied only later, after detecting car-
dioprotective properties of it [2].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

Meldonium is a structural analogue of gamma-
butyrobetamine. At the heart of the mechanism of
action of the drug is the reduction in the amount of
carnitine in the body, which in the conditions of oxy-
gen insufficiency leads to inhibition of oxidation of
fatty acids. Meldonium induces biosynthesis of nitric
oxide, which promotes relaxation of smooth muscle of
vessels, improves microcirculation and endothelial
function [3]. The therapeutic effect of the drug is due
to the variety of its pharmacological effects. Meldoni-
um is used in the treatment of various chronic cardio-
vascular diseases and disorders of the cerebral circula-
tion, as well as to improve mental and physical capaci-
ty [4]. Pharmaceuticals based on it are manufactured
by leading domestic and foreign pharmaceutical com-
panies in the form of tablets, capsules and injection
solutions. Consequently, there is a need to ensure the
control of their quality by developing reliable and
affordable methods of pharmaceutical analysis of mel-
donium in medicinal forms.

5. Analysis of recent studies and publications in
which a solution of the problem are described and to
which the author refers

The substance meldonium dihydrate is described
in the European Pharmacopoeia and the State Pharmaco-
poeia of the Russian Federation (SPRF) [5, 6]. Thus, the
SPRF XII recommends the quantitative determination of
meldonium dihydrate by the acidimetry method in a non-
aqueous medium with a potentiometric fixation of the
end point of titration. To date, in the scientific literature
there is a considerable number of works devoted to the
analysis of meldonium dihydrate in biological fluids. For
example, Chinese scientists from the Fourth Military
Medical University have proposed a HPLC method with
tandem mass spectrometry detection for the quantitative
determination of meldonium in human plasma [7]. The
chromatographic technique was also used by Ukrainian
scientists to study the bioequivalence of oral meldonium
[8]. However, there is almost no data on the analysis of
dosage forms. There is a well-known method for the
determination of choline alphospherate and meldonium
for their co-presence in a solution using micellar electro-
kinetic chromatography under conditions of indirect
detection [9].

6. The field of research considering the general
problem, which is described in the article

In the development of spectrophotometric meth-
ods of analysis, the general problem is the search for
reagents that allow carrying out quantitative determina-
tion of active pharmaceutical ingredients precisely, ex-
pressively and economically. Among the organic rea-
gents the quinone derivatives deserve special attention.
Quinones are available on the Ukrainian market of chem-
ical reagents, and reactions of their use are characterized
by high specificity, selectivity and sensitivity. Therefore,
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it is promising to study the interaction of derivatives of
quinone with medicinal substances and to develop on the
basis of obtained data spectrophotometric methods for
the determination of pharmaceuticals.

7. Formulation of goals (tasks) of article

The aim of the work was to develop precise and
economical spectrophotometric methods for quantitative
determination of meldonium dihydrate in dosage forms
on the basis of the reaction with p-chloranil and valida-
tion of the developed method in accordance with the
requirements of the State Pharmacopoeia of Ukraine
(SPHU).

8. Presentation of the main research material
(methods and objects) with the justification of the
results

For the study, sample of a working standard of
meldonium dihydrate (series 250516, PAT "Farmak",
Ukraine) and drugs — capsules "Vazonat" 250 mg (series
80517, AT "OLANFARM", Latvia), a solution for injec-
tions "Vazonat "100 mg / ml (series 10417, AT "OLAN-
FARM ", Latvia).

As a reagent and solvent were used p-chloranil,
DMF and purified water.

Analytical equipment: spectrophotometer Specord
200, electronic scales ABT-120-5DM, water bath Mem-
mert WNB 7-45, measuring glassware of class A.

General method for quantitative determination
of meldonium dihydrate

The exact weighting of meldonium dihydrate
(0.0350 g) was placed in a volumetric flask of 25.00 ml,
dissolved in 2.50 ml of purified water and added to the
mark with DMF, carefully mixed. 1.00 ml of the final
solution was treated with 0.50 ml of 1% p-chloranil solu-
tion, stirred. The resulting reaction mixture was heated
for 20 minutes in a water bath at a temperature of 95°C.
After cooling, the solution was transferred quantitively in
a volumetric flask of 10.00 ml and brought to the mark
with a solution of DMF. The absorption was measured
on the background of the compensating solution that did
not contain the test substance at 556 nm.

Method of quantitative determination of mel-
donium dihydrate in capsules

The exact weight of the capsule mass (0.0380 g)
was placed in a volumetric flask of 25.00 ml, dissolved
in 2.50 ml of purified water and adjusted to DMF. The
resulting solution was stirred and filtered, dropping the
first portions of the filtrate. Further, the filtrate aliquots
were analyzed according to the general procedure.

Method for quantitative determination of mel-
donium dihydrate in a solution for injections

1.00 ml of the solution for injections was placed
in a 100.0 ml volumetric flask and adjusted to a mark
with DMF, mixed thoroughly. The aliquots of the result-
ing solution were analyzed according to the general pro-
cedure.

Results and discussion

As a result of the studies, it was found that mel-
donium dihydrate reacts with p-chloranil in a DMF me-
dium to form a coloured compound with a maximum
absorption of 556 nm (Fig. 1). The detection limit for
optimum conditions is 10.22 pug / ml.



Scientific Journal «ScienceRise: Pharmaceutical Science»

Ned(14) 2018

0.7 4

0.6 4

0.4 4

0.3 4

0.1 - G

00] 1 s e

Fig. 1. Absorption spectrum of meldonium dihydrate (1),
p-chloranil (2) and product of the reaction of meldonium
dihydrate with p-chloranil (3) (meldonium dihydrate:
0.14 %, p-chloranil: 1 %, heating temperature: 95 °C,
heating time: 5 min.)

During the development of the method, the study
of the interaction of meldonium dihydrate with p-
chloranil was carried out. The factors that could influ-
ence the speed and completeness of the reaction, namely
the nature and composition of the solvent, the concentra-
tion of the reagent, the temperature and stability of the
reaction products in time, were studied.

When choosing a solvent, the solubility of meldo-
nium dihydrate and p-chloranil was taken into account as
well as the maximum value of the absorbance of the test
solution. Thus, DMF was chosen as the most suitable
solvent for the analysis. Also, to dissolve weighted
amount of meldonium dihydrate 10 % of the volume of
purified water was added.

Further studies were carried out on the influence
of temperature and time of heating on the value of ab-
sorbance (Fig. 2, 3). Experimentally it was established
that the absorption maximum is observed when the reac-
tion mixture is heated for 20 minutes at a temperature of
95 °C.
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Fig. 2. Effect of temperature on the reaction of meldoni-
um dihydrate with p-chloranil (meldonium dihydrate:
0.1 %, p-chloranil: 1 %, heating time: 5 min)
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Fig. 3. Effect of heating time on the reaction of meldoni-
um dihydrate with p-chloranil (meldonium dihydrate:

0.1 %, p-chloranil: 1 %, heating temperature: 95 °C)

Validation of the analytical method

According to the requirements of the SPHU, vali-
dation of the developed methodology was carried out
[10, 11]. The main validation characteristics, namely
linearity, precision, accuracy, robustness and range of
application, are established according to standardized
procedure by the standard method.

Linearity

To determine the linearity, 9 measurements of the
absorption of working standard solution of meldonium
dihydrate were performed in the range of concentrations
in which the obedience of a Beer’s law was observed,
namely 8.00-20.00 mg / 100 ml.

The calibration graph of the absorption from mel-
donium dihydrate concentration was plotted according to
the obtained data (Fig. 4).
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Fig. 4. Calibration curve of meldonium dihydrate

Parameters of linear dependence were calculated
using regression analysis using the least squares method.
The obtained values are given in Tab. 1

According to tab. 1 the requirements for linear
dependence parameters are met, that is, the linearity of
the method of quantitative determination of meldonium
dihydrate is confirmed throughout the range of concen-
trations (60-140 %).
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Table 1
Numerical indicators of linear dependence
Figure Value Criteria Conclusion
b=(sy) 0.0485+(0.0006) — -
ax(Sy) 0.0129+(0.0081) la] < Aa=1(95%;7)-5,=0.0153 corresponds
S..0(%) 0.1257 < Aps(%0)/t(95%;7) = 1.055 corresponds
r 0.9995 >0.9992 corresponds
Precision According to the requirements of the SPHU to preci-

Precision was determined at the level of repeata-
bility. 9 samples were analyzed, the concentrations of
which were evenly distributed in the investigated
range of the technique (plus a comparison solution
whose concentration was close to the nominal value).

sion, the technique is accurate at the level of repeata-
bility if the one-way confidence interval (A;) does not
exceed the maximum permissible uncertainty of the
analysis (Aas%). Data in Tabl. 2 testify the precision
of the developed method.

Table 2
Precision determination results for meldonium dihydrate dosage forms (n =9, p = 0.95)
Metrological characteristics
Dosage form Z % A% A, Anclh
Capsules "Vazonat" 100.16 0.73 1.36 1.6
Solution for injections "Vazonat" 100.41 0.71 1.32 1.6

Accuracy

To establish the accuracy of the developed meth-
od, the method of additives was used. During the experi-
ment, known trials of the corresponding samples of the
appropriate dosage form were added to the standard solu-
tion of meldonium dihydrate (n=9). Then the absorption of

the obtained solutions was measured. The accuracy of the
technique was evaluated as the ratio entered / found. The
results of the definitions are correct, since there is no sig-
nificant systematic error, that is, the true value of the de-
termined value falls into the established confidence inter-
val [12]. The obtained values are given in Table 3.

Table 3
Accuracy determination results for meldonium dihydrate dosage forms
Dosage form Z % A% A, 8%
Capsules "Vazonat" 100.40 1.78 3.31 0.40
Solution for injections "Vazonat" 100.17 1.12 2.08 0.17

Robustness

During the check of robustness, the influence of
time on the stability of the investigated solutions was
investigated. For this purpose, the absorption of the in-
vestigated solution of the appropriate dosage form (A;
for capsules "Vazonat", A, for a solution for injections
"Vazonat") and standard solution of meldonium dihy-
drate (A) was measured every 15 minutes for 1 hour
(Table 4).

According to Tab. 4, A% < maxd,%, so the solu-
tions of dosage forms and standard solution of meldoni-
um dihydrate are stable for 1 hour.

The obtained results indicate the prospect of
further research on the interaction of quinone deriva-
tives, namely p-chloranil, with active pharmaceutical
ingredients and the relevance of development on the
basis of obtained data of spectrophotometric methods
for determination of pharmaceuticals.

Results of determination of robustness

t, min 0 15 30 45
A0 0.6842 0.6847 0.6861 0.6840
Al 0.6880 0.6877 0.6872 0.6865
A2 0.6857 0.6862 0.6871 0.6854

9. Conclusions from the conducted research
and prospects for further development of this field

1. According to the obtained data, precise and
economical spectrophotometric method of quantitative
determination of meltedonium dihydrate by the reaction
with p-chloranil has been developed.

2. Validation of the developed method is carried
out. The main validation characteristics, namely linearity,
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Table 4
60 Mean RSD,% A% maxd,%
0.6831 0.6844 0.160 0.34
0.6853 0.6869 0.158 0.33 0.51
0.6833 0.6856 0.208 0.44

precision, accuracy, robustness and range of application,
are established according to standardized procedure by
the standard method.

3. It has been proved that the technique is suitable
for use in laboratories for quality control of drugs and
technical control departments of chemical and pharmaceu-
tical enterprises.
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