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Abstract

For the determination of drotaverine hydrochloride (DRH), a new, simple and environmentally friendly non-
extractive spectrophotometric method was developed, based on a direct reaction with the fluorescein dye
erythrosine (ER). The color change occurs due to the formation of an ion-association complex (IA) of the protonated
form of the analyte with the monoanionic form of ER. It is not necessary to use a surfactant to solubilize the IA
precipitate or extract it with toxic organic solvents. A new bathochromically shifted band appears in the absorption
spectrum at 560 nm. Its origin is attributed to the aggregation of dye anions. The formation of poorly soluble IA
promotes the aggregation of dye anions. IA is completely formed at pH 4.4 in an acetate buffer medium after 3-5 min.
The absorbance remains constant for two hours. Under optimal reaction conditions, the calibration curve was linear
in the range from 0.4 to 3 pmol L-1 with a detection limit of 0.10 pmol L-1 (40 ug L-1) and a correlation coefficient of
0.9996. The molar absorptivity of IA is 3.8x104 mol-1 L cm-1. The stoichiometry of the complexes formed between DRH
and ER, determined by Job's continuous variation method, was 1 : 1. A new simple method for calculating equilibrium
constants based on visual inspection and coincidence of experimental and calculated curves describing the
dependence of the mole fraction of IA and other particles on the pH of the solution was proposed. The calculated
formation constant IA 2x106 indicates its high stability. The developed method has been successfully applied to
determine DRH in pharmaceuticals.

Keywords: Drotaverine hydrochloride; Erythrosine; Spectrophotometry; lon association complex; Pharmaceutical
preparations.

3EJIEHUHA CNEKTPO®OTOMETPUYHHI METO/I BUSHAYEHHS IAPOXJIOPUY
APOTABEPHUHY Y PAPMALEBTHUYHUX IIPENNAPATAX 3 BUKOPUCTAHHAM
YTBOPEHHA IOHHO-ACOLIIATUBHOI'O KOMIIVIEKCY 3 EPUTPO3MHOM

Mexiennin Xemxazi*, AHgpin b. Bumnikin, AuHa /l. basnaneHko
JHinposcvkuil HayioHabHull yHigepcumem imeni Oaecsi Fowuapa, np. l'azapina, 72, lninpo, 49010, Ykpaina

AHoTarnjiqa

JU1s1 BU3HAYEHHS MiIpoX/JI0puAy APOTaBepUHY GYB po3p0G6/ieHUil HOBUM, NPOCTUMH i €KOJIOTIYHMNA Ge3eKCTPaKLi HHU A
crneKTpopOTOMETPUYHUIT METOA, AIKMUA IPYHTYEThCA Ha NpAMill peaknii 3 6apBHUKOM ¢JyopecieiHOBOro pAAy
€pUTPO3MHOM. 3MiHA KOJILOPY BiAGYBAa€EThCA Yepe3 yTBOPEHHsI iOHHO-acoLiaTUBHOTO KoMIIeKcy (IA) npoToHoBaHOI
dopmMu aHasiTy 3 MOHOaHioHHOW ¢opmol0 eputpo3uHy. Hemae Heo6XiZHOCTI BHKOPHCTOBYBaTH NOBEPXHEBO-
AKTUBHIi pe4OBUHM JAJIs COMOGIII3alii Api6HoAuciepcHOro ocaay IA a60 ekcTpakii HOro TOKCHYHUMHU OPraHiYHUMM
PO3YMHHHMKAMHM. B clleKTpi Nor/IMHaHHA 3'ABJAAETHCA HOBA 6aTOXPOMHO 3MillleHa cMyra npu 560 Hwm. {i noxomxenns
MOSICHIOETBCS arperani€io aHioHiB 6apBHUKA. YTBOpPeHHsI Ma/IOpO3YMHHUX IA cnipusie arperauii aHioHiB 6apBHUKIB.
IA noBHicTIO yTBOplO€eTbca npu pH 4.4 B cepepoBumii aneratHoro 6ydepa yepe3 3-5 xB. OnTMYHA rycTHHA
3a/IMIIAETECA HEe3MiHHOK NPOTAroM JABOX roAuH. 3a ONTHUMaJbHHUX YMOB peaknii rpajymoBajbHa KpuBa 6yJa
JAiHifiHOIO B Aiana3oHi Big 0.4 10 3 MKMoJb J1'l 3 Mexkelo BUsABJIeHHA 0.10 Mkmoub -1 (40 Mkr 1) i KoedinieHTOM
Kopesanii 0.9996. Mosssipuuili koedinieHT cBiT/0nOrauHaHHa IA ckiaB 3.8x104 mousb!ucml. Crexiomertpisa
KOMILJIEKCIB, 110 YTBOPIIOTHCS MiXK APOTAaBEpUHOM i epUTPO3UHOM, OTPUMaHa METOJA0M i30MOJIAPHUX cepili, ck1aia
1:1.3anponoHOBaHO HOBHMH NPOCTUI METOJ, PO3pPaXyHKYy KOHCTAaHT piBHOBAry, 3aCHOBaHUi Ha BidyaJlbHOMY OrJsaAi
i cniBmajiHHI eKcnepuMeHTaIbHMX | pO3paxyHKOBHX KPUBHX, 110 ONUCYIOTh 3a/1€KHICTh MOJIbHOI YacTKH IA i iHmmx
4acTHHOK Bij pH po3uuHy. Po3paxoBaHa KOHCTaHTa yTBOpeHHA IA 2x106 cBig4UTbh NpPO MOro BHMCOKY CTIHKiCTb.
Po3po61eHNil MeTOA yCHIIIHO 3aCTOCOBAaHUM /11 BU3HAYEHHA APOTaBepuHy B ¢apManeBTUYHUX NpenapaTax.
Karouosi cnosa: [poTaBepUHY TiIpOXJI0PU/; ePUTPO3UH; clieKTpodoToMeTpisl; ioHHUM acouiaT; TikapchbKi NpenapaTy.
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3EJIEHBIA CIEKTPO®OTOMETPHUYECKWIH METO/ ONPEJAEJIEHUA IPOTABEPUHA
I'MAPOXJIOPUJA B PAPMALEBTUYECKUX INPETIAPATAX C UCII0JIb3OBAHHUEM
OBPA30OBAHHUA HOHHO-ACCOUMATUBHOI'O KOMIIVIEKCA C3PUTPO3UHOM

MexusgauH Xemxkasu®, AHapent b. BuminukuH, AuHa /. BanaHeHko
JlHunposckull HayuoHabHbIl yHusepcumem umeHu Oaecst ['onuapa, npocn. I'azapuHa, 72, [lHenp, 49010, YkpauHa

AHHoTalus

Jna onpejesieHMs TUAPOXJOPUAA ApOTaBepHHa OblLI  pa3paboTaH HOBBIM, MNPOCTOM M 3KOJOTWUYHBIA
6e33KCTPaKMOHHBII cHeKTPpodoTOMeTpHYeCKUil MeTOJ, OCHOBaHHBIH Ha NpPAMOIl peakIMH C KpacHuTesJeM
d1yopecnenHOBOro psaa 3puTPO3UHOM. isMeHeHHe IiBeTa NPOUCXO0JUT U3-32 06pa30BaHUA HOHHO-ACCOLMATUBHOIO
KoMIuiekca (MA) npoTOHMPOBaHHOM ¢pOPMBbI aHA/IUTa C MOHOAHMOHHOU $OpMOii 3puTpo3nHa. HeT HE06X0AMMOCTH
HCNO0/Ib30BaTh NOBEPXHOCTHO-aKTHMBHbIEe BelllecTBA AJIs COJIIOGHMIM3allMHM MeJIKoAMcHepcHoro ocagka HUA wiaum
3KCTPAKIMM €ro TOKCHUYHBIMHM OPraHW4YeCKMMH PacTBOPHUTEJNAMHU. B cleKTpe morjoumeHus NosABJsdAeTcA HoBas
6aTOXPOMHO CMellleHHasA nmosioca npu 560 HM. E€é nmpoucxoxjeHue 06'bsACHAETCA arperanyeil aHHOHOB KpacuTe .
OGpasoBaHHe MaJ10pacTBOPUMBIX MA ciocoGCTByeT arperanii aHMOHOB KpacuTeJieil. UA moJiHOCTBIO o6pa3yeTcs
npu pH 4.4 B cpejie aneraTHOro 6ydepa 4yepe3 3-5 MuH. OnTH4eckas NVIOTHOCTb OCTaeTCA NOCTOAHHOMN B TedyeHUue
JABYX 4acoB. [Ipy onTMMa/IbHBIX YCJIOBUAX PeaKIiuy rpaJyupoBoYHasA KpuBas 6bl/1a TUHENHHOM B Auana3oHe oT 0.4 10
3 MkMoJIb 11 ¢ mpegesioMm o6HapykeHus: 0.10 Mmkmosb Ji'l (40 Mkr J1'l) U Ko3pdunueHToMm kKoppessauuu 0.9996.
MouisipHblii K03 duuueHT cBetonorsiomenuss MA cocraBun 3.8x10*4 mosb 1l cml. CTexuoMeTpus KOMILJIEKCOB,
06pasyoIuxcsa MeX/y APOTaBePUHOM U 3PUTPO3UHOM, ONpejeseHHas METOJ0M M30MOJIAAPHBIX CEpPHUii, cocTaBuIa
1: 1. lIpeAs10KeH HOBBIM MPOCTOM MeTO/, pacyeTa KOHCTAaHT paBHOBeCHs, OCHOBAHHbIN Ha BU3yaJIbHOM OCMOTpe U
COBIIaJ,eHUM 3KCIIePUMEHTA/ILHBIX M PACYEeTHBIX KPUBbIX, ONKCHIBAKIIMX 3aBUCUMOCTh MOJIbHOH J0/14 UA M Apyrux
yactul, ot pH pacrBopa. PaccuutaHHasa KoHcTaHTa oGpa3oBaHus A 2x10¢ cBHJeTeJbCTBYET O €ro BBICOKOH
yCTOMYMBOCTHU. Pa3paGoTaHHbIN METO/A yCIEeIIHO NPUMMEHEH [/ onpeAe/eHus JpoTaBepuHa B papManeBTHYeCKHX
npenaparax.

Karouesvle cno8a: [poTaBepyHa TUAPOXJIOPU/L; IPUTPO3UH; CIEKTPOPOTOMETPUS; HOHHBIM accouuat; ¢papMaleBTHIECKUE

npenaparhbl.

Introduction

Spectrophotometric methods are widely used
in the analysis of pharmaceuticals due to ease of
use, rapidity, accessibility in most chemical
analysis laboratories, sufficiently high sensitivity
and selectivity. The formation of intensely colored
IA complexes between active ingredients of
pharmaceutical preparations and organic dyes is
often used in the analysis of pharmaceutical
formulations.

Since the spectra of the dye and IA are very
similar, it is common to carry out the step of
separating the excess dye. Extraction is mainly
used for this operation, but this is not always
acceptable due to the toxicity and flammability of
organic solvents. The use of organic solvents does
not allow this analytical technique to be classified
as green analytical chemistry. In addition, the
partial co-extraction of the simple salt of the dye
limits a further increase in the sensitivity.

Several extraction-free spectrophotometric
methods using xanthene anionic dyes were earlier
proposed for the determination of drugs
containing amino groups based on formation of
binary [1-3] or ternary complexes [4-7].

In one of the approaches, the formation of
binary IA between the protonated form of drug
and anionic form of xanthene dye such as eosin or
ER is used. Typically, low soluble salt of IA is
solubilized wusing non-anionic surface-active
substances.

In this study, this approach was improved. It
was shown that it is not necessary to use surface-
active substances to solubilize the IA precipitate.
In previous works, it was not explained the nature
of the color change for this type of analytical
spectrophotometric reactions. We have assumed
that the aggregation of dye anions is responsible
for the observed phenomenon.

Drotaverine hydrochloride (DRH) is an
antispasmodic drug chemically known as 1-(3, 4-
diethoxybenzylidene)-6, 7-diethoxy-1, 2, 3, 4-
tetrahydroisoquinoline. It is widely used to treat
smooth muscle spasms and pain associated with
gastrointestinal colics, renal colics, biliary colics,
irritable bowel syndrome, postsurgical spasm, and
uterine neck spasm [8]. As can be seen from the
structure of DRH (Fig. 1), a secondary amino
group is present in the drug molecule.

Several analytical methods have been reported
for the determination of DRH either individually
or in combination with other drugs including

voltammetry [9], high-performance liquid
chromatography (HPLC) [10-12], thin layer
chromatography (TLC) [13], and a few

spectrophotometric methods [14-17]. However,
the existing spectrophotometric methods suffer
from certain limitations. Some of them require
heating, other methods are time-consuming, need
extraction with toxic organic solvents, or the
addition of surfactant. Some of these methods
require complicated chemometric calculations.



469

Journal of Chemistry and Technologies, 2021, 29(3), 467-475

Therefore, there is a need in developing simple
and green spectrophotometric methods for the
determination of DRH that avoid the
aforementioned disadvantages of the previous
methods and at the same time can compete with
sophisticated methods such as HPLC.

NH O i
N 0/\

.HCI

kY

AU
Fig. 1. Structure of DRH

In this work, a simple, sensitive, precise,
inexpensive, and environmentally-friendly non-
extractive spectrophotometric method was
developed and validated for the determination of
DRH. The applicability and accuracy of the method
were evaluated by analyzing pharmaceutical
preparations containing DRH.

Experimental part

Reagents and instrumentations. All chemicals
were of analytical grade purity and all solutions
were freshly prepared in distilled water. A
standard solution (1 x 10-3 mol L-1) of Drotaverine
hydrochloride (Mw = 433.968) was prepared by
dissolving 43.4 mg of pure drug in 100 mL
bidistilled water and made up to 100 mL with
bidistilled water. The working standard solution
(1x10-5> mol L-1) was prepared by further dilution
of the standard solution in 100 mL of bi-distilled
water. The acetate buffer solution (pH 4.4) was
prepared by mixing appropriate volumes of 0.1
mol L1 sodium acetate and 0.1 mol L1 acetic acid.

ER was purchased from Sigma-Aldrich and
used without purification. 1 mmol L1 ER stock
solution was prepared by dissolving a precise
amount (0.880 g) of ER in 10 mL of ethanol and
diluting to 100 mL with distilled water. The
working solution (104 mol L-!) was prepared by
diluting of stock ER solution with distilled water.

The absorbance of solutions was measured
with a UV-VIS spectrophotometer SF-46 (LOMO,
Russia) using a glass cell with an optical path
length of 5 cm. The pH measurements and
adjustments were performed using a pH-150
MI pH-meter (Russia).

Procedure  for  the  spectrophotometric
determination of DRH. An amount of sample
corresponding to a final concentration of DRH in
the range from 0.4 to 4 pmol L-! was placed in a

25 mL calibrated volumetric flask. Then 2.5 mL of
acetate buffer (pH 4) and 2.5 mL of 1x10-4 mol L-!
ER solution were added, the solution was mixed
thoroughly and diluted to the mark with distilled
water. The absorbance was measured at 560 nm
against a blank reagent using glass cells with a
path length of 50 mm.

Analysis  of pharmaceutical formulations
containing DRH. Five tablets of drug were
weighed, ground in a mortar, and finely powdered.
An amount of drug formulation equivalent to one
tablet was accurately weighed and dissolved in
hot double distilled water, the solution was
filtered through a 0.45 pm Whatman paper filter,
transferred to a 100 mL volumetric flask, and
diluted to the mark with distilled water. Further
dilutions were made with double distilled water to
obtain a concentration corresponding to the
middle part of the calibration graph. The solutions
were analyzed as described in section 2.2. The
concentration of DRH was calculated from the
regression equation.

Results and discussion

The color reaction between DRH and ER. It was
found that under appropriate conditions DRH
forms low-soluble 1As with ER. The color of the
solution changes from orange to pink instantly
after the addition of DRH. ER has an absorption
maximum at 526 nm in aqueous solution (Fig. 2).
The electronic spectrum of the dye is markedly
changed in the reaction with DRH. The absorbance
in the maximum of the band decreases, the
spectrum broadens, and a new bathochromically
shifted band appears. This band is absent in
spectra of all the protonated forms of ER. The
wavelength of 560 nm which corresponds to the
maximum in difference spectrum was chosen as
an analytical wavelength.

1
0.8-

Absorbance

-0.4-

500 600 700
Wavelength (nm)

Fig. 2. Spectra of IAs formed between DRH and ER: (1)
dye spectrum, (2) IA spectrum, (3) difference spectrum.
Experimental conditions: Cdaye = 10 pM, Cpra= 7 puM,

pH=4,1=1cm

400
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The nature of color changes by the formation of
IA in aqueous solution is rarely discussed in the
literature. It was assumed recently by
investigation of the formation of IA formed
between cationic polymethine dyes and anionic
halide complexes of metals that appearance of
new bands related with the formation of dye
aggregates. It was suggested that the formation of
a low soluble finely dispersed phase of IA
precipitate is the prerequisite for the aggregation
process. Close contact between IA molecules in
low-soluble aggregates favors the non-covalent
dipole-dipole bonding interaction between -
electronic systems of the dye molecules.

The appearance of one or two new bands by the
formation of dye aggregates is commonly
explained by the overall accepted theory of
molecular exciton coupling as the formation of an
excitonic state through the electronic coupling of
the tightly packed dye molecules. The result of
exciton splitting of excited states in a composite
molecule is the appearance of strong spectral
shifts (which can be of the order of 2000 cm-1) of
absorption bands for constituent molecules [18].

The direction and magnitude of the band shift
testify in favor of the formation of a J-aggregate.
Similar changes occur in the spectra of the dyes
when representatives of polymethine [19-21],
rhodamine [22-24], and triphenylmethane [25]
basic dyes form low soluble [As with suitable
counterions.

The optimization of the reaction conditions. The
optimal conditions for the formation and stability
of the 1A formed between DRH and ER have been
studied aiming to achieve complete IA formation,
maximum absorbance, and highest possible
sensitivity. Several factors have a significant

100
80 -
3 60 -
40 -

20 -

influence on the formation of I4, including acidity,
ER concentration, and time of complex formation.
Chemistry of the reaction and effect of solution
pH. The pH of the solution plays a very important
role in the formation of specific IAs. In the studied
system, both anionic dye and drug undergo
protolytic equilibria that should be taken into
account when choosing optimal pH. Therefore, the
effect of pH on the formation of IA was
investigated over a pH range from 2 to 5. As can be
seen from Fig. 3, the dependence of the IA
formation on pH has a maximum at pH 4.4-4.5.
Hence, a pH 4.4 was employed for further work.
0.40-

0.354

0.30

AA

0.25 -

0.20 -

0.15+

0.10 T T T T T T T T T b T 4 T T 1
20 25 30 35 40 45 50 55
pH
Fig. 3. The effect of the pH on the absorbance of the
formed IA complex. Experimental conditions: Caye = 10
puM, Coru= 2 uM

At lower pH, the decrease of the absorbance is
explained by the destruction of the IA due to the
protonation of the dye with the formation of a
molecular form. At higher pH the absorbance
decrease is caused by further deprotonation of the
dye with the formation of a di-anionic form. In
addition, deprotonation of drug can be
responsible for IA destruction.

Fig. 4. Influence of pH on the composition of the solution by the formation of ion association complex between
Drotaverine and Erythrosine. The curves in the figure refer to the following forms of substances: Erythrosine:
molecular H2ER (1), monoanionic HER- (3), dianionic ER?- (5), drotaverine: protonated DRH* (4), molecular DR (6)
and ion associate DRH+ HER- (2)
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In correspondence with the general theory of
the IAs, both counterions have to be univalent to
form stable compound. In other words, in the
optimal conditions from one hand the drug should
be completely converted to univalent positively
charged protonated form and on the other hand,
the anionic dye should be in the mono-anionic
form. The pK, value for DRH is 6.3 [26]. Hence the
protonated cationic form of DRH is dominant at a
pH lower than 6.3. ER is a diprotic weak acid (H:L)
with pKa; = 3.9 and pKa; = 5.0 in aqueous solution
[27].

In order to confirm the hypothesis on
formation of ion associate between single charged
ions of DRH and ER, equilibrium concentrations
and percentage of different protonated forms of
DRH and ER as well as IA were calculated. The
calculations were made by program developed by
us in the medium of Embarcadero Delphi 2021.
Calculations of equilibrium concentrations are
based on the projection algorithm proposed by
Leon Every [28]. This method allows to calculate

equilibrium concentrations in very complex
systems where equilibrium constants differ in
many orders of magnitude by using very rough
initial approximations of calculated equilibrium
concentrations.

In the calculations, we used the above-
mentioned dissociation constants of protonated
forms, the dissociation constant of water, and the
assumed formation constant of IA (Ki). In the
studied system, there is a total 5 equilibria listed
below.

H:ER S H* + HER- Ki=1.26x10+ (1)
HER- S H* + ERZ- K2=1x10-5  (2)
DRH* 5 H* + DR Ks=5.01x107 (3)
DRH*HER- & DRH* + HER- Ke=5x107  (4)
HOH s H* + OH- Ks=1.8x10-16 (5)

To solve the problem, it was necessary to
compile a matrix of coefficients for all substances.
An example is given below (Table 1).

Table 1
Matrix of coefficients for the equations of reactions (1) - (5) used in the calculation of equilibrium concentrations
Equation Specie
number H+ OH- HOH H:ER HER- ER2- DRH* DR IA
1 1 0 0 -1 1 0 0 0 0
2 1 0 0 0 -1 1 0 0 0
3 1 0 0 0 0 0 -1 1 0
4 0 0 0 0 1 0 1 0 -1
5 1 1 -1 0 0 0 0 0 0

The formation constant for IA formed between
ER and DRH was unknown. It was evaluated using
the method of curve coincidence. We achieved the
coincidence of the experimental curve of the
dependence of the yield of IA on acidity and the
one calculated using the program so that these
curves visually coincide. Of course, this is a less
accurate method than using programs that allow
you to minimize the sum of deviations of the
residuals using the nonlinear least squares
method [29], but these programs are very difficult
to use and require experienced users. On the
contrary, the approach we have proposed is very
simple, requires only drawing up the simplest
scheme of equilibria and allows you to quickly
estimate the necessary constants and schemes of
equilibria. In our work, we used it to prove the
proposed above equilibrium scheme.

As can be seen from Fig. 4, under the found
optimal conditions, the percentage of 1A yield
reaches 90%, and its maximum yield is reached at
pH 4.5 and coincides with the experimentally
found one. Such a good agreement between the
calculated and experimentally found dependences
confirms that the IA contains singly charged ions.

In addition, it can be seen that the curves for the
monoanionic form of erythrosine and for the
protonated form of drotaverine have extrema at
pH 4.5, which means that these substances are
spent on the formation of the IA. The found
constant for equilibrium (4) corresponds to
stability constant for the formation of IA of 2x10¢
that proves high stability of the IA formed
between DRH and ER.

0.6 -

0.4 1
<
<

0.2+

0.0
0.0

02 04 06 08 10

Coru / ( CpritCpye

Fig. 5. Determination of IA composition using Job's
method of continuous variation
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The reaction stoichiometry and composition of
the IA formed between DRH and ER were
determined by Job's method of continuous
variation (Fig. 5). The maximum on curve
corresponds to the mole fraction of 0.5 for DRH or
dye which proves the formation ofa 1: 1 drug-dye
IA complex, confirming that one cation of the DRH
associates with one anion of ER and each of
participating compounds is in the single charged
form. The form of the curve of the continuous
variation method indicates that obtained IA has
high stability.

It is shown in [30] that by dissociation of ER
molecule, the first proton splits out from the
phenolic hydroxyl group but not from carboxylic
since the presence of iodine atoms makes more
acidic phenolic protons. DRH is protonated on the

Drotaverine hydrochloride

Ton association complex

pH=4

secondary amino group. Based on these
statements we can propose the following reaction
mechanism for the formation of 1A (Fig. 6).

Effect of ER concentration on the absorbance of
IA. The effect of ER concentration was investigated
in the range of 2-14 pmol L-1. As can be seen from
Fig. 7, both the absorbance of the 1A and the blank
solution are strongly increased with increasing ER
concentration. However, the curve of deviation
from additivity flattened out starting from ER
concentration of 6 umol L1 105 mol L1 ER
concentration was chosen as optimum to ensure
the complete formation of IA. In addition, this
concentration of dye is sufficient for the
determination of higher than 2 pM concentrations
of DRH.

Erythrosine

+ NacCl

Fig. 6. The suggested scheme of chemical reaction for the formation of the IA complex between DRH and ER

This dependence was also calculated using the
above program. We systematically varied the total
concentration of the dye and calculated the
equilibrium concentrations of all forms, including
the concentration of the associate. In this case, we
used the found value of the stability constant of
the IA, the concentration of drotaverine was taken
as 2 uM. It is obvious that both the shape of the
curve and all the found values of the yield of the
complex are in excellent agreement with the
experimentally obtained values. The saturation
area also starts at about 6 uM.

0.6.
1

8
‘% 0.4 2
a 4
= a
[+ .
3
< 0.2- )

0.0

0 2 4 6 8 10 12 14 16
Erythrosine concentration (umol L'1)

Fig. 7. Effect of ER concentration on the IA complex
formation: (1) IA, (2) AA, (3) blank. (4) - calculated
curve. Experimental conditions: Cpra= 2 pM and pH = 4.
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Effect of time. In the studied range of IA
concentrations, it exists in the form of a finely
dispersed low soluble phase. It turned out that
formed nano-particles of precipitate are very
stable for a long time even without using a
solubilizer.

to 120 min. Fig. 8 shows that most of the IA color
appears immediately, after that the absorbance
develops more slowly and reaches a maximum
within about 3-5 min. The color of IA remains
constant for at least 2 hours. Thus, 5.0 min was
taken as optimum time in the developed

The effect of time on the IA complex formation  procedure.
and stability was studied within the range from 1
0.5+
0.4 /1
8 ] 0.5
S 0.3 g 04
Ke) =
s 1 g 0.3
0.2- 5
g . g 0.2
< 0.1 0.1
] 0.0
0 1 2 3 4 5
0.0- Time (miny)
0 20 40 60 80 100 120
Time (min)
Fig. 8. Effect of reaction time on the IA complex formation. Experimental conditions: Caye = 10 pM, Cpra= 2 pM
and pH =4
Calibration Graph. Under the optimum
experimental conditions, the calibration curve 0.6+
was linear in the range from 0.4 to 3 pmol L of 0.5
DRH (Fig. 9). Determination of higher DRH '
concentrations is complicated due to the rapid 0.4+
formation of a precipitate which makes the ‘é 03]
measurements badly reproducible. The linear :
regression equation was AA = 0.193 x C(DRH) 0.24
(where AA is the absorbance and C(DRH) is the o1l
concentration of drug expressed in umol L-1) with :
an acceptable correlation coefficient of R2 = 0.0

0.9996. The limit of detection was found to be 0.10
umol L1 (40 pg L-1) of DRH, the molar absorptivity
of the 1A was 3.8x104 mol! L cm'! at 560 nm. The
precision of the developed method was evaluated
at three concentration levels where DRH
concentration was equal to 1, 2, and 3 pumol L1
Relative standard deviation was 2.7, 1.5, and 1.8,
respectively.

Analysis of pharmaceutical formulations. In
order to evaluate the precision and accuracy of the
developed method in the analysis of real objects,
the proposed spectrophotometric method was
applied for the determination of DRH in
commercial pharmaceutical tablets. Five different
samples of pharmaceutical formulations have
been analyzed as described above in sections 2.2
and 2.3.

00 05 10 15 20 25 3.0
Concentration of Drotaverine (umol L'1)

Fig. 9. Calibration graph for the spectrophotometric
determination of DRH.

The analyzed tablets (ARTERIUM
(Kyivmedpreparat), drotaverine (Darnitsa) and,
No-spa (Sanofi)) contain only one active
substance. The obtained results are presented in
Table 2 and show a good agreement between the
content of DRH determined by the proposed
method and the DRH content guaranteed by
producer that confirms the accuracy of the
suggested method. Precision of the developed
method varies in the range 0.01-0.02 units of S..
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Table 2
Results for the determination of DRH in pharmaceutical preparations using the proposed methods
(n=5,P=0.95)
Drug (producer) Weight of DRH S Sr X£A
per one tablet, mg
Arterium (Kyivmedpreparat) 40 mg 0.79 0.02 39.7+1.0
Drotaverine (Darnitsa) 40 mg 0.37 0,009 40.0 0.4
No-spa (Sanofi) 40 mg 0.68 0.017 40.2+0.8
Conclusions even without solubilizer. Moreover, use of
In this study, a new, rapid, simple, sensitive, surfactant can be controversial since IA can be
precise, inexpensive, and environmentally partly dissolved in the micellar medium leading to
friendly  non-extractive  spectrophotometric ~decreased sensitivity.

method has been developed for the determination
of DRH in pharmaceutical preparations. From the
scope of characteristics, the developed method
outperforms previously proposed spectro-
photometric procedures. The proposed method
can compete even with HPLC and could be
considered as a successful alternative method.

The method is based on the formation of a
specific IA complex between the cationic form of
DRH and monoanionic form of ER as a color
reagent in acetic buffer medium (pH 4.4). We for
the first time proposed to interpret the change
occurring in the absorption spectrum by
formation of such type of IA (low-soluble ion
association = complexes  formed  between
fluorescein xanthene dyes and monoprotonated
nitrogen containing drugs) as result of dye
aggregation (formation of weak m-m bond between
aromatic systems of the dye). Formation of the 1A
crystals facilitates approximation of dye ions.
Formation of ion association bond is confirmed by
the method of continuous variations. The
composition of [A complex is 1:1.

The mechanism of [A formation was proposed.
The complete formation of IA occurs when
simultaneously two conditions are fulfilled,
namely both dye and drug should be in
monoprotonated form. These conditions are met
to the maximum extent at the optimum pH.

The proposed method is suitable for routine
quality control applications. The reagents used are
inexpensive and available in any analytical
laboratory. The approach avoids the use of
extraction separation of excess dye. In this way,
toxic organic solvents are excluded from the
procedure making the developed method
belonging to green chemistry. Earlier
solubilisation with surface active substance was
applied to stabilize low soluble phase of IA in the
solution. In this work it was shown that the
obtained solution can be stable for a long time,

The results of the analysis of drugs by the
proposed spectrophotometric method showed a
satisfactory agreement with the drug contents
labeled on pharmaceutical preparations.
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