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Aim. The new spectrophotometric method for the quantitative determination of f-alanine in pharmaceutical formulations has been developed.

Methods and results. This method is based on the measurement of aqueous p-alanine solutions absorption at 470 nm. The proposed method is
actual according to the validation requirements of Ukrainian Pharmacopeia. The analytical method was optimized and validated by establishing
the linearity (the correlation coefficient » = 1,000), precision (RSD% = 0,806, n = 9) and the accuracy (zZ = 100,8 %).

Conclusion. According to the experimental data, the technique can be correctly reproduced and it is suitable for using in laboratories of the
State Inspection for Quality Control of Medicines and QCD of the chemical-pharmaceutical enterprises.

CunextpodoromerpuyHe BU3HA4YCHHA [-ajiaHiHy 3a peakuiclo 3 HaTpieBo1o clLno 1,2-HadTOXiHOH-4-Ccyab(okucIOTH
K. I1. Ilopmna, C. O. Bacrok

3 METOI0 BIOCKOHAJICHHSI KOHTPOIIIO SKOCTi (papMaleBTHYHUX IPEIaparis, 0 MICTITh (-ajlaHiH, pO3pOOMIN HOBY CIEKTPO(GOTOMETpUIHY
METOAMKY KiTbKICHOTO BH3HAYCHHS -aJlaHiHy B JIKapChbKili (GOpMi, 10 IPYHTY€EThCS Ha BUMIpPIOBaHHI aOCOpOLii BOXHUX PO3YMHIB B-ajaHiHy 3a
JnoBkuHU XBIT 470 HM. JloBeieHO BiMNOBIHICTH pO3po0iieHOi MeTomiKK BUMoram Jlep»xaBHoi dapmakoriei YkpaiHu 32 OCHOBHHMH BaJTiaIliii-
HHMH XapaKTepHUCTHKaMU: JIiHilHIicTIO (KoedinienT kopersii 7 = 1,000), npermsiiaictio (RSD% =0,806, n = 9), npaBunsHicTio (Z = 100,8 %),
Iiana3oHoM 3acTocyBaHHs (62—138%), pobacHicTro. CTaTHCTUYHI TOKA3HUKH MiATBEPIKYIOTh BUCOKY TOUHICTh 1| KOPEKTHICTb 3alIPOIIOHOBAHOT
METO/IMKY, a TAKO)K MOXKJIMBICTB ii 3aCTOCYBaHHS B JIAOOPATOPIsIX i3 KOHTPOJIIO SIKOCTI JIIKApCHKUX 3acO0iB 1 Bifiax TEXHIYHOTO KOHTPOIIO
XIMiKO-(apMaleBTUYHUX i IIPUEMCTB.

Knrouosi cnosa: cnekmpogomomempisi, kinokicne gusnavenns, f-anamin, nampiesa ciny 1,2-nagpmoxinon-4-cynvghoxuciomu, eanioayis.
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CunekrpodoromMeTpuyeckoe onpeaeieHne f-aJJaHuHA M0 PeakuM ¢ HATPUEBOH c0J1b10 1,2-Ha(pTOXUHOH-4-CYJIB(POKHCIOTHI
E. I1. llopmnas, C. A. Bacrok

C 1enbIo YCOBEPIICHCTBOBAHUS KOHTPOJIS KauecTBa (hapMalleBTHYECKHX IIPEapaToB, COAEPIKAINX B-alaHuH, pa3paboTaHa HOBast CIEKTPO-
(oToMeTprUeCKast MeTOANKA KOJIUECTBEHHOTO OIIPE/IeNIeHNs J-aJlaHIHA B JIEKapCTBEHHOH (hopMe, KoTopast OCHOBaHa Ha H3MepEeHHH abcopOonuu
BOIHBIX PacTBOPOB (-ajaHuHa npu LuHe BoiHEI 470 HM. J[okazaHO cOOTBETCTBHE pa3paboTaHHOM MeToAUKHY TpeOoBaHusM [ocynapcTBeHHOM
(apmaxoren YKpauHbI COIVIACHO TaKMM OCHOBHBIM BAJIHMAALIMOHHBIM XapaKTEPUCTHKAM: IMHEWHOCTD (koddduuunent xoppemsiuun » = 1,000),
TouHOCTH (RSD% = 0,806, n = 9), mpaBmiisHOCTS (Z = 100,8 %), nnamason npumeHenus (62—138%), podactHocTs. [lomydeHHbIe cTaTHCTHYE-
CKHE T0Ka3aTeNn CBUAETENBCTBYIOT O BBICOKOH TOYHOCTH M KOPPEKTHOCTH MPEUIOKEHHONH METOINKH, a TAK)Ke BO3MOXKHOCTH €€ IIPUMEHCHUS
B 1a00paTOPHAX KOHTPOJIS Ka4eCTBa JEKAPCTBEHHBIX CPEACTB U OT/ENaX TEXHUYECKOTO KOHTPOJIST XMMHUKO-(apMaleBTHUECKUX TPEANPUATHIL.

Knrouesvie cnosa: cnekmpoghomomempus, KonuiecmeeHHoe onpeoenenue, f-ananun, Hampuesas conw 1,2-nagpmoxunon-4-cyrvgoxuciomut,
BANUOAYUSL.
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At the current stage of the development of pharmaceuti-
cal science and practice, the pharmaceutical market
is continually expanding. Available techniques and express
analysis methods serve as the main tool in the system of en-
suring an appropriate level of drugs quality control. Thus, the
British Pharmacopeia (BP) and the United States Pharmacopeia
(USP) offer a titrimetric method of quantitative determination
of alanine content in a substance, namely, acidimetric titration
in non-aqueous medium (titrant — perchlorate acid HCIO,,
medium — a mixture of anhydrous formiate acid HCOOH and
anhydrous or glacial acetate acid CH,COOH in the ratio 1:10),
with indicating (naphtholbenzein solution) or potentiometric
fixation of the titration end point [1,2]. In spite of high accuracy
of the titrimetric analytical methods for determination of drug
substances in pharmaceutical compositions, the use of instru-
mental methods of analysis is more common due to their higher
sensitivity. Herewith the chromatographic [3—5] and optical [6,7]
methods of analysis of f-alanine are described.
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Some of the offered methods require usage of expensive
equipment, unobtainable reagents; some are hard in implement-
ing, or are offered only for active pharmaceutical ingredients.
Therefore, the expediency of development of new simple valid
methods of quantitative determination of -alanine specifically
in pharmaceutical formulations is unquestionable.

The aim of the research

Development and validation of convenient, cost-efficient,
sensitive method of quantitative determination of B-alanine in the
pharmaceutical formulations through reaction with the sodium
salt of 1,2-naphthoquinone-4-sulfonic acid and establishment
of stoichiometric proportions of the components of the reaction
mixture «fB-alanine-reagenty.

Materials and methodology

Objects of study, reconstitution solutions and equipment

Study subject — medication «Abufeny (Laboratories Bouchara
Recordati s.a.s, France), series 13080.
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As reagents and solution, sodium salt of 1,2-naphthoquinone-
4-sulfonic acid with purity qualification CP (chemically pure),
0,01 M solution of NaOH and purified water were used. As a
standard, a working reference sample of f-alanine was used.

Analytical equipment used: spectrophotometer Specord
200, electronic scales ABT-120-5DM, volumetric glass ware
of class A.

General method of the quantitative determination of B-alanine
content

The aliquot part (0,00065 g) of the aqueous solution of
B-alanine is poured into a measuring flask of 25,00 ml volume,
treated with 1,00 ml of 1,0% aqueous solution of sodium salt
of 1,2-naphthoquinone-4-sulfonic acid, with 1,50 ml of 0,01 M
solution NaOH, and mixed up. A received solution is heated up
for 10 minutes on the water-bath under temperature of 60°C,
then is cooled down and filled to the mark with the purified
water. Absorbance of the test solution is measured at 470 nm
against the background of the compensation solution that does
not contain any test solution.

Determination of f-alanine in pharmaceutical composition

At determining of the B-alanine in pharmaceutical formulation
«Abufen», the exact weighted amount of a tablet mass (about
0,0150 g) is put into a 25,00 ml volumetric flask and filled to
the mark with water. The amount of 1,00 ml of the resulted
solution is poured into a 25,00 ml volumetric flask, then treated
with 1,00 ml of 1,0% aqueous solution of the sodium salt of
1,2-naphthoquinone-4-sulfonic acid, 1,50 ml of 0,01 M solu-
tion of NaOH, and mixed up. The received reaction mixture is
heated up on the water bath at 60°C for 10 minutes, then cooled
down and filled to the mark with the purified water. In parallel,
the experiment with a working reference solution is carried out.

The calculation of the content of the active agent is performed
according to the typical formula:

A (1.1)
Ayepel+100

where 4 — absorbance of the testing solution;

Peen™ tablet mass average, g;

A,— absorbance of the reference solution;

p — weighted amount of the pharmaceutical formulation, g;

[ — layer thickness, cm;

k — nominal ratio based on dilutions and the reference solu-
tion concentration.

Results and discussion

For the development of a method of quantitative determina-
tion of B-alanine based upon its reaction with the sodium salt
of 1,2-naphthoquinone-4-sulfonic acid, there have been studied
the factors affecting the character of the absorbance spectrum
and the value of absorbance, in particular — the nature of the
solution medium, the amount of added reagents, pH of the
reaction mixture, conduction period of the reaction and the
reaction products resistance in time. When choosing a solution
medium, a solubility of the testing substances, reagents and the
maximum value of absorbance of the resulted solution were
taken into account.

It was experimentally established that the reagent interacts

X:
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with B-alanine in the aqueous medium to form a colored compo-
sition with maximum light absorbance at 470 nm (fig. ). Given
that, the optimum amount of 1,0% reagent needed to form the
reaction resultant with maximum absorbance is 1,00 ml.
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Fig. 1. Absorption spectra of: 1 — aqueous solution of the 1,2-naph-
thoquinone-4-sulfonate, 2 — reaction resultant of f-alanine with 1,2-
naphthoquinone-4-sulfonate.

For more complete conduction period of reaction it is neces-
sary to prepare an alkaline medium and heat it on the water bath.
It was experimentally established that the maximum absorbance
was reached with adding of 1,50 ml of 0,01 M NaOH solution
and heating the reaction mixture for 10 min at 60°C.

Target values of the detection threshold and molar absorption
coefficient are indicative of a high sensitivity of the reaction (table 1).

Table 1
Optical specifications and basic parameters
of linear dependency of 1,2-naphthoquinone-4-sulfonate
and p-alanine reaction

Molar absorbance rate € 3330,3
Sendel factor W 0,0267
Detection threshold C_, (mcg/ml) 1,33
Equation of linear regression Y=bX+a
Slope coefficient bx( s,) 0,3377+(0,0018)
Intercept term of a linear regression ax( s,) 0,0109+(0,0048)
Residual standard deviation S_ % 0,170
Correlation coefficient r 1,000

Establishment of the stoichiometric ratios of components
of the reaction mixture «f-alanine — sodium salt of 1,2-naph-
thoquinone-4-sulfonic acid» was performed by means of the
most common methods: by isomolar series and the molar-ratio
method (saturation method) [8].

Isomolar series method is based on identifying of correlation
between isomolar concentrations of the reacting agents that cor-
respond to the maximum output of the compounds developed.
Given that, the resultant output-solution composition curve is
characterized by the turning point, which location is associated with
stoichiometric factors 2 and n of the reaction resultantM R (fig. 2).
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Fig. 2. Dependence diagram of the absorbance from the composition
of the isomolar solution (C,—0,007 M solution of -alanine, C,—0,007
M solution of 1,2-naphthoquinone-4-sulfonate).

The essence of the molar-ratio method lies in establishing of
the dependency relation of the absorbance value and the con-
centration of one of the components with the constant concen-
tration of the other component and vice versa. The correlation
is established with the help of the transverse line lowered from
the intersection of two curves (fig. 3).
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Fig. 3. Saturation curves: 1 — B-alanine at constant concentration
of the reagent (1,00 ml 0,007 M solution); 2 — reagent at constant
concentration of B-alanine solution (1,00 ml 0,007 M solution).

Stoichiometric ratios of the reactants of «1,2-naphthoquinone-
4-sulfonate-B-alanine» obtained by the method of isomolar
series and saturation method definitely agree with each other
and make up 1:1, accordingly.

Determination of the main validation characteristics

Linearity was determined within the range of concentrations,
in which a subjection to the Beer’s law was observed. The
solutions with the established concentration obtained by dilut-
ing of the reference solution of -alanine were determined by
the introduced general procedure. On the basis of the obtained
data, a dependence diagram of absorbance and concentration
of a testing substance was drawn (fig. 4), and the parameters of
linear dependency were calculated (table 1).
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Fig. 4. Absorbance — B-alanine concentration dependency diagram.

The numeric indicators of linear dependency, obtained in line
with regulations of SPU (State Pharmacopoeia of Ukraine),
showed that all requirements as to the parameters to linear de-
pendency have been met; thereby the technique linearity can be
confirmed across the range of the selected concentrations [9].

According to SPU, the procedure used is accurate on the
level of convergence, in case one-sided confidence interval
(A,) does not exceed a maximum permissible uncertainty of
analysis (A, %). Basing on the data presented in the fable 2,
the technique is regarded accurate.

Table 2
Determination of the accuracy of the quantitation
of B-alanine in tablets «Abufen»

Metrological characteristics

% S RSD, % A A,
0402 | 32410° | 0,806 1,49 | 0,499

A, %
3,20

Accuracy of the results was established by the addition
method. In regard to the condition |Z — 100| < A_, the difference
|Z— 100 is statistically significant, in this case SPU recommends
to use a criterion of practical insignificance of the obtained
systematic inaccuracy as regards to a maximum permissible
uncertainty of analysis. The procedure is considered correct, as
the condition | Z — 100 | < 0,32- A .20 is met [9]. The obtained
data are given in Table 3.

Table 3
Determination of the validity of the quantitation
of B-alanine in tablets «Abufen»

Metrological characteristics

Z (n=9), %
100,8

RSD, %
0,605

|Z - 100 A A

z z

1,12 0,375

A%
3,20

0,800

The application range of the analytical procedure is the in-
terval between the minimum and maximum concentrations of
the testing substance, for which it was shown that the procedure
exhibits a required linearity, validity and accuracy. Based on
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the results of the undertaken study, the application range for
the developed methodology is 62—138 % and ranges within the
performance period for the procedures of quantitative determina-
tion according to SPU requirements (80—120%) [9].
Robustness assessment was carried out at the stage of tech-
nique development, as well as there were determined the stability
of testing solutions in time and the influence of the quantity of
the added reagents on the results of the determination. It was
established that the test colored solutions are stable for no less
than 60 min, and variations in the quantity of added reagent (a
solution of the sodium salt of 1,2-naphthoquinone-4-sulfonic
acid) within £ 10-20% do not affect the value of the absorbance.

Conclusions

1. There has been developed a highly sensitive, cost-effective
and convenient spectrophotometric method of quantitative deter-
mination of B-alanine content in the pharmaceutical formulation.

2. By means of the method of isomolar series and saturation
method, there have been established stoichiometric ratios of
the reaction mixture components of «p-alanine-the sodium salt
of 1,2-naphthoquinone-4-sulfonic acid», which made up 1 : 1.

3. It has been proved that the developed technique of the quan-
titative determination based on such characteristics as linearity,
accuracy, validity, application range and robustness, is consistent
and features easiness in implementation and availability; hence,
it can be used in Quality Control procedures for medicines.
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