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Determination of L-Cystine in Tablets Using
the Chemiluminescence Method

Aim. To develop the method for the quantitative determination of L-cystine in sublingual tablets Elthacin® using the
method of chemiluminescence inhibition in the H,L (luminol) — H,0,— Hb (hemoglobin) system.

Materials and methods. The study objects were the pure substance of L-cystine of pharmaceutical grade and
sublingual tablets Elthacin® produced by the Medical Scientific-Production Complex “Biotics Ltd” (Russia) containing
70 mg of glycine, L-glutaminic acid and L-cystine in their composition. The intensity of chemiluminescence was measured
on the device with a FEU-84-A photoelectric multiplier using an IMT-0.5 measuring instrument of low currents and a
quick-acting automatic potentiometer.

Results and discussion. The method of the L-cystine quantitative determination in tablets based on the inhibition
of chemiluminescence in the H,L — H,0,— Hb system has been developed. The calibration graph was linear over the concentration
range from 7 to 70 pug - mL~". No interferences were observed in the presence of common components of the tablets,
such as glycine and L-glutaminic acid. RSD =+2.35 %, (6 =+ 1.13 %), LOD (3S) =4 pug - mL~', LOQ (10S) = 13 ug - mL™"
for the sublingual tablets Elthacin®.

Conclusions. The method proposed is promising for further research on the subject of its application for the de-
termination of L-cystine in drugs.
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M. €. bnaxeescbkuin, H. FO. boHgapeHko, 0. KO. CepatokoBa, B. [1. ApemeHko
HauioHanbHUn hapmaLeBTUYHUI YHIBEpCUTET, YKkpaiHa
BusHayeHHs L-unCTUHY B nirynkax 3 BAKOPUCTaHHAM MeToAy XeMislloMiHecueHUil

Meta. MeToto fgaHoi poboTn Oyno po3pobrneHHs METOAMKM KiNbKICHOrO BU3HAYEHHS L-LUMCTUHY B CyOniHrBanbHUX
Tabnetkax EntaumH® 3a edhekToM iHribyBaHHS xemintomiHecLeHuii cuctemun H,L (ntomiton) — H,O,— Hb (remornobin).

MaTtepianu Ta metogu. O6’eKTOM JOCHimXeHHs Gynu nirynku nig’ssukosi EntaunH® Bupo6Huutea TOB Meany-
HWUIA HayKOBO-BMPOGHNYMI koMnnekc «brotukn» (Pocid) cknagy: rmiuuHy, KMcnotun L-rmytamiHOBOI Ta L-LMCTUHY No
70 mr Ta cybcTaHuig L-UMCTUHY. IHTEHCUBHICTL XEMInOMIHECLLEHLiT BUMIpIOBaNu Ha yCTaHoBLi 3 (pOTOENEeKTPOHHUM
nomHoxyBadem ®3JY-84-A, BumiptoBadeM manux ctpymis MMT-0,5 i LuBnakogitounm noTeHLioMeTpoM-caMonucLem.

PesyniraT Ta ix o6roBopeHHs. OnpaLpoBaHa METOAMKA Ta Noka3aHa MOXIMBICTb KiflbKiCHOMO BU3HAYeHHs! L-LIMCTUHY
B Mirynkax nig’siaukoBmx Entaumt® no 70 Mr MeTofoM iHribyBaHHst xemintomiHecueHuii cuctemmn H,L — H,0,— Hb. Kanibpy-
BanbHWUI rpadpik NiHiMHWIA B Aiana3oHi koHUeHTpauin Big 7 Ao 70 mkr - M. MNpucyTHICTb MiuuHy Ta L-rmyTamiHoBOI
KMCINOTWN HE YMHUINA XKOOHOTO BMMBY Ha iIHTEHCUBHICTb XeMintomiHecueHuji. RSD = £ 2,35 %, (6 = + 1,13 %), LOD (3S) =
4 mkr - mn~!, LOQ (10S) = 13 mkr - M~ gnsa cybniHreanbHux tTabnetok Entaumt®.

BucHoBku. 3anponoHoBaHW MeToa MoXxe OyTv BUKOPUCTaHUI s BU3HAYEeHHS L-UMCTUHY Y MikapcbkyX npenaparax.

Krnroyoei crioea: L-yucmuH; iHe2ibysaHHSI; MIOMIHOM; XeMirmtoMiHeCUeHuis; 2eMoa106iH

H. E. bnaxeesckuin, H. FO. boHaapeHko, HO. KO. CepatokoBa, B. [1. ApemeHko
HauroHanbHbIN hapmaueBTUYECKNA YHUBEPCUTET, YKpaunHa

OnpeaeneHue L-uncTuHa B TabneTkax ¢ ucnonb3oBaHMeM meToaa
XeMUNIOMUHeCcLeHLUN

LUens. Liensto gaHHon paboTtu Gbina paspaboTka METOAMKN KONMYECTBEHHOTO onpegenenns L-UmMcTuHa B CyOnmHr-
BanbHbIX TabneTkax AnTaunH® no apekTy MHIMBMPOBaHUSE XeMUIIOMUHECLIeHUMKN cucTemsl H,L (mtomuHon) — H,0,— Hb
(remorno6uH).

MaTepuanbi u metoabl. OGLEKTOM UCCreaoBaHNUst Gbinn cybrnmHreanbHble TabneTkn dnTaumMH® nponseoacTea
000 MeanUMHCKNIN HayYHO-NPOM3BOACTBEHHbIN KOMMIEKC «BburoTukmny (Poccust) coctaea: muumMHa, KUCMOTbl L-ryTaMMHOBOMN
n L-unctnHa no 70 mr n cybetaHums L-umctuHa. HTEHCUBHOCTb XEMUMIOMUHECLEHLUN N3MEPSINA Ha YCTaHOBKE
€ hboTO3NEKTPOHHBIM YyMHOXUTENEM PIY-84-A, nameputenem manbix TokoB MMT-0,5 1 GbicTpogeicTeyoWwmm no-
TEHLMOMETPOM-CaMOMNUCLIEM.

Pe3ynbraThbl M ux o6cyxaeHune. PazpabotaHa meToamvka 1 nokaszaHa BO3MOXXHOCTb KONMYECTBEHHOIO onpeaene-
HUS1 L-UMCTUHA B CyOnmHrBanbHbIX TabneTkax AnTtaunH® no 70 Mr METOAO0M UHIMBUMPOBaHUSI XEMUMFOMUHECLIEHLIMN CUCTEMBbI
H,L — H,0,— Hb. KannbpoBo4HbI rpadhuk NIMHEEH B Avana3oHe KOoHLeHTpauuii ot 7 o 70 mkr - mn~'. MNpucyTcTBre rmuum-
Ha 1 L-rmyTamMMHOBO KUCTOTbI HE OKa3bIBaro HMKaKOro BIMSAHWSA HA MHTEHCUBHOCTb XeMumtommHecueHumn. RSD = + 2,35 %,
(6 =+ 1,13 %), LOD (3S) =4 mkr - mn~', LOQ (10S) = 13 mkr - M~ ansa cybnuHreansHbix Tabnetok dntaumHe.

BbiBoAbl. [1peanoxeHHbI MeTog MOXET ObITb UCMONb30BaH AN onpeaeneHus L-unuctnuHa B npenapartax.

Knroveenble cnoea: L-yucmuH;, uHaubuposaHue,; rItoMUHOI, XeMUSTIOMUHECUEeHUUSI;, 2eM02/106UH
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Introduction. L-Cystine (3,3’-dithio-bis-2-amino-
propionic acid, dicystein) is one of the well-known substi-
tuted of a-aminoacids, a stable (oxidized) form of the amino-
acid of cysteine. It participates in the formation of pep-
tides and other proteins during the formation of their
structure. L-cystine provides elasticity of keratin; there-
fore, it is a part of complexes of vitamins for improve-
ment of appearance of the skin and hair, biologically
active additives and shampoos.

A wide range of medicinal products based on L-cys-
tine can be used in cases of intoxication with heavy me-
tals, as well as antioxidants, hepatoprotectors, detoxi-
cants, immunomodulators, mucolytics, etc. Often L-cys-
tine is also used as part of the complex therapy for the treat-
ment of diabetes, Alzheimer’s disease, bronchitis, as well
as rehabilitation after surgery and joint diseases.

The drug is available in the form of capsules and
ampoules, and is also a part of the combined medica-
tions, such as the tablets Elthacin® (the main composi-
tion: L-cystine, 70 mg; glycine, 70 mg; L-glutaminic acid,
fillers: methylcellulose, 7.8 mg; magnesium stearate, 2.2 mg).

Several methods, such as those based on iodometric
titration using diperoxyadipic acid, voltamperometry, po-
larography, capillary electrophoresis method, flow-injec-
tion analysis after its reduction to cysteine with the subse-
quent spectrophotometric detection, thin-layer chromato-
graphy, liquid chromatography in combination with mass-
spectrometry and also using Raman microscopy com-
bined chemometrics of the PCA (Principal Component
Analysis) and HCA (Hierarchical Cluster Analysis) have
been reported for its determination within different ran-
ges of concentrations [1-9].

The advantages of the iodometric determination using
diperoxy acid as a reagent are selectivity: other amino
acids being the constituents of the combined dosage forms
and excipients do not interfere the L-cystine determina-
tion, but there is a need for the synthesis of the analyti-
cal reagent [1]. All these methods require specialized
equipment and expertise and can be laborious for the rou-
tine analysis. The European Pharmacopoeia (EPh 8.0)
recommends the method of inverse bromatometry for
the quantitative determination of L-cystine. The sensi-
tivity of the recommended method is limited by the re-
latively high concentration of the titrant (0.1 mol - L")
[10, 11].

The aim of our work was to develop a selective, suf-
ficiently sensitive and easy-to-perform procedure for the rou-
tine analysis of L-cystine in the drug Elthacin®.

Materials and methods. The study objects were the pure
substance of L-cystine of pharmaceutical grade (the con-
tent of the main substance was 98.5 %) and sublingual
tablets Elthacin® produced by the Medical Scientific-
Production Complex “Biotics Ltd” (Russia) containing
70 mg of glycine, L-glutaminic acid and L-cystine in
their composition [10].

Solutions were prepared by the volume-weight me-
thod at 293 K. Double distilled water (DDW) was used
to prepare the solutions in all cases.

Standard 1 - 10° mol - L' solution of Luminol
(5-amino-2.3-dihydro-1.4-ftalazindion, H,L, RPF Synbias,

Ukraine) was used. 0.1772 g of 3-Aminophthalhydra-
zide with qualification “R” was transferred in a 100 mL
volumetric flask, dissolved in 10 mL of 0.01 mol - L'
sodium hydroxide solution and diluted to the volume
with DDW. The solution was kept in a dark place.

0.1 mol - L' solution of sodium hydroxide was used
for the medium pH stabilization, the solution pH was
controlled by an Ionomer [-130 laboratory potentiome-
ter with an ESL-43-07 glass electrode and silver-chloride
electrode and a laboratory Ionomer [-130 (ZIP, Gomel,
Belarus).

Hydrogen peroxide (H,0,) 5.8 % (wt.) solution was
prepared from 58 % high pure preparation (produced
by LTD Inter-Syntes, Boryslav, Ukraine) by its 10 time
dilution with DDW: 10 mL was transferred into a 100 mL
volumetric flask and diluted to the volume at 293 K.
This solution was stored at reduced temperature of
+8-10 °C. The content of hydrogen peroxide in solution
was controlled by permanganatometric titration.

The working solution of H,0, 0.058 % (wt.)
(1.7 - 102 mol - L") was obtained by the appropriate di-
lution of the original solution exactly 100 times. The wor-
king solution can be used throughout the day.

Human blood hemoglobin (Hb) produced by Simko
Ltd, Lviv, Ukraine was used as a catalyst. Hemoglobin
solution 100 pg - mL™' was prepared by dissolving in a
100 mL volumetric flask of 10 mg hemoglobin in 50 mL
DDW by heating to 313...323 K and adding 1 mL of
1.0 mol - L sodium hydroxide solution. It was diluted
to the volume with DDW at 293 K and stirred. The wor-
king solution of hemoglobin was prepared by dilution
with DDW of the initial one exactly 100 times. The wor-
king solution can be used throughout the day.

The intensity of chemiluminescence was measured
in relative units on the device with a FEU-84-A photo-
electric multiplier using an IMT-0.5 measuring instru-
ment of low currents and a quick-acting (time constant
0.1 s) automatic potentiometer. The reaction accompa-
nying CL was performed in a cylindrical quartz cell of
30 mm in diameter with the working volume of 10 mL.
The following order of mixing reagents was performed:
to the mixture of luminol indicator in the alkali solu-
tion and H,0,, with the presence or absence of L-cys-
tine solution in the control experiment, 0.50 mL of Hb
was added with the help of a dosage pipette P-1, and
the kinetic curve of chemiluminescence intensity (/) in
relative units (/) — time (s) was registered. The dosage
pipette is built in to the mobile keeper that isolates photo-
cathode of a photoelectric multiplier from outside light,
and further allows working at the common lighting. All
experiments were performed at 293 K.

For the optimal conditions for the chemiluminescen-
ce occurrence in the H,L — H,0,— Hb analytical system
the conditions determined earlier as a result of detailed
studies by one of the authors were used. They are given
in the monograph [12].

For the analytical signal, the value A/ (rel. un.) was
chosen. It is the difference between the maximum values
of the CL intensities in the control (in the absence of an
inhibitor) and working experiments.
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In the course of studies, it was found that under
the optimum conditions (¢(NaOH) = 0.05 mol - L,
c¢(H,0,)=8.53 - 10*mol - L', ¢(H,L)=10"*mol - L,
C(Hb) =5 - 102 pug-mL™") L-cystine exhibited the inhi-
bitory effect on the intensity of the CL in A,L — H,0,—
Hb system [12]. This phenomenon was used by us to
develop a new method for the quantitative determina-
tion of L-cystine in solutions of tablets Elthacin®.

The standard solution sample (SSS) of L-cystine
0.7 ug - mL™! was prepared as follows: 0.0710 g of L-
cystine was transferred in a 100 mL volumetric flask and
dissolved in 10 mL of 1 mol - L' of sodium hydroxide
solution and diluted to the volume with DDW. The wor-
king solution of L-cystine was obtained by the appro-
priate dilution of the original solution in the required
number of times for analysis.

Procedure of determination. Solutions were added
to a chemiluminescent quartz cell consistently as fol-
lows: 0.50 mL of 1-10° mol - L' A,L, 0.50 mL of
1 mol - L' sodium hydroxide solution, (10 — x) mL of
DDW where x was the total volume of all reagents and
samples, (mL), 0.50 mL of 1.7 - 10> mol - L' H,0, and
0.5 mL of a dilute working-standard solution of L-cys-
tine. A cell with the mixture was placed in a chemilumino-
meter, and 0.5 mL of the working solution of hemoglo-
bin with the concentration of 1 ug-mL~"! was added.

Similarly, the control experiment with DDW instead
of the use of dilute working-standard solution of L-cys-
tine in the same amount was performed. The content of
L-cystine was calculated by Equation 1.

Procedure of the quantitative determination of
L-cystine in tablets Elthacin®. Approximately 0.22 g
of powdered tablets (accurately weighed) was transfer-
red into a 100 mL volumetric flask, dissolved in 10 mL
of 1 mol-L! sodium hydroxide solution and diluted to
the volume with DDW. Similarly, L-cystine SSS was
prepared by the volume-weighted method with the con-
centration of 0.710 pg - mL™". L-cystine working solu-
tions were prepared by the appropriate dilution imme-
diately before the analysis.

When performing the experiment a certain order of ad-
ding solutions was observed in accordance with the above
mentioned procedure.

The content of L-cystine in X (g to one tablet) was
calculated by the Equation:

_om x (Al)xmxw
(AL)xm, x100 %

where: m_— is the weight of L-cystine in SSS, g; (Al) —is
the maximum value of A/ in the working experiment, rela-
tive units; (A/ ) — is the maximum value of A/, in SSS,
relative units; m — is the average tablet weight (n = 20),
g; m, — is the mass of pounded tablets in the batches
used for analysis, g; w — is the content of the basic sub-
stance in the standard sample, %.

Results and discussion. The presence of L-cystine
in the H,L — H,O,— Hb system leads to a decrease in
the maximum intensity of CL, indicating inhibition of
the CL reaction. This effect increases with increasing
of the inhibitor of the process concentration (Fig. 1).
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Fig. 1. Kinetic chemiluminescent curves in the system:

1 - H,L - H,0,— Hb (in the absence of L-cystine),

2 - H,L — H,0,— Hb — L-cystine. ¢(NaOH) = 0.05 mol - L™,

¢(H,0,) =8.5-10"*mol - L™, ¢(H,L)=1-10“*mol - L,

C(Hb) =5 -102pg - mL™", C(L-cystine) = 35 ug mL~"

The difference between the maximum values of the CL

intensities in the control (in the absence of the inhibitor)

and the working experiments A/ (rel. un.) was chosen as
the analytical signal.

It was found that the dependence of A/ on the con-
centration of L-cystine was linear in the concentration
range from 7 to 70 pg-mL™" (Fig. 2).

The linear equation is A/=(0.24 +0.01) - C,»=0.999,
n =5 where C is the concentration of L-cystine solu-
tion, pug - mL™', LOD (3S) =4 pg - mL™, LOQ (10S) =
13 pg - mL™.

To determine the possibility of using the method deve-
loped for the quantitative determination of the API L-cys-
tine in a dosage form containing a number of co-compo-
nents and excipients the method of additives was used.

The amount of additives was chosen so that the dif-
ference in maximum CL intensities was statistically sig-
nificant — the condition of application of the additive
method, and the total concentration of L-cystine in the test
solutions was within the accuracy of their determina-
tion (calibration graph). The linear dependence, which
allowed determining the content of L-cystine is presented
in Fig. 3. It should be noted that the slope of the line
obtained within the error of the experiment coincided
well with that of the calibration graph.

For intermediate precision three different concentra-
tions of L-cystine (in the linear range) were analyzed by
the standard addition method proposed in the same day
and the second consecutive day (inter-day precision).
The means RSD and accuracy results intra and inter-
day studies are given in Tab. 1. The data obtained indi-
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Fig. 2. Dependence of Al on the concentration of L-cystine
in the chemiluminescence system H,L — H,0,— Hb.

¢(NaOH) = 0.05 mol - L', ¢(H,0,) = 8.5 - 10 mol - L,

c(H,L) = 1- 10 mol - L', C(Hb) = 5 - 102 pg - mL~"
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Fig. 3. The dependence of Al on the concentration

of L-cystine in the solution of the drug Elthacin®
and solutions of the drug with various additives of L-cystine
(the method of standard additions)

Table 1
Intra-day and inter-day precision and accuracy data of L-cystine (n =7, P = 0.95)
Intra-day Inter-second day
Added (together) Found* Precision** | Accuracy*** Found* Precision** | Accuracy***
(Mg - mL™") (ng - mL™) RSD (%) (Bias %) (Mg - mL™") RSD (%) (Bias %)
+ 0 34.6* 345+0.8 24 -0.3 343+0.8 24 -0.9
L-cystine +35.0 (69.6) 69.0+ 14 2.1 -0.9 69.2+1.3 2.0 -0.6
+ 70.0 (104.6) 104.2+19 1.9 -04 103.5+19 1.9 -0.7
Note:* — Mean + Standard Error (Mean + Standard Deviation-Student coef. (t)/+/n; ** — RSD: Relative Standard Deviation;
*** _ Bias %: [(Found — Added (together)/Added (together)] - 100.
Table 2
The results of the L-cystine quantitative determination in sublingual tablets Elthacin®, 70 mg
Contents of L-cystine, (mg per tab.) Found L-cystine, mg Metrological characteristics
oa s X + AX = 69,98 + 2.05
L-cystine 70 mg 70.80 S=+1.65
*(a=69.2 mg) ’ RSD=+2.35%
71.30 *6=+1.13%
68.00 )

Note: *a — the L-cystine content by the Certificate, g; **6 = (X - a)100/a.

cate the absence of a negative effect of excipients on the re-
sults of the determination of API in a dosage pharma-
ceutical form.

The results of these preliminary studies allowed us
to perform the analysis of the tablets using a simpler
standard method. These results of the quantitative de-
termination of L-cystine in tablets Elthacin®, 70 mg are
given in Tab. 2.

The analysis of the data showed that the means rela-
tive standard deviation did not exceed the permissible
value. Since 6 < RSD, the results of the determination of
L-cystine were considered to be correct (systematic er-

ror is absent). The sensitivity for the L-cystine quantita-
tive determination was calculated: LOD (3S) =4 pg - mL,
LOQ (10S) =13 pg - mL™".

Conclusions. The new method has been developed,
and the possibility for the quantitative determination of
L-cystine in sublingual tablets Elthacin®, 70 mg, using
the method of chemiluminescence inhibition in the H,L —
H,0,— Hb system has been shown. RSD =+ 2.35 %,
(6=+1.13 %), LOD (3S) =4 pg - mL!, LOQ (10S) =
13 pg - mLL

Conflict of interests: authors have no conflict of in-
terests to declare.
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