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QUANTITATIVE DETERMINATION OF CYSTINE BY
REACTION OF OXIDATION WITH
DIPEROXY ADIPIC ACID

M.Y. Blazheyevskiy, V.P. Moroz, O.S. Kryskiv

National University of Pharmacy,
Valentynivs'ka str, 4, Kharkiv, 461168; e-mail: blazejowski@ukr.net

L-Cystine is one of the well-known substitutable alpha-amino acids, a sta-
ble (oxidized) form of the amino acid of cysteine. The amino acids of cystine
and cysteine are involved in the formation of peptides (insulin and immu-
noglobulins) and proteins in the formation of their structure. The body easily
converts them into one another, in the metabolism they are equivalent. Most of
these two amino acids are contained in the proteins of the human and animal's
covering tissues: hair (up to 14%), horns (up to 7%), and skin. Cystine provides
elasticity of keratin. Therefore, this substance is included in the vitamin com-
plexes to improve the appearance (skin and hair), biologically active additives
and shampoos. But this is not the only application of cystine. The spectrum of
drugs is wide and encompasses not only illnesses associated with worsening of
the skin, but also cases of intoxication with heavy metals (due to the ability to
form complexes with metal ions, cystines and cysteines, were effective in poi-
soning with copper and other metal salts, and therefore help to deduce them
from an organism). As a food additive (E921) for the improvement of flour prod-
ucts, sodium and potassium salts of L-cystine are used.

A drug with the same name L-Cystine exhibits antioxidant; hepatoprotec-
tive; detoxification immunomodulatory wound healing; mucolytic and expecto-
rant actions. Often, cystine is used to treat diabetes, Alzheimer's disease, bron-
chitis and protein deficiency. This substance is involved in the metabolism and
helps with violations of connective tissues; it is also prescribed during the period
of rehabilitation after operations and in diseases of the joints. The drug has two
forms of release: capsules and ampoules.

Cystine is also part of other combined medications. Thus, one hypoxic tab-
let of the drug "Eltacin”" contains as active substances L-cystine 70 mg, glycine
70 ml, L-glutamic acid; Excipients: Methylcellulose 7.8 mg, Magnesium stearate
2.2 mg. A mixture of these substitutable amino acids is metabolic regulators:
increase the intracellular concentration of glutathione and the activity of glu-
tathione dependent enzymes, normalize oxidation-reduction processes and utili-
zation of oxygen in tissues, and therefore the drug exhibits antioxidant, antihy-
poxic, increasing the processes of ATP synthesis, increases efficiency, etc.

The European Pharmacopoeia (EPh 8.0) for the quantitative determination
of cystine recommends the method of inverse bromometry with visual fixation of
cl. T.

The kinetic studies of oxidation of L-Cystine by Diperoxyadipic acid
(DPAA) have been carried out in water medium under second-order conditions
in the temperature 293 K and over pH range 4.0 to 9.3. The reaction was fol-
lowed by estimating the unreacted DPAA as a function of time by using the io-
dometric method. The liberated iodine was titrated against standard sodium thi-
osulphate solution by using starch as indicator. From the titre values, plots of In
{c/[b-1/2(a-c)]}vs time were made and from the slope of such plots, the second
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order rate constants, kos(L mol~'min™") were obtained. «a» is the initial molar
concentration of DPAA (for time "0" min), mol L™"; b - molar concentration of
Cystine, mol L™"; ¢ - current molar concentration of DPAA (for time t, min), mol
L™". It was checked that the results were reproducible within +5% error.

For determine the stoichiometry of the reaction, titration of standard solu-
tions by peroxy acid was carried out. A suitable mechanism scheme based on
these observations is proposed (Scheme).

H CO,H
NH; co. Q

H020>/\ ¢S COH

This, in particular, points to a linear dependence of the observed reaction rate
constant on the mole fraction of the sum of the mono- and dianions of the diper-
oxy acid (r=0.99).

The possibility of application of DPAA as reagent in the oxidimetric deter-
mination of Cystine was investigated. The proposed method is based on the
smooth and quantitative oxidation of Cystine with the oxidant in aqueous media
to the corresponding L-Cystine-disulfone(Cy-S(=0),S(=0)..Cy). The excess
DPAA was iodometry titrated applying either visual end-point detection. With
this proposed method, 1,0-10 mg of Cystine can be accurately and precisely
analyzed (RSD<1%, 8< RSD) (See table).

mg taken % recovered,* RSD,% 0, %
¥+ AX
1.0 99.85+1.98 0.9 +0.15
2.0 99.56+1.98 0.8 +0.4
3.0 100.43+£1.90 0.75 -0.4
5.0 100.35+1.99 0.8 -0.35

* Average of three determinations (P=0.95).

The advantages of the applied analytical techniques in the determination
of Cystine in pharmaceutical preparation «Elthacin» has been presented. The
recovery of this analyte in preparation sample ranged from 98.7 to 101.5 %.

Statistical analysis of the results obtained by the proposed and the official
methods reveals no significant differences between them in accuracy and preci-
sion as concluded from Student’s ¢ test and the variance ratio.

European Pharmacopoeia 8.0, vol. 1, 2. Council of Europe, Strasbourg, 2013. 3655 p.
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