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The kinetic studies of L-Cystine oxidation by Diperoxyadipic acid (DPAA) have been carried out in water media at 
293 K and over pH range 4.0 to 9.3. The second order rate constant, k (L mol−1 min−1) has been calculated from 
kinetic data. A suitable scheme has been proposed for the oxidation of cystine with diperoxy adipic acid, which 
involves electrophilic attack of the monoanion of DPAA on a sulfur atoms, and subsequent nucleophilic attack 
by the dianions of DPAA of the formed disulfoxide centers, in the first and second stages, respectively. Cystine 
was determined by indirect titration with DPAA. The required amount of Cystine was dissolved in appropriately 
concentrated NaOH solution, pH buffer solution and DPAA solution was added. After 10 min, the solution was 
acidified. The excess DPAA was iodometry titrated applying visual end-point detection approach. 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 99.6 to 100.4 %. A paired t-test 
showed that all results obtained for Cyctine in model solutions and pharmaceutical preparation «Elthacin», using 
the proposed procedure and the official procedure respectively, agreed at the 95 % confidence level.
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Здійснене вивчення кінетики окиснення цистину дипероксіадипіновою (ДПАК) кислотою у водному 
середовищі в умовах реакції другого порядку за температури 293 К в інтервалі рН 4.0 – 9.3. За 
даними кінетики розрахована константа швидкості другого порядку, k (л·моль-1·хв-1). Запропонована 
підходяща схема для окиснення цистину дипероксіадипіновою кислотою, котра полягає в 
електрофільній атаці моноаніоном ДПАА атомів Сульфуру, а відтак наступній нуклеофільній 
атаці діаніонами ДПАА, утворених сульфурових центрів дисульфоксиду цистину в першій та 
другій стадіях, відповідно. З’ясована можливість застосування дипероксіадипінової кислоти як 
реагента для оксидиметричного визначення цистину. Необхідну кількість цистину розчиняли 
у розчині NaOH відповідної концентрації, додавали буферний розчин та розчин ДПАК. Через 10 хв 
розчин підкислювали. Надлишок ДПАК визначали методом йодометричного титрування з візуальною 
реєстрацією кінцевої точки титрування. Показані переваги запропонованої аналітичної  методики 
при визначенні цистину у лікарському препараті «Елтацин». Ступінь визначення аналіту у зразку 
становив від 99.6 до 100.4 %. Порівняльний t-тест показав, що отримані результати  визначення 
середнього вмісту цистину у модельних розчинах методом «уведено-знайдено», а також у готовому 
лікарському препараті  «Елтацин» з використанням запропонованої та чинної методик відповідно, 
добре узгоджуються між собою на рівні достовірності 95 %.
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L-Cystine is one of the well-known substitutable 
alpha-aminoacids, a stable (oxidized) form of the 
aminoacid of cysteine. Aminoacids, cystines and 
cysteine, are involved in the formation of peptides 

(insulin and immunoglobulins) 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 
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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 complexes 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 covers not only illnesses associated with the 
deterioration 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 poisoning with copper and other metal salts, and 
thus help to deduce Them from the body). As a food 
additive (E921) for the improvement of flour products, 
sodium and potassium salts of L-cystine are used.

A drug with the same name L-Cystine exhibits 
antioxidant, hepatoprotective, detoxification immuno-
modulatory wound healing, mucolytic and expectorant 
actions. Often, cystine is used to treat diabetes, 
Alzheimer’s disease, bronchitis, and protein deficiency. 
This substance is involved in the metabolism and 
helps with violations of connective tissue, it is also 
prescribed during rehabilitation after surgery and 
in diseases of the joints. The drug has two forms of 
release: capsules and ampoules.

L-Cystine is also part of other combined medications. 
Thus, one sublingual tablet of the drug “Eltacin” 
contains as active substances L-cystine 70 mg, glycine 
70 ml, L-glutamic acid; Excipients: methyl cellulose 7.8 
mg, magnesium stearate 2.2 mg. A mixture of these 
substitutable aminoacids is metabolism regulators: 
increase the intracellular concentration of glutathione 
and the activity of glutathione dependent enzymes, 
normalize oxidation-reduction processes and utilization 
of oxygen in tissues, and thus the drug exhibits 
antioxidant, antihypoxic, increasing the processes of 
ATP synthesis, increases efficiency, etc. [1].

The European Pharmacopoeia (EPh 8.0) for the 
quantitative determination of cystine recommends the 
method of inverse bromatometry. The sensitivity of the 
recommended method is limited by the relatively high 
concentration of titrant (0.1 mol/L) [2,3].

Cуstine in amino acids mixture have been 
determined, in biological media, in food or in pure form 
by a number of methods including their separation by 
thin-layer chromatography [4]. The analytical methods 
used for its determination included coulometric 
titration [5], colorimetry [6], voltammetry [7,8], capillary 
electrophoresis [9], flow injection analysis after 
reduce to Cysteine with spectrofluorimetric detection 
[10] and also using Raman microscopy combined 
chemometrics of PCA (Principal Component Analysis) 
and HCA (Hierarchical Cluster Analysis) [11].

The present communication reports the use of 
Diperoxyadipic acid (DPAA) for the indirect titrimetric 
determination of Cystine. The proposed method is 
based on the smooth and quantitative oxidation of 
Cystine with the oxidant in aqueous media to the 
corresponding Cystine disulfone CyS(=O)2S(=O)2Cy. 

The excess DPAA was iodometry titrated applying 
either visual end-point detection.

Experimental part
Reagents. Diperoxyadipic acid prepare according 

to the method described in [12]. Diperoxyadipic acid 
(hexanebis (peroxoic acid), T mp. + 114 ºC (with 
decom.), the content of active oxygen species (AOC) 
17.4 %; рКа1=7.56, рКа2=8.68. M = 178.14 g/mol.

For the determination of the active oxygen content 
(AOC), transfer 10.0 ml of its water solution in a 100 
ml Erlenmeyer flask, add 5 ml of 5  % KI solution and 
1 ml of  hydrochloric acid diluted. Shake and allow to 
stand in the dark for 3 minutes.  Then the released 
iodine titrated 0.02 mol/L solution of Na2S2O3.  The 
content of active Oxygen calculated by the equation: 

HOO(O)C(CH2)4C(O)OOH + 4KI + H2SO4 → HO(O)
C(CH2)4C(O)OH + K2SO4 + 2I2 + H2O 

To confirm the stability of hexanebis(peroxoic 
acid), one sample was kept in a self-sealing bag at 
room temperature (30-35 °C). The active oxygen 
content of the sample was checked by iodometric 
titration after every 5 days. It was found that it retains 
its active oxygen content over a period of 45 days 
(17.4-17.5 %). There was no change observed in the 
physical appearance, too. This confirms the stability 
of DPAA at room temperature. Prepare a 1.5·10-2 M 
solution.

Materials. L-Cystine (Ph. Eur.) pure, pharma grade 
(BioChemica, CAS-No.:56-89-3), 3,3’-Dithio-bis-(2-
Aminopropionic Acid), C6H12N2O4S2,  M = 240.30 g/
mol. Dry a sample at 105° for 3 h: it loses NMT 0.2 % of 
its weight. We herewith confirm that this product meets 
the requirements of the European Pharmacopoeia 
(Ph. Eur. 9.0). w = 99.8 % (titr., calc. on dried subst.). 
pKa (1) = 7.85; pKa (2) = 9.85 (25°C, water). Solution of 
Cystine (1.0 mg/ml) were prepared in dilute sodium 
hydroxide (0.01 mol/L). 

“Eltacin®” tablet (Ltd «Medical research-and-
production complex «Biotics»» (Moscow, Russia) 
contains as active substances L-cystine 70 mg, 
glycine 70 ml, L-glutamic acid; Excipients: methyl 
cellulose 7.8 mg, magnesium stearate 2.2 mg.

Other chemicals and reagents such as hydro-
chloric acid and KI used were of analytical grade from 
Qualigens. All reagents and solutions were prepared 
using this doubly distilled water. All the reactions were 
carried out in a thermostat and the temperature was 
controlled to ± 0.10 °C. 

Hydrochloric acid diluted: was prepared with 0.1 M 
Normadose® (standard titre).  

The preparation a diluted sodium hydroxide 
solutions: Add to previously aged for two weeks 
prepared saturated (50 % w/v) solution of sodium 
hydroxide calculated volume of freshly boiled and 
cooled distilled water. Other concentrations were 
prepared by dilution.

Potassium iodide 5 % solution: 5.0 g of potassium 
iodide was dissolved in 50ml of freshly boiled and 
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cooled water. It is then filled with the same solvent to 
100 ml.  The solution should be colourless. 

Sodium thiosulphate standard solution:  
c (Na2S2O3∙5H2O) = 0.1 mol/L), was prepared with 0.1 
M Normadose® (standard titre) in freshly boiled and 
cooled distilled water with addition of 0.5 g sodium 
carbonate in a 1L volumetric flask.  It is then filled with 
the same solvent to the mark at 293K. 

The preparation of pH buffer solutions:
For pH = 4.00: Add 1.0 ml of 0.1 molar NaOH to 

500 ml of 0.1 molar potassium hydrogen phthalate.
For pH = 6.30: Dissolve 38.460 g of dipotassium 

hydrogen phosphate (K2HPO4) and 78.823 g of potas-
sium dihydrogen phosphate (KH2PO4) in 1liter volume 
distilled water.

For pH = 7.00: Dissolve 90.715 g of dipotassium 
hydrogen phosphate (K2HPO4) and 37.996 g of potas-
sium dihydrogen phosphate (KH2PO4) in 1liter volume 
distilled water.

0.2 M solution potassium pyrophosphate: Dissolve 
66.067 g potassium pyrophosphate (potassium 
diphosphate) in 1liter volume distilled water.

Preparation method of рН buffers with 8.60 and 9.2 
values included: dripping of diluted hydrochloric acid 
into an aqueous solution of 0.2 M solution potassium 
pyrophosphate while measuring the pH with a pH 
meter.

For maintaining the desired temperature of the 
reaction mixture we used air thermostat TS-80m.

Microburette 10 ml, 0.01 ml graduation.
Kinetics of S-oxidation reaction- procedure: 

0.2403 g of L-Cystine dissolve in 100 ml of 0.02 mol/L 
previously prepared solution of sodium hydroxide. 
The solution was treated in an ultrasonic bath for 
15 minutes. Transfer using a pipette an accurately 
measured volumes (5 ml) of prepared solution to 
100-ml measuring flask, add 10 ml of 0.015 mol/L 
previously prepared solution of the diperoxyadipic 
acid, pH buffer solution (80 ml) and water to bring the 
final volume of solution to 100 mL. Mix to homogeneity 
(start stopclock). Using a pipette, over a determined 
period of time, transfer 10.00 ml to the reaction 
mixture in 150 ml Erlenmeyer flask. Add 2 ml of 
diluted hydrochloric acid and 5 ml of 5 % solution of 
potassium iodide while shaking.  The formed iodine 
is titrated with 0.01 mol/L sodium thiosulphate using 
microburette till the mixture turns colourless.  Repeat 
the titration without L-Cystine (control titration).

Kinetic measurements. Kinetic studies were 
carried out in water medium under second-order 
conditions with diperoxy adipic acid (DPAA) in the 
temperature 293 K. The reaction was followed by 
estimating the unreacted DPAA as a function of time 
by using the iodometric method. The liberated iodine 
was titrated against standard sodium thiosulphate 
solution by using starch as indicator. From the titre 
values, plots of ln {c/[b-1/2(a-c)]} vs time were made 
and from the slope of such plots, the second order 

rate constants, kobs (L mol−1 min−1) were obtained. «a» 
is the initial molar concentration of DPAA (for time «0» 
min), mol L−1; b - molar concentration of Cystine, mol 
L−1; с - current molar concentration of DPAA (for time 
t, min), mol L−1. It was checked that the results were 
reproducible within ± 5 % error.

To determine the stoichiometry of the reaction, 
peroxy acid titration of standard solutions was carried 
out.

Procedure of determination Cystine: Add an 
aliquot (0.5-5.0 mg) of sample to a known volume (10 
ml) of 0.005 M DPAA solution and 30 ml of pH buffer 
solution in glass-stopper Erlenmeyer Flask. Shake the 
mixture occasionally and, after 10 min, add 5 ml of 
0.1 mol/L hydrochloric acid and 5 ml of 5 % potassium 
iodide solution while shaking. Titrate the liberated 
iodine with a 0.01 M sodium thiosulphate solution (V2). 
Carry out a blank experiment in the same manner (V1). 
Calculate the amount of the cystine from the equation 
Cystine (mg)=[(V1 - V2) M R]/4N , where V1 is the 
volume of sodium thiosulphate consumed in the blank 
titration (ml); V2 is the volume of sodium thiosulphate 
consumed in the experiment (ml); M is the number of 
moles of reagent per mole of sample; R is the molarity 
of the sodium thiosulphate solution; N is the number of 
moles of oxidizing agent per mole of sample.

Assay of Cystine in pharmaceutical preparation 
«Eltacine». Weigh accurately about 0.24 g of 
powdered tablets dissolve in 100 ml of 0.04 mol/L 
previously prepared solution of sodium hydroxide. 
The solution was treated in an ultrasonic bath for 15 
minutes, then the volume of the solution was adjusted 
to 100 ml with double distilled water. Transfer using 
a pipette an accurately measured volumes (10 ml) of 
prepared solution to 100-ml measuring flask, add 20 
ml of 0.02 mol/L previously prepared solution of the 
diperoxyadipic acid, pH buffer solution (60 ml) and 
water to bring the final volume of solution to 100 mL. 
Mix to homogeneity (start stopclock). Using a pipette, 
over a determined period of time, transfer 20.00 (or 
10.00) ml to the reaction mixture in 150 ml Erlenmeyer 
flask. Add 5 ml of diluted hydrochloric acid and 5 ml 
of 5 % solution of potassium iodide while shaking. 
The formed iodine is titrated with 0.02 mol/L sodium 
thiosulphate using microburette till the mixture turns 
colourless.  Repeat the titration without L-Cystine 
(control titration).

Results and Discussion
Investigation of the kinetic dependence on pH of 

the Cystine-diperoxyadipic acid reaction at 293 K 
and over pH range 4.0 to 9.3 yields bimolecular rate 
constants (mol-1 l min -1). Figure 1 shows a typical 
kinetic curves. 

It was found that one mole of L-cystine react with 
two moles of diperoxyadipic acid. The optimum for the 
L-Cysteine determination was pH 8.6-9.3. 



 

Iodometric determination of cystine in pharmaceutical formulation using diperoxyadipic acid as reagent

 © Methods and objects of chemical analysis, 2018, Vol. 13, No. 1, 13–1716

Fig.1. pH effects on the kinetics of the Cystine-
diperoxyadipic acid reaction. pH: 1 – 4.0;  2 – 6.3; 
3 – 7.0; 4 – 8.6; 5 – 9.3. с(DPAA) = 1.5·10-3 М; 
с(Cystine) = 5·10-4 М.

The observed rate constant kobs is reasonably 
constant over the first half of oxidation corresponding 
to the conversion of Cystine to the corresponding 
disulfoxide Cystine CyS(=O)S(=O)Cy, but later the 
reaction slows down, implying that the later stages of 
formation of the corresponding of disulfone Cystine 
CyS(=O)2S(=O)2Cy) by means diperoxy acid  mono- 
and dianions are slower or more complex. A suitable 
mechanism scheme based on these observations is 
proposed:
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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 
diperoxy acid (Fig. 2).

Fig. 2. The dependence of the observed reaction rate 
constant on the mole fraction of the sum of the mono- 
and dianions of the diperoxy acid (r = 0.999).

To determine Cystine, iodometric back titration 
method was proposed. The method is based on 
the oxidation of Cystine by an excess of DPAA. 
Then, unreacted DPAA after acidification reacts with 
potassium iodide to form iodine, which is titrated with 
a standard sodium thiosulfate solution.

Table 1 shows the results obtained by the 
recommended procedure for five replicate titrations 
of mixtures containing the four species at various 
concentrations. It can be seen that L-Cystine could 
be determined successively with good accuracy and 
reproducibility.
Tabl. 1. Determination of Cystine by iodometric method 
with use diperoxy adipic acid as oxidizing agent.

Sample, mg Recovered*, % RSD,% δ, %

1.0
2.0
3.0
5.0

99.85±1.98
99.56±1.98
100.43±1.90
100.35±1.99

0.9
0.8
0.75
0.8

+0.15
+0.4
-0.4

-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 99.6 to 100.4 %. A paired t-test showed that all 
results obtained for Cystine in pharmaceutical product 
using the proposed procedure and the official procedure 
agreed at the 95 % confidence level (Tabl. 2).

Tabl. 2. Determination of Cystine in pharmacetical 
preparation «Eltacine» by iodometric method using 
diperoxy adipic acid (n = 5; P = 0.95).

Content 
Cystine, mg

Recovered,  % Metrological 
characteristics

69.2*
(98.9 %)

70.04 ± 0.98 mg
(100.06 ± 1.40 %)

RSD=1.13%

* Certificate data, µ. 

Conclusions
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. The second order rate constants, 
kobs (L mol−1 min−1) have been calculated from kinetic 
values. A suitable mechanism scheme based on these 
observations is proposed. The possibility of application 
of DPAA as reagent in the oxidimetric determination 
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 disulfone Cystine (CyS(=O)2S(=O)2Cy). 
The excess DPAA was iodometry titrated applying 
either visual end-point detection. With this proposed 
method, 1.0-5.0 mg of Cystine can be accurately and 
precisely analyzed (RSD < 1%, δ < RSD).
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Statistical analysis of the results obtained by 
the proposed and the official methods reveals no 
significant differences between them in accuracy and 
precision as concluded from Student’s t test and the 
variance ratio. 
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