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Biologically active sulfur-containing compounds (BASC) exhibit pronounced antioxidant properties. Glutathione reduced
(GSH) occupies a particular position among these compounds. It represents a key link in the 3 antioxidant systems of the
body from the existing four. Based on the foregoing, a GSH-based dosage form with antioxidant properties was proposed.
The aim of this study is to work out a model granulated dosage form based on GSH and methods of its analysis by means of
pre-column derivatization with ortho-phthalic aldehyde. Materials and methods. GSH and granulated dosage form based on
GSH obtained by wet granulation were used as the object of the study. Quantitative evaluation of GSH content in the obtained
granules was carried out using pre-column derivatization by the method of reversed-phase high-performance chromatography
(RP HPLC). Ortho-phthalic aldehyde was used as a derivatizing agent. A diode-array detector was used to detect the resulting
derivative. Ortho-phthalic aldehyde was used as a derivatizing agent. A diode-matrix detector was used to find out the resulting
derivative. Results. In the course of the work, a model dosage form was created — granules based on GSH. By reference to
the recommendations on the dosage of the drug, the concentration of the active substance was selected. Lactose was chosen
as an auxiliary component. Physical and technological characteristics of a model sample of granules with GSH and lactose
as a filler were studied. A method of quantitative determination of GSH in granules using pre-column derivatization with
ortho-phthalic aldehyde was developed and validated by HPLC. The method of quantitative determination of GSH in granules
with the use of pre-column derivatization by ortho-phthalic aldehyde by HPLC was developed and validated. Conclusion.
The developed granulated dosage form meets the requirements given in the pharmacopoeial item “Granules” according to
the analyzed indicators. Using the validation evaluation it was established, that the developed methods for the quantitative
determination of GSH in granules is correct, precise and specific.
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buonocuuecku axmuenwvle cepocodepoicawue coedunenus (BACC) npossnsiom sapko eulpasicentvle AHMUOKCUOAHMHbLE C8OU-
cmea. Ocoboe nonogicenue u3 Yucia OaGHHbIX COeOUHeHUul 3anumaem arymamuotn eoccmanosnennviti (GSH). On npeocmag-
Jislem coboll Kn04egoe 36eHO 3-X AHMUOKCUOAHMHBIX CUCTEM OP2AHUIMA U3 CYUecmeylouux yemoipex. Mcxo0s u3 evluiecka-
3aHHO20, HaMU 6bLIA NPedNodceHa TeKkapemeentas gopma Ha ochose GSH, obradarowas aHmuoKCUOAHMHBIMU CEOUCEAMU.
Lenvro 0anno2o uccnedosarnus 6semcst paspadbomra MOOeIbHOU ePAHYIUPOSAHHOU IeKapcmeeHHOU ¢opmbl Ha ocHoge GSH
U MEmMOOUKY ee AHANU3a ¢ NOMOWbIO NPEOKOIOHOYHOU 0epusamu3ayuu opmo-gmanesvim anvoecuoom. Mamepuanol u me-
moovl. B kauecmee obvexma ucciedosanus ucnonvzosanu GSH u epanynuposannyio nekapcmeentyto ¢popmy Ha ochogée GSH,
NOYYEHHYI0 MeMOOOM BIANCHO20 epanynupoganus. Oyenky Konuvecmsennoz2o cooepocanusi GSH 6 nonyuennvix epanynax,
NPOBOOUILCSL C HOMOUBIO NPEOKOJIOHOYHOU 0epUsamu3ayuy Memooom 0opaujeno-pasHo 6bICOK0IPGEKMUHOU Xpomamozpa-
Guu (OD BIJKX). B kauecmee Oepusamu3ypyroujeco azeHma ucnoib3068an opmo-gmanesulil anvoeeuo. /s oonapysicenus
0bpazosasuiecocs depusama ObLL NPUMeHeH OUOOHO-MampuyHbll demexkmop. Pesynemamut. B xooe pabomul 6vina co30ana
MoOenvbHas iekapemeennas popma — epanynvl Ha ochoge GSH. Hcxoos uz pexomenoayuii no 003upoeke npenapama nooo-
bpana Konyenmpayusi oelicmeylowezo eeujecmsa. B kauecmse 6cnomozamensHo2o KOMnoHeHma Ovlia 6blOpaHA 1AKMO3A.
H3zyuenvl guzuueckue u mexmonocuueckue xapaxmepucmuxu mooenvhozo obpasya epanyn ¢ GSH u naxmosoii 6 kauecmee
nanonnumens. Paspabomana u omeanuduposana memoouxa Konuvecmsentozo onpedenenusi GSH 6 epanynax ¢ ucnonv3o-
6aHUEM NPEOKOTOHOYHOU depusamusayuu opmo-gmanesvbim anvoecuoom memooom BOKX. 3axnwouenue. Pazpabomannas
2PAHYIUPOBANHAS IeKAPCMBEHHAS (hOPMA NO AHATUZUPYEMBIM NOKA3AMENAM COOMBEMCmaEyem mpebo8aHusm, npUeoeHHbIM
6 ODC «I panynvry. [lpu nomowu 6a1UOAYUOHHOU OYEHKU YCMAHOBILEHO, YMOo Paspabomantas MemoouKa KOIUYeCmeeHHO20
onpeoenenus GSH 6 epanynax sensaemcs npasuibHol, NPEYUUOHHOU U CReYUPDUUHOIL.

Kniouesvie cnosa: 2nrymamuon 60ccmanognenmbviii, opmo-Qmanesulil arboezud, 2panyivl, 00pawénno-Qaznas 6bICOK0IGh-
DeKmuUBHAsL HCUOKOCMHASL Xpomamozpapusi, depueamuzayus, 6aruoayus

INTRODUCTION

Reduced glutathione (GSH) is Tripeptide contain-
ing amino acid residues of L-glutamic acid, glycine and
L-cysteine. GSH is one of the non-enzymatic compo-
nents involved in the antioxidant protection of living
organisms. It acts as an effective antiradical agent and
plays a key role in the life cycle of cells, causing their
protection from free radicals, hydroperoxides and xe-
nobiotics [1, 2]. GSH status is an indicator of cell func-
tionality and viability [3, 4]. The exhaustion or change
of its level inside the cell provokes a number of diseases
such as cancer, neurodegenerative, cardiovascular [5, 6].
In vitro and in vivo studies confirm that GSH deficiency
can cause cell death and mitochondrial damage due to an
increase in the number of toxic forms of oxygen and an
increase in the number of free radicals [7]. GSH is able
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to prevent the destruction of cells by conjugation with
toxic substances and their metabolites. Glutathione con-
jugation occupies one of the central places in the mech-
anisms of biotransformation of a number of xenobiotics
[8-10]. Nowadays, more than forty types of chemical
compounds that react with GSH are known. The mating
factor of such reactions is the presence of an electrophil-
ic center capable of reacting with the SH-group of GSH
[11]. Consequently, the xenobiotic detoxification system
involving GSH plays a key role in the formation of the
body’s resistance to various influences and is one of the
most important defense mechanisms of the cell. Hereby,
GSH conjugates with xenobiotics are less reactive and
more hydrophilic than the initial substances, so they are
less toxic and eliminate from the body faster [12, 13].
GSH is also able to prevent the introduction of lipophilic
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toxicants into lipid bilayer membranes [14]. GSH has a
membrane stabilizing activity effect on the hepatocyte,
increases the activity of enzymes and promotes detoxifi-
cation and regenerative activity of the liver through the
neutralization of free radicals [15]. Taking into account
the spectrum of glutathione pharmacological activity, we
have proposed a dosage form with GSH, which has pro-
nounced antioxidant properties.

MATERIALS AND METHODS

As the object of the study, glutathione reduced (CAS
No. 70-18-8, EC No. 2007254, Applichem, Germany)
and the excipient, lactose, were used The choice of this
component is due to the possibility of its application as
a filler, a reagent and an agent that regulates some tech-
nological characteristics of the granules (stability, disin-
tegration, etc.).

Advantages of lactose as an excipient [16]:

— inert material, high purity, neutral color;

— moisture resistance;

— physical and chemical stability;

— it is well subjected to grinding and sieving;

— its high degree of crystallization, low degree of
amorphism.

The wetting angle of GSH with water is less than
90°, it is 45+5°, i.e. GSH is a hydrophilic substance, so
purified water was used as a humidifier in the model sam-
ple of granules.

To obtain a model sample of granules, a wet granu-
lation method was used. The procedure for the formation
of granules occurs as a result of pushing the moistened
mass through a perforated sieve.

The technological characteristics of the obtained
granules were determined on the basis of the following
techniques.

The degree of the granules flowability was estab-
lished by the method of the State Pharmacopoeia of Rus-
sian Federation (SPh), XIV-th edition (pharmacopoeial
item “Powder Flow”) using a V-12A (VZZTO) vibrating
device. The sizes of the obtained granules were deter-
mined using the sieve analysis in accordance with SPh,
XIV-th edition (pharmacopoeial item “Wet sieve residue
test”). The test of “disintegration” was carried out on the
“Swinging basket” disintegration tester in accordance
with SPh, XIV-th edition (pharmacopoeial item “Gran-
ules”). The results of the “Dissolution” test were noted
on the “Impeller” dissolution tester in accordance with
pharmacopoeial item 1.4.2.0014.15.

Quantitative determination of GSH in a granular
dosage form was performed by method of reverse phase
high-performance chromatography using pre-column
derivatization of this therapeutic agent by ortho-phthalic
aldehyde [17].
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The analysis was performed on the chromatograph
“Agilent Technologies 1200 Infinity” with automatic
sampler, vacuum microdoser, gradient pump and ther-
mostat. The gradient chromatography conditions were:
mobile phase (A) — 1% aqueous solution of formic acid,
(B) — ethyl alcohol 95%; column: Ascentis express C18
2.7 dm x 100 mm X 4.6 mm; mobile phase speed — 0.5
ml/min.; column temperature was +35+0.01°C; sample
volume — 1 pl.

GSH lacks the chromophores suitable for its analysis
by UV spectroscopy and HPLC with diode array detec-
tion. In this regard, we proposed the analysis of GSH by
HPLC using chemical transformation with a derivatizing
agent — ortho-phthalic aldehyde. As a result of the reac-
tion, the obtained derivative of GSH and ortho-phthalic
aldehyde acquires a chromophore label, which is fixed
during chromatographic analysis using diode-matrix de-
tection.

GSH has no chromophores suitable for its analysis by
UV spectroscopy and HPLC with diode-matrix detection.
In this regard, we propose the analysis of GSH by HPLC
method by its chemical transformation by derivatizing
agent-ortho-phthalic aldehyde. As a result of the reaction,
the resulting GSH derivative and ortho-phthal aldehyde
acquires a chromophore label, which is fixed during chro-
matographic analysis by diode-matrix detection.

Derivatization methods

of glutathione-based granules

1 ml of a 0.1% solution of glutathione granules in
a 0.05 M of aqueous solution of sodium tetraborate was
placed in a 10 ml analysis bottle, 1 ml of a 0.35% solution
of o-phthalaldehyde in ethanol was added, shaken thor-
oughly and immediately chromatographed.

Preparation of model test solutions

for validation assessment methods

The characteristics of correctness and precision were
investigated on model samples of the preparation with
glutathione concentrations that correspond to 80%, 85%,
90%, 95%, 100%, 105%, 110%, 115% and 120% of their
content relative to the nominal value. For the preparation
of model samples of the drug a volumetric flasks with a
capacity of 25 ml was used. The batches were taken di-
rectly from the components of the drug. The mass of the
batches and the concentration of the resulting solutions
of glutathione are shown in Table 2.

RESULTS AND DISCUSSION

On the base of the experimental data obtained, a
model dosage form — granules based on glutathione —
was created. The concentration of active substances was
selected by reference to the recommendations of the
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dosage of the drug (0.05-0.5 g). The composition of the
granules in a single-dose package (3.0 g) is as folows:
glutathione 0.1 g, lactose 2.9 g. At the next stage, organo-

leptic, physical and technological parameters of granules
based on glutathione were determined. The results of the
study are presented in Table 1.

Table 1. Pharmaceutical and technological characteristics of granulated model dosage form based on GSH

Indicator under study Methods of determination Values obtained experimentally

Reference values

Granule size Pharmacopoeial item

1.1.0015.15

1.0-1.2 mm

Coarse fraction:> 1.2 mm
Average fraction: 1.2 mm
Fine fraction: 1.0 mm

Granule form Pharmacopoeial item

1.2.1.0009.15

Anisodiametric (elongated)

Elongated: >3:1
Lamellar: 3:1
Equiaxed: 1:1

Pharmacopoeial item

460.10 +1.31 kg/m3

Very heavy: >2000 kg/m3
Heavy: 1100-2000 kg/m3

s ey 1.42.0016.15 (Light) Mediam: 6001100 kg/m3
Light: <600 kr/m3
Excellent: 8.6—-12.0 g/sec
Good: 6.6-8.5 g/sec Satisfactory: 3.0-6.5
Flowability Pharmacopoeial item 7.14 +£0.25 g/sec g/sec
1.4.2.0016.15 (Good) Permissible: 2.0-3.0 g/sec
Poor: 1.0-2.0 g/sec
Very poor: <1,0 g/sec
Disintegration Pharmacopoeial item . Up to 15 min.
1.4.2.0013.15 G
. Pharmacopoeial item o Mot less than 97%
Stability 1.4.2.0004.15 98.5+0.5%
Glutathione L 0 75%
release Pharmacopoeial item 99.94£0.50% (during 45 min.))

1.4.2.0014.15

(during 15 min.)

Highly water soluble: up to 1 ml/g
Freely soluble: 1-10 ml/g
Soluble: 10-30 ml/g;

e Sparingly soluble:
Water rssrllilljellslty of Pharmacopoeial item Soluble (1:30) 30-100 ml/g
& 1.2.1.0005.15 : Slightly soluble:
100-1000 ml/g;
Very slightly soluble:
1000-10000 ml/g
Practicaly insoluble: more than 10000 ml/g
Weight loss on drying ~ Pharmacopoeial item o
1.2.1.0010.15 1.3=1%
Uniformity of dosing Pharmacopoeial item I
1.4.2.0008.15 ! Progress
Glutathione Re\;ef;sceigrl;alsie ililghly
content, g 4 100.09+0.39%
chromatography
100.0+0.39%

According to the data of Table 1, glutathione-based
granules are elongated particles of 1.0-1.2 mm. They be-
long to light grains and have a satisfactory flowability.
According to the indicators given in the pharmacopoeial
item “Granules” (disintegration, uniformity of dosage,
dissolution) this dosage form meets the requirements.
Glutathione-based granules can be used to fill capsules,
as well as an independent dosage form. The worked out
granules are soluble and highly soluble in warm water.
Glutathione-based granules are an oral dosage form with
preliminary dissolution in liquid.

For the purpose of quantitative determination of glu-
tathione recovered in a granulated dosage form, a method

16

for pre-column derivatization with ortho-phthalic alde-
hyde has been developed. Derivatization with the specified
modifier usually occurs within 2-3 minutes. The resulting
product is easily detected using a diode array or a fluori-
metric detector. The wavelength of the resulting derivative
is usually A — 337 nm. The molar ratios of o-phthalalde-
hyde and glutathione are 3.5: 1. When chromatographing
OPHA -derivative of glutathione, there is one peak with a
retention time of 18.066 minutes. The UV spectrum of the
derivative exhibits several absorption maxima, the most
specific of which is Amax — 336 mn. At the same time, the
peak of the derivatizer itself is not visible, due to a differ-
ent maximum absorption of the derivative (Fig. 1).

Volume VI, Issue 1,2019



Hay4HO-npakTn4eckuin xypHan

OAPMALIA 1
OAPMAKOSIOMS

OPUTI'HHAJIBHAA CTATBA
DOI: 10.19163/2307-9266-2019-7-1-13-19

mAl

3004

250

200

150 1

100

*DADA, 18.069 (320 mAL), - ) Ref=17.849 & 18.703 of GSH-OPHA.D

T
200 220 240 260 280

T T T T T
300 320 340 360 380 nij

Figure 1. UV spectrum of o-phthalaldehyde derivative with GSH at the wavelength of 336 nm
in a granulated dosage form

To confirm the possibility of using the proposed
method of identification and quantitative determination
of glutathione by the method of pre-column derivatiza-
tion with ortho-phthalic aldehyde in granules, a valida-
tion assessment was carried out according to the char-
acteristics: specificity, linearity, convergence (precision)
and correctness [18].

Validation parameters of correctness, precision and
linearity were studied on the preparation solutions with

glutathione concentrations in the range of 80—120% of the
nominal content of in granulated glutathione. This covers
the whole range of concentrations and determines the mini-
mum permissible concentration of the methods for quantita-
tive determination [19].

The acceptance criteria were calculated for b=10%,
therefore, the maximum value of the total uncertainty of
the results of the methods (A, ) should not exceed the
value of Bx0.32=3.2% [20].

Table 2. Mass of the batches and concentrations of glutathione reduced in model granulated samples

Number Mass of the preparation batches Content of glutathione reduced ~Concentration of glutathione reduced rela-
of model sample — granules with glutathione, g in the batch, g tive to nominal, %
1 0/6022 0.02000 80.41
2 0/6360 0.02120 85.42
3 0.6760 0.02250 90.85
4 0.7125 0.02370 95.07
5 0.7512 0.02500 100.02
6 0.7875 0.02620 105.20
7 0.8265 0.02755 110.03
8 0.8630 0.02876 114.96
9 0.9012 0.03000 119.92

The results of chromatography, the values of cer-
tain concentrations of glutathione in model samples and
the calculation of the metrological characteristics of the
methods are presented in Table 3.

From the information given in Table 3 it follows, that
the methods of quantitative determination of glutathione
does not have a statistically significant systematic error.

Tom 7, Beinyck 1, 2019

Thus, validation tests of the methods of quantitative de-
termination of glutathione in granules by the method of
pre-column derivatization with ortho-phthalic aldehyde
showed that the validation parameters correspond to the
accepted quantitative criteria for correctness, convergence
in the concentration range from 80% to 120% of the nomi-
nal glutathione content in the granulated dosage form.

17



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

Table 3. Validation results of the methods for quantitative determination of glutathione
in model solutions of granules

Solution % of Glutathion.e taken, compared % of Glutathione found, compared tq the Glutat.hione found tO.
number to the concentra.tlon of the reference concentration of the reference solution Glutathione taken ratio
solution (X,%) (Y,%) Z =100*(Y/X)
1 80.41 80.39 99.98
2 85.42 85.49 100.01
3 90.85 90.78 99.92
4 95.07 95.23 100.17
5 100.02 100.21 100.19
6 105.20 105.01 99.82
7 110.03 110.18 100.14
8 114.96 115.15 100.17
9 119.92 120.36 100.37
Average, Z, % 100.09

Relative standard deviation, S , % 0.17%
Relative confidence interval, A, % =t (95%, 7)*S, 0.39
Critical value for convergence of results, maxA, , %, at B£10% 32
Systematic error, 6 = ZCP—IOO 0.09
Criterion of insignificance of the system error 6<A/3 In progress
General conclusion about the methods Correct

CONCLUSION

In the course of the work, a model dosage form
was created — glutathione-based granules. Physical
and technological characteristics of the model sam-
ple of granules with GSH and lactose as a filler have
been studied. Methods of quantitative determination of
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