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Abstract

Aim. To develop a method for the quantitative determination of reduced glutathione in a lyophilized powder for the prepara-
tion of “Hepaval®” solution for intravenous and intramuscular administration by the effect of inhibiting chemiluminescence
in the luminol (H,L)-H,0,~hemoglobin (Hb) system.

Materials and methods. The study object was the reduced glutathione substance and lyophilized powder for the preparation
of “Hepaval®” solution for injection, ampoules of 4 mL No. 10 manufactured by “Valartin pharma” (Italy). The glutathione
content in powder was determined using the chemiluminescence method by the effect of inhibiting the luminol oxidation
reaction with hydrogen peroxide in the presence of Hb as a catalyst. The analysis was performed by the standard addition
method.

Results and discussion. As a result of the studies, it has been found that under optimal conditions glutathione shows a no-
ticeable inhibitory effect on chemiluminescence in the H,L—-H,0,—Hb system. This phenomenon was used to develop a new
procedure for the quantitative determination of glutathione in the substance and lyophilized powder for the preparation of
“Hepaval®” aqueous solution for injection. The linear dependence of the integral chemiluminescence intencity (S) on the
molar concentration of glutathione was maintained in the concentration range of (2—20)x 107 mol L™X. The graph equation
was S=(-1.6+0.2)x10”xc + (198.9+2.0), (r = 0.999). The relative standard deviation (RSD) was +1.82% (n =7, P = 0.95).
Conclusions. The method has been developed, and the possibility of the quantitative determination of glutathione in pow-
der for the preparation of “Hepaval®” solution for injection by the method of the chemiluminescence inhibition of the H,L—
H,0,~Hb system has been shown. The content of glutathione in powder calculated with reference to dried substance was
91.49% (against 90.8 % by the certificate). The accuracy was +0.76 %.
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KinbKicHe BU3HaYeHHA rnyTaTioHy 3a epeKToM iHribyBaHHA XxemintomiHecueHLUii B peaku,ii
KaTaNliTMMHOrO OKUCHEHHA /IIOMIHOAY rigporeH NepoKCMA0M Yy NPUCYTHOCTI remornobiHy
AHoTauinA

MeTta. Po3po6u1TN METOAMKY Ki/IbKICHOrO BU3HAYEeHHA BiAHOBNEHOrO ryTaTioOHy B NiodinizoBaHOMY NOPOLLKY A5 NPUTOTY-
BaHHA PO3UYMHY A/1A BHYTPILUHbOBEHHOTO Ta BHYTPILLHbOM A30BOr0 BBeAEHHSA «lenaBan®» 3a epeKToM iHribyBaHHA xeminto-
MiHecueHUji cuctemu ntomiHon (H,L)—H,0,~remornobiH (Hb).

Marepianu Ta metoau. O6’eKTOM AOCAIAKEHHS ByNM BiHOBNEHWI ryTaTiOH Ta /1iodiNi30BaHNI NOPOLWIOK A4 NPUTOTYBaH-
HA PO34MHY ans iH’ekuin «fenaBan®», amnynaun no 4 ma Ne 10 BupobHuUTBa «BanaptnuH dpapma» (ITanis). BU3sHaueHHs BMicTy
rNyTaTiOHy B MOPOLKY 3A4iMCHIOBAaN METOA0M XEMIIIOMIHECLEHL,ii 32 epeKTOM iHribyBaHHA peaKLii OKUCHEHHA NtOMiHONY
rifporeH NepoKcnAoM y npucyTHocTi Hb siKk KaTanisaTopa npouecy. AHani3 NpoBOANAN METOLOM CTaHAAPTHUX J00ABOK.
Pe3ynbTatu Ta ix 06roBopeHHA. Y pe3yabTaTi 4OCAIAKEHHSA 3'ACOBAHO, LLO B ONTUMA/ZIbHUX YMOBAX [yTaTiOH BUABAAE NO-
MITHY iHriByBanbHy Ajto0 Ha xemintomiHecueHujto B cuctemi H,L—H,0,~Hb. Lie asuwe 6yno BUKOPUCTaHO ANA ONpaLoBaHHA
HOBOI METOAMKM KiNbKICHOrO BU3HAUYEHHA [yTaTiOHY B CybCTaHL,i Ta iodinisoBaHOMY NOPOLLKY A5 MPUrOTYBaHHA BOAHOTO
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pOo34mMHY Aans iH’ekuin «fenaBan®». JliHiliHa 3a1€KHICTb CyMapHOTo CBiTiHHA (S) BiA MONAPHOI KOHUEHTpaLT rnyTaTioHy 36epi-
ranacsa B iHTepBani KoHuUeHTpaui (2—20)x 1077 monb . PiBHAHHA rpadika mae Burnag S = (-1,6+0,2)x107c + (198,9+2,0),
(r=0,999). BigHocHe cTaHaapTHe BiaxuneHHa (RSD) ctaHoBmno +1,82% (n =7, P=0,95).

BUCHOBKM. PO3pobaeHo MeToAMKY Ta NPOAEMOHCTPOBAHO MOX/IMBICTb KiNIbKICHOTO BU3HAUYEHHSA INYTaTiOHY B MOPOLLKY AN
NPUToTyBaHHA PO34MHY ANA iH €Ki «fenaBan®» meTogoM iHribyBaHHA xemintomiHecueHuii cuctemu H,L — H,0, — Hb. Bmict
rNyTaTioOHYy B MOPOLLKY B NepepaxyHKy Ha Cyxy pe4yoBuHy ctaHoBmB 91,49 % (npotn 90,8 % 3a cepTudikaTtom). MpaBuabHICTb

ctaHoBuna +0,76 %.
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B Introduction

Glutathione (GSH, L-y-glutamyl-L-cysteinyl-
glycine) is a biologically active tripeptide found
in all organisms. It consists of y-glutamic acid,
cysteine, and glycine residues and can exist in
both oxidized (GSSG) and reduced (GSH) forms
(Figure 1). The reduced form of GSH protects
SH-groups of proteins from oxidation by various
oxidants [1].

The protection mechanism consists in the oxi-
dation of the SH-group of GSH with the forma-
tion of the oxidized form (disulfide) and the re-
tention of the SH-groups of proteins in the active
reduced form. GSH acts as a cofactor of some
oxidoreductases like glyoxalase system [2], and
glutathione peroxidase [3]. An important role of
GSH is binding of free radicals, and the reduc-
tion of hydrogen peroxide and other peroxides;
it prevents the development of chain free radical
processes [4]. Moreover, glutathione facilitates
the metabolism of xenobiotics with support of
glutathione S-transferase enzymes catalyzing its
conjugation to lipophilic xenobiotics [5].

In laboratory practice, glutathione is needed
to be determined both in biological fluids (saliva,
urine, blood serum) and in pharmaceutical or
cosmetic preparations. For this purpose, a vari-
ety of instrumental methods of analysis, such as
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Figure 1. The structure of reduced glutathione

spectrophotometry based on the interaction of
glutathione with 5,5’-dithiobis-2-nitrobenzoate
acid (Ellman’s reagent) [6], high-performance li-
quid chromatography (HPLC) with various de-
tectors and a precolumn derivative [7], electro-
analytical methods [8], as well as the kinetic me-
thod of chemiluminescence [9—-12], are widely used.
The last one is characterized by simplicity of im-
plementation, low cost, and the possibility of mi-
niaturization of the instrument base. According
to the British Pharmacopoeia, the reduced glu-
tathione content in a pure substance is determined
by 1iodimetry [13].

The aim of the study was to develop a meth-
od for the quantitative determination of reduced
glutathione in a lyophilized powder for the prep-
aration of “Hepaval®” solution for intravenous
and intramuscular administration by the effect
of inhibiting chemiluminescence in the luminol
(H,L)-H,0,hemoglobin (Hb) system.

B Materials and methods

The study object was the reduced glutathione
substance and lyophilized powder for the prepa-
ration of “Hepaval®” solution for injection, am-
poules of 4 mL No. 10 manufactured by “Valar-
tin pharma” (Italy) (1 ampoule contains 643 mg
of glutathione (reduced) sodium salt, which is
equivalent to 600 mg of glutathione).

The glutathione content in powder was de-
termined using the chemiluminescence method
by the effect of inhibiting the luminol oxidation
reaction with hydrogen peroxide in the presence
of Hb as a catalyst. The analysis was performed
by the standard addition method.
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The substance of reduced L-glutathione pro-
duced by BioChemica (AppliChem GmbH, Ger-
many) was used in the study. The certificate of
analysis: HPLC 98.7%.

The standard 1x10 mol L solution of lumi-
nol (5-amino-2,3-dihydrophthalazine-1,4-dione,
H,L, RPF “Synbias”, Ukraine): 0.217 g of lumi-
nol was placed in a 100 mL volumetric flask,
dissolved in 10 mL of 0.01 mol L sodium hy-
droxide solution, and diluted to the volume with
double distilled water. The solution was kept in
a dark place.

For the medium pH correction, 0.1 mol L
solution of sodium hydroxide was used; pH of the
solutions was controlled by an “lonomer I-130” la-
boratory potentiometer with an ESL-43-07 glass
electrode, a silver-chloride electrode and an I-130
laboratory ionomer (ZIP, Gomel, Belarus). All so-
lutions were prepared using double distilled water.

Hydrogen peroxide 5.8% solution was pre-
pared from 58% high pure H,0, solution (pro-
duced by LTD “Inter-Syntes”, Boryslav, Ukraine)
by its 10 times dilution with double distilled
water: 10 mL of 58% H,0, was transferred into
a 100 mL volumetric flask and diluted to the
volume at 293 K. This solution was stored at a
temperature of +8—10°C. 0.29% working solu-
tion of H,0, (8.5x10% mol L!) was obtained by
diluting 5.8% solution with double distilled wa-
ter 20 times: 5 mL of the original solution was
transferred into a 100 mL volumetric flask and
diluted to the volume at 293 K. The working so-
lution can be used throughout the day.

Human blood hemoglobin (Hb) produced by
“Simko Ltd” (Lviv, Ukraine) was used as a cata-
lyst. 100 ug mL* hemoglobin solution was pre-
pared by dissolving 10 mg of hemoglobin in 50 mL
of double distilled water in a 100 mL volumetric
flask under heating and subsequent adding of
1 mL of 1.0 mol Li! sodium hydroxide solution.
The volume was diluted with double distilled wa-
ter at 293 K and stirred. The working solution
of hemoglobin was prepared by diluting the ini-
tial one with double distilled water 100 times.
The working solution can be used throughout a day.

The intensity of chemiluminescence was meas-
ured in relative units on a device with a FEU-84-A
photoelectric multiplier, using an IMT-0.5 and
quick-acting (time constant 0.1 s) automatic po-
tentiometer for measuring low currents.

The reaction accompanied by chemilumines-
cence was performed in a cylindrical 30 mm dia-
meter quartz cell with a working volume of 10 mL.
The following order of mixing the reagents was
used in the experiment: to the mixture of the

luminol indicator in the alkali solution and H,0,,
with the presence or absence of the glutathione
solution (in the control experiment), 0.50 mL of
the Hb solution was added using a volumetric
pipette. The kinetic curve of the chemilumines-
cence intensity in relative units against time was
registered. The volumetric pipette was built into
the removable holder isolating a photocathode of
the photoelectric multiplier from outside light,
and allowing it to work in the daylight. All ex-
periments were performed at 293 K. The integral
chemiluminescence intensity was registered using
a “Digital automatic integrator 1-02” (Micron,
Russia) for 40 seconds.

All other chemicals were of analytical grade.
Solutions were prepared with double distilled
water produced in a quartz water distiller.

The sample solution of glutathione

0.3618 g (accurate weight) of the glutathione
powder was transferred into a 100.0 mL meas-
uring flask, dissolved in double distilled water,
and diluted to the volume with the same solvent.
Using a pipette, 10.00 mL of the solution pre-
pared was transferred to a 1000 mL volumetric
flask, diluted to the volume with double distilled
water, and mixed thoroughly.

The standard working solution of glu-
tathione (c,,= 1X10° mol L")

It was prepared in the same way as the pre-
vious one with the difference that the glutathione
powder with the known basic content was used
as an addition substance, and then the solution
was prepared with the known concentration of
glutathione (C, H,,N,0,S) calculated with reference
to dried substance. 0.31137 g (accurate weight)
of the glutathione powder was transferred into
a 100.0 mL measuring flask, dissolved in dou-
ble distilled water at 393 K, and diluted to the
volume with the same solvent. Using a pipette,
10.00 mL of the solution prepared was transferred
to a 1000 mL volumetric flask, diluted to the vo-
lume with double distilled water, and mixed
thoroughly.

The procedure for determining the con-
tent of glutathione in “Hepaval®’ (by the
addition method)

The solutions were sequentially introduced
into the quartz cuvette of the chemiluminometer
in the following order: 1.00 mL of 1X10-* M solu-
tion of H,L, 5.00 mL of 0.1 M solution of sodium
hydroxide, (10 — x) mL of double distilled wa-
ter (where x is the total volume of all reagents
with the sample solution (or sample and addi-
tion in another experiment with an addition), in
mL), 0.50 mL of 8.5x102 M of H,0, solution and
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0.50 mL of the sample solution (or with 0.50 mL
of the addition solution). The cuvette with the re-
sulting mixture was placed in a chemilumino-
meter light-resistant chamber and using a dis-
penser, 0.50 mL of 1 pg mL~" working solution
of Hb was added.

The molar concentration of glutathione in the
sample solution c_ (mol L") was calculated by the
formula:

C = Cst X Sx
T Sx +a SX
where ¢, — is the molar concentration of glu-
tathione in the standard working solution of
glutathione, C,,H,;N,04S, mol L %;
S, — is the analytical signal of the integral
chemiluminescence intensity in the experiment
with the sample solution of glutathione for 40 s,
rel. units;
S, ., — 1s the analytical signal of the integral
chemiluminescence intencity in the experiment
with the sample solution of glutathione and ad-
dition for 40 s, rel. units;

The content of glutathione in powder calcu-
lated with reference to dried substance X (%) was
determined by the formula:

cx X M x 1000 x K x 100 X 100 %
m X (100 — w)

where c, — is the molar concentration of glu-
tathione in the sample solution, mol Li*};

M — is the molar mass of glutathione (reduced)
sodium salt, 329.307 g mol™;

K —is the dilution factor of the sample solution,
100;

w — 1s the mass fraction in loss on drying, %
(1.0% by the certificate);

m —1s the weight of the glutathione sample tak-
en for analysis, g.

B Results and discussion

The dependence of the chemiluminescence in-
tensity (Io;) on time (s) is shown on the kinetic
graph (Figure 2). The experiment was repeated
five times. The desired signal was the area un-
der the curve — the integral chemiluminescence
intensity over the time period (40 s) (S, rel. units)
obtained by averaging the values of five experi-
ments.

The highest intensity of chemiluminescence
in the H,L-H,0,~Hb system was observed when
the Hb solution was added last. The optimal
conditions of the experiment were determined
earlier [14]: ¢(NaOH) = 0.05 mol L', ¢(H,0,) =
= 4.25x1073 mol LY, ¢(H,L) = 1X10™* mol L7,
c(Hb) = 5x1072 pg mL.

The presence of glutathione in the H,L-H,0~Hb
system leads to a decrease in the maximum in-
tensity (Figure 2) and the integral chemilumi-
nescence intensity (S), indicating the chemilu-
minescent reaction inhibition (Figure 3). This ef-
fect increases with the increasing concentration
of the inhibitor.

60
leL, 1
rel.units 50 ﬁ _—
40 2
30
20 1
10
0 | | | | | J
0 20 40 60 80 100 120
ts

Figure 2. The kinetic curves of the dependence of the chemiluminescence intensity on time in the H,L—H,0,—Hb system
in the absence (1) and in the presence (2) of glutathione. ¢(NaOH) = 0.05 mol L™, ¢(H,0,) = 4.25x107* mol L™, ¢(H,L) =1x10* mol L™,

c(Hb) =5x1072 ug mL™?, ¢(GSH) = 1x10° mol L™
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Figure 3. Dependence of S (in rel. units) on the molar concentration of glutathione

Table 1. Analytical characteristics of the calibration graph
(y = bx + a) for the quantification of glutathione in “Hepaval®”

Characteristics Parameters
Concenjranon range 0.2-30
(g mL™)
Correlation coefficient (r) 0.999
Linear regression equation $=(-1.6%0.2)x107xc +

g q (198.9+2.0)

Slope (bxAb) (-1.6+£0.2)x 10’
Intercept (atAa) 198.9+2.0
S.D. of slope (S,) 0.06x107
S.D. of intercept (S,) 0.70
LOD (3S) (mol L) 1.5x107
LOQ (10S) (mol L) 4.4%x107

Table 2. The results of the quantitative determination of
glutathione in powder for the preparation of “Hepaval®” solution
for injection

Metrological
Taken Found, % | characteristics
(n=7,P=0.95)
0.31137¢g 92.1 _
A lyophilized powder for the gg? X5_=911:79
preparation of “Hepaval®” 91'2 AX = 1 55
solution for injection 92.8 RSD = +1’ 82%
manufactured by “Valartin 90:2 P =+'0 .76%
pharma” (ltaly) 94.1 '

Note: [a] The calculation is based on the certificate of quality data

of the powder for the preparation of “Hepaval®” solution for injection
of glutathione (C,,H;;N,0,S) calculated with reference to dried substance
by the method of Ph. Eur. —90.8 % (u). 6 = (x — 1) x 100 %/

The linear dependence of S on the molar
concentration of glutathione was maintained in
the concentration range of (2—20)x10~" mol L.
The graph equation was S = (-1.6+0.2)x107x¢ +
+ (198.9+2.0), (r = 0.999) where ¢ was the con-
centration of glutathione solution in mol L™
(Figure 3). Analytical characteristics of the cali-
bration graph are given in Table 1.

Precision and accuracy of the quantitative
determination of glutathione in powder for the
preparation of “Hepaval®” solution for injection
by the method of the chemiluminescence inhibi-
tion of the H,L-H,0~Hb system were studied by
analyzing seven replicates of the sample solutions.
The precision of the method developed with re-
ference to the relative standard deviation (RSD)
was £1.82% (n =7, P =0.95). The accuracy was

+0.76%. The results obtained are summarized in
Table 2.

m Conclusions

The method has been developed, and the pos-
sibility of the quantitative determination of gluta-
thione in powder for the preparation of “Hepaval®”
solution for injection by the method of the chemilu-
minescence inhibition of the H,L-H,O~Hb system
has been shown. The content of glutathione in pow-
der calculated with reference to dried substance was
91.49% (against 90.8% by the certificate). The accu-
racy was +0.76%. The method proposed is promising
for the determination of glutathione in substances
and drugs in the practice of control and analytical
laboratories, as well as in the chemical and phar-
maceutical industry.
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