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BACKGROUND: Endometriosis is known to be linked with altered activities of antioxidant enzymes and with their gene
polymorphisms. Progestins are known to induce glutathione peroxidase activity in the endometrium and promote reduction
of endometrial lesions. It could be useful to estimate the correlation between the activity of glutathione peroxidase within
endometrial lesions and their degree of reduction.

AIM: The present study was aimed at estimating glutathione peroxidase activity in surgically induced endometrial-like
lesions of different degree of reduction in rat model of endometriosis.

MATERIALS AND METHODS: The method for determining glutathione peroxidase activity using hydrogen peroxide as
a substrate and 5,5’-dithiobis(2-nitrobenzoic acid) for estimation of residual reduced glutathione was applied for quantitative
analysis of the enzyme activity in endometriotic foci, surgically induced in female Wistar rats. An assay of glutathione peroxi-
dase activity in tissue homogenates was performed at 37°C in a reaction medium containing Tris-HCl buffer supplemented
with tetrasodium ethylenediaminetetraacetate and sodium azide (pH 8.5) in the presence of 0.55 mM reduced glutathione and
0.192 mM hydrogen peroxide. Before adding trichloroacetic acid, 40-second incubation was used. The correlation between the
specific activity of the enzyme and protein amount in endometriotic foci was estimated.

RESULTS: In a rat model of endometriosis, there was a high, well-determined glutathione peroxidase activity in endome-
triotic foci. For the same endometriotic tissue sample, the enzymatic activity was proportional to the amount of protein in the
reaction mixture. The range of specific glutathione peroxidase activity was 2.43-6.45 micromoles of consumed glutathione
per minute per milligram of protein (n = 7). In most reduced endometriotic foci (with the minimum amount of endometriotic
tissue), the highest specific activity of glutathione peroxidase was found (the Spearman’s rho of —0.93 with p = 0.0067).

CONCLUSIONS: The method for determining glutathione peroxidase activity using hydrogen peroxide and 5,5'-dithiobis-
(2-nitrobenzoic acid) is convenient for working with the endometriotic tissue in a rat model of endometriosis. We can accept,
with p < 0.01, that weight of endometriotic foci is negatively linked with specific glutathione peroxidase activity within their
tissue. The results are analogous to the previously obtained data on catalase activity and suggest the involvement of both
antioxidant enzymes in reduction of endometrial lesions.
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AKTUBHOCTb ryTaTuoHNepoKcuaasbl
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ObocHoaaHue. V13BecTHa CBA3b MMy NONMMOpdU3MaMU FeHOB, KOAMPYIOLLMX aHTUOKCUMAAHTHbIE (EPMEHTBI, U3MeHe-
HWAMM aKTUBHOCTEW KaTanasbl U FNyTaTMOHMNEPOKCMAA3bI B TKAHW SHOOMETPUS U pasBMTMEM 3HOOMeTpMo3a. HekoTopble
dopMbI FNyTaTUOHNEPOKCMAA3bl aKTUBMPYIOTCA rectareHamu. B To e BpemA rectareHbl 3gdeKTMBHbI B 0becneyeHnm pe-
rpecca sHAOMETPUOMAHbIX 04aroB. [peAcTaBNAET UHTEPEC OLEHKA CBA3M FNYTaTUOHMEPOKCMAA3HOW aKTUBHOCTU B 3HAO-
METPMOMHBIX 04arax Co CTeMeHblo UX perpecca.

Llenb — npoaHanM3npoBaTh aKTUBHOCTb FyTaTUOHMNEPOKCMAA3bl B CMOAENMPOBAHHBIX SHAOMETPUOAHBIX 04arax, uMme-
IOLLIMX pa3Hylo CTeneHb perpecca.

Mamepuanel u Memodel. MeTo, onpefeneHna rNyTaTUOHNEPOKCMOA3HOM aKTUBHOCTM C UCMO/b30BaHWEM NEPOKCH-
[a BOAOpOJa B KayecTBe cybcTpata U 5,5'-ANTNOBUC(2-HUTPOOEH30MHOM KUCNOTLI) 4N1A OLEHKKU YObINM BOCCTAHOB/IEHHOM
$opMbl rIyTaTMOHA NPUMEHEH ANA KONIMYECTBEHHOM OLEHKM aKTUBHOCTW (epMeHTa B 3HLOMETPUOAHbIX 04arax, CMoJenu-
POBaHHbIX Y NabopaTopHbIX Kpbic uHUM Buctap. OnpegeneHve NpoBoaMAM B roMoreHatax TkaHu npu 37 °C B peaKLMoH-
HoW cpefe Ha ocHoe Tpuc-HCl-6ydepa ¢ aTuneHanaMmuHTeTpaaLeTaToM U a3mgoM Hatpus (pH 8,5) B npucytcteum 0,55 MM
rnytatmoHa u 0,192 MM nepokcvpa Bogopofa (BpeMs MHKybaumm — 40 c). OueHnBanM Koppenaumio Mexay riyTaTuoH-
NePOKCMAA3HOM aKTUBHOCTBIO M MacCoM 04aroB.

Pesynemamel. [InA 3HOOMETPUOMOHBIX 04aroB, CMOLAENMPOBAHHbIX HA NabopaToOpHbIX Kpbicax, B LENOM XapaKTepeH
BbICOKWMI, XOpOLUO OMpefaeNiAeMblii YpoBeHb rNyTaTUOHMEPOKCMOA3HOM aKTMBHOCTU. BennumHa rnytatMoHnepoKcuaasHoi
aKTMBHOCTM [/1A OQHMX U TEX Xe reTepoTonui NPoNopLUMOHabHa coflepKaHuio ux 6enika B peakLMoHHOM cMecu. [lnana-
30H 3Ha4YeHWUI yOenbHON aKTUBHOCTM FNYTaTMOHNEPOKCMAA3bl B pasHbIX ovarax coctasun 2,43—6,45 MKMonb M3pacxogo-
BaHHOr0 rnyTaTuoHa / MuH Ha 1 Mr 6enka (n = 7). B ovarax, obnapatoLimx MeHbLuen Maccow (cuibHee NoJBepriumxca pe-
rpeccy), perucTpupoBanu 6onee BbICOKYHO IyTaTMOHMNEPOKCUAA3HYI0 aKTUBHOCTb — KOIPOMLMEHT paHroBoi Koppenaumm
CnupMeHa coctasun -0,93 (p = 0,0067).

3aknoyeHue. MeTtoq onpefeneHuA FNyTaTMOHMNEPOKCUA3HOM aKTUBHOCTM C UCMOJIb30BaHMEM MEPOKCMAa BoAOpoaa
un 5,5'-AUTNOBUC(2-HUTPODBEH30MHOM KUCIOTbI) NPUrOAEH ANA PaboTbl C TKaHbIO CMOAENMPOBAHHBLIX 3HAOMETPUOUAHBIX
o4aroB. Yem bonee BbICOKaA aKTUBHOCTb MYTaTMOHMEPOKCMAA3bI B 04arax, TeM, KaK NpaBuio, MeHblue Ux Macca. Pesynb-
TaTbl @HaNOrMYHbl MOyYeHHbIM paHee AaHHBIM MO AKTUBHOCTM KaTanasbl M MO3BOMAKT NPEeAnoNoMUTb BOBJIEYEHHOCTb
060MX aHTUOKCMAAHTHBIX PEPMEHTOB B MeXaHW3M perpecca sHAOMETPUMOMAHBIX 04aroB.

KnioueBble cnosa: 3HOOMETPUO3; KoppenAauua; rnytatMoHnepokcuaasa; d)epMEHT; nepokcma sogopona; MeToa.
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BACKGROUND

According to several studies, the development of
endometriosis is associated with changes in the activity of
antioxidant enzymes in the endometrial tissue as well as with
polymorphisms of their genes. Endometriosis is characterized
by changes in catalase activity [1, 2]. In addition, there exist
data indicating the possibility of a connection between the
polymorphism of the promoter of the catalase-encoding
gene and the risk of endometriosis [3]. In our recent study of
catalase activity in rat models of endometrioid heterotopias
with varying degrees of regression, an inverse correlation
was noted between the enzyme activity and the mass of
heterotopic tissues (p < 0.025) [4]. In addition, endometriosis
involves changes in the expression of the classic intracellular
form of glutathione peroxidase (GPx1), owing to impairment
in cyclic changes in endometrial GPx1 expression [5].
Catalase and GPx are functionally similar enzymes and
they play a role in the detoxification of hydrogen peroxide
and thus in the reduction of free radical oxidation level [6].
Previous data indicate assessing the activity of antioxidant
enzymes in heterotopic tissues with different degrees of their
regression, and this is important both for understanding the
mechanisms of development and regression of endometrioid
foci as well as for assessing the possibility of predicting
disease course by the activity level of these enzymes. The
present study, which determined GPx activity, is similar to
the study conducted earlier that determined catalase activity
in endometrioid foci [4].

The present study aimed to quantify GPx activity
in endometrioid foci with varying degrees of regression,
simulated in laboratory rats. Specifically, it assessed the
possibility of using the previously developed method for
determining GPx activity in endometrioid implant tissue and
(in case of positive response) evaluated the relationship
between GPx activity and their mass.

MATERIALS AND METHODS

For the experiment, sexually mature female Wistar
rats weighing 230-320 g were enrolled. All laboratory
animals were obtained from the Rappolovo Nursery of
laboratory animals (Leningrad region) and were housed
under the regulated conditions of the vivarium of the
D.0. Ott Research Institute of Obstetrics, Gynecology, and
Reproduction in compliance with all the rules for housing
laboratory animals (time and order of quarantine, labelling
of all animals, constant sanitary control, standard diet, free
access to water and food, and automatic lighting mode of
day and night [12:12 h]).

The animals were prepared for surgery, and
endometriosis was stimulated according to previously
reported methods [4, 7]. All surgeries were performed at the
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estrus stage, standardizing the conditions for transplantation
of uterine fragments from animals at the same stage of
the estrous cycle. Auto-transplantation of uterine tissue
fragments of 3x3 mm in size was performed into areas of
the animal abdominal cavity. During the surgery, all animals
additionally underwent bilateral oophorectomy, followed by
replacement therapy with ethinyl estradiol. After 2 weeks,
a diagnostic laparotomy was performed to confirm implant
viability. After another 3 weeks, animals were sacrificed
using deep inhalation anesthesia. The excised endometrial
foci were frozen and stored at —85°C until preparation of
homogenates. One implant was used from each animal; the
remaining implants were used for other studies.

Each implant was washed thoroughly in isotonic
sodium chloride solution and was homogenized in a glass
homogenizer in chilled 0.05-M K-Na-phosphate buffer
(pH 7.8) for 60 s. The total volume of the buffer used for
preparing the homogenate was 50-80 pL, depending on the
sample size. The exact volume of the buffer required for
homogenization was recorded for subsequent calculation of
the mass of soluble protein in the tissue. The homogenates
were centrifuged for 6 min at 4°C (1000 xg). The supernatant
was then used as a biomaterial to determine GPx activity.

GPx activity was determined using a modified method
involving hydrogen peroxide as a substrate [8]. For reaction
mixture |, we used the reagent A: 0.64-mM solution of the
reduced form of glutathione (GSH) in a mixture of 0.1-M
Tris-HCl buffer (pH 8.5) containing 0.34-mM EDTA and an
aqueous solution of NaN; (26 mg/ml). A mixture of buffer
and NaN, solution was prepared at a volume ratio of 17:1.
Subsequently, reaction was initiated by adding reagent B
(5-mM aqueous H,0, solution). Reagent B was prepared
by 4-fold dilution of an aqueous solution of H,0, that had
an absorbance of 0.872 at 240 nm (i.e., 4-fold dilution of
a 20-mM hydrogen peroxide solution). The reaction was
terminated by adding 30% (w/v) trichloroacetic acid. The
concentration of trichloroacetic acid should not exceed this
value to avoid complicating subsequent staining of samples
in the reaction with Ellman’s reagent [9].

Sample filling and determination progress

The reaction was performed at 37°C in a water bath by
placing the reaction mixture in Eppendorf tubes. Aliquots of
90 pl of reagent A were added carefully to the bottom of
the tubes, avoiding the formation of drops that separate and
settle on tube walls. The tubes were then pre-incubated for
a few minutes in a water bath. Subsequently, the reagents
were added according to the four reaction schemes.

SUM: 4 pl of reagent B and 10 pl of biomaterial were
simultaneously added and then incubated for 40 s. Then,
20 pl of trichloroacetic acid was added.

NEO: 4 pl of reagent B and 10 pl of biomaterial solvent
(phosphate buffer) were simultaneously added and then
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incubated for 40 s. Subsequently, 20 pl of trichloroacetic
acid was added.

X: 10 pl of biomaterial was added, incubated for 40 s,
and treated simultaneously with 4 pl of reagent B and 20 pl
of trichloroacetic acid.

ST: 10 pl of the biomaterial solvent was added and
incubated for 40 s. Then, 4 pl of reagent B and 20 pl of
trichloroacetic acid were simultaneously added.

With the simultaneous adding of reagents, they are
not pre-mixed. For this purpose, 4 pl of reagent B was
preliminarily applied to the tube wall above the level of
reagent A, and then the biomaterial (according to the SUM
and NEO schemes) or trichloroacetic acid (according to
schemes X and ST) was added, carefully pipetting, mixing,
and rinsing the walls with a mixture of reagents.

If possible with the biomaterial amount used,
proportionally increased volumes of reagents can be used
(Fig. 1): 180 pl of reagent A, 20 pl of biomaterial, 8 pl of
reagent B, and 40 pl of trichloroacetic acid solution.

After terminating the reaction, the samples were
centrifuged at room temperature for 10 min at 1000 xg.
Reaction mixture Il for each sample was collected as
follows: 1160 pl of 0.1-M Tris-HCl buffer with 0.34-mM
EDTA (pH 8.5) were sequentially added to 108 pl of each
supernatant containing residual GSH, and then at the same
intervals, 9 pl of a solution of 5,5'-dithiobis(2-nitrobenzoic
acid) or Ellman’s reagent (4 mg/ml of absolute methanol)
was added to each sample (in the same sequence of
samples). The mixture was allowed to react until a yellow
color was registered. If the reagent is added to each
subsequent sample with an interval of half a minute,
15 samples can undergo reaction within 7.5 minutes.

Fig. 1. Simultaneous adding of hydrogen peroxide and biomaterial
into the reaction mixture: 7 — reagent A (180 pl); 2— 5-mM H,0,
(8 pl); 3 — biomaterial (20 pl). Photo by A.D. Yushina
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Subsequently, we recorded the absorbance at 412 nm after
the next 7-8 min, scanning each sample photometrically
at the same time interval as the Ellman’s reagent was
added. Sample staining and optical density measurement
were performed at room temperature. For an accurate
assessment of GSH concentration, the absorbance was
measured against a sample in which, instead of 108 pl
of the supernatant from reaction mixture I, 108 pl of the
mixture are added, collected previously in the same way,
but without GSH (90 pl of Tris-HCl buffer with NaN, and
EDTA + 10 pl of phosphate buffer + 4 pl H,0, solution + 20 pl
trichloroacetic acid solution). However, as the difference
between the absorption values for different samples is
important for further calculations of the enzymatic activity,
the measurement can be performed against distilled water.

The total volume of the photometrically scanned
solution according to this technique was 1277 pl; therefore,
a DU-65 spectrophotometer (Beckman Coulter, USA) was
used to measure the absorbance using a conventional
spectrophotometric cuvette with an optical path length of
1 cm and the same distance between its side walls. When
working with a Lambda 25 spectrophotometer (PerkinElmer,
USA), it is recommended to use a “microcuvette” with an
optical path length of 1 cm and concave side walls (with
a distance of 0.45 cm between them), or in the case of
a conventional cuvette, to proportionally increase the
volumes of all reagents (e.g., by 2 times).

The loss of GSH in reaction mixture | was calculated from
the difference in the absorption values at 412 nm in reaction
mixture Il. For this purpose, the coefficient of millimolar
absorption of the reaction product of GSH with Ellman’s
reagent at 412 nm was used (14.15 mM™' cm™) [10] along
with the dilution of the reaction mixture. Reagent A with
0.64-mM GSH (90 pl) was diluted to a fully collected reaction
mixture (104 pl) by 1.15 (5) times to a GSH concentration
of 0.55385 mM (i.e., working concentration of GSH). Then,
trichloroacetic acid was added (up to the total volume of
the mixture of 124 pl) by 1.1923 times. The supernatant
was then diluted 11.824-fold with reaction mixture II
(1277 pl/108 pl). The total dilution of the reaction mixture |
was as follows: (124/104) (1277/108) = 14.09793: this was
approximately equal to the millimolar absorption coefficient
of the reaction product of GSH with Ellman’s reagent.
Thus, T mmol of colored product per 1 mmol of GSH was
formed. Accordingly, 1 absorption unit (1.000) of the reaction
mixture Il at 412 nm corresponded approximately to 1-mM
GSH (exactly 0.9963201-mM GSH) in reaction mixture |.
The working concentration of GSH used in this study in
reaction mixture | corresponded to the optical density of
reaction mixture Il (0.556). Thus, arithmetic operations
with the optical densities at 412 nm for different samples
would reflect well the changes in GSH concentrations in the
reaction mixture I.
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The enzymatic activity was calculated using an equation
based on the determination of the loss of GSH concentration
in various processes during the analytical procedure:

APgp = (At = Agym) = (Ast = Ayg) = (Agr = Al x 1.5,

where AA;, is the difference in absorbance at 412 nm
and the numerically equal decrease in GSH concentration
in enzymatic oxidation per 1 min, expressed in mM
(umol/ml).

Thus, the decrease in the non-enzymatic reaction
(As; — Aygo) and the decrease in GSH oxidation by the
biomaterial without the participation of GPx (Ag — Ay)
were subtracted from the total GSH loss (Ag; — Agyy)- The
difference in the last part of the equation (As; — Ay) can be
a negative value if the biomaterial does not oxidize GSH
without the involvement of GPx but contains an additional
amount of free sulfhydryl groups. The coefficient 1.5 was
used to express activity per 1 min (60 s/40 s).

In this study, the protein concentration in the homogenate
supernatant was determined using a simplified turbidimetric
procedure [11] using several dilutions of the same
biomaterial. A human serum albumin solution (Cormay,
Poland) was used as a standard. The protein concentration
in the reaction mixture was calculated considering dilution
of the biomaterial with the reaction mixture (104 pl/10 pl).
To calculate the specific activity of GPx (in micromoles
of GSH per minute per 1 mg of protein), the decrease in
GSH concentration in enzymatic oxidation over 1 min
(umol/min/ml) was divided by the protein concentration in
the reaction mixture (mg/ml).

The proportionality of the reaction rate to biomaterial
content in the reaction mixture was assessed using the
coefficient of determination (R?); to assess the correlation
between the specific activity of GPx and the mass of the
biomaterial, the Spearman’s rank correlation coefficient
(rho) was applied. The calculations were performed in the R
software environment (version 3.4.0) [12].

RESULTS AND DISCUSSION

In the case of surgically induced endometriosis in
rats, a high, well-defined level of GPx activity is detected
in heterotopic tissues. The specific activity of GPx ranged
from 2.43 to 6.45 pmol of GSH consumed in the enzymatic
reaction, calculated per 1 minute and per 1 mg of protein
(n=17).

The rate of enzymatic reaction (after subtracting the rate
of non-enzymatic oxidation of GSH by peroxide and the rate
of GSH oxidation by biomaterial without the involvement of
GPx and peroxide) for the same heterotopic tissues was
proportional to the level of their protein in the reaction
mixture. The linearity index of this relationship (R?) for five
separate foci varied from 0.9943 to 1, which corresponded
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to a high and very high degree of linearity, respectively. In
the case of the same sample, this implied that the specific
activities determined at different protein concentrations were
identical. This indicated that the comparison of the enzyme
specific activity obtained at different protein concentrations
for different tissue samples was correct.

The contribution of non-enzymatic oxidation of GSH
with peroxide (Ag; — Aygo) to the overall reaction at protein
concentrations in the reaction mixture of 57-125 pg/ml
was only 12-16%. The (As; — A) contribution to the overall
reaction was close to zero. Thus, in the above-described
conditions of the reaction mixture, GSH was primarily
consumed due to the enzymatic activity of GPx.

The weight of soluble protein in the simulated
endometrioid heterotopic tissue was 47-415 pg. This
means that the formed foci underwent significantly different
degrees of regression in different animals. A statistically
significant and negative correlation was noted between the
specific activity of GPx in heterotopic tissues and their mass,
estimated indirectly by the amount of soluble protein present
in them: rho = -0.93, p = 0.006746 (Fig. 2).

Based on the data presented in Fig. 2, it can be assumed
that endometrioid implants are initially characterized by
a certain non-zero level of GPx specific activity, regardless
of their size (which is quite logical as initially it is normal
endometrial tissue), which, however, further increases in the
event of their regression.

The method used to present data shows that, as in the
case of catalase activity [4], GPx activity was assumed to
be a probable component of the mechanism underlying
endometrioid focus regression. Accordingly, we placed
the enzyme activity on the horizontal axis of the graph and

60 °

4.5 — .

4.0 - .

T T | | |
1.0 1.2 1.4 1.6 1.8

log (GPx)

Fig. 2. Inverse correlation between the specific activity of GPx
in simulated endometriotic lesions and their mass. log (GPx) —
natural logarithm of GPx activity (umol/min per 1 mg of protein);
log (ug) — natural logarithm of the mass of the entire soluble pro-
tein in the focus (micrograms), extracted during homogenization
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considered the mass of heterotopic tissues as the dependent
variable [4]. The result of the correlation assessment
obtained suggested that the foci underwent regression owing
to the additional induction of GPx, and the growth of the
endometrioid foci might be attributed to the decrease in GPx
activity. At the same time, we understand that the presence
of a correlation does not prove a causal relationship, and
the increased GPx activity in reduced foci can only reflect
the response of the antioxidant system to the work of other,
basic mechanisms that cause regression of endometrioid
formations.

In general, the data obtained are consistent with the
conclusions made earlier by other authors [1, 2] regarding
the involvement of oxidative stress in endometriosis
progression. It is advisable to test the contribution of GPx in
suppressing oxidative stress in the endometrioid tissue and
in the regression of endometrioid foci in experiments using

REFERENCES

1. Ota H, Igarashi S, Sato N, et al. Involvement of catalase in the
endometrium of patients with endometriosis and adenomyosis. Fertil
Steril. 2002;78(4):804-809. DOI: 10.1016/S0015-0282(02)03344-7
2. Puy LA, Librach CL. A case-controlled analysis of catalase
expression in endometriosis. Fertil Steril. 2001;76(3, suppl. 1):S149.
DOI: 10.1016/S0015-0282(01)02436-0

3. Zarafshan SS, Salehi Z, Salahi E, et al. Polymorphism of catalase
gene (CAT C-262T) in women with endometriosis. J Obstet Gynaecol.
2015;35(3):269-271. DOI: 10.3109/01443615.2014.948402

4. Razygraev AV, Petrosyan MA, Baziian EV, Polyanskikh LS. Acti-
vity of catalase in surgically induced endometrial-like lesions in
rats. Journal of obstetrics and women'’s diseases. 2019;68(6):57-63.
(In Russ.). DOI: 10.17816/JOWD68657-63

5. Ota H, Igarashi S, Kato N, Tanaka T. Aberrant expression of
glutathione peroxidase in eutopic and ectopic endometrium in
endometriosis and adenomyosis. Fertil Steril. 2000;74:313-318.
DOI: 10.1016/S0015-0282(00)00638-5

6. Torres WH. Biologia de las especies de oxigeno reactivas. Mensaje
Bioquimico. 2002;26:19-54. [cited: 2020 Dec 2]. Available from: http://
static1.1.sqspcdn.com/static/f/1381323/18832492/1340082783193/
Mensaje_Biog02v26p019_Hansberg.pdf?token = %2BxnoB20TZkYC
HfkSsNZxT7gyf4Y%3D

7. Petrosyan MA, Balashova NN, Polyanskikh LS, et al. In-
fluence of progesterone analogs on endometrioid heterotopia

CMUCOK JIUTEPATYPbHI

1. Ota H. lgarashi S., Sato N. et al. Involvement of catalase in the
endometrium of patients with endometriosis and adenomyosis //
Fertil. Steril. 2002. Vol. 78. No. 4. P. 804-809. DOI: 10.1016/S0015-
0282(02)03344-7

2. Puy LA, Librach C.L. A case-controlled analysis of catalase
expression in endometriosis // Fertil. Steril. 2001. Vol. 76. No. 3.
Suppl. 1. P. S149. DOI: 10.1016/S0015-0282(01)02436-0

Tom 70, N2 2, 2021

HypHan aryLIepCTBa 1 reHCKMX bonesHel

selenium compounds, which is required for GPx biosynthesis,
and whose consumption increases the detectable activity of
this enzyme in tissues.
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