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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The study included the purification of glutathione peroxidase 

enzyme (GPX) in the serum of women with breast cancer, 
which involved 60 samples of serum from women with breast 
cancer, and 30 samples from healthy individuals. The results of 
the study showed a significant decrease at a probability level 
of p<0.0001 for the activity of the GPX enzyme in the serum 
of women with breast cancer. Additionally, the GPX enzyme 
was purified from the serum of women with breast cancer 
through precipitation with ammonium sulfate and dialysis, and 
the use of DEAE-Cellulose ion exchange chromatography and 
gel filtration chromatography using Sephadex G-100, where 
a main protein band was separated, which was relied upon in 
determining the optimal conditions for the partially purified 
enzyme. The optimal conditions for the partially purified enzyme 
from the serum of women with breast cancer were determined 
and the highest activity was for the substrate concentration 
of 0.1 mM H2O2. The maximum speed Vmax was 3.125IU/L 
and the Michaelis-Menten constant Km was 0.0179 M using 
Lineweaver-Burk plot, the optimal pH was at 8.5, temperature 
at 37°C, and the highest activity time was at 5 minutes.

Key words. Breast Cancer, Glutathione Peroxidase Enzyme, 
Purification.
Introduction.

Breast cancer (BC) is the most common type of cancer among 
women. Some types are benign and can be treated with surgery 
[1]. Another type is metastatic cancer, which spreads to other 
organs such as the bones, brain, liver, and lungs [2]. Breast 
cancer forms when cells grow abnormally, rapidly dividing and 
multiplying to form masses of tissue known as tumors. Tumors 
may be invasive or non-invasive, usually starting in the lobules 
or milk ducts [3]. Some malignant tumors begin in the milk 
ducts, which deliver milk to the nipple, called ductal carcinoma, 
while others start in the milk-producing gland lobules, called 
lobular carcinoma [4]. The presence of a tumor in a patient can 
be detected by observing calcifications or masses in the breast 
[5].

At the onset of the disease, there are no symptoms by which 
breast cancer can be diagnosed, as the tumor is usually small 
initially. However, as the tumor grows, it can be felt and 
detected by its size [6]. The most common symptoms of breast 
cancer include changes in the texture and shape of the breast 
and nipple, and nipple discharge. Regular screening helps in 
the early detection of the disease. Doctors must perform several 
tests to determine whether the tumor is benign or malignant [7].

There are several factors that determine the treatment for 
breast cancer, such as the stage of the tumor, the patient's age, 

and hormone levels. Often, more than one treatment method 
can be used simultaneously. If the tumor is detected early, it 
can be surgically removed and treated with radiation to kill 
any remaining active cancer cells. If the tumor is large and has 
spread to the lymph nodes, chemotherapy, hormone therapy, 
and targeted therapy may be added [8,9].

Glutathione peroxidase (GPX) belongs to the oxidation-
reduction enzymes E.C.1.11.1.9 and is an enzymatic antioxidant. 
It prevents oxidation in the cells of a living organism. The level 
of this enzyme decreases in cases of oxidative stress and also 
with aging due to a decline in its synthesis within the cells of the 
organism [10]. This enzyme is found in different parts of cellular 
organelles, especially in the mitochondria and cytoplasm of red 
blood cells, liver tissue cells, and sperm. It is one of the most 
important enzymatic antioxidant systems due to its ability to 
eliminate peroxides resulting from oxidation processes as well 
as free radicals. The molecular weight of glutathione peroxidase 
is about 44,000 daltons, and it contains selenium. This enzyme is 
classified as a selenoprotein or selenoenzyme [11]. The inclusion 
of selenium in the structure of glutathione peroxidase protects 
cellular components and biological membranes from oxidative 
damage. Its importance lies in protecting cells from oxidative 
stress. The biochemical activity of the enzyme is limited to the 
reduction of hydrogen peroxide to water and the reduction of 
lipid hydroperoxides to alcohols by reduced glutathione as a 
proton donor according to the following equation [12]:

2GSH+ H2O2  GPX  GSSG + 2H2O
Practically, the ratio of reduced glutathione (GSH) to oxidized 

glutathione (GSSG) inside cells is a measure of cellular toxicity, 
as the level of the oxidized form is less than the reduced form 
in cells and tissues, thus the GSSG/GSH ratio is high. This ratio 
is maintained by a mechanism that works to reduce oxidized 
glutathione (GSSG) and convert it into reduced glutathione, 
regulated by the enzyme glutathione reductase (GRd) and the 
coenzyme Nicotinamide adenine dinucleotide phosphate - 
NADPH according to the following equation [13]:

GSSG + NADPH + H2
    2GSH + NADP2

Materials and Methods.
Study design: Sixty blood samples were collected from 

women diagnosed with breast cancer, ranging in age from 21 
to 75 years, attending the Oncology Teaching Hospital/Medical 
City in Baghdad. Additionally, 30 blood samples were collected 
from non-affected women aged between 20 and 55 years as a 
control group, over the period from May to September 2023. 
The diagnosis was made by specialist doctors.



82

solution using graded concentrations of NaCl ranging from 50 
to 200 mM. The active fractions were collected for measuring 
enzyme activity and protein. The enzyme was concentrated by 
filling a semi-permeable membrane (dialysis bag) and covering 
it with sucrose for 24 hours in a dialysis to use in later steps.

Gel Filtration Chromatography [17]: 0.1 M Tris solution, 
pH 7.2 was prepared by dissolving 15.76g of Tris-HCl in 900 ml 
of distilled water, adjusting the pH to 7.2, and then completing 
the volume to 1000 ml with distilled water. 500 mM sodium 
chloride was prepared by dissolving 29.25 g of sodium chloride 
in 1000 ml of 0.1M Tris-HCl pH 7.2.

Sephadex G-100 gel was prepared according to the instructions 
of Pharmacia Fine Chemical Company. The gel was suspended 
in 0.1 M Tris HCl buffer pH 7.2 as in the degassing and was 
poured into a glass column with dimensions of 2×40 cm. The 
column was equilibrated by adding enough 0.1 M Tris-HCl 
buffer pH 7.2, and the pH of the effluent was adjusted to 7.2 
at a flow rate of 5ml/3min. After preparing the column, the 
concentrated enzyme solution obtained from the ion exchange 
chromatography effluent was gradually added to the column 
surface, and the sequential filtration was done using 0.1 M 
Tris-HCl buffer at pH 7.2 at a flow rate of 5ml/3min. The peak 
fractions with enzyme activity were collected and their volumes 
were determined.

The protein concentrations in the peak fractions were measured 
to determine the specific activity of the enzyme. The collected 
peak fractions were concentrated by filling a semi-permeable 
membrane and covering it with sucrose in a dialysis process 
and passed over the same column under the same conditions 
for further purification. The enzyme activity and protein 
concentration in the purified fraction were measured; the purified 
enzyme was stored in freezing conditions for characterization 
processes.

Glutathione Peroxidase Enzyme Kinetics: The Effect of 
Substrate Concentration: This effect was studied using different 
concentrations of H2O2 on GPX enzyme activity. The used 
concentrations were 0.01, 0.02, 0.04, 0.06, 0.1, 0.2 millimolar 
to find the optimal substrate concentration for GPX activity. 
Then, enzyme activities were measured, and the relationship 
between reaction rate and substrate concentration was plotted 
to determine the optimal substrate concentration where the 
reaction rate reaches its maximum (Vmax).

Determination of Michaelis-Menten Constant (Km): The 
Km value for GPX was determined using the Lineweaver-Burk 
plot, which relates the inverse values of both the reaction rate 
and substrate concentration (1/v vs. 1/[s]).

Determination of the Optimal pH: The effect of the buffer pH 
(10 mM Tris–HCl pH 7.2) on GPX reaction speed was studied 
using solutions with different pH values: 2.5, 4.5, 6.5, 8.5, 10.5, 
12.5, in the presence of the substrate H2O2 at a concentration 
of 0.1 mM and a temperature of 37°C. Enzyme activities were 
measured and the optimal pH was determined by plotting the 
relationship between reaction speed and pH.

The Effect of Temperature: GPX activity was measured at 
different temperatures: 7, 17, 27, 37, 47, 57 degrees Celsius 
with a buffer solution at pH=8.5, and a concentration of 0.1 mM 
of H2O2. Then, the relationship between the reaction rate and 

Sample Preparation: After withdrawing 5 ml of blood from 
the women attending the hospital using a 5 ml medical syringe, 
the blood samples were placed in dry and clean gel tubes and left 
for 15 minutes at room temperature. They were then centrifuged 
for 15 minutes at a speed of 3000 rpm for separation. The serum 
was collected using a micropipette, the residue discarded, and 
the serum samples were distributed into small quantities in 
Eppendorf tubes and stored at -20°C until testing.

Glutathione Peroxidase Estimation: The activity of the 
glutathione peroxidase enzyme (GPX) was estimated according 
to the method followed by researcher Rotrouck [14].

Enzyme Purification: Precipitation by Ammonium Sulfate: 
Serum proteins were precipitated using graded concentrations of 
ammonium sulfate until reaching 60% saturation. The mixture 
was stirred with a magnetic stirrer at 4°C for 60 minutes, then 
left in the refrigerator for 24 hours, after which the precipitate 
was separated from the filtrate using a refrigerated centrifuge at 
8000 rpm for 30 minutes. The precipitate was then dissolved in 
the smallest amount of 0.1M Tris-HCl buffer, pH 7.2, and the 
GPX activity and protein concentration were estimated.

Dialysis: Dialysis, one of the oldest methods used in protein 
purification, aimed to remove the remaining ammonium sulfate 
added to the protein precipitate by placing the protein in a 
dialysis bag and immersing it in 0.1M Tris-HCl buffer, pH 7.2. 
The buffer solution was changed periodically over 24 hours at 
4°C. Enzyme activity and protein were measured.

Ion Exchange Chromatography [15,16]: Solutions 
preparation of 0.25 N Sodium Hydroxide was prepared by 
dissolving 5g of sodium hydroxide in 500 ml of distilled water. 
0.25 N Hydrochloric Acid was prepared by adding 10.4 ml of 12 
N concentrated hydrochloric acid to 400 ml of distilled water, 
then completing the volume to 500 ml with distilled water. 200 
ml sodium chloride solution was prepared by dissolving 11.7 
g of sodium chloride in 1000 ml of 0.1 M Tris-HCl buffer, 
pH 7.2, from which a series of solutions containing graded 
concentrations of sodium chloride starting from 50 mM to 200 
were prepared. 0.1 M Tris-HCl at pH= 7.2 was prepared by 
dissolving 15.76 g of Tris-HCl in 900 ml of distilled water and 
adjusting the pH to 7.2, then completing the volume to 1000 ml 
with distilled water.

The ion exchange column was prepared according to the method 
of Whitaker and Bernard, using 20 g of DEAE-Cellulose powder 
suspended in 1000 ml of distilled water and left to settle. The 
supernatant was discarded, and this step was repeated several 
times until the supernatant was clear. DEAE-Cellulose was 
activated with 0.25 N HCl for 30 minutes, then filtered through 
a Buchner funnel containing Whatman No.1 filter paper and 
washed twice with distilled water. After that, DEAE-Cellulose 
was activated with 0.25 N NaOH, and the filtering and washing 
processes were repeated twice. The activated DEAE-Cellulose 
was calibrated with 0.1 M Tris buffer pH 7.2 and packed into a 
column with dimensions of 3 × 18 cm.

The concentrated enzyme from the previous steps was added 
to the ion exchange column. The flow rate was regulated to be 
1ml/min for the washed and filtered samples, collected at 3ml 
per fraction. A 0.1M Tris solution, pH= 7.2, was prepared for 
washing the enzymes, and the enzyme was eluted with the same 
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temperature was plotted to determine the optimal temperature 
for the reaction.

The Effect of Time on Enzyme Activity: The effect 
of incubation time on GPX activity was studied using a 
concentration of 0.1 mM of H2O2 with a buffer solution at 
pH=8.5, for 5, 10, 20, and 30 minutes, and a temperature below 
37°C. After that, the relationship between enzyme activity and 
time was plotted to determine the effect of incubation time on 
the enzyme reaction rate.

Statistical Analysis: The study results were statistically 
analyzed using the SPSS statistical program employing ANOVA 
test, and the arithmetic means of the parameters were compared 
using Duncan's multiple range test at a significance level of 
(P <0.05), and non-significant at (P > 0.05). The results were 
expressed in percentages and the mean ± standard deviation was 
found. Microsoft Excel was also used to create graphs, charts, 
and tables.
Results.

The study included 60 cases of women diagnosed with 
breast cancer. Additionally, it encompassed 30 samples from 
the control group, serving as a comparative group, with ages 
ranging from 21 to 79 years.

The activity of glutathione peroxidase enzyme was measured 
in the serum of women with breast cancer and those who were 
healthy. The results showed that the mean ± standard deviation 
for the enzyme activity in women with breast cancer was 2.033 
± 0.472 IU/L, and the mean ± standard deviation for the control 
group was 12.777 ± 2.550 IU/L. Upon conducting the statistical 
comparison, significant differences in the level of glutathione 
peroxidase enzyme were found between women with breast 
cancer and the control group, with a probability level of P 
< 0.0001, indicating that the activity level of glutathione 
peroxidase enzyme is decreased in the blood of women with 
breast cancer.

Proteins are typically concentrated in the initial stages of 
enzyme purification by removing a large proportion of water 
to achieve a degree of purity. Salts such as ammonium sulfate 
are often used for this purpose due to their good solubility in 
water. Protein precipitation by salts occurs as a result of the 
neutralization of protein charges by the salt, leading to reduced 
protein solubility and precipitation, a process known as "salting 

out". Therefore, a process of separation and partial purification 
of glutathione peroxidase enzyme from the serum of women 
with breast cancer was carried out in several stages. In the initial 
purification steps, the GPX enzyme was precipitated using 
ammonium sulfate to 60% saturation, leading to a decrease 
in the specific activity of partial purification of GPX in the 
crude sample to 0.058 U/mg after the first purification step. 
The results (Table 2) also indicate a reduction in purification 
fractions from 1 to 0.907 after precipitation. The excess salt 
was removed during the dialysis process using 0.1 M Tris-HCl 
pH 7.2. Dialysis led to an increase in the specific activity of 
partial purification of the GPX enzyme to 0.091 U/mg, with a 
1.42-fold increase in the degree of enzyme purification at this 
stage, an enzyme yield of 51.7%, and then the ion exchange 
chromatography technique was used to further purify the 
enzyme. The protein solution resulting from the dialysis 
process was passed through a separation column containing 
the ion exchanger (DEAE-Cellulose), and the side profile of 
the partially purified enzyme indicated the appearance of an 
enzyme peak (Figure 1A and Table 2), with a specific activity 
of 0.37 U/mg, a 5.7-fold purification, and an enzyme yield of 
75.8%. This peak represents the enzyme isoform that serves as 
a source of the enzyme for further purification steps.

This technique was utilized for the purification of glutathione 
peroxidase enzyme after the stages of ammonium sulfate 
precipitation and separation of its isoforms by ion exchange 
using a DEAE-Cellulose column. It was then partially purified 
using gel filtration chromatography with a column containing 
Sephadex G100. The specific activity of the GPX enzyme 
reached 0.243 U/mg, with a purity degree of 3.80, and an 
enzyme yield of 15% (Table 2 and Figure 1B).
Factors Affecting the Rate of Enzymatic Reaction.

Effect of Substrate Concentration: The activity of the 
glutathione peroxidase enzyme was measured with varying 
concentrations of the substrate H2O2 (0.01, 0.02, 0.04, 0.06, 
0.1, 0.2 millimolar). It was found that the maximum activity of 
GPX was obtained using 0.1 millimolar of H2O2 (Figure 2). It 
was observed that the rate of the enzymatic reaction increases 
directly with the increase in substrate concentration until it 
reaches a constant rate, beyond which no further increase in the 
rate of enzymatic reaction occurs with an increase in substrate 

Purification
Steps

Volume
(ml)

Activity
(IU/ml)

Total 
Activity
(IU/ml)

Protein 
Conc.
(mg/ml)

Specific
Activity (U/
mg)

Recovery
Yield %

Fold of
Purification

Total 
protein

Crude 10 3.9 39 61 0.0639 100 1 610
Precipitation 9 3.03 30.3 52 0.058 76.9 0.907 468
Dialysis 8 2.02 20.2 22 0.091 51.7 1.42 176
Ion exchange
(DAEA-Cellulose) 5 2.96 29.6 8 0.37 75.8 5.7 40

Gel Filtration 5 2.73 27.3 3 0.243 70 3.80 15

Table 2. Purification steps of GPX enzyme in patients with breast cancer.

Activity (mean±SD) NO. GPX (IU/L) Ƥ value
Patients 60 0.47 ±2.03 < 0.0001Control 30 12.8± 2.55

Table 1. Glutathione Peroxidase Enzyme Activity in Women with Breast Cancer.
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Figure 1. Partial Purification of GPX Enzyme from the Serum of Breast Cancer Patients by (A) Ion Exchange Using DEAE-Cellulose A-50. (B) 
Gel Filtration Using Sephadex G100.

Figure 2. Effect of different concentrations of the substrate H2O2 on the activity of GPX enzyme.

Figure 3. Lineweaver-Burk plot for the purified GPX enzyme from the serum of breast cancer patients.
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concentration. This maximum rate at the highest substrate 
concentration is termed the maximum velocity (Vmax) of the 
enzyme. Using the Lineweaver-Burk plot, the Vmax was found 
to be 3.125 IU/L, and the Michaelis-Menten constant (Km) was 
determined to be 0.0179 M (Figure 3).

Effect of pH on enzyme activity: A study was conducted to 
understand the varying effects of pH on the activity of the GPX 
enzyme. The activity increased after pH =4 and decreased after 
pH = 10. The results showed that the maximum activity of the 
enzyme was at pH=8.5 (Figure 4A).

Effect of temperature on enzyme activity: The effect of varying 
temperatures was tested to determine the optimal temperature 
for enzyme activity at 7, 17, 27, 37, 47, 57 degrees Celsius. The 
optimal temperature was found to be 37°C. The results showed 
an increase in GPX enzyme activity with the rise in temperature 
up to the permissible limit, followed by a decrease in enzyme 
activity (Figure 4B).

Effect of time on glutathione peroxidase enzyme activity: 
Figure (4C) shows the dependence of GPX enzyme activity on 
time at 5, 10, 20, 25, 30 minutes. A 5-minute incubation period 
was adopted as the standard throughout the work because it 
relates to the linear region of the curve and provides reliable 
absorption values at 37 degrees Celsius, being considered the 
standard incubation time for the procedure as it is associated 
with a linear portion of the curve and yields reliable absorption 
values. This may be connected to the appropriate temperature 
for the enzyme; as the time increases, the bonds between amino 
acids may break down due to the effect of heat.

Discussion.
Many studies have indicated an increase in glutathione 

peroxidase levels in patients with breast cancer, including the 
findings of Hmood et al. which contrasts with the current study 
results that recorded a significant decrease in the enzyme's activity 
level in the group of patients with breast cancer compared to 
the control group [18]. The decrease in glutathione peroxidase, 
which enhances oxidative stress and tissue damage through the 
release of free radicals, may be attributed to the enzyme being 
consumed in reactions that protect the cell by removing the 
harmful compound. Glutathione peroxidase enzyme is the third 
line of defence against free radicals after superoxide dismutase 
and catalase in terms of enzymatic antioxidants [19].

Additionally, a deficiency in selenium, which is a fundamental 
component of the GPX enzyme and is present in the enzyme's 
active site as selenocysteine, may contribute to this decrease. 
Glutathione peroxidase consists of four identical subunits, each 
containing a selenium atom at its active site [20]. Selenium 
represents the prosthetic group of the enzyme, replacing sulphur 
in cysteine to form the active part of the enzyme that reduces 
organic peroxides and hydrogen peroxide to produce alcohol 
and water. It converts selenenic acid after its oxidation and 
two molecules of glutathione from the reduced form (GSH) to 
the oxidized form (GSSG) [21]. Flohé (2005) pointed out that 
selenium deficiency reduces the gene expression of glutathione 
peroxidase, especially the GPx1 isoform [22], which is associated 
with breast cancer, considering selenium as an essential element 
on which the activity of the glutathione peroxidase enzyme 
depends [23]. Furthermore, the decrease in the activity level of 
glutathione peroxidase is also due to the increased formation of 
hydrogen peroxide within the body, which is an oxidizing agent 
removed by the GPX enzyme, forming glutathione reductase. In 
this process, glutathione peroxidase acts as an electron donor, no 
significant changes in glutathione peroxidase levels in patients 
with breast cancer compared to the control group, which also 
contradicts the findings of our study, which recorded a decrease 
in enzyme activity in the group of patients with breast cancer 
compared to the control group [24,25].
Conclusion.

The research focused on the isolation and purification of the 
glutathione peroxidase (GPX) enzyme from the blood serum of 
women diagnosed with breast cancer. The process utilized 60 
blood serum samples from affected women and 30 from healthy 
controls. Findings indicated a statistically significant reduction 
in GPX activity in the serum of the cancer-afflicted group, with a 
probability level of P<0.0001. The purification process of GPX 
from these patients' serum was conducted using a combination 
of ammonium sulfate precipitation, dialysis, DEAE-Cellulose 
ion exchange chromatography, and gel filtration with Sephadex 
G-100, leading to the isolation of a key protein fraction. This 
fraction facilitated the establishment of the optimal conditions 
for the enzyme in its partially purified form. The study 
established that the best activity of the partially purified enzyme 
was achieved with a substrate concentration of 0.1 mM H2O2, 
with a maximal velocity (Vmax) of 3.125IU/L and a Michaelis-
Menten constant (Km) of 0.0179 M, as determined by the 
Lineweaver-Burk plot. The enzyme exhibited peak activity at 

Figure 4. Effect of pH, temperature, and time on the activity of GPX 
Enzyme.
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a pH of 8.5, a temperature of 37°C, and at an incubation time 
of 5 minutes.

REFERENCES
1. Masadah R, Ekawardhani S, Putra RE, et al. Ethanolic Extract 
of Propolis from Tetragonula laeviceps: Selective Cytotoxicity 
for MCF-7 Breast Cancer cells. Pharmacognosy Journal. 
2023;15:1177-1180.
2. Merkhan MM, Faisal IM, Alsaleem DZ, et al. 
Immunodepressant and oxidant potential of standard 
leukaemia drug regimen. International Journal of Research in 
Pharmaceutical Sciences. 2020;11:1-4.
3. Luo Y, Chen X, Hu E, et al. Transcriptome analysis revealed 
the molecular signatures of cisplatin-fluorouracil combined 
chemotherapy resistance in gastric cancer. Georgian Medical 
News. 2023;345:6-18.
4. Tchernev G. Multiple keratinocytic cancers after enalapril/
losartan intake: potential links to drug mediated nitrosogenesis/
carcinogenesis: melolabial advanced flap and undermining 
surgery as optimal therapeutic approach. Georgian Medical 
News. 2023;344:196-9.
5. Soroka Y, Kramar S, Smahlii Z, et al. Nanoparticles and 
colorectal cancer: can the use of metal nanoparticle compositions 
affect oxidative stress markers and colon histological changes 
under DMH-induced carcinogenesis. Georgian Medical News. 
2023;342:11-20.
6. Garashchenko O, Konovalenko V. Analysis of plasma 
MIRNA-497 levels in the blood of patients with breast cancer. 
Georgian Medical News. 2023;340-341:212-6.
7. Siregar KB, Siregar BW. Correlation of Tumor Infiltrating 
Lymphocytes (TILs) to Apoptotic Index (AI) in Breast Cancer. 
Pharmacognosy Journal. 2023;15:1185-1188.
8. Aziz Z, Sarhat E, Zaidan Z. estimation of serum ferroportin 
and liver enzymes in breast cancer patients. Georgian medical 
news. 2023;339:37-41.
9. Maulana AM, Kusmardi K, Purwaningsih EH, et al. Inhibitory 
Mechanisms of Soybean Extract on the Development of Breast 
Cancer Through Modulation of Cellular Immune Response. 
Pharmacognosy Journal. 2024;16.
10. Arun J, Singh A, Shashidhar E, et al. The role of 
immunotherapy in cancer treatment: checkpoint inhibitors, car-t 
cells, and vaccines. Georgian medical news. 2023;339:105-12. 
11. Sarıkaya E, Doğan S. Glutathione peroxidase in health and 
diseases. Glutathione system and oxidative stress in health and 
disease. 2020;49.
12. Abd-Alqader F, Sarhat E, Zaidan Z. Evaluation of the role of 
coenzyme q 10 in the blood of breast cancer women. Georgian 
Medical News. 2023;338:91-5. 

13. Chatatikun M, Tedasen A, Pattaranggoon NC, et al. 
Antioxidant activity, anti-tyrosinase activity, molecular docking 
studies, and molecular dynamic simulation of active compounds 
found in nipa palm vinegar. PeerJ. 2023;11:e16494.
14. Rotruck JT, Pope AL, Ganther HE, et al. Selenium: 
biochemical role as a component of glutathione peroxidase. 
Science. 1973;179:588-90.
15. Erum S. Production of peroxidases from indigenous fungal 
strains and their application for AZO dye decolorization 
(Doctoral dissertation, Quaid-i-Azam University Islamabad, 
Pakistan).
16. Whitaker JR, Bernhard RA. Experiments for: an introduction 
to enzymology. 1972. The Wibber Press. Davis.
17. Sarhat ER, Abid IM, Kamel NA, et al. Changes of serum 
Interleukin and Chemerin levels in patients with Polycystic 
Ovary syndrome. J Adv Pharm Educ Res Oct-Dec. 2021;11:11-
4.
18. Hmood AM, Alwan IF, Alzahera NA, et al. Determination 
Oxidant-Antioxidant Enzyme and some Trace Elements in 
Breast Cancer in Baghdad City. Baghdad Science Journal. 
2014;11.
19. Ighodaro OM, Akinloye OA. First line defence antioxidants-
superoxide dismutase (SOD), catalase (CAT) and glutathione 
peroxidase (GPX): Their fundamental role in the entire 
antioxidant defence grid. Alexandria journal of medicine. 
2018;54:287-93.
20. Gülçin İ, Huyut Z, Elmastaş M, et al. Radical scavenging 
and antioxidant activity of tannic acid. Arabian journal of 
chemistry. 2010;3:43-53.
21. Tevzadze M, Kakhadze S, Baramia M, et al. Hormone-
receptor-positive breast cancer: different prognosis of bone 
metastasis among molecular subtypes. Georgian Medical News. 
2023;336:54-8.
22. Imamverdiyev S, Qasımov E, Naghıyev R. Comparative 
results of modern examination methods in early diagnosis of 
bladder cancer, determination of the degree of invasion and 
selection of radical treatment tactics. Georgian Medical News. 
2023;334:98-102.
23. Zhelezniakova NM, Tverezovska II. Diagnostic and 
prognostic value of selenium and Selenoprotein P in patients 
with comorbid course of nonalcoholic fatty liver disease and 
arterial hypertension. Medicinski časopis. 2022;56:68-76.
24. Tchernev G. А flavour of death: perindopril induced thick 
melanoma and bcc of the back. potential role of the generic 
substance or/-and possible nitrosamine contamination as 
skin cancer key triggering factors. Georgian Medical News. 
2023;336:123-5.
25. MWer S, Dykes D, Polesky H. A simple salting out procedure 
for extracting DNA from human nucleated cells. Nucleic acids 
res. 1988;16:1215.


	Title

