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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 H,0,. 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,
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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+ H,0, GPX GSSG +2H,0

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]:

GRD
GSSG + NADPH + H, —— 2GSH + NADP,

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.
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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-HCI 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-HCI 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-HCI 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-HCI at pH= 7.2 was prepared by
dissolving 15.76 g of Tris-HCI in 900 ml of distilled water and
adjusting the pH to 7.2, then completing the volume to 1000 ml
with distilled water.

Theion 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 HCI 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 x 18 cm.

The concentrated enzyme from the previous steps was added
to the ion exchange column. The flow rate was regulated to be
Iml/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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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-HCI 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-HCI 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 HCI buffer pH 7.2 as in the degassing and was
poured into a glass column with dimensions of 2x40 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 Sml/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-HCI buffer at pH 7.2 at a flow rate of 5Sml/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 H,O, 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—HCI 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 H,O, 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 H,0,. Then, the relationship between the reaction rate and



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 H,O, 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 TU/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 H,0, (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 H,O, (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

Table 1. Glutathione Peroxidase Enzyme Activity in Women with Breast Cancer.

Activity (mean£SD) NO. GPX (IU/L) P value
Patients 60 0.47 £2.03
<

Control 30 12.8+2.55 00001
Table 2. Purification steps of GPX enzyme in patients with breast cancer.
Purification Volume Activity TOtf‘l. Protein Spe.c lfic Recovery Fold of Total
Steps (ml) (IU/ml) Activity Cone. Activity (U/ Yield % Purification rotein

P (IU/ml) (mg/ml)  mg) o p
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
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Figure 3. Lineweaver-Burk plot for the purified GPX enzyme from the serum of breast cancer patients.

84



pH vs Activity

Activity

Temperature vs Activity

z
=
g
<<
2
1
B o 5 10 15 20 25 30 35 40 45 50 55 60
Temperature
5.0 s . 3
activity vs Time
4.0
= 30
k: 20
10
0.0
3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
c Incubation time

Figure 4. Effect of pH, temperature, and time on the activity of GPX
Enzyme.

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.
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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 thatrecorded a significant decrease inthe 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 H,O,,
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



a pH of 8.5, a temperature of 37°C, and at an incubation time
of 5 minutes.
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