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Abstract

People with diabetes have a higher risk of prostate cancer and people with prostate cancer are prone to stomach metas-
tases. Therefore, researchers continue to search for new approaches in the treatment of individuals with all the above
diseases at the same time. The protective effect of metformin (which is used in the treatment of diabetes) on cancer
continues to be supported by studies. In this study, it was determined that the biochemical parameters showed a protec-
tive effect on stomach tissues with the administration of metformin to cancer and group with both cancer and diabetes
groups. With the principal component analysis, it was determined that the biochemical parameters studied in the stom-

ach tissue showed a correlation.
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1. Introduction

Diabetes mellitus (DM) is induced by many factors
such as genetic, dietary and environmental factors. It is
mainly divided into two groups; while type 1 diabetes oc-
curs due to insufficient secretion of the hormone insulin,
type 2 diabetes occurs due to insulin resistance, with high
blood glucose levels observed in both cases.! Its incidence
is increasing daily depending on the factors. Cancer, a dis-
ease that occurs due to the abnormal proliferation of cells
requires intensive treatment. It can result in death unless
diagnosed at an early stage.? The increasing incidence of
cancer, high mortality rates, and the fact that a treatment
has not been found yet, and for that reason, cancer resear-
ch remains important scientific.

The incidence of diabetes and many types of cancer
has risen especially in recent years owing to changing die-
tary habits, and external and genetic factors. It is predicted
that the incidence of these diseases will increase in the
coming years. The prostate cancer is shown common type

of cancer in men, having important social and economic
consequences. It accounts for nearly 25 per cent of all new
male cancer diagnoses in the UK.? Prostate cancer inci-
dence varies regionally and it is known that the highest
rates are in Western and the lowest rates are in Asia coun-
tries. In addition to this, epidemiological evidence sug-
gests that people with diabetes are at higher risk for can-
cer® and hence, it is essential to find new approaches to the
treatment of people with both diseases using existing or
newly discovered drugs.

Investigation of the effects of known and currently
used drugs on different diseases provides importance for
the discovery of more than one targeted drug. Knowing
the side effects of these drugs, which will be investigated,
and proven by scientific research accelerates their use in
the treatment of different diseases. One of them, metform-
in (1,1-Dimethylbiguanide) is a lipophilic biguanide drug
that inhibits hepatic gluconeogenesis and improves pe-
ripheral utilisation of glucose. However, in recent studies,
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the approach to this molecule has changed, considering
that it has anti-tumour properties directly and indirectly,
in addition to type 2 diabetes. A potential anti-tumorigen-
ic effect of metformin directly is thought to be exerted by
activating AMP-kinase, which inhibits the mammalian
target of rapamycin (mTOR).® The indirect antitumor ef-
fect of metformin is presumed to be by inhibiting hepatic
gluconeogenesis. AMPK activation in the liver causes he-
patic gluconeogenesis inhibition by acting on gluconeo-
genesis genes. Inhibited gluconeogenesis genes stimulate
the entrance of glucose into the muscles. As a result of this
stimulation, blood glucose and insulin levels decrease.’
Tumour cells have been found to express high levels of in-
sulin receptors. Therefore, this is accepted as an unfavour-
able prognostic factor for prostate, breast, and colon can-
cer.8 In one study, metformin was found to reduce the risk
of prostate cancer as well as diabetes in a dose-dependent
manner.” Considering the effects of metformin on cancer,
it is very important to examine the effects of metformin on
many tissues, especially in animal models of prostate can-
cer and diabetes.

The presented study aimed to examine the effects of
prostate cancer and diabetic rats on stomach tissue through
biochemical parameters.

2. Experimental

2. 1. Prostate Cancer Cell Protocol

Mat-LyLu cells were used according to instructions
in our prior investigation.!? Cell culture and functional as-
says. Mat-LyLu were grown in a 37 °C/5% CO, incubator
in RPMI (RPMI-1640; Gibco;Life Technologies, Waltham,
MA, USA) culture medium supplemented with 1% fetal
bovine serum (FBS) (Gibco; LifeTechnologies).

2. 2. Experimental Protocol

In this research, Copenhagen rats were employed.
Tubitak MAM Genetic Engineering and Biotechnology
Institute produced the rats. The present study was carried
out within the framework of the rules determined by the
Istanbul University Animal Care and Use Committee
(Protocol no: 2014/28- 27.02.2014 the ethics committee
decision number and date).

Table 1. Application for the experimental groups.

2. 3. Pharmacological Application and
Experimental Groups

Rats, 150-220 g, were housed individually in a light
and temperature-controlled room on a 12 h/12 h light-
dark cycle and fed a standard pellet lab chow. Streptozoto-
cin (STZ) was given intraperitoneally (i.p.) to the diabetes
groups to induce diabetes. At the end of the 72nd hour of
the experimental process, blood glucose levels were meas-
ured and the rats were considered diabetic if the values
were above 200 mg/dL. Rats were given 250 mg/kg of met-
formin (Sigma, D150959) orally and Table 1 shows the ap-
plications to the experimental groups.

At the end of the experimental process, all animals
were dissected under ketamine hydrochloride (Ketalar®,
Eczacibag1) and xylazine HCI (Alfazyne®, Holland) anaes-
thesia. After that, stomach tissues were taken for biochem-
ical analyses. Stomach tissue was not examined histologi-
cally and only biochemical parameters were determined in
this study. Also, no other organs, apart from the stomach,
were not included in the study.

2. 4. Biochemical Analyses

2.4.1. Preparation of Stomach Tissues for
Biochemical Analyses

Stomach tissues taken for use in biochemical param-
eters were first washed in cold physiological saline (0.9%
NaCl) and then 1 g of stomach tissue was homogenized in
10 mL of saline solution using a glass homogenizer (Ten-
broeck glass tissue homogenizer). After homogenization,
it was centrifuged and the supernatants were stored at -20
°C to be used for experiments. All chemicals used in the
experiments were obtained from Sigma-Aldrich.

2.4.2. Determination of Lipid Peroxidation
(LPO) Levels and Myeloperoxidase (MPO)
Activities

Lipid peroxidation (LPO) levels of stomach tissues
were determined spectrophotometrically by measurement
of the LPO products reacted with thiobarbituric (TBA) ac-
id at high temperature and low pH.!! 0.25 mL of homoge-
nized tissue was mixed with 1.22 M trichloroacetic acid
(TCA) and left at room temperature for 15 minutes. Then,

Groups n Application

The control 5 0.9% PS was given for 14 days.

The diabetic 7 65 mg/kg STZ was given to the group with a single injection.

The cancer 8 2.10* MATLyLu cells were given subcutaneously (s.c) inoculated with only one injection.
The cancer+metformin (CM) 8 250 mg/kg metformin was given to the group for 14 days after Mat-LyLu cells inoculation.
The diabetic+cancer (DC) 8 2.10* MAT-LyLu cells and STZ were injected.

The diabetic+cancer+metformin 8 Metformin was given for 14 days to treat of STZ and Mat-LyLu cells.

(DCM)
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0.375 mL TBA (0.047 M) was added and kept in a boiling
water bath for 30 minutes. After cooling, 1 mL n-butanol
was added to each tube and centrifuged at 4000 rpm for 10
minutes. Absorbance values of the organic phase were
read against the blank at 532 nm. Results were reported as
nmol MDA/mg protein.

Myeloperoxidase (MPO) activities were determined
by the reaction of 0.13 mL 4-aminoantipyrine (25 mM),
0.13 mL phenol (2%) and 0.26 mL H,0, (1.7 mM) with 0.4
mL homogenized. The resulting colour change was read at
510 nm in the spectrophotometer.12 The results were de-
fined as mU/g protein.'

2.4.3. Determination of Superoxide Dismutase
(SOD) and Catalase (CAT) Activities

130 pL phosphate buffer (50 Mm, pH:7.8, 0.1 Mm
EDTA), 5 pL o-dianisidine (0.19%), 5 uL sample and 10 uL
riboflavin (0.2 mM) were placed in a tube and the absorb-
ance values at 0 and 8 minutes were read at 460 nm for the
determination of superoxide dismutase (SOD) activities.'?
The results were expressed as U/mg protein.

The activity of the catalase (CAT) of stomach tissues
was determined by converting H,0O, to H,0 and measur-
ing the decreasing absorbance value due to H,0, con-
sumption at 240 nm in the spectrophotometer.'* 0.1 mL
sample and 0.4 mL H,O, (30 mM) were added to the same
tube and the absorbance values were read at 240 nm. The
results were defined as U/mg protein.

2.4.4. Determination of Glutathione Reductase
(GR), Glutathione Peroxidase (GPx), and
Glutathione-S-Transferase (GST) Activities

NADPH and oxidized glutathione (GSSG) with
glutathione reductase (GR) cause a decrease in absorb-
ance due to the consumption of NADPH in the test
tube.!® 870 pL tris-HCl buffer (50 mM, pH:8.0 and 1 mM
EDTA), 50 uL NADPH (2 mM) and 50 pL GSSG (20
mM) were added to the same tube. Then, 30 mL samples
were placed in the same tube and the absorbance changes
were determined at 340 nm. GR activity was expressed as
U/g protein.

Glutathione peroxidase (GPx) provides GSSG by ox-
idation of GSH in the presence of H,0,. The resulting
GSSG is converted to GSH by the oxidation of NADPH to
NADP. 400 pL phosphate buffer (0.25 M, pH:7.0, 2.5 mM
EDTA, 2.5 mM NaNj3), 100pL GSH (10 mM), 100uL NA-
DPH (2.5 mM), 100 uL GR (6U/mL) and 100 uL H,0, (12
mM) were added the tube and then sample 200 pL sample
also added the same tube. Finally, the absorbance changes
were read spectrophotometrically at 340 nm.'® GPx activi-
ty was expressed as U/mg protein.

Glutathione-S-transferase (GST) activity was deter-
mined according to the spectrophotometric evaluation of
the absorbance at 340 nm of the product formed by the

conjugation of GSH and 1-chloro-2,4-dinitrobenzene
(cDNB).!7 For this experiment, 400 pL phosphate buffer
(0.2 M, pH: 6.6), 10 uL GSH (60 mM), 10 uL cDNB, 180 pL
water and 100 pL sample were reacted in the same tube
and absorbance changes were watched at 340 nm. GST ac-
tivity was expressed as U/g protein.

2.4.5. Determination of Reactive Oxygen Species
(ROS), Protein Carbonyl (PC), and
Homocysteine (HCy) Levels

Reactive oxygen species (ROS) levels were deter-
mined by the reaction of 2000 uM 2',7'-dichlorofluorescein
diacetate (DCF) compound dissolved in 20 mM HEPES
(4-(2-hydroxyethyl)-1-piperazinetansulfonic acid) buff-
er.!®5 ul sample, 55 uL HEPES buffer and 90 uL DCF were
added in the same tube and the first read was observed
fluorometrically at Ex. 480 nm/Em. 535 nm. The second
read was recorded after incubation at 30 min and 37°C.The
results were given as ARFU/mg protein.

Protein carbonyl (PC) levels are determined with
2,4-dinitrophenylhydrazone, which is formed by the reac-
tion of carbonyl groups in proteins with 2,4-dinitrophe-
nylhydrazine (DNPH).!® 0.5 mL sample, and 2 mL DNPH
(10 mM, in 2.5 M HCI) were added same tube and the in-
cubation was performed at room temperature. After 2.5
mL TCA (20%) was added to each tube, and the tubes were
washed with ethyl alcohol and ethyl acetate mixture (1:1).
In every washing, the tubes were centrifuged at 300 rpm
and 10 min. Then, 1 mL guanidine-HCI (6 M) was put into
each tube and the incubation was formed at 30 min and
37°C. Finally, the absorbance values were taken by using a
spectrophotometer at 370 nm. The results were given in
nmol PC /mg protein.

Homocysteine (HCy) levels of the stomach tissues
were measured according to the manufacturer’s procedure
via an ELISA kit. The homocysteine levels were given in
nmol HCy/mg protein.

2.4.6. Determination of Xanthine Oxidase
(XO) and Lactate Dehydrogenase (LDH)
Activities

Xanthine oxidase (XO) is the enzyme that converts
xanthine to uric acid. For this purpose, 870 puL phosphate
buffer (50 mM, pH: 7.4), 33 uL EDTA (3 mM), 33 pL xan-
thine (2 mM) and 10 pL sample were kept in the same en-
vironment and the first reading was taken on the spectro-
photometer. Second absorbance values were taken after 10
minutes of incubation at room temperature and at 286 nm
in the spectrophotometer.?’ XO activity was expressed as
U/mg protein.

Lactate dehydrogenase (LDH) catalyses the conver-
sion of pyruvate to lactate in the presence of NADH. LDH
activity was calculated by measuring the oxidation of NA-
DH to NAD*.2! 2 mL NADH (170 pM) and 50 pL sample
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was incubated at 5 min and 37 °C. After incubation, 250 pL
pyruvate solution (14 mM) was added to each tube and the
decreasing absorbances of each tube were recorded at 340
nm. LDH activity was defined as U/mg protein.

2.4.7. Determination of Sodium-Potassium
ATPase (Na+/K+-ATPase) and Histone
Deacetylase (HDAC) Activities

Ridderstap and Bonting methods were used for the
determination of sodium-potassium ATPase (Na*/K*-AT-
Pase) activity in stomach tissue with the help of the deter-
mination of Mg?* ATPase in the presence of 20 mM oua-
bain and 11 mM ATP in acidic medium.?? Na*/K*-ATPase
activity was given in nmol Pi/mg protein/h.

Histone deacetylase (HDAC) activities of the stom-
ach tissues were measured according to the manufacturer’s
procedure by using an ELISA kit. HDAC activity was given
in U/mg protein.

2.4.8. Determination of Sialic Acid (SA), Hexose,
Hexosamine and Fucose Levels

The method for determining the sialic acid (SA)
levels of gastric tissues is based on reading the absorb-
ance at 546 nm of the coloured compound formed by the
reaction of 2-formyl pyruvic acid, which is formed as a
result of the oxidation of periodic acid, with two moles
of thiobarbituric acid.?* 10 pL sample were added to the
tube. Then, 100 pL NaCl (155 mM) and 300 uL H,SO,
(6.7 mM) were added to all tubes, respectively. It was in-
cubated at 80 °C for one hour. After cooling, 100 pL so-
dium meta periodate (0.2 M) was added to all tubes and
kept at room temperature for 20 minutes. Then, 400 pL
sodium meta arsenite (1.54 M) was added and the tubes
were shaken until the colour of the iodine disappeared. 1
mL of thiobarbituric acid (7.102%) was added to all
tubes and kept at 90 °C for 15 minutes. After cooling, 2
mL of cyclohexanone was added and centrifuged for 10
minutes. SA was absorbed into the cyclohexanone phase
and absorbance values were read on the spectrophotom-
eter at 546 nm. The results were given as pumol SA/g pro-
tein.

In order to determine hexose compounds of the
stomach tissues, spectrophotometrically, this method cre-
ates the colour reaction method of carbohydrates with or-
cinol in the presence of concentrated sulphuric acid.?* 0.25
mL orcinol solution (1.6%) and 2 mL H,SO, (60%) were
added to 0.25 mL of the sample, respectively. After the
mixture was boiled in a boiling water bath for 10 minutes
and cooled, the absorbances were read on a spectropho-
tometer at 425 nm. The results were defined as pug hexose /
mg protein.

The method used is based on measuring the absorb-
ance of the pink colour formed as a result of the reaction of
hexosamine compounds in the tissue with acetylacetone

and p-dimethylaminobenzaldehyde in a spectrophotome-
ter at 530 nm.2* The results were defined as pug hexosamine
/mg protein.

1 mL of sample was mixed with 1 mL of acetylace-
tone (0.5% in 0.5 Na,CO;) and then kept in a boiling water
bath for 15 minutes. At the end of this period, 5 mL ethyl
alcohol (96%) and 1 mL Ehrlich reagent were added to all
tubes and the tubes were incubated at room temperature
for 1 hour. At the end of this period, absorbance values
were taken at 530 nm. The basis determination of fucose in
stomach tissue is based on the colour reaction of carbohy-
drates with thiol groups in a sulfuric acid medium.?> The
results were expressed as pg fucose /mg protein.?

2.4.9. Determination of Protein Levels

The amount of protein in the stomach tissue is deter-
mined on the basis of the method of measuring the inten-
sity of the blue-violet colour, which is formed as a result of
the reduction of proteins reacted with copper ions in an
alkaline medium with Folin reagent (phosphomolyb-
dotungstic acid), spectrophotometrically at 500 nm.2®

2. 5. Statistical Analysis

Graph-Pad Prism 3.0 (GraphPad Software, San Die-
go, CA, USA) program was used to interpret the experi-
mental results statistically. Tukey’s test was applied to de-
termine the significance between groups and/or
parameters, and the obtained data were expressed as mean
+ standard deviation (SD). Tukey’s test is ANOVA post
hoc test, meaning that ANOVA was first performed. p val-
ues of less than 0.05 were accepted as a statistically signifi-
cant difference. Principal component analysis (PCA) was
also used to visualize the biomarker’s responses for all ex-
posure conditions. PCA was performed using GraphPad
Prism Software, version 9 (San Diego, USA).
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Figure 1. The body weights of all groups of rats. The black columns
represent the first body weight of the groups. The grey columns rep-
resent the final body weight of the groups. CM: cancer+metformin;
DC; diabetic+cancer; DCM: diabetic+cancer+metformin. The
groups show off mean +SD. ?p < 0.05 vs the control group.
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3. Results
3. 1. Body Weights and Blood Glucose Levels

The body weights of all groups are shown in Figure 1.
The first and last body weights of all groups were meas-
ured. It was observed that the first and last body weights of
all groups except the DC group changed significantly (*p <
0.05) and the significance of the body weights and blood
glucose levels were determined by using Tukey’s test.

The levels of blood glucose of all groups were meas-
ured during the experiment and are shown in Figure 2. The
blood glucose values measured after 72 hours in the groups
given STZ to create diabetes showed an important increase
and exceeded 200 mg/dL. All experiment groups were found
to be significantly changed when compared with the control
group at the end of the experiment (*p < 0.01). In addition,
blood glucose levels were measured again at the end of the
experiment (14 days later) and an increase was observed in
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Figure 2. The blood glucose levels of all groups of rats. The black
columns represent the blood glucose level at the beginning of the
experiment of the groups. The light grey columns represent the
72nd h blood glucose level of the groups. The dark grey columns
represent the blood glucose level at the end of the experiment of the
groups. CM: cancer+metformin; DC; diabetic+cancer; DCM: dia-
betic+cancer+metformin. The groups show off mean +SD. ?p < 0.05
vs control group; p < 0.001 vs control group; °p < 0.05 vs DC group.
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the diabetic, DC, and DCM groups when compared to the
control group, but it was observed that the blood glucose lev-
el measured at the end of the experiment in the DCM group
decreased when compared to the 72nd-hour blood glucose
level (°p < 0.05). When the blood glucose levels of the DC
group and the DCM group were compared, a decrease was
observed in the DCM group (°p < 0.05).

3. 2. Biochemical Results

3.2.1. Lipid Peroxidation (LPO) Levels and
Myeloperoxidase (MPO) Activities

LPO levels and MPO activities of stomach tissues are
presented in Figure 3(A-B) and it was found that the levels
of LPO and activities of MPO incremented in the group of
the diabetic (p < 0.05; p < 0.0001), cancer (p < 0.05; p <
0.0001) and DC (p < 0.05; p < 0.0001) when compared to
the control group. Metformin reduced LPO levels and
MPO activities in cancer and DC groups when compared
to CM (p < 0.05; p < 0.05) and DCM (p < 0.05; p < 0.0001)
groups respectively.

3.2.2. Superoxide Dismutase (SOD) and Catalase
(CAT)) Activities

SOD and CAT activities presented in Figure 4(A-B) in-
dicated that their activities decreased in the diabetic (p < 0.01;
p < 0.0001), cancer (p < 0.0001; p < 0.0001) and DC (p <
0.001; p < 0.0001) groups. At the end of the treatment with
metformin, SOD and CAT activities were advanced in CM (p
<0.001; p < 0.01) and DCM (p < 0.0001; p < 0.0001) groups.

3.2.3. Glutathione Reductase (GR), Glutathione
Peroxidase (GPx), and Glutathione-S-
Transferase (GST) Activities

GR, GPx and GST activities of all groups were given
in Figure 5(A-C) and it was determined that the GR, GPx
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Figure 3. (A) Lipid peroxidation (LPO) levels and (B) myeloperoxidase (MPO) activities of all groups of rats. CM: cancer+metformin; DC; diabet-
ic+cancer; DCM: diabetic+cancer+metformin. The groups show off mean +SD. “p < 0.05 vs control group; “p < 0.0001 vs control group; *p < 0.05 vs

cancer group; &p < 0.05 vs DC group; ¥p < 0.0001 vs DC group.
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Figure 4. (A) Superoxide dismutase (SOD) and (B) catalase (CAT)
activities of all groups of rats. CM: cancer+metformin; DC; diabet-
ic+cancer; DCM: diabetic+cancer+metformin. The groups show off
mean +SD. p < 0.01 vs control group; “'p < 0.0001 vs control group;
#p < 0.001 vs cancer group; **p < 0.01 vs cancer group; ¥p < 0.0001
vs DC group.

and GST activities of the diabetic (p < 0.05; p < 0.0001; p <
0.0001), cancer (p < 0.001; p < 0.001; p < 0.0001) and DC
(p < 0.05; p < 0.0001; p < 0.0001) groups were decreased
meaningfully when compared to the control group.
Administration of metformin reversed GR, GPx and GST
activities of CM (p < 0.0001; p < 0.0001; p < 0.0001) and
DCM (p < 0.01; p < 0.0001; p < 0.01) groups.

3.2.4. Reactive Oxygen Species (ROS), Protein
Carbonyl (PC), and Homocysteine (HCy)
Levels

ROS, PC, and HCy levels of stomach tissues are pre-
sented in Figure 6(A-C) and it was found that ROS, PC
and HCys levels of diabetic (p < 0.001; p < 0.0001; p <
0.0001), cancer (p < 0.0001; p < 0.0001; p < 0.0001) and DC
(p <0.0001; p < 0.05; p < 0.0001) increased when compared
to the control groups. Metformin changed the levels of
ROS, PC, and HCy. The CM (p < 0.0001; p < 0.0001; p <
0.0001) and DCM (p < 0.0001; p < 0.0001; p < 0.0001)
groups showed decreasing ROS, PC and HCy levels when
compared to cancer and DC groups respectively.

3.2.5. Xanthine Oxidase (XO) and Lactate
Dehydrogenase (LDH) Activities

XO and LDH activities of stomach tissues were pre-
sented in Figure 7(A-B). It was found that the activities of
XO and LDH were meaningfully increased in the diabetic
(p <0.0001; p < 0.05), cancer (p < 0.0001; p < 0.0001) and
DC (p < 0.0001; p < 0.0001) groups. These increases in ac-
tivities were reversed by metformin administration, by de-
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Figure 5. (A) Glutathione reductase (GR), (B) glutathione peroxi-
dase (GPx) and (C) glutathione-S-transferase (GST) activities of all
groups of rats. CM: cancer+metformin; DC; diabetic+cancer;
DCM: diabetic+cancer+metformin. The groups show off mean
+SD. p < 0.05 vs control group; “p < 0.0001 vs control group; “"p <
0.001 vs control group; *p < 0.0001 vs cancer group; ¥p < 0.01 vs DC
group; ¥&p < 0.0001 vs DC group.
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creasing the activities of XO and LDH in CM (p < 0.0001;
p <0.05) and DCM (p < 0.0001; p < 0.0001) groups.

3.2.6. Sodium-Potassium ATPase (Na+/K+-
ATPase) and Histone Deacetylase (HDAC)
Activities

Na*/K*-ATPase and HDAC activities of stomach
tissues were shown in Figure 8 and the results showed
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Figure 6. (A) Reactive oxygen species (ROS), (B) protein carbonyl
(PC) and (C) homocysteine (HCy) levels of all groups of rats. CM:
cancer+metformin; DC; diabetic+cancer; DCM: diabetic+can-
cer+metformin. The groups show off mean +SD. p < 0.001 vs
control group; “p < 0.0001 vs control group; ""p < 0.05 vs control
group; *p < 0.0001 vs cancer group; &p < 0.0001 vs DC group; ¥p <
0.05 vs DC group.

that the activity of Na*/K*-ATPase diminished in dia-
betic, cancer and DC (p < 0.01; p < 0.0001; p < 0.0001
respectively) groups, while HDAC activities were
raised in diabetic, cancer and DC (p < 0.05; p < 0.0001;
p < 0.001) groups. Metformin supplementation result-
ed in significantly raised Na*/K*-ATPase activity in
CM and DCM (p < 0.0001), while HDAC activity sig-
nificantly diminished in CM and DCM (p < 0.0001; p <
0.001).
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Figure 7. (A) Xanthine oxidase (XO) and (B) lactate dehydrogenase (LDH) activities activities of all groups of rats. CM: cancer+metformin; DC;
diabetic+cancer; DCM: diabetic+cancer+metformin. The groups show off mean +SD. "p < 0.0001 vs control group; “p < 0.05 vs control group; *p <
0.0001 vs cancer group; **p < 0.05 vs cancer group; %p < 0.0001 vs DC group.
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Figure 8. (A) Sodium/potassium ATPase (Na*/K*-ATPase) and (B) histone deacetylase (HDAC) activities of all groups of rats. CM: cancer+met-
formin; DC; diabetic+cancer; DCM: diabetic+cancer+metformin. The groups show off mean +SD. “p < 0.01 vs control group; “p < 0.0001 vs control

group; p < 0.05 vs control group; "

3.2.7. Sialic Acid (SA), Hexose, Hexosamine and
Fucose Levels

Glycoprotein parameters which are SA, hexose, hex-
osamine and fucose levels are given in Figure 9. Determin-
ing glycosylation patterns in diabetes and cancer is of sig-
nificant importance in both fields of research and clinical
applications. Glycosylation refers to the process by which
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p < 0.001 vs control group; *p < 0.0001 vs cancer group; ¥p < 0.0001 vs DC group; ¥p < 0.001 vs DC group.

carbohydrates are added to proteins and lipids, and it plays
a crucial role in various biological processes. They can help
predict the risk of complications, such as diabetic ne-
phropathy in diabetes. Also, altered glycosylation can dif-
ferentiate between different cancer subtypes, helping to
tailor treatment strategies. Therefore, the determination of
glycosylation provides biochemical information about the
status of both diseases. Determination of the results
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Figure 9. (A) Sialic acid (SA), (B) hexose, (C) hexosamine and (D) fucose levels of all groups of rats. CM: cancer+metformin; DC; diabetic+cancer;
DCM: diabetic+cancer+metformin. The groups show off mean +SD. p < 0.0001 vs control group; *p < 0.0001 vs cancer group; ¥p < 0.0001 vs DC group.
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Figure 10. Principal component analysis of stomach biochemical parameters plots. (A) Loadings plot, (B) PC Scores, (C) Biplot and (D) Eigenvalues

plots.

showed that SA, hexose, hexosamine and fucose levels
were raised in the diabetic (p < 0.0001), cancer (p < 0.0001)
and DC (p < 0.0001) groups. Treatment with metformin to
cancer and DC groups resulted in significantly diminished
SA, hexose, hexosamine and fucose levels in CM (p <
0.0001) and DCM (p < 0.0001) groups.

3. 3. Principal Component Analysis

Loadings, PC Scores, Biplot and Eigenvalues graphs
of principal component analysis (PCA) of stomach tissues
are presented in Figure 10(A-D), respectively. The purpose
of the PCA method is to assist in the general interpretation
of data and to simplify the complexity of high-dimension-
al data. It does this by converting the data into fewer di-
mensions that act like a summary of the properties. In the
PCA method, it combines highly correlated variables to
create a smaller set of artificial variables called principal
components. That’s why analysts use PCA as a tool for data
analysis and building predictive models. Each PC is a line-
ar combination of the variables that went into it and prin-
cipal component 1 (PC1) is the one that extracts the max-

imum variance, and principal component 2 (PC2) is the
one that extracts the maximum variance from what is left.
It aims to show that there is a correlation between the re-
sults obtained and the parameters by performing PCA
analysis for biochemical experiments in stomach tissue,
and the obtained analysis results prove this accuracy.

PCA was used to prove the relationship between the
biochemical results of gastric tissues and the analysis re-
sults showed that it details approximately 75.09% of the
total variation (PC1: 69.07%, PC2: 6.02%). CAT, GR, GPx,
GST, SOD, ROS, fucose, hexose, XO and SA are clustered
together in the first component and these are negatively
correlated with HCy, LPO, MPO, HDAC, hexosamine, PC
and Na*/K*-ATPase (Figure 10A and 10C).

4, Discussion

Patients with diabetes have a very high risk of devel-
oping prostate cancer depending on age. Prostate cancer is
usually associated with bones and lymph nodes metasta-
sizing, but it has been reported that it metastasizes to the
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stomach, albeit rarely.?’-30 Therefore, examining the effects
of prostate cancer on stomach tissue is important because
the subject is still controversial.

Although metformin is used in treating type 2 diabe-
tes, its limited side effects make it easier to use. The most
important of its side effects is that it increases the amount
of lactic acid in the blood. Metformin exerts its antioxidant
and anti-inflammatory effects with the activation of aden-
osine monophosphate protein kinase (AMPK). This acti-
vation by metformin causes inhibition of nuclear factor
kappa light-chain-enhancer of activated B-cells (NF-kB)
transcription. In addition, metformin inhibits Poly [ADP
ribose] polymerase 1 (PARP-1), which acts as a cofactor of
NF-kB. These inhibitions reduce reactive oxygen species
(ROS) production, inflammatory pathways and proin-
flammatory cytokines. In addition, metformin increases
the amount of NO, which antagonizes inflammation and
ROS production, and this increase is due to its activation
effect on AMPK 3?12 On the other hand, metformin inhib-
its the complex I (NADH: ubiquinone oxidoreductase) of
the electron transport chain, thereby helping decrease mi-
tochondrial reactive oxygen species.*?

Oxidative stress is a condition that arises due to the
insufliciency of the organism’s own defence system and in-
sufficient antioxidant molecule intake, due to metabolic
diseases such as diabetes and cancer. Therefore, studying
antioxidant systems gives information about the status of
oxidative stress in these diseases. Organism fights against
free radicals in two ways. Via antioxidant enzyme systems
and antioxidant molecules.>* Cell defence mechanisms
under oxidative stress work to correct this condition and
minimise its effects. The enzymatic antioxidant system
consists of SOD, CAT, GR, GPx, and GST enzymes, while
nonenzymatic antioxidants consist of vitamin E, beta car-
otene, vitamin C, and GSH molecules. In addition, to un-
derstand the oxidative state, not only antioxidant systems,
but also some other enzyme activities and biomarkers
(LPO, MPO, ROS, PC etc.) are investigated.>

The reactive oxygen species levels increase in the
case of oxidative stress. This increase affects the func-
tionality of antioxidant systems of organisms. The enzy-
matic antioxidant system is involved in the removal of
reactive oxygen species formed during oxidative stress.
However, the decrease in the activity of this enzyme sys-
tem contributes to the formation of oxidative stress. The
superoxide radical is responsible for converting to H,O,
by SOD catalysis, and the CAT enzyme converts H,O, to
H,O0, forming a defence system against the harmful ef-
fects of the superoxide radical. During these reactions,
the enzyme GPx reduces H,0, to H,O with the natural
antioxidant molecule GSH. The organism reduces GSSG
to GSH with the GR enzyme to provide a concentration
of GSH for this reaction, and thus the continuity of the
antioxidant enzyme system is ensured. Due to the de-
crease in the activity of this enzyme system, an increase
in the amount of ROS is likely to be observed due to the

effects of the antioxidant enzyme system, as well as Fen-
ton reactions.®® In addition, oxidative stress causes an
increase in some biomarkers which are directly related
to oxidative stress such as LPO and MPO. Increasing
LPO levels in tissues can affect membrane fluidity and
decrease the activity of membrane-bound enzymes. Due
to the increased activity of MPO, the amount of hy-
pochlorous acid (HOCI) and other strong oxidant sub-
stances increases.’” The increase in LPO levels and MPO
activities are biochemical parameters that are often used
to provide information about the oxidative states of met-
abolic diseases, as they are parameters that prove the
presence of oxidative stress.

In diabetes and cancer diseases, the antioxidant/oxi-
dant balance of the organism is disrupted and oxidative
stress occurs due to the increase in oxidant molecules. In a
study by Chukwunonso Obi et al., it was reported that di-
abetic rats were given the diabetes drugs metformin, glib-
enclamide (GLI), and repaglinide (REP). They found that
metformin increased serum SOD, CAT activity, and GSH
amount compared to the diabetes group.*® Ahmed Amar
et al. investigated the activity of antioxidant enzymes and
LPO levels in patients with prostate cancer. SOD, CAT ac-
tivity, and GSH levels decreased in prostate cancer pa-
tients, while LPO levels increased.> Ozel et al. found that
MPO activity increased in diabetes, cancer and diabetes+-
cancer groups and decreased with metformin administra-
tion.*? In our study, it was found that the activities of anti-
oxidant enzymes SOD, CAT, GR, GPx, and GST decreased
in diabetic, cancer, and diabetes+cancer groups, while the
levels of LPO and MPO, which are biomarkers of oxidative
stress, increased. It was observed that these parameters
were reversed upon treatment of these groups with met-
formin. It can be suggested that these effects occur due to
the fact that metformin acts in the direct reduction of ROS
concentrations in organisms.

Oxidative stress causes the amount of ROS to in-
crease. Increased amount of ROS has many dangerous ef-
fects, such as disruption of the cell membrane structure
and DNA damage.*! The mitochondrial effects of met-
formin include decreased endogenous ROS production,
oxidative stress, decreased DNA damage, and decreased
mutagenesis in normal somatic cells.*> Metformin also in-
hibits Ras-induced ROS production and DNA damage.
PC, another oxidative stress parameter, is a very important
early marker of oxidative stress due to its high stability. The
high levels of protein carbonyl (CO) groups have been ob-
served in some metabolic diseases such as diabetes, and
Alzheimers.¥® In addition, ROS activates p38 MAPK
phosphorylation and inflammation which enhances pro-
tein modification by carbonylation.** In the present study,
it was found that the amount of ROS and PC increased in
the damage groups (diabetes, cancer and DC), and the lev-
els of ROS and PC decreased with the administration of
metformin. These indicate that metformin might have re-
duced the formation of ROS in mitochondria.

Ertik et al.: Glycoprotein Levels and Oxidative Stomach Damage ...

583



584

Acta Chim. Slov. 2023, 70, 574-587

Homocysteine (HCy) derived from the metabolism
of methionine is a sulphur-containing amino acid. Its un-
controlled level in patients is associated with the incidence
of stroke. Additionally, HCy level in plasma is a biomarker
for metabolic diseases such as diabetes, neural tube de-
fects, Down syndrome, megaloblastic and neurodegenera-
tion. Also, the HCy level is a biomarker of cancer. Hence,
the determination of HCy levels in plasma and tissues is
correlated to the status of diseases biochemically. Methio-
nine metabolites homocysteine, cystathionine and cysteine
are accepted as metastatic risk factors for prostate cancer.
The high serum levels of these methionine metabolites
have been used to predict the risk of early biochemical re-
lapse and the aggressiveness of the disease.*> Sannigrahi et
al. showed that HCy levels of men with prostate cancer in-
creased significantly when compared to healthy men.*
The effect of metformin on serum HCy level is upward, but
studies show that this effect occurs in the absence of B
group vitamins or folic acid supplementation.?” This may
be the reason why the CM and DCM groups showed an
increase of HCy levels compared to the control group. In
our previous study, it was shown that HCy levels in heart
tissue increased in diabetes, cancer, and DC groups*®, and
similar results were seen in the present study.

XO is a purine metabolism enzyme that converts
xanthine and hypoxanthine to uric acid. The reaction of
XO may cause oxidative stress due to the formation of
H,0,. Hence, the activity of XO in tissues is important in
determining tissue damage. The activity of XO might in-
crease in various diseases, especially cancer and diabetes.*’
The changes in oxidative stress may alter p53 protein’s
function and affect many cellular pathways such as; DNA
repair. In addition to being a genome protector, p53 pro-
tein is involved in the regulation of DNA repair, apoptosis,
and cellular responses to oxidative stresses. Due to the an-
tioxidant property of metformin, a decrease in ROS levels
is observed. This effect of metformin prevents p53 from
showing antioxidant properties and prevents damage to
cells by preventing DNA damage.*? It has been reported
that p53 protein also decreases due to the decrease in oxi-
dative stress, and this decrease is thought to be due to the
antioxidant property of metformin.>® Depending on the
increase in DNA damage, it is possible to see an increase in
the activity of enzymes in purine catabolism. XO is an en-
zyme involved in both purine metabolism and oxidative
stress formation. It has been reported that metformin pre-
vents oxidative stress by reducing ROS levels in addition to
its protective effect on DNA.>! It was observed that XO
activity increased in diabetic, cancer and DC groups, but
decreased with metformin administration to cancer and
DC groups in the study. It can be argued that this decrease
is due to the effect of metformin on both DNA repair and
the prevention of oxidative stress formation.

LDH is located in cytoplasmic and catalyses the re-
versible conversion of lactate to pyruvate by reduction of
NAD* to NADH. Increased LDH activity is seen in many

diseases, but especially pernicious anaemia and haemolyt-
ic disorders, liver disorders, skeletal muscle disorders, and
some leukaemias.”? In addition, patients with cancer and/
or diabetes have increasing LDH activity and lactate
amounts due to anaerobic glycolysis.>® Bayrak et al. found
that increased LDH activity in heart tissues of diabetes,
cancer and diabetes+cancer group when compared to the
control group. Metformin reversed LDH activities.*® Simi-
larly, the present study found that LDH activity increased
in diabetes, cancer, and diabetes+cancer groups, while
metformin treatment reduced LDH activity in all these
groups. It can be said that metformin may cause an effect
on the protective LDH activity against oxidative stress.

Na*/K*-ATPase is an enzyme located on the surface
of the cell membrane. It has an effect on energy metabo-
lism and helps maintain osmotic balance and membrane
potential. Changes in its activity are quite significant, as
they have many effects.> In a study conducted on diabetic
rats, it was found that metformin increased Na*/K*-AT-
Pase activity.”® In the present study, it was found that Na*/
K*-ATPase activity decreased in diabetes, cancer and dia-
betes+cancer groups. Metformin increased the activity of
Na*/K*-ATPase when given compared to the experimen-
tal groups. It can be suggested that these changes may be
due to both the antioxidant properties of metformin and
the fact that AMPK activation increases Na*/K*-ATPase
activity.>®

Histone deacetylases (HDACs) are a parameter used
in the development of inhibitors for use in the treatment of
cancer. The purpose of the development and administra-
tion of HDAC inhibitors is to increase histone acetylation
and transcription of tumour suppressor genes. In addition,
HDAC inhibitors induce apoptosis and do so by increasing
histone acetylation, expression of p21 and proapoptotic
genes. Also, AMPK activation is known to increase histone
acetylation. The fact that metformin stops ROS produc-
tion allows it to be evaluated as a potential inhibitor of
HDAG, since it performs it through this pathway.>” In ad-
dition, it has been established that metformin increases
histone acetylation by activation of AMPK in prostate and
ovarian cancer cells.”® Interleukin-1p is involved in the
formation of insulin resistance and p-cell insufficiency in
diabetes, and the use of HDAC inhibitors is effective in the
development of B-cells. These two connections mean that
histone acetylation decreases in diabetes, and HDAC ac-
tivity decreases. Considering that metformin increases
histone acetylation by HDAC inhibition, it is thought that
it may be useful in the treatment approach.” In the present
study, it was found that HDAC activities decreased in dia-
betes, cancer, and diabetes+cancer groups. The treatment
of these groups with metformin increased HDAC activi-
ties. It can be suggested that metformin carries out this
change in HDAC activities by promoting the activation of
the AMPK pathway.

Glycoproteins are important macromolecules with
many metabolic effects, their levels can change in many
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diseases. Glycoproteins have many functions such as cell
differentiation and recognition, membrane transport,
structural components of enzymes, hormones, and act as
blood group substances. Alterations in glycoprotein levels
have been shown to correlate with the development and/or
progression of cancer, diabetes and other disease states.*
Since they have many metabolic effects, it is very impor-
tant to determine glycoprotein levels, and determine their
connections with diseases. In diabetic individuals, in-
creased glycation can be seen due to increased blood glu-
cose levels. Similarly, changes in glycoprotein levels can be
observed in cancer patients due to the deterioration of en-
ergy metabolism depending on the type of cancer. Similar
to the findings of the present study, Chinnannavar et al.
found that patients with oral squamous cell carcinoma had
increased SA and fucose levels.®! The outcome of the pres-
ent investigation indicates that SA, hexose, hexosamine
and fucose levels increased in diabetic, cancer and DC
groups. All the glycoprotein parameters were reversed in
metformin-treated groups. This indicates that metformin
both has a protective effect against oxidative stress and
lowers blood sugar levels, thereby resulting in a decrease in
glycoprotein parameters.

Other publications of our study have been made on
the heart, brain, kidney, testicular, and liver.#0:48:62-64 T a[]
studies, it was determined that metformin had a protective
effect on the damage groups diabetic, cancer, and group
with both cancer and diabetes. Both studies determined
that the damage caused by oxidative stress resulting from
diabetes was reduced by metformin treatment, based on
the relevant parameters. The data obtained in this study
showed parallelism with other related studies and It has
been determined that oxidative stress caused by diabetes
and cancer is reduced by metformin treatment.

PCA is a method of size reduction often used to re-
duce the dimensionality of large datasets by converting a
large set of variables into a smaller variable that still con-
tains most of the information in the large set. PCA analysis
is important in terms of making the results more under-
standable due to the multiplicity of biochemical parame-
ters studied. The correlation between the obtained data
and the PCA results reflects the consistency of the results.
The PCA analysis applied as a result of the biochemical
parameters in the stomach tissue showed a correlation be-
tween the biochemical parameters studied.

5. Conclusion

Men with diabetes have a higher risk of prostate can-
cer than healthy individuals, and it is a type of cancer that
occurs especially at later ages. Prostate cancer especially
metastasizes to the lymph nodes and bone, but rarely me-
tastasizes to the stomach. Although metformin is an old
drug, its popularity has increased as a result of research in
recent years and it is preferred in research especially be-

cause of its effect on oxidative stress and cancer. In this
study, the protective effect of metformin on the gastric tis-
sues of diabetic rats with prostate cancer was investigated
within the framework of biochemical parameters. In rats
with cancer and/or diabetes, the decrease in oxidative
damage after metformin treatment was determined
through the studied biochemical parameters. The findings
show that oxidative stress as well as alteration of glycopro-
tein contents are stopped by metformin treatment. There-
fore, it can be said that metformin has a protective effect
on the gastric tissue of diabetic and prostate cancer rats.
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Ljudje s sladkorno boleznijo imajo vecje tveganje za nastanek raka prostate, ljudje z rakom prostate pa so nagnjeni k
metastazam na Zelodcu. Zato raziskovalci $e naprej iS¢ejo nove pristope k zdravljenju posameznikov z vsemi naveden-
imi boleznimi hkrati. Zas¢itni u¢inek metformina (ki se uporablja pri zdravljenju sladkorne bolezni) pri raku $e naprej
potrjujejo $tevilne raziskave. V tej raziskavi je bilo ugotovljeno, da biokemi¢ni parametri kazejo zas¢itni u¢inek na tkiva
Zelodca ob dajanju metformina pri skupini z rakom in skupini z rakom ter sladkorno boleznijo. Z analizo glavnih kom-
ponent je bilo ugotovljeno, da prou¢evani biokemi¢ni parametri v tkivu Zelodca kazejo korelacijo.
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