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Effects of the ATP-dependent K (+)-channel effectors pinacidil and glibenclamide on
liver tissue in an experimental model of epilepsy: A histopathological study

Selma Erdogan Duzcu!, Ayhan Cetinkaya?,  Hayriye Soyturk®,  Serif Demir*

!Department of Pathology, Bolu Abant 1zzet Baysal University, Faculty of Medicine, Bolu, Turkey

2Department of Physiology, Bolu Abant Izzet Baysal University, Faculty of Medicine, Bolu, Turkey
3Interdisciplinary Neuroscience, Bolu Abant 1zzet Baysal University, Institute of Graduate Studies, Bolu, Turkey
“Department of Physiology, Duzce University, Faculty of Medicine, Duzce, Turkey

ABSTRACT

Aim: It is known that most of the antiepileptic drugs have negative effects on the liver. Pinacidil is a
nonselective opener of KATP channels, including the plasma membrane and mitochondria. Glibenclamide is
an ATP -dependent K channel blocker ensuring the intake of calcium. Our aim in this experimental study was
to examine the effects of pinacidil and glibenclamide on the liver tissue of rats with focal epilepsy.

Method: Sixty male Sprague Dawley rats (2-4 months old, 200-250 gr) were used in the study. The rats were
divided into 4 groups, 15 in each group. The groups were divided into control group, penicillin group, penicillin
+ pinacidil group and penicillin + glibenclamide group. The craniums of the rats in the control group were
opened and normal saline was given; Penicillin (2 ul 500 TU) was intracortically administered to other groups
and an experimental epilepsy model was created. At the end of the study, liver tissue of rats was taken and
evaluated in terms of vacuolar degeneration, lymphocyte infiltration, vascular congestion, sinusoidal
dilatation, necrosis, and Kupffer cell proliferation, radial alignment of hepatic cords, central vein and portal
vein dilatation in hepatocytes.

Results: Venous congestion, cytoplasmic vacuolization, Kupffer cell proliferation, portal vein dilatation and
necrosis were distinct in the group to which pinacidil was administered, and distortion was present in the radial
sequence (p<0.001). In addition, inflammation, venous congestion and hepatocyte necrosis were found to be
lower in the glibenclamide given group compared to the control group (p<0.001).

Conclusion: It can be suggested that pinacidil treatment caused negative results in liver histopathological
parameters, whereas glibenclamide was more protective by reducing inflammation, venous congestion and
hepatocyte necrosis.

Key words: Epilepsy, liver, pinacidil, glibenclamide, ATP dependent K (+)-channel, histopathology, rat.
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system [1]. Unbalanced potassium homeostasis
is one of the important factors playing a role in
the pathogenesis of epileptic seizures [1]. The
concentration of extracellular  potassium
increases during the seizures, and the potential
of cellular membrane decreases [1]. Therefore,

Introduction
Epilepsy is one of the frequent central nervous
system disorders, affecting many organs and

the studies examining the pathophysiological
mechanisms are critical [1]. Drug toxicity may
occur owing to the role of liver in the
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elimination of drugs and potential toxins [2].
Inflammation occurs through the activation of
inflammasome that is a significant factor for
hepatocyte damage and hepatic stellate cell
activation, and acute and chronic liver diseases
occur [3]. Most of anti-epileptic drugs may
cause hepatotoxicity [2].

ATP-sensitive K channels (KATP) are present
in many cells and tissues such as pancreas [
cells, skeletal muscles, neurons, glial cells,
kidney and liver [4]. KATP channels play key
roles in  hyperglycemia, hypoglycemia,
ischemia and hypoxia [4]. ATP-dependent
potassium channels consists of two sub-units as
Kir6.x and sulphonylurea receptor [5]. They are
found in the mitochondrial inner membrane of
rat liver [6]. They directly take part in the
glucose metabolism of in the intra-cellular ATP
concentrations with liver KATP channels [4].
Moreover, they have different physiological
and pharmacological functions based on KATP
subunits [4]. However, the
information on the roles of K channels in
hepatocytes is limited [5].

Pinacidil is a nonselective opener of KATP
channels, including the plasma membrane and
mitochondria [7, 8]. Pinacidil has been shown
to have significant cardioprotective and
vasorelaxant effects cardiac
ischemia/reperfusion injury, arrhythmia and
hypertension [7, 8].

Pinacidil is a vasodilator agent used in the
treatment of hypertension [9]. Pinacidil have
also been shown to prevent hypoxia in rat
cardiac myocytes [8].

Glibenclamide is an ATP -dependent K channel
blocker ensuring the intake of calcium [10, 11].
It is one of the most commonly-administered
anti-diabetic drugs from the sulfonylurea group
[3, 12]. Having been used for type 2 diabetes
since 1960s, it has been reported to have anti-
inflammatory and anti-oxidant effects [3, 10].

channels’

In the literature, there is no study revealing the
effects of pinacidil and glibenclamide on the
liver tissue of rats in which a focal epilepsy
model was created. Therefore, in this study, we
aimed to histopathologically investigate the
effects of pinacidil and glibenclamide on liver
morphology by creating experimental epilepsy
in rats.

Materials and methods

Sixty male Sprague Dawley rats (2-4 months
old, 200-250 gr) were used in the study. The
Institutional Animal Care and Use Committee
of Bolu Abant Izzet Baysal University
(Number: 2018/36/A1) approved for the study.
All procedures complied with the Guide for the
Care and Use of Laboratory Animals (1996).
These rats were kept in the environment that
was illuminated/dark for 12, had a room
temperature of 22 + 2°C and relative humidity
of 60-70% and they were fed ad libitum (with
water and food).

Epilepsy animal model and groups
Experimental focal epilepsy model was
performed by intracortical administration of
penicillin to the animals in the experimental
groups under ketamine-xylazine anesthesia
(10/90 mg/kg, intraperitoneally).

Group 1: used as negative control group. The
craniums of the rats in this group were opened
and 2 pl of normal saline was intracortically
administered.

The craniums of the rats in group 2, group 3 and
group 4 were opened as in the group 1 and 2 pl
of 500 IU penicillin was intracortically
administered.

Group 2: dimethyl sulfoxide (DMSO) was
intravenously administered 15 minutes after the
focal penicillin model was formed in the brain.
Group 3. KATP channel opener pinacidil
monohydrate (0.1 mg/kg, Sigma-Aldrich, CAS:
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85371-64-8) was intravenously administered
15 minutes after the focal penicillin model was
formed in the brain. The solvent of this drug
was DMSO.

Group 4: KATP channel blocker glibenclamide
(0.2mg/kg, Sigma-Aldrich, CAS: 10238-21-8)
was intravenously administered 15 minutes
after the focal penicillin model was formed in
the brain. The solvent of this drug was DMSO.
On the eighth day of work, the animals were
euthanized by cervical dislocation under deep
anesthesia using 5% halothane. Then, the liver
tissues obtained from rats were fixed in 10%
formaldehyde for histopathological
examination.

Histopathological examination

Sections from liver tissues were followed in a
manner to view the broadest surfaces, and then
embedded into paraffin. 3 um sections were cut
from the paraffin blocks and stained with
hematoxylin eosin. Sections were assessed by a
pathologist under LEICA DM 2000 LED light
microscope.

Vacuolar degeneration, lymphocyte infiltration,
vascular congestion, sinusoidal dilatation,
necrosis, Kupffer cell proliferation, radial
alignment of hepatic cords, central vein and
portal vein dilatation in hepatocytes were
assessed in the pathological examination of
liver tissue and semi-quantitatively scored with
points from 0 to 3 [13, 14]. Based on this score,
absence of pathology was scored as 0, while
presence of mild (focal) pathology was scored
as 1, presence of moderate (multifocal)
pathology was scored as 2, and presence of
severe (diffuse) pathology scored as 3. Sections
were stained with hematoxylin eosin were
photographed at different scales through the
Infinity 3 Analyze Release 6.5 system.
Statistical analyses

Number and percentage values were used for
the descriptive statistics. To determine whether

there was a significant difference between the
groups, Kruskal-Wallis test was used. In cases
where there were differences between the
groups, paired comparisons (post hoc) test was
used to determine the groups as the sources of
this difference. Significance level was used as
p<0.05. Analyses were performed on Statistical
Package for the Social Sciences (SPSS) v.21 by
IBM.

Results

Two rat each in the groups 1, 2 and 3 died on
the fourth day and were excluded from the
study. While no epileptic activity was observed
in the control group by electrophysiological
evaluation of the experimental groups, it was
shown by spike waves that the epilepsy model
was formed in the other groups.

The histopathological parameters of the groups
are presented in table 1. In addition, examples
of microscopic images of the groups are
presented in figures 1-4. The inflammatory
cells in the portal area had a significant
difference (p<0.001). The penicillin group (PE)
had a significant increase compared to the
control group. Moreover, compared to the PE
group, penicillin+glibenclamide (PE+GLI)
group had a significantly less inflammation. A
significant difference regarding the sinusoidal
dilatation values was present (p<0.001).
Penicillin group had a significance increase
compared to the control group.

A significance difference regarding the venous
congestion values was present between the
groups (p<0.001). PE and penicillin+pinacidil
(PE+PI) groups had a significant increase in the
venous congestion compared to the control
group. PE+Pl and PE+GLI group had a
statistically significant decrease in venous
congestion compared to the penicillin group.
PE+PI group had a more distinctive congestion
compared to the PE+GLI group.
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Table 1. Distribution of histopathological parameters among the groups.

Groups
Control PE PE + Pl PE + GLI
Parameters
(N=13) (N=13) (N=13) (N=15) P
N (%) N (%) N (%) N (%)
0 4(30.8) 0(0.0) 0(0.0) 0(0.0)
. 1 9 (69.2 6 (46.2 10 (76.9 15 (100.0
Inflammation 2 0((0.0)) 4 E3o.8; 2 ((15.4)) 0 20.0) ) 0.001
3 0(0.0) 3(23.1) 1(7.7) 0(0.0)
Average rank 17.73 38.04° 30.19%P 24.50°
- 1 12 (92.3) 0 (0.0) 6 (46.2) 6 (40.0)
2:?;22:32' 2 1(7.7) 10 (76.9) 4(30.8) 9 (60.0) 0.001
3 0(0.0) 3(23.1) 3(23.1) 0(0.0)
Average rank 14.35° 39.96° 28.882P 26.90%b
1 5 (38.5) 0(0.0) 0(0.0) 9 (60.0)
Congestion 2 8 (61.5) 2 (15.4) 6 (46.2) 5 (33.3) 0.001
3 0(0.0) 11 (84.6) 7 (53.8) 1(6.7)
Average rank 18.272 41.92° 35.77° 15.832
0 11 (84.6) 0(0.0) 0(0.0) 4(26.7)
L. 1 2(15.4 4 (30.8 8 (61.5 7 (46.7
Vacuolization 2 0((0.0)) 9 EGQ.Z; 3 ((23.1)) 4 EZG.Y; 0.001
3 0(0.0) 0(0.0) 2 (15.4) 0(0.0)
Average rank 10.772 38.81° 34.50° 26.13°
0 10 (76.9) 4(30.8) 2 (15.4) 10 (66.7)
. 1 3(23.1) 4 (30.8) 8 (61.5) 5 (33.3)
Necrosis 2 0(0.0) 5 (38.5) 2 (15.4) 0(0.0) 0.001
3 0(0.0) 0(0.0) 1(7.7) 0(0.0)
Average rank 18.812 34.620¢ 36.38° 21.17¢
0 12 (92.3) 3(23.0) 0(0.0) 3(20.0)
Kupffer cell 1 1(7.7) 4 (30.8) 12 (92.3) 11 (73.3) 0.001
proliferation 2 0 (0.0) 6 (46.2) 0(0.0) 1(6.7) '
3 0(0.0) 0(0.0) 1(7.7) 0(0.0)
Average rank 11.272 35.27° 34.15° 29.07°
o 0 11 (84.6) 10 (76.9) 5 (38.5) 14 (93.3)
E;Zti;”'on " 1 2 (15.4) 2 (15.4) 6 (46.2) 0(0.0) 0010
alignment 2 0(0.0) 0(0.0) 1(7.7) 1(6.7)
3 0(0.0) 1(7.7) 1(7.7) 0(0.0)
Average rank 24.352 26.88P 36.96° 22.572
. 0 7 (53.8) 4(30.8) 3(23.0) 4 (26.7)
gﬁ;‘f;f}'of,e'” 1 5 (38.5) 4 (30.8) 6 (46.2) 10 (66.7) 0.192
2 1(7.7) 5 (38.5) 4 (30.8) 1(6.7)
Average rank 20.81 31.31 31.58 26.47
0 9 (69.2) 7 (53.8) 1(7.7) 10 (66.7)
Portal vein 1 4 (30.8) 3(23.1) 6 (46.2) 2 (13.3) 0,003
dilatation 2 0(0.0) 3(23.1) 5 (38.5) 3(20.0)
3 0(0.0) 0(0.0) 1(7.7) 0(0.0)
Average rank 20.46° 26.692P 39.85° 23.60?

* Kruskal Wallis test ** letters a, b indicate the paired comparison (post-hoc) test results.
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Figure 1. A. Control group, regular radial alignment present, inflammation and necrosis absent, HEX100. B.

PE group; distinctive inflammation in the portal area (black arrow), portal venous congestion (tip of black
arrow), sinusoidal dilatation (tip of blue arrow), HEX100. C. PE+PI group; distinctive portal inflammation
(black arrow), central vein dilatation (tip of black arrow), HEX100. D. PE+GLI group; mild congestion in the
central vein (black arrow), no distinctive inflammation present, HEX100.

The groups had a significant difference in terms
of cytoplasmic vacuolization values (p<0.001).
Cytoplasmic vacuolization statistically and
significantly increased in other groups
compared to the control group.

The groups had a significant difference in terms
of necrosis values (p=0.001). Necrosis
statistically and significantly increased in PE
and PE+PI groups compared to the control
group. PE+Pl group had more necrosis
compared to the PE+GLI group.

The groups had a significant difference in terms
of Kupffer cell proliferation values (p<0.001).
Kupffer cell proliferation statistically and

significantly increased in other groups
compared to the control group.

The groups had a significant difference in terms
of the values of radial sequence distortion
(p=0.010). Compared to the control group and
PE+GLI group, radial sequence of PE+PI group
had a statistically significant distortion. The
groups had no significant difference in terms of
central vein dilatation (p=0.192).

The groups had a significant difference in terms
of portal venous dilatation values (p=0.003).
Portal vein dilatation statistically and
significantly increased in PE+Pl group
compared to the control group. PE+PI group
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had more portal vein dilatation compared to the
PE+GLI group.

Discussion

Penicillin is administered intracortically or
parenterally to form the experimental epilepsy
model, and chemical convulsions are formed
[15]. Based on the hypoxic processes in the
cells of all systems, seizures may cause
reversible and irreversible damages [15].
KATP channels are important for electrical
activity [1]. KATP channels close when
intracellular ATP concentration is high, and
open in case of ischemia [4]. These channels
consist of four pore-forming subunits Kir6.x
(Kir6.1 or Kir6.2) and four regulatory subunit
sulfonylurea receptors SUR (SUR1, SUR2A, or
SUR2B) [4]. SURL1 and Kir6.2 are sensitive to
diazoxide, the activator of KATP channels, and
Kir6.2 with SUR2A is sensitive to pinacidil [4].
Genetic, physiological and pharmacological
findings have demonstrated that K channels
also have a role in epilepsy management and
neuronal excitability [16, 17]. Thus, it has been
reported that KATP channels may be a potential
treatment for novel drugs [16, 17]. Acar et al.
showed that pinacidil reduced epileptic activity,
but glibenclamide did not have an effect [16].
Another study reported that glibenclamide
showed an anticonvulsant effect by inhibiting
generalized tonic clonic and absence seizures
[18].

Ates et al. examined the impact of epileptic
seizure experienced by rats during their
pregnancy on the liver of newborn rat [15].
Under the electron microscope, expansion and
decrease in the number of mitochondria was
seen and assessed in favor of latency in the
hepatogenesis [15].

Inflammation, venous congestion, cytoplasmic
vacuolization in hepatocytes, necrosis and
Kupffer cell proliferation increased in the livers

of rats that were exposed to epilepsy seizure
through the intracortical administration of
penicillin, and inflammatory impact was seen in
the livers of rats that suffered epileptic seizures,
indicating hepatotoxic effect.

Pinacidil is an ATP-dependent mitochondrial K
channel opener [19]. Pinacidil has been
reported to have cardioprotective impacts by
protecting the cardiac  tissues  from
mitochondrial damage in ischemia reperfusion
that occurs in vivo and in vitro [19]. In addition,
pinacidil suppressed the inflammation around
the incision line, as seen in a study conducted
with rats [20]. However, the literature did not
have data on the morphological effects of
pinacidil on liver. This study indicated
distinctive venous congestion, cytoplasmic
vacuolization, Kupffer cell proliferation, portal
vein dilatation and necrosis in the PE+P1 group,
and distortion was seen in the radial alignment.
Compared to the control group, hepatotoxic
impact was seen, but no significant difference
with PE group was seen.

Glibenclamide inhibits ATP-sensitive
potassium channels in pancreas beta cells [11].
Glibenclamide  reduces  proinflammatory
cytokine generation, vasogenic edema and
caspase-3 activation in bacterial infection cases
among diabetic patients [3]. It has a protective
role against the inflammation-related damage in
the respiratory system, digestive system,
kidneys, bladder and heart, in ischemia
reperfusion damage and septic shock [3, 10]. Its
anti-inflammatory impact is inhibited by the
NLRP3 inflammasome, and it makes its
contributions by reducing the generation of
proinflammatory cytokines, preventing the
spread of inflammatory cells into the
inflammation area and boosting the nitric oxide
generation [12].

Dwivedi et al. found that glibenclamide
decreased thioacetamide-related
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inflammasome  activation,  inflammatory
lymphocyte infiltration, collagen deposition,
necrotic  hepatocytes and fibrosis [3].
Sokolovska et al. indicated that glibenclamide
treatment reduced the liver tissue damage
among the rats that had streptozotocin-related
diabetes [11]. Liu et al. examined the effects of
glibenclamide on the liver tissue damage
related to acute radiation on rats [10].
Glibenclamide was found to decrease
hepatocyte vacuolization, hepatocellular edema
and hepatic sinusoids [10]. Administration of
glibenclamide before the radiation stimulated
the Akt-NF-«B pathway and decreased reactive
oxygen derivatives, creating a protective
impact on the hepatocytes [10].

Malhi et al. indicated that ATP-dependent K
channels had an important role in the
arrangement of hepatocyte proliferation [5]. A
limited DNA synthesis was seen in cell culture
and pinacidil increased DNA synthesis, while
glibenclamide inhibited DNA synthesis [5].
Ymazaki et al. conducted a study on pigs and
examined the impact of nicorandil and
glibenclamide on ischemia reperfusion damage
[6]. Glibenclamide corrected the hepatocyte
damage like nicorandil, but no difference was
found when compared to the control group [6].
Hai et al. indicated that nicorandil (KATP
channel opener) was protected from ischemia
reperfusion  damage through  apoptosis
inhibition [21].

This study indicated that glibenclamide
decreased inflammation, venous congestion
and hepatocyte necrosis, and that glibenclamide
might have a hepatoprotective effect, which is
in line with the literature. Pinacidil, whose
impacts on the liver morphology has not been
detailed in the literature, created hepatotoxic
impact compared to the control group, but no
significant difference with the data of PE group
was found.

The study was solely based on histopathologic
examination, and biochemical and other
clinical tests were not present. We see this
situation as the limitation of our study.

Conclusion

As a results, it can be suggested that pinacidil
treatment caused negative results in liver
histopathological parameters, whereas
glibenclamide was more protective by reducing
inflammation,  venous  congestion and
hepatocyte necrosis. In addition to, studies that
will reveal the impact mechanisms of ATP-
dependent K channel opener and blocker drugs
for liver will be beneficial for the therapeutic
use of these drugs.
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ABSTRACT

Aim: In this study, utilizing the in vivo Copenhagen rat model possessing prostate cancer, we studied the
possible impact of tumorigenesis on testes and liver morphology and whether riluzole (RIL) and ranolazine
(RNL) treatment would have any affect or not.

Method: Male Copenhagen rats were divided into four groups: 1) Control group, 2) Cancer group, 3) Cancer
+ 10 uM Riluzole 4), and Cancer + 2.5 uM / 5 uM Ranolazine group. The tissue samples of testes and liver
were taken and processed for light microscopy, including staining with hematoxylin and eosin.

Results: In the cancer group, degenerated seminiferous tubules, cell remnants in the lumen were shown in the
testis, and a decrease in the spermatogenic cell line was found. The deterioration in these parameters was
milder in the treatment groups and an increase in the number of normal tubules was found. In the cancer group,
pyknotic nucleus, mononuclear cell infiltration, hyperemia, vacuolization, disrupted arrangement of
hepatocyte plates, sinusoidal dilatations, and degenerated hepatocytes were observed in the liver. However,
there was a slight damage in cancer + 10 uM RIL, cancer + 2.5 pM RNL, and cancer + 5 uM RNL groups.
Properly hepatocyte arrangement and sinusoidal enlargement were observed.

Conclusions: This treatment can be considered a promising protective adjuvant candidate for testes and liver
tissue in prostate cancer or cancer therapy-related damage.

Key words: Dunning prostate cancer model, testes, liver, riluzole, ranolazine, mat- lylu cells.
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Riluzole (RIL) is a Food Drug Administration
(FDA) approved drug for the treatment of
amyotrophic lateral sclerosis. RIL also has
neuroprotective, anticonvulsant, analgesic,
anesthetic, anti-ischemic, and sedative
properties. They searched the effects of cell

Introduction

The drug repurposing consist of the
investigation of off-target effects of existing
drugs for new therapeutic purposes. Some
drugs are currently in clinical use and may be
renamed off-label as anticancer agents or in
cancer-related several problems.

growth and tumorigenesis to repurpose it for the
treatment of cancer. RIL is accepted to act by
indirectly inhibiting glutamate signaling.
However, the specific effects of RIL in breast
cancer cells are not well understood [1]. It has
been found out that RIL acts as an anti-invasive
on rat prostate cancer cells [2].
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Cancer cells use a variety of growth signaling
pathways to acquire an advantage over normal
cells in terms of proliferation. Many types of
cancer also express glutamate receptors,
suggesting that glutamate may play an
important mission. Glutamate signaling is used
by breast, prostate, and skin cancers to increase
their growth. Because glutamate signaling is so
important for tumor growth, it is thought that it
will be crucial to investigate the mechanisms
underlying glutamate signaling and discover
strategies to interrupt this signaling to prevent
tumor growth. Glutamate secretion was first
shown to be inhibited in brain tissue by a drug,
RIL. It has been shown to block sodium
channels and glutamate signaling. Breast
cancer cells that are triple negative are treated
RIL was found to inhibit cell proliferation. In
addition, for brain, skin, breast, and prostate
cancers, it has been shown to inhibit cancer cell
proliferation in culture or in xenograft models.
In a melanoma clinical trial, riluzole reduced
tumor size in certain patients. RIL also
demonstrated some clinical advantages in a
phase Il trial person with melanoma [3].
Ranolazine (RNL) is an FDA-approved anti-
anginal drug with an anti-ischemic activity that
has also been shown to have anti-arrhythmic
properties due to prevention of the late sodium
current in cardiomyocytes [4,5]. It has been
suggested that RNL has been shown to be an
antagonist against any experimental heart
function  failure, including doxorubicin
cardiotoxicity, by decreasing the reactive
oxygen species content. In studies conducted
with the prostate and breast cancer in vivo
models, it has been revealed that RNL can have
an anti-metastatic effect [6,7].

RIL is predominantly metabolized by the
hepatic microsomal cytochrome P450 in
extrahepatic tissues [8]. In parallel, RNL is
metabolized by the cytochrome P-450 system
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in the liver [9]. Regarding this issue, many
factors such as various mediator molecules that
play a role in the immune response during the
development process of cancer,
chemotherapeutic drugs used in cancer therapy,
and ionizing radiation used in radiotherapy can
cause damage to organs such as the liver and
testes in our study [10-12].

In a study examining the pharmacological
blockade of lipid oxidation with RNL in
prostate cancer models, oral administration of
RNL (100 mg/kg for 21 days) was shown to
result in decreased tumor CD8+ T-cells,
increased macrophages, and decreased blood
myeloid immunosuppressive monocytes [13].
The Dunning rat prostate cancer model has now
become a useful model that is utilized in the
research of androgen-independent prostate
cancer and metastasis biology in in vitro and in
vivo [14]. In this study, the Dunning model was
formed in Copenhagen rats using strongly
metastatic Mat-Lylu cells via subcutaneous
injection [15].

In our study, we aimed (1) to show the liver and
testicular damage that we predicted to occur in
the prostate cancer model, (2) to evaluate how
effect of our drugs on these tissues, occur
damage by histopathological assessments.

No study in the literature addresses testicular or
liver damage in experimental or clinical models
with cancer or prostate cancer. In our study, it
is predicted that RIL and RNL, which continue
to be used for non-cancer-related different
treatments, will provide advantages in terms of
cost and time with the repositioning strategy as
a drug in the damage caused by cancer.

Materials and methods

Cell culture
Mat-LyLu cells were grown in RPMI culture
medium (RPMI-1640, Gibco; Life

Technologies, USA), supplemented with 1%
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fetal bovine serum (FBS) (Gibco), 2 mM L-
glutamine (Gibco; Life Technologies, USA),
and 250 nM dexamethasone (Sigma; Sigma-
Aldrich, USA) Cells were cultured at 37°C in
the humidified 5% CO: incubator [16].

Animals and prostate cancer model

Male Copenhagen rats (provided from Tubitak
Marmara Research Center, Kocaeli, Turkey)
were used. The animals were kept in 12:12-hr
day-night cycle at 22-25°C and fed with pellet
food and water. To induce tumors (in cancer
group and cancer + RIL or RNL groups), 2x10°
Mat-LyLu cells were inoculated
subcutaneously into the right flank of each rat
with isoflurane (Abbott; Queenborough, UK).
After the body weights were recorded, Mat-
LyLu injection was inoculated subcutaneously
into the upper right front extremity of each rat
in the experimental groups. The volume of cell
suspension to be injected into the rats was
adjusted to be in the range of 0.10 — 0.50 ml.
All operations performed on animals (from
maintenance to dissection) were carried out
under the ethical regulations and specific
permission of Istanbul University (I.U.
HADYEK, number: 2010/116).

Administration of drugs and experimental
design

In the project study, the use of at least 6 subjects
for the control group, cancer and treatment
groups was calculated by performing power
analysis with the pass 2008 program, in order to
create a Dunning cancer model at a=0.05
significance level, to obtain 0.8% power.

Male Copenhagen rats were divided into four
experimental sets. There are 6 rats in each all
group. 1) Control group: Physiological saline
(0.9% NaCl) was applied to rats with gavage (1
ml solutions) every other day without tumor
inoculation, 2) Cancer group: After the
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inoculation of Mat-LyLu cells, 0.9% NaCl was
applied to rats orally, 3) Cancer+RIL group: 10
uM RIL (in an equal volume of physiological
saline) was administrated with gavage every
other day for 22 days, following inoculation of
Mat-LyLu cells, 4) Cancer+RNL group:
Respectively, 2.5 uM and 5 uM RNL doses was
applied in the same way and duration.

Monitoring of primary tumors and dissection

The primary tumorigenesis was monitored
daily. The dimension of the primary tumor was
measured with calipers every day. “Tumor
volume” was evaluated as (shortest diameter) 2
X (longest diameter) 1/2 [17].At the 22nd day
after the cell inoculation, the primary tumor,
testes and liver were dissected.

Histopathological evaluations

The testes and liver tissues were immersed in
Bouin's fixative and processed routinely. The
hematoxylin and eosin (H&E) tissues were
analyzed. At a magnification of x200, five
identical locations were chosen and analyzed.
Normal, regressive, degenerative, or atrophic
tubules were classified as normal, regressive,
degenerative, or atrophic tubules based on Hess'
data [18]. Normal tubules have normal
spermatogenesis and blood testes barrier
morphology. Seminiferous tubules with one or
more defects make up regressive tubules.
Degenerative  tubules indicates irregular
arrangements and atrophic tubules perform
only sertoli cells.

The semi-quantitative histological assessment
of liver damage was done using modified
histological criteria described earlier [19]. Five
similar areas were chosen and investigated at
%400 magnification. The hepatic injury, based
on the disrupted arrangement of hepatocyte
plates, sinusoidal dilatation, hyperemia,
vasocongestion, mononuclear cell infiltration,
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pyknotic nucleus, degenerated hepatocytes
were scored by using a scale ranging from 0 to
3 (0: none; 1: mild; 2: moderate; and 3: severe)
for each criterion. The score was done for all
groups. They were photographed by an
Olympus CX41 microscope fitted with an
Olympus DP71 digital camera DP71, Tokyo,
Japan). The images were observed under a light
microscopy on the 10x magnification.

Statistical analysis

Graph-Pad Prism 3.0 (GraphPad Software, San
Diego, CA, USA) program was used and the
data were analyzed by using one-way analysis
of variance (ANOVA). The difference between
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the groups were determined with Tukey’s
multiple comparison tests.

Results

Primary tumorigenesis and monitoring of
primary tumors

The primary tumors were first palpable on the
12th day (in cancer group) and the 16th day
(RIL treatment group) d their volumes
increased. There was an insignificant decrease
in the tumor weights within the cancer + RIL
group compared to the cancer group. RNL
administration was decreased insignificantly in
the tumor weights compared to the cancer
group (Figure 1).
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14
— —k— Cancer+2.5 M RMNL —k— Cancer+5 ph RNL
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Figure 1. The development of primary tumor after inoculation of Mat-LyLu cells, A. Time courses of tumor
volume and effects of RIL and RNL (2.5 uM and 5 pM) compared with cancer group. B. Tumor weights at

the end of the experiment in groups.
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Figure 2. Testes tissue histological appearance: control group (A), cancer group (B), cancer + 10 uM RIL
group (C), cancer + 2.5 uM RNL group (D), cancer + 5 uM RNL group. (E). Normal morphology in
seminiferous tubules (n), spermatogenic cells ("), spermatozoa (*) in lumen of the seminiferous tubules,
degenerative (d) and regressive (r) seminiferous tubules, H&E staining, Bar: 100 um, x10 magnification.

ONormal Tubul O Regressive Tubul B Degenerative Tubul M Atrofic Tubul

a b b

Number of Tubules

0 [

Control Cancer Cancer+10 uM RIL Cancer+2.5 uM RNL Cancer+5 pM RNL

Figure 3. The histopathological scoring of the testes in the experimental groups. ap <0.05, compared to the
control group, bp < 0.05, compared to the cancer group.
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Histolopathological evaluations and damage
score

Testes tissue

When H&E stained testicular sections are
examined, in the control group, normal testes’
histology was observed (Figure 2A). In the
cancer group, degenerated seminiferous
tubules, cell debris in the lumen were shown
and decreased in the spermatogenic cell line
(Figure 2B). The number of degenerative
tubules was surged and the spermatogenic cells
decreased, and the regressive tubules were also
shown in the cancer group. There was a mild
disruption in seminiferous tubules,
spermatozoa in the lumen, and spermatogenic
cells in the cancer + 10 uM RIL, cancer + 2.5
uM RNL, and cancer + 5 pM RNL group. The
number of normal tubules was raised in these
treatment groups (Figure 2C, D, and E).

The semi-quantitative evaluation of testicular
tissue sections made under the light microscope
is given in Figure 3. While it was observed that
the seminiferous tubule structure was
predominantly normal in the control group, a
decrease in the number of normal tubules was
remarkable in all other groups. The number of
regressive tubules and degenerative tubules
were found to be increased in the cancer group
compared to the control group. The number of
normal tubules was diminished while the
number of degenerative tubules was increased
and there were atrophic tubules in the cancer
group compared to the healthy control group.
Additionally, the number of normal tubules was
increased and the number of regressive,
degenerative tubules decreased significantly in
cancer + RIL, cancer + RNL groups; the
atrophic tubules decreased compared to the
cancer group. It was detected that there is a
statistically significant difference (p < 0.05).
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Liver tissue

When H&E stained liver sections are examined,
the control group depicts a normal hepatic
parenchymal  histology and hepatocyte
structure with normal lobular architect and
hepatocytes arranged in cords encircling the
central canal. (Figure 4A). In the cancer group,
pyknotic nucleus, mononuclear cell infiltration,
hyperemia, vacuolization, disrupted
arrangement of hepatocyte plates, sinusoidal
dilatations, and degenerated hepatocytes were
observed (Figure 4B). When RIL or RNL
treatment was applied, histological appearances
showed similarity within the control groups.
There was a slight damage in cancer + 10 uM
RIL, cancer + 2.5 uM RNL, and cancer + 5 uM
RNL groups. Properly hepatocyte arrangement
and sinusoidal enlargement were observed
(Figure 4C, D, and E).

The semi-quantitative evaluation of liver tissue
sections that was assessed under a light
microscope is given in Figure 5. There was a
significant increase in the cancer groups
compared to the control group. RIL and RNL
treatment groups were significantly reduced in
the liver histological damage compared to the
cancer control group (p < 0.05).

Discussion

Within the scientific literature, it was exhibited
that the cancer disease caused by other disease
mechanisms has a higher mortality rate
compared to the sole self-occurring cancer
mechanism. Thus, it is predicted that the deaths
due to cancer will increase significantly in the
coming years. Depending on these reasons, the
research to diagnose cancer early on and
accurately to prevent and follow up the cancer
treatment and its side effects resulting from the
cancer treatment gain significance day by day
[20].
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Figure 4. Liver tissue histological appearance: control group (A): cancer group (B), cancer + 10 uM RIL group
(C), cancer + 2.5uM RNL group (D), cancer + 5 uM RNL group (E): sinusoidal dilatation (—), hyperemia
(™), mononuclear cell infiltration (*), H&E staining, Bar:100 pm, x10 magnification.
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Figure 5. The histopathological scoring of the liver in the experimental groups. ap < 0.05, compared to the
control group, bp < 0.05, compared to the cancer group.
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Although the effects of many drugs or agents in
the cancer models have been examined in
studies to date, the effects of RIL and RNL
treatment on testicular and liver tissue in
experimental prostate cancer have not been
investigated with an in vivo model before. In
our study, we aimed to show the infertility as
we anticipated that occurs by the prostate
cancer, since the toxicity that it will create in
the liver tissue and the therapeutic potential
may occur by repositioning of these drugs.

In our study, the primary tumors were observed
in about 10 days after subcutaneous inoculation
of Mat-LyLu cells into rats [16]. The essential
sequels of the systemic administration of RIL
and RNL to prostatic tumor-bearing rats were
as follows: (1) these treatments mostly
prevented testicular and liver damage occurring
by the prostate cancer model. (2) In the cancer
+ 10 uM RIL and cancer + 5 uM RNL group,
there was a decrease in the growth of primary
tumors insignificantly. Since prostate tissue is
not directly affected in the Dunning prostate
cancer model, we only evaluated the primary
tumor weight for the cancer formation process.
The Dunning prostate cancer model was not an
orthotopic model, it was administered via
subcutaneous injection and the target tissue was
not prostate. That’s why the first metastasis site
was lung tissue in the Dunning model, we
discussed the cancer related damage in the testis
and liver tissues due to this.

RIL, the only drug approved by the FDA for
treating amyotrophic lateral sclerosis, inhibits
cancer proliferation through its inhibitory effect
on glutamatergic signaling [21, 22]. It has been
reported that RIL treatment inhibits the growth
of brain tumor. The effects of RIL on these cells
have been reported to be related to the
inhibition of glucose transporter, a poor
prognostic indicator [21]. It demonstrated that
RIL inhibits cell growth in breast cancer [23].
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According to a different in vitro study, it has
been determined that 5 pmol/L RIL (and 20
umol/L RNL) have anti-invasive effects on
MAT-LyLu cells, and suggested RIL (and
RNL) may ultimately be “repurposed” as an
anti-metastatic drug against PCa [2]. It has been
reported that RIL inhibits cell cycle progression
and induces apoptosis in tumor cells [24]. The
androgen-dependent transcription factor and
androgen receptor enhance prostate cancer but
inhibiting androgen-dependent or androgen
biosynthesis induce remission for only a short
time. RIL exerts its anti-tumorigenic effects
[25].

RNL, a piperazine derivative sold under the
trade name of Ranexa, a selective inhibitor of
late sodium current, is a drug used in the
treatment of stable angina patients who cannot
be adequately controlled with first-line
antianginal agents or cannot tolerate these
treatments for any reason [26]. RNL has
proven to be effective in treating experimental
heart failure. It was shown that RNL attenuates
trastuzumab-induced heart dysfunction in mice
and reduces trastuzumab-induced apoptosis via
decreasing the occurrence of caspase-3
fragmentation. RNL limits the production of
reactive oxygen species in this experimental
model [27]. It was demonstrated that RNL
mitigates obesity-induced non-alcoholic fatty
liver disease and increases hepatic pyruvate
dehydrogenase activity. RNL treatment
reverses obesity-induced hepatic steatosis [28].
Matrigel invasion of Mat-LyLu cells and
secondary tumorigenesis (in  vivo lung
metastases) were inhibited by RNL [2,16].
Various mediator molecules of the immune
system during the development of cancer,
chemotherapeutic drugs used in cancer therapy,
and ionizing radiation used in radiotherapy can
cause damage to organs such as the liver and
testes [10, 11,12 ]. It suggested that the liver
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damage can also be caused by drugs,
particularly the anti-tubercular drugs, general
anesthetics, paracetamol, and some anti-cancer
drugs [29].

The main reason for studying testicular tissue
was its close functional association to the
prostate, both being parts of the male
reproductive system. More so, oxidative stress
which is coupled to increased reactive oxygen
species and DNA damage in sperm is the
leading cause of testicular damage. This
situation is directly linked to fertility potentials
and can result in infertility [30]. The causes of
male-induced fertility problems are cancer and
testicular damage. It is known that the prostate
tissue has an important contribution to fertility,
especially the seminal fluid that provides the
transport of sperm at the time of ejaculation
[31]. In a case report of a 48 year old patient
who was investigated for the metastasis of
prostate adenocarcinoma of the prostate, 9
years after the initial diagnosis, prostate
specific antigen was gradually elevated and a
tumor in the left testicle developed. It has been
suggested that testicular metastases may
develop, although not frequently, in advanced
prostate cancer cases [32].

Prostate cancer cells maintain various stages of
the metastasis process through stromal cells,
immune cells, and other cells within the tumor
microenvironment, as well as cytokines and
chemokines secreted by the metastatic site.
These proteins exert their effects through
autocrine or paracrine mechanisms. The most
common site of metastasis for prostate cancer is
bone (84% of cases), followed by distant lymph
nodes (10.6%), liver (10.2%), and lungs
(9.1%). Testicular metastases of primary
prostate carcinoma are very rare, ranging from
0.18% to 0.5%, and it is said that their diagnosis
can pose great difficulties. The mechanism of
metastasis from prostate to testis may vary [33].

18

To demonstrate the protective effect of the RIL
and RNL on testicular damage in rat prostate
cancer will be useful in identifying new positive
therapeutic options in clinical infertility trials.
The histology of the seminiferous tubules in
testicular tissues is evaluated as normal,
regressive, degenerative, and atrophic [18]. In
the present study, the histological evaluation of
the testes of rats bearing prostate cancer showed
an increase in the abnormal tubules and
disorganization. We believe that the
histopathological signs of damage observed in
the cancer-control group may be an indicator of
the development of the infertility process in the
prostate cancer model. We can say that the
administration of RIL and RNL protects the
testicular tissue against infertility which may
occur due to the histopathological damage
caused by cancer.

The main reason for examining liver tissue is
that it is the tissue that we expect to be most
affected by toxic damage in the cancer process.
The liver is an important organ exposed to
attack by reactive oxygen species. The liver is
involved in many basic physiological events.
Glucose  homeostasis, protein, lipid,
lipoprotein, and bile acid production, as well as
biotransformation, detoxification, conjugation,
and excretion of endogenous and exogenous
compounds are among the major functions of
the liver [34].

There is no information in the literature about
liver toxicity in prostate cancer. It was
suggested that prostate cancer is a prominent
metastatic dormant cancer. It has the worst
prognosis when found in the liver compared to
other metastatic sites. These metastatic nodules
result in an adverse reaction in the pro-
metastatic microenvironment; decline, as
decided by both dormancy from the nodules
name [35]. In our study, there was a significant
increase in liver histological damage in cancer-
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control groups compared to the healthy control
group. RIL and RNL treatment groups were
significantly reduced in liver histological
damage compared to the cancer-control group.
We can say that RIL and RNL application
protects the liver tissue which may occur due to
the histopathological damage caused by cancer.
There are some limitations not studied. This is
a part of study, with a small sample size.
Animal experiments were planned by
considering the minimum number and power
analysis that would give a statistically
significant result on the grounds of ethical
committee obligations. Pharmacological doses
were determined based on our previous in vitro
findings. In future studies, it is foreseen that the
study with different doses and drug
combinations will be investigated more
extensively with projects with larger budgets.

Conclusions

In conclusion, the effect of RIL and RNL
application on testicular and liver damage in the
prostate cancer model was first investigated in
vivo. Nowadays, the drug repositioning subject
has gained attention for researchers and
pharmaceutical companies. Drug repositioning
involves the investigation of existing drugs for
new therapeutic purposes. Some drugs are
already in clinical use and can be repurposed as
anticancer agents. Especially, some agents have
troubling adverse effects that dramatically
reduce the life quality of cancer patients, so
drug repositioning is a promising strategy [36,
37]. In addition to reducing time and cost, off-
label drugs are also a low-risk strategy due to
their off-target effects. When comparing
repositioning and traditional drug development
subject, their safety verified as repositioned
drugs passed all clinical tests in Phase I, Phase
Il, and Phase Ill. Furthermore, some
repositioned agents can be as molecular entities
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and have more affiliations to be launched once
a new indication is discovered [38, 39]. Our
microscopic evaluations reveal that RIL and
RNL have a protective effect on the testes and
liver in the metastatic prostate cancer model.
Based on our results, it has been determined
that the two drugs (RIL, RNL), which are used
for other purposes in the clinic, have a positive
effect against the damage to the testes and liver
caused by the prostate cancer. The current study
could be a model investigation for future work
on developing agents for decreasing testicular
and liver damage caused by prostate cancer and
other types of cancer.
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The link between learning performance, immobility in the forced swim test, and
hippocampal glia
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ABSTRACT

Aim: To obtain maximal translational insights from animal models of depression, we need to know the
meaning of behavioral parameters of animal models. The extent of construct and face validities of behavioral
despair in the form of behavioral immobility in forced swim test (FST) is disputed. In this study, learning
performance in a dual solution T-Maze and immobility on the 2nd day of FST was compared to shed light on
this debate. Furthermore, we aimed to inspect the relationship between hippocampal glial densities and
behaviors observed.

Method: Twelve adult male Sprague Dawley rats were tested in the dual-solution T-Maze and in FST.
Subsequently, hippocampal slices were obtained, astrocyte and microglia cells were stained, and the densities
were calculated for each subject.

Results: The rats utilized different learning strategies to solve the T-Maze. But irrespective of strategy, the
rats that exhibited an overall efficiency in their learning performance, remained immobile for longer durations
on the 2nd day of the FST. No significant relationship was detected between hippocampal microglia and
behavioral indices in T-Maze and FST. However, we detected a significant positive correlation with CAl
astrocyte density and T-Maze learning and dentate gyrus CAL astrocyte density and headshake behavior in
FST.

Conclusions: The subjects showing a better cognitive performance in the T-Maze were immobile longer in
the FST. This observation raises doubts about immobility as depression index and posits that it might reflect
better learning. Our results also suggest that hippocampal glia cell types are differentially involved in cognition
and affect.

Key words: Forced swim test, behavioral despair, learning, t-maze, glia, hippocampus.
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Introduction

Depressive disorders are characterized by mood
disturbances that affect an individual’s daily
functioning and constitute a large burden for
individuals and societies they live in.
According to the World Health Organization
(2018) report [1], major depressive disorder,
the most frequent form of depressive disorders
constitutes the number one cause of disability.
A recent report by Kessler et al. (2012) [2]
indicates a 16.6 % lifelong prevalence of major
depressive disorder in the United States. Given
the chronic harm depressive disorders have in
the modern world, it becomes of paramount
importance to generate valid and reliable
preclinical models of depressive disorders [3],
undoubtedly an ardent task [4].

Forced swim test (FST) is a widely used animal
model to gauge depression-like behavior in
rodents [5]. The test consists of two trials
separated apart by 24 hours. In these trials, the
animals are placed in a water filled cylinder
from which escape is not possible. The first
trial, which typically lasts for 15 minutes, is
considered to be the stress induction phase
while the second trial typically lasts for 5
minutes. Immobility is considered to be an
indice of behavioral despair reflecting a
depressive behavioral phenotype; in this state
the rodents do not exhibit any movement other
than keeping their heads above water. Even
during periods of extended immobility, the

rodents can exhibit various struggling
behaviors to different degrees [6].
It has been repeatedly shown that

antidepressant treatment in between the two
trials reduced behavioral immobility, findings
bolstering the predictive validity of the forced
swim test [7]. In a similar vein, exposure to
enriched environments, electroconvulsive
shock, and REM deprivation also reduce
immobility durations in the second test [8].
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Complementing this picture, increasing stress
levels through increased water depth [9],
increased time spent in water [10], and prior
stressors [6, 11] make the animals more
susceptible to behavioral despair.

However, forced swim test as a preclinical
depression model is not immune to serious
criticisms. First of all, depression in humans is
characterized by a plethora of cognitive,
behavioral, and emotional symptoms and FST
falls short of capturing this complexity [5]. A
serious challenge to FST comes from the
antidepressant response’s time profile of
reduced mobility; while antidepressants take 2-
4 weeks to have their antidepressive effects in
humans [12], a single day of antidepressant
treatment in between the two trials suffices to
reduce immobility in FST [3]. The findings
alluded to pose serious challenges to the
construct and predictive validity of FST as a
preclinical model of depression [13, 14].
Phenomenologically  speaking, increased
immobility seen in the second trial might as
well represent a passive coping strategy. There
is evidence that this reduced mobility might
reflect a learning process where animals learn
that active coping behaviors like climbing and
swimming do not result in the removal of the
stressor [10, 14, 15, 16, 17, 18, 19]. While
remaining immobile does not speed up the
removal of the stressor, it is more energy
preserving compared to active coping
behaviors.

The current paper addresses how immobility in
the forced swim test relates to behavioral and
anatomical indices of cognitive functioning in
rodents. In our behavioral experiments, we
investigated the relationship between the
learning performance in a dual solution t-maze
task where animals were reinforced with food
for entering the target arm and the propensity to
exhibit immobility in the forced swim test. For
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the anatomical parameters, we focused on the
hippocampus as it is an integral brain region for
the formation of cognitive maps which is
imperative for spatial learning and navigation
[20, 21] and shows distinct anatomical and
functional alterations in affective disorders as a
member of the limbic circuitry [22, 23, 24]. We
focused on hippocampal microglia and
astrocytes as recent studies point out to the
important involvement of these cell types in the
formation of neural circuits and synaptic
plasticity [e.g. 25, 26]. Our findings indicate
that immobility on the second forced swimming
test day is associated with quicker acquisition
of the T-maze task. Interestingly, the pace of T-
maze acquisition was related to higher astrocyte
counts in the CAL region of the hippocampus
bolstering the anatomical validity of our
learning paradigm. Given our results, the
ubiquitous observation that depression in
humans is largely related to cognitive
dysfunction poses a challenge to the validity of
the forced swim test as a model of depression.

Materials and methods

Animals and housing

Twelve male Sprague Dawley rats weighing
250-350 gr. obtained from Kobay Experimental
Animals Laboratory Inc (Ankara, Turkey) were
used in this study. The rats were randomly
assigned to three cages, with four rats per cage
(40 cm x 34 cm 17 cm). All rats were housed in
an artificially-lit room with access to water and
food ad libitum at a temperature of 18-24 °C.
The standardized 12:12 hr light-dark cycle
(lights on 07:00 AM) was maintained
throughout the study.

All experiments were performed with the
approval of the Kobay DHL Inc. Animal
Research and Ethics Committee (protocol
number: 268).
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Behavioral testing

The behavioral sessions were carried out in an
adjacent room during the daytime between
10:00 a.m. and 4:00 p.m. There were three
resting days between two experiments. After a
handling procedure had been applied once a day
for a week, the rats were subjected to the T-
Maze procedure. Then, the rats were exposed to
the Forced Swim Test (FST) procedure for two
consecutive days. On the same day as the FST
procedure ended, transcardial perfusion and
fixation were performed to remove the brains
for the histological applications.

T-Maze

Tolman’s T-Maze [27] procedures were carried
out to assess rats’ spatial learning abilities and
spatial navigational strategies following a food
deprivation period. For this, the rats' diet was
restricted to 4 gr/day, starting one week before
the experiment. The body weight of each
subject was gradually reduced to 90% of the
basal weight before the start of the training
phase and the weights were stabilized at this
level throughout the experiment by recording
the weight of the rats every day. A plus-shaped
maze was used in the experiment, which was
placed 90 cm above the floor (arms: 45 cm
length, 12.5 cm width, 7 cm height; center area:
12.5 cm), constructed of black-colored MDF
material. A styrofoam panel was used to block
the entrance to one arm, rendering a T-shaped
maze. At the end of each arm, a perforated food
cup (1 cm in diameter) was fixed 3 cm away
from the distal end of the arm filled with the
food reward (Nestlé CORN FLAKES™) that
provided ubiquitous smell of the food from
each arm so that smell of the food reward did
not provide a navigational cue during the
experiment. Separate food wells, which did not
allow for visual localization of the reward were
attached on top of each perforated food cup at
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the end of the maze arms, and these were used
for discriminatory baiting as further explained
below

The experiment consisted of three different
phases: habituation phase on the first day,
training phase and probe trial on the second
day. In the habituation phase, each rat explored
freely all the four arms of the maze containing
the food reward for 10 minutes. By doing so,
rats were acclimated to the maze and
discovered that if they roam around the maze
and travel to the end of the arms, they can find
the food reward while getting over their natural
neophobicity.

The training phase and probe trial were carried
out respectively on the second day. While on
habituation day, all of the arms were baited with
the food reward; on the second day only one of
the four arms randomly selected for each
animal was baited. It was expected from the
subjects in the training phase to learn the
rewarded arm of the maze, regardless of the
strategy they use. To illustrate, if the subject
was positioned from the south arm, the opposite
north arm was blocked with the panel. A bait
was placed where the subject can reach either
the east arm or west arm (see: Figure 1). In
addition, the same amount of bait covered with
a perforated container was placed in every arm
as to eliminate the effect of the food odor. Each
rat had to turn 90 ° when they reach the center
of the maze to the left (i.e., to the west arm if
the start arm was the south arm) or to the right
(i.e., to the east arm if the start arm was the
south arm) once to reach the bait. If the rat
turned to the reward arm when released into the
maze the rat was allowed to consume a piece of
bait. Contrary, if the rat turned to the wrong arm
the rat was removed from the maze within three
seconds. The floor and walls were cleaned
between each trial with a cloth dampened with
alcohol diluted with water to wipe out possible
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clues such as feces, urine, or food bits on the
maze surface.

During the training phase the rats were given a
maximum of 35 trials for the training to learn
the location of the baited arm in the T-Maze.
When the rats got nine out of the 10 consecutive
attempts correctly, the probe trial was initiated.
The starting arm, where the rat had been placed
in the training phase, was rotated 180° to the
opposite arm that became the new starting arm
for the single probe trial. The rats were
classified into the “allocentric” or “egocentric”
group on the basis of their performance during
the probe trial: the rats who turned to the same
reward arm as in the training and reached the
bait despite the 180° rotation of the start arm
were labeled as allocentric/place learners, the
rats who turned to the previously unbaited
opposite arms were labeled as egocentric/
response learners.

In the training phase, the maximum number of
consecutive correct choices and the number of
trials that each rat took to achieve the criterion
(nine of 10 correct) were counted by two
independent observers from the recorded
videos. Also, the total duration to complete the
probe trial was calculated for each rat. These
measurements were used to quantify the
learning speed of the rats as an indicator of
cognitive performance.

X

Figure 1. T-maze training of rats during the
experiments where rats underwent habituation (Left
panel), training (Middle panel), and testing (Right
panel) trials. Note that the blocked arms oppose
each other during training and testing.
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Forced Swim Test (FST)

FST procedure was initiated three days after
when the rats were returned ad libitum access
to food. In accordance with the standard
protocol of the FST (Porsolt et al., 1997), a
Plexiglass cylinder tank (50 cm in height, 20 cm
in diameter) was filled with 30 cm tap water
(25°C) so that the tails of the rats did not touch
the bottom of the container. A digital camera
(Logitech C270) was positioned to record the
setup. All rats were acclimated to the test room
for half an hour before starting the trials. On the
first day, each rat was kept in the water filled
cylinder tank with no possible escape for 15
minutes as the first phase of the experiment.
The test phase was applied to each rat 24 h later,
on the second day in which the duration of
water exposure was reduced to 5 minutes.
Throughout the experiment, the tank was
cleaned and refilled with fresh tap water at
25°C. The rats were kept in a single cage and it
was ensured that they remained dry
immediately after the trials. The rats were
considered immobile when moved only enough
to keep their heads afloat above the water. Two
independent observers counted the total
duration of immobility on the second day of the
FST, the number of diving and head shaking
behaviors for each rat by examining the
recorded videos.

Histological procedure: Preparation of brain
slices

Following the conclusion of the behavioral
experiments, animals were deeply sedated with
an i.p. injection of urethane 1.25 gr/kg and
perfused transcardially with 0.1M phosphate
buffer (PB) solution followed by 4%
paraformaldehyde (PFA) in 0.1M PB. The
removed brains (N=12) were kept in the
fixation overnight and were preserved with
30% sucrose in 0.1M PB for later processing.
The brains were cut into 100 pm thick coronal
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sections containing Dentate Gyrus and CAl
subregions of the dorsal hippocampus with
vibratome  based on The Rat Brain in
Stereotaxic Coordinates by Paxinos and
Watson (2007) [28].

Immunohistochemistry for glial markers

100 pum thick brain sections were washed 3
times with 0.1M PB, and then permeabilized
with  10% methanol and 1% sodium
borohydride for one hour. The sections were
blocked in 10% normal goat serum and 0.5%
Triton X for 24h for non-specific target binding.
Subsequently, the sections were subjected to
immunohistochemistry for glial fibrillary acidic
protein (GFAP) which is an astrocyte marker,
and ionized calcium binding adaptor molecule
1 (IBA-1) protein which is a microglia marker.
A series of sections were incubated in rabbit-
anti-GFAP+ and primary antibody diluted 1:
1000 for 24h. Another section series from the
same brains were incubated in the rabbit- anti-
IBAL antibody diluted 1: 1000 for 24h. All the
sections washed three times with 0.1M PB were
then recovered from the secondary goat-anti-
rabbit antibody diluted 1: 500 for 4h, after
which the antibodies were conjugated with the
horseradish peroxidase (HRP) enzyme. This
binding reaction was visualized with NovaRED
TM (Vector Labs, Burlingame, CA).

The stained sections were dehydrated with
ethanol and cleared with xylene. Afterwards,
they were coated with DEPEX, fixed on glass
microslides and were coverslipped. The
pictures of the Dentate Gyrus and CAl
subregions of the dorsal hippocampus were
taken with the Motic B210 3MP digital
microscope with 4X, 10X, 40X objective
lenses. The region of interest (ROI) and the
density of astrocytes and microglia cells on the
micrographs were calculated via the Imagel
program for further statistical analysis.
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Figure 2. Two sections taken with 10X lens
including dentate gyrus (DG) and CA1 subregions
of the dorsal hippocampus. (A) The section stained
for the astrocyte marker glial fibrillary acidic
protein (GFAP +) (1. 1000 rabbit-anti-GFAP
antibody, 1: 500 goat-anti-rabbit antibody). (B) The
following brain section taken from the same brain,
IBA-1 staining which is a protein specific to
microglial cells was applied (1:1000 rabbit-anti-
IBAL antibody, 1: 500 goat-anti-rabbit antibody).

Statistical analysis

Microsoft Excel and SPSS v.21 were used for
the data analysis. To compare the groups,
Wann-Whitney U non-parametric tests were
used to investigate the relationships between
behavioral parameters in T-maze, FST, and
anatomical variables, Pearson correlations were
carried out.

Results
The initial parameter that was recorded about
the subjects concerned their performance on the
T-Maze. Based on their choice in the probe trial
of the T-Maze (as explained in detail in the
methods section), the 12 rats were classified as
allocentric/place learners — relying on the
hippocampus-based strategy (n = 8), and as
egocentric/response learners (n = 4) — relying
on the striatum-based strategy for navigation. In
addition to the strategy, we have extracted
several other parameters from the T-Maze
performance of the subjects:

- The number of trials out of the max. 35
training trials that it took the subject to reach to

the learning criterion (i.e., how many trials did
it take rats to achieve 9 correct choices out of
10 consecutive attempts),

- Max. number correct choices to reach
the learning criterion (for e.g., if an animal
reached 9/10 criterion by making 2 successive
correct choices, followed by an incorrect
attempt and then by 7 uninterrupted correct
choices; the animal got a score of “7” for this
indice),

- The duration (in sec) to complete the

probe trial.
A summary of the T-Maze performance of the
subjects is given in Fig. 3. From the FST
performance, the indices we have extracted
were the total duration of immobility, the
frequency of active struggling behaviors
(pedaling, jumping, diving), the frequency of
head-shake behavior on the second day of the
FST.
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Figure 3. The graphical summary of T-Maze
performance of each subject in the experiment. Each
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column corresponds to the data from a single rat.
Blue squares indicate the correct trials for
allocentric/place learners and the green squares
indicate the correct trials for egocentric/response
learners. Trials with incorrect choices (i.e., failure
to locate the baited arm are indicated with yellow
squares for both allocentric and egocentric strategy
groups.

Immunohistochemical parameters that were
used in the current study were the densities (#
cells / 100 um?) of GFAP+ astrocyte glia cells
and IBA-1+ microglia cells in the dentate gyrus
and CAL subregions of the hippocampus.
Comparison of T-Maze performance between
allocentric/place learners and
egocentric/response learners

To test the relationship between studied
parameters in T-Maze, the first groups of rats
utilizing different learning strategies in T-Maze
were compared. Since the sample size is limited
and there are more rats utilizing allocentric
learning strategy compared (n =8) to egocentric
learners (n = 4), we ran Mann-Whitney U non-
parametric tests.

It was found that the groups did not differ
significantly in terms of total number of trials
to reach the criterion for learning (U = -0.681,
p = 0.57). The groups also were not
significantly different from each other in terms
of max. number of consecutive correct choices
(U =0.347, p = 0.808). Finally, the duration to
complete the probe trial was contrasted between
the groups, there was no statistical difference
between the allocentric/place and
egocentric/response learners (U = -0.818, p =
0,497).

But irrespective of the learning strategy, we
have detected a significant positive correlation
between the total number of trials it took
subjects to reach to learning criterion (i.e.,
correct choice in 9 out of 10 successive trials)
and time it took the subject to complete the
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probe trial (r (12) = .821, p =0.002) (Fig. 4). In
other words, the rats which learned the location
of the baited arm in the T-Maze rapidly also

demonstrated faster choice and reward
consumption response in the probe trial.
a Strategy
N* Lrewr L. o‘”
e oM Oego
N o
b
—
£
g ¥ 04 O
-
b o+ o]
4 0
8
r o0
E 004 ()
s o
o
£ o
F
- B
E o)
O

T T T L\ T T
0 100 200 00 W00 00

Duration to complete in probe trial in T-Maze (sec)

Figure 4. The graph depicting the positive
correlation between the total number of trials in T-
Maze to reach the criterion for learning and duration
to complete the probe trial. Regardless of the
strategy, a positive correlation was present between
these T-Maze parameters. Blue circles correspond
to allocentric/place learners (allo) and green circles
correspond to egocentric/response learners (ego).

A marginally significant positive correlation
was also detected between the total number of
trials it took subjects to reach to learning
criterion and max. number of consecutive
correct choices in training in T-Maze (r (12) = -
575, p =.051).

Comparison of T-Maze and FST behavioral
performances:

-To investigate the relationship between
studied parameters in T-Maze and FST tasks,
firstly, the groups of rats utilizing different
learning strategies in T-Maze were compared.
Since the sample size is limited and there are
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more rats utilizing allocentric learning strategy
compared (n =8) to egocentric learners (n = 4),
we ran Mann-Whitney U non-parametric tests.
When T-Maze strategy and FST immobility
was compared, no significant differences were
detected (U = -1.361, p = .214). Moreover, T-
Maze learning strategy was not significantly
related to frequency of headshake behavior on
the second day of FST (U =0.597, p = .570).

-To investigate a possible link between
behavioral performance in T-Maze and FST,
Pearson bivariate comparisons were carried out
between T-Maze parameters (total number of
training trials, duration to complete the probe
trial and the max. number of consecutive
correct choices) with FST parameters (duration
of immobility on the 2" day of FST, headshake
frequency on the 2" day).

Strategy

O

Oego

R~ Linear = 0404

€004

Duration of immobility on the 2nd day of FST (sec)

0 T T T T
20 &0 60 a0
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Figure 5. The graph depicting the positive
correlation between the max. number of consecutive
correct choices in T-Maze and the duration of
immobility on the 2" day of the FST. Regardless of
the strategy, a positive correlation was present
between these T-Maze and FST parameters. Blue
circles correspond to allocentric/place learners
(allo) and green circles correspond to
egocentric/response learners (ego).
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The relationship  between duration of
immobility on the 2" day of FST, the total
number of training trials and the duration to
complete the probe trial were not significant (r
(12) =-.249, p = .435); r (12) = -.310, p = .354,
respectively). But a significant positive
correlation was detected between duration of
immobility on the 2" day of FST and the max.
number of consecutive correct trials in T-maze
(r (12) =.636, p = .026) (Figure 5).

Comparison of T-Maze and FST behavioral
performances with the astrocyte and microglia
densities in hippocampal subfields:

In the last set of analyses, the behavioral
parameters from the T-Maze and FST were
contrasted against the microglial densities
across DG and CAL hippocampal subfields. To
calculate the GFAP+ and Ibal+ glial cells, at
least 3 hippocampal sections/rat clearly stained
with the appropriate antibody for the glial
marker proteins were imaged under 10X
magnification. The digital images of the
hippocampus then transferred to ImagelJ. The
hippocampal DG and CA1 regions were
demarcated on the imaged sections and stained
cells that were clear in the focal place were
counted using “Cell Counter” Image J
Program. The density of Ibal+ microgliain DG
and CALl hippocampal subfields were not
statistically different in allocentric/place
learners and egocentric/response learners (U =
1. 134, p = 315; U = -1. 443, p = .2,
respectively). The density of GFAP+ astrocytes
were also not statistically different in the DG
between the groups (U =-1. 701, p =.109) but
a significant difference emerged between the
groups in the CAL subfield (U = 2.193, p =
.032): egocentric/response learner subjects had
a higher density of GFAP+ astrocytes in CAl

(Mdnege = 0.0030/100 pum?,  Mdnaie =
0.0022/100 pm?) than allocentric/place
learners.
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When the glial cell densities were compared
with the T-Maze performance, the density of
Ibal+ microglia were not significantly
correlated with the total number of training
trials, the max. number of consecutive correct
choices and duration to complete the probe trial
(For the DG: r =-514, p =.106; r=-241,p =
AT75; r =-418, p = .230, respectively. For the
CAl:r=.499,p=.208;r=-332,p=.422;r =
.611, p =.145, respectively.)

The GFAP+ astrocyte density in the CAl
hippocampal  subfield,  however,  was
significantly negatively correlated with the total
number of training trials (r = -.664, p = .036),
and duration to complete the probe trial (r = -
761, p = .017) but not with the maximum
number of consecutive correct choices (r =
419, p = .228). But this relationship was
subfield specific as we did not observe a
significant relationship between DG GFAP+
astrocyte density and the total number of
training trials, the max. number of consecutive
correct choices and duration to complete the
probe trial in T-Maze (r = .218, p = .520; r =
188, p =.579; r =.130, p = .720).

Microglia and astrocyte  densities in
hippocampal subfields were also compared
with the FST parameters of immobility duration
and headshake frequency. Irrespective of the
hippocampal subfields, Ibal+ microglia density
was not significantly correlated with either of
the immobility duration and headshake
frequency (For the DG: r = -.561, p =.072; r =
177, p =.602, respectively. For the CAL: r = -
423, p=.297; r=.276, p = .508, respectively.)
In terms of GFAP+ astrocytes, we detected a
marginally significant negative correlation with
DG GFAP+ cell density and the headshake
frequency on the 2" day of FST (r = -. 596, p =
.053) but not with duration of immobility (r =
478, p =.137). CA1 astrocyte density was not
correlated with either of the headshake
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frequency or duration of immobility (r = .053,
p =.884; r=.296, p = .406).

Discussion

The present study investigated the relationship
between learning in a T-maze that is open to
solution through multiple learning strategies
and behavioral despair as measured by
immobility on the second FST day. Microglia
and astrocyte cell densities were calculated for
different hippocampal subfields also as the glial
cells as cell types and hippocampus as a brain
region is thought to play sophisticated roles in
mood and cognition [29].

The results can be briefly summarized as
follows. In terms of behavioral efficacy, both
egocentric and allocentric strategies were
comparable. Overall, the faster the rats reached
learning criterion, the faster they also
completed the probe trial used to classify them
as egocentric and allocentric learners. The
egocentric and allocentric learners did not
exhibit differences in terms of their immobility
scores on FST day 2. Nonetheless, a positive
relationship between the number of consecutive
correct trials and immobility on FST day 2
emerged from our analysis indicative of a
tendency to remain more immobile in animals
that learned the T-maze task more effectively.
This relationship becomes more meaningful in
light of the marginally significant relationship
between the learning trials required to reach
criterion and the number of consecutive correct
trials before animals reached the criterion. As
alluded to before also, reaching learning
criterion earlier was associated with faster
completion of the probe trial. Overall, the
behavioral results indicate that the better the
animals learn the T-maze, the more immobile
they tend to remain on FST day 2.

At the anatomical level, microglia counts in
hippocampal CA1 and DG subregions did not
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show any relation to learning while astrocyte
counts appeared to be higher in the CAL region
of the egocentric learners but not in the DG
subregion. Interestingly, CAL astrocyte counts
overall showed a negative correlation with the
total number of training trials required to reach
learning criterion and duration to complete
probe trials. In other words, astrocyte numbers
in CAl are associated with better learning
performance. DG astrocyte on the other hand
showed a negative correlation with the number
of headshakes, an index of struggling behavior
in FST [30].

The multiple memory systems hypothesis poses
that different memory systems can cooperate or
compete for the solution of a particular
cognitive task [31]. The T-maze task utilized in
the current study could be solved in two ways:
1) by formation of a cognitive map, a strategy
largely dependent on the hippocampus and 2)
by learning a set of response sequences taking
the organism as a reference point that is largely
dependent on the striatum. The former strategy
is referred to as the allocentric strategy while
the latter is referred to as the egocentric strategy
[31]. The current study suggests that both
strategies can result in comparable behavioral
performance as apparent from the lack of
differences in the acquisition rates of both
egocentric and allocentric learners.
Intriguingly, egocentric and allocentric learners
did not differ in their level of immobility in FST
day 2. This result has some phenomenological
implications. Human clinical literature suggests
that patients with major depressive disorder
have smaller hippocampal volumes [22, 23]
along with functional hippocampal alterations
[24]. From the perspective of multiple memory
systems theory, the compromised system would
not be able to compete for expression with the
intact system [32]. Complementing this, stress
exposure, a major risk factor for depressive
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disorder, in animals bolsters egocentric
strategies [33]. The absence of differences in
immobility in FST day 2 casts doubts about the
serviceable function of FST as an animal model
of depression. Just to the contrary, the rats that
possessed higher efficacy in their learning in
the T-maze tended to display higher immobility
during FST day 2. These results are more fitting
with the notion that immobility during FST day
2 reflects a learning phenomenon [10] rather
than a state of behavioral despair. Indeed, De
Pablo and colleagues [17, 34] have found that
post-FST1 anisomycin treatment that interferes
with the protein synthesis; hence the
consolidation of learning [35] was associated
with a reduction in immobility during FST day
2. The so called short term ameliorating effects
of antidepressants [36] on FST day 2 might
actually be related to the fact that acute
antidepressants have the potential to impair
cognitive functioning [37].

Our anatomical results are less straightforward
when it comes to interpretation. We did not
observe any relationship between CAl and DG
microglia counts with T-maze and FST
performances. Whether there are differences in
other regions is a question that awaits an
answer. Moreover, the absence of effects in this
study does not negate that hippocampal
microglia play crucial roles when it comes to
learning.  For  instance,  brain-derived
neurotrophic factors released from microglial
cells have been shown to be of critical
importance for spatial learning in the
hippocampus [25, 26]. On the other hand, the
pro-inflammatory responses of microglia,
which are hampered by the activation of
nicotinic acetylcholine receptors bearing o7
subunits [38, 39], have been shown to impair
cognition [40]. These findings actually support
the thinking that microglia population might
serve as a double edged sword when it comes to
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their effects on cognition and this very nature
might have masked the meaningful variances in
our studies.

While the role of the astrocyte population is a
multifaceted, their presence is not associated
with an undesired state such as inflammation
apart from traumatic brain injury related
astrogliosis [41] which does not occur in the
intact, normal brain. Some of their conventional
roles include providing metabolic support to
neurons and pH homeostasis (42) and
contribution to the neurovascular demands
[43]. Aside from the traditional roles known,
recent decades have shown that astrocytes play
a role in regulating synaptic communication
between neurons, releasing glutamate when
necessary [44]. This function is also regulated
by acetylcholine [45], a neuromodulator
intricately involved in cognitive functions [46].
Pabst and colleagues [47] have found that the
optogenetic activation of the septohippocampal
pathway recruits hilar interneurons through
astrocytes producing long-lasting
hyperpolarizations in the pyramidal neurons. In
line with the crucial roles of astrocytes,
astrocyte numbers in our study was related to
more efficacious learning in the t-maze. There
are two major culprits to the credibility of this
account though. One is the finding that CAl
astrocyte counts were higher in the CAl of
egocentric learners. The other pertains to the
absence of a relationship between astrocyte
counts and FST day 2 performance which we
are tempted to relate to memory of the FST day
1. Expecting a higher CA1 astrocyte count in
allocentric learners is a straightforward logic
and it is very plausible that astrocytes in CAl
play a crucial role in determining the glucose
balance between the hippocampus and the
striatum as these seem to be coordinated in
accordance with the memory system usage
[48]. The latter culprit pertaining to the absence
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of evidence for astrocyte involvement in
immobility during FST 2 might be explained by
the fact that FST involves a stressful learning
situation as evidenced by the natural tendency
of rodents to avoid water especially when it
threatens their thermoregulation [5]. In this
respect, differences might emerge in the ventral
hippocampal regions that are implicated in
stressful situations [49] and not studied in the
current set of experiments, which constitutes a
weakness. Another flaw pertains to our low
sample size. Nonetheless, seeing the effects we
saw despite the limited sample size points out
also to their strength. Future studies
implementing bigger sample sizes and utilizing
parametric statistics will yield a richer answer
to the exact cognitive mechanisms involved in
t-maze learning and how this relates to what is
being actually learned during FST.

As alluded to before, there is evidence to the
contrary to our studies. Treatments used to
prevent and/or ail depression in humans such as
environmental enrichment, electroconvulsive
shock, and REM duration are shown to
diminish immobility during FST day 2 [8].
However, false positive results with
psychostimulants, negative results with some
selective serotonin reuptake inhibitors, lower
immobility being related to lower defecation
rates as reviewed by Armario in 2021 [5] pose
a challenge to the view that FST immobility
reflects pure behavioral despair as well as
reduced immobility observed after inactivating
molecular learning switches using anisomycin
[17, 34]. Atesyakar and colleagues [50] have
found low cognitive competence to be
associated with increased immobility in FST
day 2, a finding that seem to contradict our
findings. Nevertheless, the discrepancies might
be explained by the availability of different
cognitive strategies in solving the cognitive
tasks. For instance, the radial arm maze task
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implemented by Atesyakar and colleagues [50]
is typically solved using allocentric strategies
rather than egocentric strategies [51] while the
T-maze configuration used in our studies
provide more liberty to the animals [e.g., 31].
In conclusion, our studies support the notion
that FST day 2 immobility is mainly a reflection
of memory mechanisms while they do not rule
out other factors such as behavioral despair and
coping strategies. It is hoped that more detailed
future studies will shed light on the exact
contribution of these different mechanisms to
immobility in FST.
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ABSTRACT

Aim: To investigate the bisphenol A (BPA) levels, which may be a risk factor in the etiology of
endometrioma, in patients diagnosed laparoscopically with endometrioma with and without bowel
involvement.

Method: In the prospective cross-sectional case control study, 47 cases were included in the study, which were
admitted to the gynecology and infertility services with and without bowel involvement endometrioma who
were operated and diagnosed histopathologically. 43 patients were included in the control group. For serum
BPA value, blood samples taken immediately before the operation were studied in laboratory. Patients and
controls were compared with controls in terms of serum BPA values.

Results: The mean age of the patients was 35 + 2 in the endometriosis group and 36 + 2 in the control group
which was and not statistically significant. There was no statistical difference between the patient and control
groups in terms of menstruation periods. Serum BPA levels were significantly higher in the bowel involvement
group compared to the non-bowel involvement group, as the distribution width was higher due to excessive
values, and only 5 patients with bowel involvement did not reach statistically significant levels. Serum BPA
level was 108441132 ng/L in the endometriosis group and 269+99 ng/L in the control group which was
statistically significant (p<0,001).

Conclusions: BPA levels were showing very wide range especially in the patient group. Serum BPA levels
was statistically significantly higher in the endometrioma group compared to the control group. Therefore, in
the etiology of endometriosis BPA may take a definite place.
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Introduction

Endometriosis is a chronic inflammatory
disease characterized by the endometrial gland
and stroma outside the endometrium [1]. Its

subfertility and cause 30-50% infertility and
10-15%  morbidity  in  premenopausal
reproductive women [2]. Even if endometriosis
is a benign gynecological disease, it carries a
risk of epithelial ovarian cancer [3]. Although
endometriosis is classified as genital and
extragenital [4], the most common position of
extragenital endometriosis is the bowels [5,6].
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Where there is still conflicting information
about its prevalence, pathogenesis, natural
course, and optimal treatment, and today it is
believed that environmental toxins may also be
one of its pathogenesis.

Environmental toxins that induce the
dysregulation of hormone systems that regulate
reproductive, cardiovascular, neurological and
immune processes in humans are called
endocrine-disrupting chemicals (EDC) [7].
People exposed to EDCs have been shown to
have an increased risk of developing diseases
such as cancer, diabetes, obesity, infertility [8-
12]. Bisphenol A (BPA); is one of the
commonly used EDCs [13]. 70% of the
produced BPA is used in polycarbonate plastics
and 25% in epoxy resins [14], polycarbonates
are included in the structure of various plastic
products such as feeding bottles, tin cans, and
water bottles [15]. Epoxy resins, on the other
hand, are used for coating the inner surface of
metal cans used in the packaging of food and
beverages and different types of food transport
containers. If the process does not occur
correctly in constructing these packaging
materials, the migration of BPA-type resins and
reaction products to food is formed [16].
Considering that packaged convenience foods
are consumed very intensively in our age,
studies on substances that migrate from
packaging materials to food become important
for food safety and human health.

Due to its estrogen (E2)-like structure, BPA
shows estrogenic effects by binding to a-
receptors and weakly [-estrogen receptors
(ER) in vivo and in vitro environment [17].
Although BPA binds to nuclear estrogen
receptors with less affinity than 17 B-estrogen
(E2), it binds to non-nuclear estrogen receptors
with similar affinity as E2 [18]. BPA could act
as an anti-estrogen that blocks the estrogenic

39

response by competing with endogenous E2
[19] and showing an antiandrogenic effect by
binding directly to androgen receptors blocking
endogenous androgen activity [19,20].

In recent years, it has been known that BPA can
negatively affect the endocrine system even at
lower doses [21]. BPA taken by various means
is metabolized in the liver glucuronidation
pathway. BPA loses its estrogenic effect when
sulfated. The approximate half-life of BPA is 6
hours, and almost all of it is excreted in urine
within 24 hours. Although rapidly metabolized,
BPA could accumulate in tissues for a long time
and participate in the conjugation -
deconjugation cycle [22]. It is believed that
BPA is exposed to toxic effects, especially
during the fetal and neonatal period, when liver
detoxification enzymes are not yet developed,
and its effects are revealed through this period
[23].

One of the theories put forward to explain the
etiology of endometriosis, the cause of which is
not precisely known, is induction theory. This
theory suggests that some exogenous and
endogenous hormonal and biological factors
cause the transformation of undifferentiated
cells into endometrium tissue [24]. In vitro
studies have said that ovarian surface
epithelium has the potential to undergo
transformation to form endometriotic lesions in
response to estrogen [25]; prenatal exposure of
mice to BPA can reveal an EM-like phenotype
in female offspring [26]. The demonstration
that BPA exposure causes endometriosis-like
lesions has led to the hypothesis that BPA may
play a role in endometriosis pathogenesis.
Therefore, we wanted to shed light on whether
BPA can be included in endometrioma
pathogenesis by examining the serum levels of
BPA, which is an environmental toxin patient
with and without bowel involvement.
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Materials and methods

Study design

For this study, Clinical Ethics Committee
approval with the decision number 120/2017
was obtained from Health Sciences University
Ankara Dr. Zekai Tahir Burak Women's Health
Health Application and Research Center. Data
were obtained at gynecology clinics of the same
hospital, carried out from 2017 to 2018.

A total of 90 patients, 47 female patients and 43
healthy women aged 29-38, were included in
the study according to inclusion and exclusion
criteria (Table 1). The control group was
created from women who were admitted to our
hospital for routine follow-up or pap smear. The
endometrioma group was formed from people
who were diagnosed with endometrioma during
laparoscopy or laparotomy and reported
endometrioma as a result of the pathological
examination in their material.

Table 1. Inclusion and exclusion criteria.
Inclusion criteria Exclusion criteria

-Being between the | -Taking any  hormonal
ages of 29-40 medication in the last 6
-Getting written | months

consent -Having applied assisted
reproductive techniques in
the last 6 months
-Endometrioma  /
detected in USG
-Having dysmenorrhea /
dyspareunia
-Having
irregularity
BMI > 35

cyst

menstrual

The information of patients was obtained by
conducting a face-to-face interview. Body mass
index was calculated by measuring height and
weight during the hospitalization of patients.
The cases in the follicular phase of the
menstrual cycle and at the end of menstruation
were included in the study. Dyspareunia and
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dysmenorrhea were questioned. New onset and
non-recurrent pains were not considered
dyspareunia. Patients who described the new
onset of dysmenorrhea or pain for other reasons
were not included in the group. All patients in
control and endometrioma groups were
married. One patient in the endometrioma
group, despite being married for one year, did
not have children and was accepted as infertile.
Since this patient did not receive any hormonal
therapy, the patient was included in the
endometrioma group.

ELISA

After verbal consent was obtained from all of
the patients in the study group, 10 ccs of venous
blood were collected at the end of 8 hours of
fasting to evaluate serum BPA levels on the
morning of the operation. The blood taken was
immediately taken into a glass tube after being
centrifuged at 3000 rpm for 20 minutes. The
tubes were paraffinized and stored at -80 ° C
without exposure to any plastic material and
sunlight. BPA levels in serum were analyzed
with the sandwich ELISA detection method
following the instructions prepared by the kit
manufacturer (Pars BioChem NanjingG Pars
BioChem CO, LTD). In ELISA analysis,
samples were read in a Rayto microplate RT
2100 C reading device. The kits have a 50 ng /
L sensitivity, and the BPA threshold value was
accepted as 150-4000 ng / L.

Statistical analysis

The numerical data measured were presented as
mean and standard deviation (SD), median
(median), minimum and maximum values.
Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to determine whether the numerical
values obtained from the measurement were
compatible with the normal distribution. Since
numerical values did not conform to the normal
distribution, data belonging to independent
groups were compared using the Mann-
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Whitney U test. Non-parametric Spearman
correlation analysis was used for correlations
between numerical values. Nominal or ordinal
data obtained by census were presented as
numbers and percentages. In statistical analysis,
p value below 0.05 was considered statistically
significant.

Results

47 age-matched female patients with
endometriosis and 43 healthy women were
included in the study as the endometrioma
group and control group. The mean age of the
endometrioma and control groups was 35 + 2
years, and no statistical difference was found
between them (p = 0.127) (Table 2)

maximum: 236-4450 ng / L), especially in the
endometrioma group (Table 2).

When patients with endometriosis with and
without bowel involvement were compared; it
was observed that there was no significant
difference between the two subgroups in terms
of age, menarche age and duration of
menstruation (p> 0.05 for each) (Table 3).
However, endometrioma size was found to be
significantly higher in patients with bowel
involvement compared to those without
involvement (p = 0.041) (Table 3).

Serum BPA levels were observed to be very
high in the group with bowel involvement
compared to the non-involvement group
(median values; 1805 ng /L and 464 ng/ L,

Table 2. Comparison of the characteristic features between the endometrioma and control groups.

Endometrioma group Control group P value
(n=47) (n=43)
Parameters
Median Median
Mean + SD (Min-Max) Mean + SD (Min-Max)

Age (Year) 35+2 35 (29-38) 35+2 35 (32-38) 0,127
Menarche age (Year) 12+1 13 (11-15) 13+1 13 (11-15) 0,001

Menstruation (Day) 6+2 6 (4-9) 6+1 6 (4-8) 0,739

Bisphenol A (ng/L) 1084 +£1132 488 (236-4450) 269 £ 99 233 (155-505) <0,001
Menarche ages of the endometrioma group was respectively), it was observed that the

found to be significantly lower than the control
group (p = 0.001) (Table 2). No statistically
significant difference was found between the
endometrioma and control groups in terms of
menstrual periods (6 + 2 days and 6 £+ 1 days,
respectively, p = 0.739) (Table 4).

Serum human BPA levels of the endometrioma
group (1084 + 1132 ng / L) were found to be
significantly higher than the control group (269
+ 99 ng /L) (p <0.001) (Table 2). BPA levels
showed a very wide range (minimum-
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difference between the two groups could not
reach a statistically significant level since
because the distribution was too high due to
extreme values and there were patients only 5
with bowel involvement (Table 3). However,
the size of endometrima was found to be
significantly higher in patients with intestinal
involvement compared to those without
involvement (p = 0.041) (Figure 1).

A weak negative correlation was found between
serum BPA level and patient age in the
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Table 3. Comparison of the variables for endometrioma group with and without bowel involvement.

Bowel Involvement (-) Bowel Involvement (+)
Parameters — Median = Median e
Mean + SD (Mean-Max) | Average £+ SD (Min-Max)

Age (Year) 3542 35 (29-38) 36+2 36 (33-37) 0,429

Menarche age (Year) 12+1 13 (11-15) 12+1 12 (11-13) 0,603

Duration of menstruation (Day) 6+2 6 (4-9) 5+1 6 (4-7) 0,390

Endometrioma (mm) 7+1 8 (5-9) 8+1 8 (8-9) 0,041

Bisphenol A (ng/L) 978+1071  |464 (250-4450) | 1973+1366 | 1805 (236-3950) 0,190

« b, AN

kg

BPA, nglL
BPA. ngit

00

10004

E

==

o

Endometrioma Control

Groups

Without

Bowel involvement

Without With

Bowel involvement

With

Figure 1. a) Graph of serum bisphenol A values of endometrioma and control groups. b) Graph of serum
bisphenol A values of endometrioma group with and without bowel involvement. ¢) Endometrioma size graph
of the endometrioma group with and without intestinal involvement.

endometrioma group (r=-0,307; p=0,036)
(Tablo 4). However, there was no significant
correlation between BPA and age in the control
group (p=0,413). No significant correlation was
found between serum BPA levels and menarche
age, menstrual duration, and endometrioma size
in both the endometrioma group and the control
group (p>0,05) (Table 4).

Discussion

In the world, 10-15% of women of reproductive
age are affected by endometriosis, and
endometriosis is considered a significant cause
of  morbidity [27]. Considering the
demographic characteristics, it is known that
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endometriosis is diagnosed in the reproductive
period [28] and that early menarche age is a risk
factor for endometriosis [29], and that
menstrual bleeding is prolonged. In the study,
the average age of endometrioma group with
endometriosis being in the reproductive period
and not being different from controls [30] and
the early menarche age compared to controls
[30, 31] are consistent with the literature. The
information that the duration of menstrual
bleeding is long in patients with endometriosis
[32] is not compatible with the result of the
study, but similar studies are encountered when
evaluated daily (6 days) [33].
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Table 4. Spearman’s correlation coefficients (r) and significance levels (p) between serum Bisphenol A level
and other variables in the endometrioma and control groups.

Groups Duration of Size of
Age Menarche age menstruation endometrium

r -0,307" 0,030 -0,206 0,070
Endometrioma | Bisphenol A

p 0,036 0,840 0,165 0,641

r 0,128 0,027 -0,012 -
Control Bisphenol A

o 0,413 0,862 0,939 -

Many risk factors have been identified for
endometriosis, such as genetics, age, race,
obesity, exposure to the hormone, and
environmental conditions. BPA is also
considered one of the most widely used
environmental factors today, and that can be
considered a risk factor in the formation of
endometriosis. Due to the E2-like nature of
BPA, it binds to a-receptors in vivo and in vitro
and weakly to [-estrogen receptors (ER),
demonstrating  estrogenic  effects  [17].
Although BPA binds to nuclear estrogen
receptors with lower affinity than 17 p-estradiol
(E2), it binds to non-nuclear estrogen receptors
with similar affinity to E2 [18]. BPA could act
as an anti-estrogen that blocks the estrogenic
response by competing with endogenous E2
and binding directly to androgen receptors [19],
blocking endogenous androgen activity and
showing an antiandrogenic effect [19,20]. In
recent years, it has been known that BPA can
negatively affect the endocrine system even at
low doses [21]. In our study, serum BPA levels
were significantly higher, although there was an
extensive distribution in the endometrioma
group. Although a weak negative correlation
was observed between serum BPA levels and
patient age in the endometrioma group, no
correlation was found between serum BPA
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levels and menarche age, menstrual duration,
and endometrioma size in the endometrioma
group and the control group. The detection of
the high amount of BPA in the serum of patients
with endometriosis in accordance with the
study of Cobellis et al. [34] suggests that BPA
is involved in the pathophysiology of
endometriosis. The difference of between
Cobellis et al. and the present study is BPA
analysis method. Cobellis et al. assessed serum
BPA levels by chromatography but our method
is ELISA.

The area that extragenital endometriosis most
commonly observed is the bowels [6] and 3.8-
37% of patients with endometriosis have bowel
endometriosis [35]. As the ethiopathogenesis of
intestinal endometriosis is  multifactorial
(retrograde menstruation, coelomic metaplasia,
lymphatic dissemination, etc.) [36], the bowel
contact of endocrine disrupting chemicals taken
with food gives BPA a position in terms of
pathogenesis. In our study, patients with
endometriosis with and without intestinal
involvement were compared; the size of
endometrioma was significantly larger in
patients with bowel involvement compared to
those without involvement. Serum BPA levels
were observed to be very high in the group with
bowel involvement compared to the group
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without involvement (median values; 1805 ng /
L and 464 ng/ L, respectively), measurement of
extreme values, too much distribution width,
and the presence of only five patients with
bowel involvement caused the difference
between the two groups to not reach a
statistically significant level. The high presence
of BPA, which enters the body with food intake,
in those with intestinal involvement is
significant in terms of the place where BPA is
absorbed into the body. Especially for the
endometrioma group with bowel
endometriosis, avoiding BPA may affect the
course of the disease. Our study is original in
terms of showing bowel involvement and
serum BPA values.

BPA taken in various ways is mainly
metabolized in the liver glucuronidation
pathway and loses its estrogenic effect when
BPA is sulfated. The half-life of BPA is 6
hours, and although it is rapidly metabolized,
BPA can accumulate in tissues for a long time
and be included in the conjugation-
deconjugation cycle. Although almost all of the
BPA is excreted in the urine in 24 hours [22],
high urinary BPA levels in patients diagnosed
with laparoscopic endometriosis [37], and
significantly higher total urinary BPA levels in
patients  diagnosed  with ~ non-ovarian
endometrioma [38] indirectly support the
results of our study. On the other hand, there are
other studies in the literature in which the
urinary BPA values in endometriosis were
examined, and no significant results were
obtained [39, 40]. However, the evaluation of
these studies in patients diagnosed with
endometriosis  radiologically limited the
discussion. Studies showing how exposure to
BPA causes changes in the organism shed light
on the pathophysiology of BPA endometriosis.
In the study in which BPA was given to an
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endometriotic animal model created by
injecting uterine tissue into the pelvis, and its
effects were examined, it has been shown that
BPA increased distal lesion volumes (300 and
900 ppm BPA), increased the number of atretic
and dead follicles (30, 300 and 900 ppm BPA),
activate estrogen receptor genes and disrupt
ovarian functions [41]. In another study
investigating the effects of BPA in the in
vitro endometriosis model, it was reported that
BPA showed agonistic activity against estrogen
receptor alpha and beta [42]. In another study
conducted to investigate the role of BPA in the
pathophysiology of endometriosis, it was
observed that high urinary BPA levels and high
thiobarbituric acid-reactive products were
associated with each other in women diagnosed
with endometriosis. It was stated that BPA
could achieve its effects by increasing oxidative
stress in the formation of endometriosis [43].
Since liver detoxification enzymes have not
developed yet, it suggests that exposure to the
toxic effects of BPA, especially in the
intrauterine and neonatal period, reveals the
effects of BPA through this period [44]. It has
been determined that BPA given to pregnant
Balb-C mice starting from the 1st day of
pregnancy and up to the 7th postpartum day
causes endometriosis-like structures in the
adipose tissue surrounding the genital areas of
the offspring. In addition, cystic ovary, cystic
endometrial hyperplasia, atypical hyperplasia,
and adenomatous hyperplasic structures were
seen more in animals exposed to BPA than
controls [26]. Although endometriosis is
diagnosed in the reproductive period, the fact
that the effects of BPA are shown as a result of
chronic exposure and through estrogenic
receptors does not change the fact that it creates
the primary pathology at a very early stage of
life.
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As a result of our study, endocrine disrupting
chemicals have gained importance regarding
the pathogenesis of endometriosis. The present
study is a clinical study but should been
supported the effects of BPA in experimental
studies, besides it should be investigate that
what is relationship between BPA and bowel
endometriosis. Studies aimed at enlightening
the pathogenesis of endometriosis could create
new treatment options and prevent infertility
and cancers due to endometriosis.
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ABSTRACT

Aim: To investigate the possible anticonvulsive effect of the selective COX-2 inhibitor meloxicam in
pentylenetetrazole (PTZ)-induced epileptic seizures in mice and to examine its possible role on inhibition and
excitation balance in the brain.

Method: 30 BALB-c albino mice (16-18 weeks old) weighing 30-33 gr were used. Animals were randomly
divided into five groups (n = 6 for each group). Group 1: control, group 2: received saline (10 ml/kg, i.p.) 30
minutes before PTZ (60 mg/kg i.p.) administration, group 3: received saline (10 mi/kg, i.p.) 30 minutes after
PTZ (60 mg/kg i.p.) injection, group 4: received 60 mg/kg meloxicam i.p., 30 minutes before PTZ (60 mg/kg
i.p.) administration. Group 5: received meloxicam (60 mg/kg i.p.) 30 minutes after PTZ injection (60 mg/kg,
i.p.). The animals were observed for 30 minutes and the seizure stages and first myoclonic jerk times (FMJ)
were recorded. After 24 hours, brain tissues were removed and the cortex and hippocampus were separated for
biochemical assessments. ELISA method was used to measure GABA and glutamate levels.

Results: Administration of meloxicam before PTZ induced seizure, reduced seizure stages and prolonged FMJ
duration (p<0.05). Pre-treatment with meloxicam increased GABA levels in the cortex and decreased
glutamate levels in the hippocampus (p<0.05). Post-treatment of meloxicam after PTZ-induced seizure
increased GABA levels in the hippocampus (p<0.05).

Conclusion: The results of our experimental study suggest that meloxicam has anti-convulsive effects and
these effects may be mediated by GABA and glutamate, which are the main indicators of inhibition and
excitation balance in the brain.
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the central nervous system [1]. Although many
studies have been conducted to understand the
underlying mechanism and to develop
pharmacological treatment, our knowledge
about the biological disorders that cause
epilepsy is limited [2]. Because of this deficit,

Introduction

Epilepsy is a short-term paroxysmal disorder of
brain function characterized by sudden,
abnormal and hypersynchronous discharges
and seizures observed in a group of neurons in

currently available anti-epilepsy treatment is
symptomatic and ineffective in 30% of cases
[3]. Therefore, more effective therapies should
be developed to target epileptogenesis. Various
molecular and cellular changes accompanying
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epilepsy include inflammatory processes in the
brain as well as inhibitory-stimulatory
processes and an imbalance in the antioxidant
system [4]. Studies aiming to elucidate the
processes that lead to epilepsy have suggested
that inflammation plays an important role both
as a cause and a consequence of seizure
development [5]. Additionally, several anti-
inflammatory drugs have been reported for
antiepileptic activities [6,7]. In contrast, there is
inverse evidence on the relationship between
inflammation and epilepsy [2]. Consequently,
further research is needed to understand this
relationship.

Cyclooxygenase-2 (COX-2) has received much
attention for its important role in the
development of various inflammatory
processes over the past two decades, and
therefore it involves in the formation of seizures
and the development of epilepsy. The COX
enzyme group consists of oxygenises that
convert arachidonic acid to prostaglandins
(PGs), which are pro-inflammatory mediators
as COX-1 and COX-2 [8]. While COX-1 is
mainly expressed in almost all tissue types,
COX-2 is an inducible isoform-inducible
enzyme that is primarily localized in immune
cells such as macrophages and leukocytes, and
it is upregulated in pathological conditions like
neuronal death and neuronal hyper-excitability
and is predominantly expressed in the brain [9].
In addition, COX-1 is thought to be involved in
the homeostatic production of PG while COX-
2 generally produces PGs related to
pathophysiological processes [10]. In this
context, COX-2 inhibitor drugs are used for
treatments to reduce inflammation in both acute
and chronic conditions [11]. In the past few
years, a serious research has been done on the
applicability of COX-2 as a treatment target in
various neuro-inflammatory diseases, including

epilepsy.
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The animal models for epilepsy have been
frequently used to examine the potentiality of
anti-convulsing effects of COX-2 inhibition
and its effect on seizure activity and
development. It has been observed that the
findings differ in different seizure and treatment
conditions. Meloxicam, a selective COX-2
inhibitor, is wused clinically to ease
inflammation, swelling, stiffness, and joint pain
that is associated with juvenile rheumatoid
arthritis, osteoarthritis, and rheumatoid arthritis
as part of class drugs called nonsteroidal anti-
inflammatory (NSAID)[2]. Meloxicam inhibits
prostaglandin biosynthesis in inflammation
through COX-2 inhibiting effect [12]. In
previous studies, meloxicam was observed to
increase the first myoclonic jerk (FMJ) time in
acute pentylenetetrazole (PTZ) epilepsy model
[13] and to reduce the levels of
myeloperoxidase and malondialdehyde and to
reintegrate the brain glutathione content [14].
Finally, in a study of kindling model epilepsy in
mice, meloxicam reduced inflammation and
oxidative stress, and thus it showed anti-
epileptic effects [15]. Therefore, for the first
time in this study, in PTZ-induced acute seizure
mouse model, we examined whether pre- and
post-treatment of meloxicam would affect
seizure susceptibility through GABAergic and
glutamatergic balance in the hippocampus and
cortex.

Materials and methods

Animals

Male adult BALB-c Albino 30-33 g mice (16-
18 weeks old) purchased from Sivas
Cumhuriyet  University were used for
experiments. The animals were placed in a
room with an ambient temperature of 22+3°C,
with a stable humidity between 35-60% and
with water and food ad libitum. All
experimental procedures were performed under
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Figure 1. Experimental design of the study (created with BioRender.com).

the guidelines of the Local Ethics Committee of
Sivas  Cumhuriyet  University  (Registry
Number: 65202830-050.04.04 dated
24.02.2020). The animals were acclimated to
laboratory conditions prior to the assay.

Chemicals

Pentylenetetrazole and meloxicam  were
dissolved in physiological saline. Solutions
were freshly prepared for the experiment days.
All chemicals used in the studies were of
analytical purity. All drugs were purchased
from Sigma-Aldrich Co., St Louis, MO, USA.

Experimental protocols

Thirty mice were randomly divided into five
clusters for behavioral and biochemical
evaluations (n = 6 for each groups). Group 1
was control, group 2 was given intraperitoneal
saline (10 ml/kg, i.p.) before 30 min PTZ (60
mg/kg 1.p.)[16,17], group 3 was given
intraperitoneal saline (10 ml/kg, i.p.) after 30
min PTZ injection (60 mg/kg i.p.), group 4 was
injected 60 mg/kg meloxicam i.p. before 30 min
PTZ (60 mg/kg i.p.), and group 5 was
administered 60 mg/kg meloxicam i.p. after 30
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min PTZ injection (60 mg/kg i.p.). To
determine seizure stages, the Racine convulsion
scale (RCS) was used as follows:
e Phase 0 = no response after PTZ
administration
e Phase 1 = short or long-term ear and
facial twitching
e Phase 2 = myoclonic body jerks and
severe myoclonic reflexes
e Phase 3 = clonic forelimb convulsions,
severe rearing-up on hind-legs and
transition to clonic seizure
e Phase 4 = short or long-term tonic clonic
seizures
e Phase 5 = Severe recurrent generalized
tonic-clonic seizures
e Phase 6 = lethal seizure/death
For 30 min., mice were observed both for
assessing seizure stage and recording the time
of the first myoclonic jerk (FMJ) with Phase 3
seizures [18]. Animals were sacrificed and the
hippocampus and cortex tissues were removed
for the assessment of biochemical parameters.
The experimental design is shown in detail in
Figure 1.
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Biochemical analysis of glutamate and
gamma amino butyric acid (GABA)

The cortical and hippocampal regions of brain
tissues were homogenized at (pH 7.4) in ice-
cold Phosphate Buffered Saline (PBS) solution
by using a manual homogenizer, and then they
were centrifuged at 12.000g for 10 min at 4°C.
The supernatants of the centrifuged
homogenates were removed. Mice ELISA
commercial kits (YL Biont, Shanghai, China,
detection range: 24.69-2000pg/mL) were used
to measure glutamate and GABA levels from
cortical and hippocampal  supernatants
according to the manufacturer's instructions. In
summary, standard and tissue samples were
added to the plate and were incubated for 60
minutes at 37°C. Following the wash stage,
staining solutions were added and were
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Groups

incubated for 15 minutes at 37°C. Stop solution
was added and it was read as 450 nm. To
determine the total protein content of samples,
Bradford method was used to optimize
outcomes from the hippocampus and
cortex[19].

Statistical analysis

The data were presented as mean + SEM
(standard error of the mean). For all data, the
one-way analysis of variance (ANOVA) with
Tukey post hoc comparisons test was used. The
criterion for the statistical significance less than
5% was accepted.

Results

The effect of Meloxicam on epileptic
behaviour

The epileptic seizure scores were significantly

Em Saline + PTZ
3 Meloxicam + PTZ

Groups

Figure 2A, B. The effect of Meloxicam on seizure stage and FMJ time
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Figure 3A, B. Effect of meloxicam on GABA levels. (A), Cortex (B), Hippocampus. Values are
presented as mean + SEM. **p<0.01 compared with control group. **p<0.01, ***p<0.001 compared
with saline+PTZ group. #p<0.01, ##p<0.001 compared with PTZ+saline group.
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lower in meloxicam+PTZ group by comparison
with the saline+PTZ group (p< 0.05). (Figure
2A).

The FMJ time was significantly higher in
meloxicam+PTZ group (1.44+0.03 min) by
comparison with saline+PTZ group (1.24+0.02
min) (p< 0.05). (Figure 2B). No seizure-related
death was observed in mice during PTZ -
induced acute seizure experiments.

The effect of Meloxicam on GABA levels in
cortex and hippocampus

In the cortex, there was no statistically
significant difference between saline+PTZ and
PTZ+saline group by comparison with control
group (0.52+0.04 8 nmol/g protein) (p>0.05).
On the other hand, there was a significant
difference between meloxicam+PTZ group
(0.69+£0.8 nmol/g protein) by comparison with
the saline+tPTZ group (0.43+0.01 nmol/g
protein) (p< 0.05). Otherwise, there was no
statistically significant difference between
PTZ+meloxicam and PTZ+saline group
(p>0.05) (Figure 3A). In the hippocampus,
GABA levels were significantly higher in
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PTZ+meloxicam group (1.69+0.20 nmol/g
protein) by comparison with the control
(1.08+£0.04 nmol/g protein) (p< 0.05) and
PTZ+saline (0.86+0.03 nmol/g protein)
(p<0.001) groups (1.23+0.04 nmol/g protein)
(p<0.01).

Furthermore, GABA levels were higher in
meloxicam+PTZ group (1.22+0.04 nmol/g
protein) by comparison with saline+PTZ group
(0.83+0.03 nmol/g protein) (p< 0.05).
However, no statistically significant difference
was found  between  PTZ+meloxicam
(1.62+0.16 nmol/g protein) and PTZ+saline
group in the hippocampus (p>0.05) (Figure
3B).

No seizure-related death was observed in mice
during PTZ-induced acute seizure experiments.

The effect of Meloxicam on glutamate levels
in cortex and hippocampus

In the cortex, no statistically significant
difference was found between saline+PTZ and
meloxicam+PTZ groups (p> 0.05). Similarly,
there was no statistically significant difference
between PTZ + saline and PTZ + meloxicam

Control

Saline + PTZ
PTZ + Saline
Meloxicam + PTZ
PTZ + Meloxicam

Hippocampus

Groups

Figure 4. Effect of meloxicam on glutamate levels. (A), Cortex (B), Hippocampus. Values are
presented as mean += SEM. **p<0.01 compared with control group. **p<0.01, ***p<0.001 compared
with saline+PTZ group. #p<0.01, #**p<0.001 compared with PTZ+saline group.
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groups (p> 0.05). Contrarily, glutamate levels
were significantly higher in the saline+PTZ
(1.82+0.04 nmol/g protein) and PTZ+saline
group  (1.82+0.05 by
comparison with the control group (1.13+0.03
nmol/g protein) (p< 0.01). Moreover, glutamate
levels were higher in the meloxicam+PTZ
group (1.75£0.20 nmol/g protein) by
comparison with the control group (p< 0.05).
However, in the cortex, no significant
difference was found in PTZ+meloxicam group
(1.62+0.16 nmol/g protein) by comparison with
the control group (p> 0.05) (Figure 4A). In the
Hippocampus, glutamate levels in saline+PTZ
(4.50+0.35 PTZ+saline
(4.88+0.12 protein)
PTZ+meloxicam groups (4.41+0.16 nmol/g
protein) were higher than the control group
(2.12+0.22 nmol/g protein) (p=0.0001).
However, glutamate levels in meloxicam+PTZ
group (2.42+0.25 nmol/g protein) were
significantly lower than saline+PTZ group (p<
0.001) (Figure 4B). In addition, there was no
statistically significant difference between
PTZ+saline and PTZ+meloxicam groups (p>
0.05).

nmol/g  protein)

nmol/g  protein),

nmol/g and

Discussion

In the present study, it is shown that
administration of meloxicam, a COX-2
inhibitor, before and after PTZ-induced acute
seizures in mice reduces seizure stages and
increases FMJ, and therefore it shows an
anticonvulsant activity. Preliminary
administration of meloxicam has increased
GABA levels both in the cortex and
hippocampus, and it has decreased glutamate
levels in the hippocampus. On the other hand,
administration of meloxicam after seizure
induction has no effect on glutamate levels, but
it has increased GABA levels in the
hippocampus. These findings suggest that the
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anticonvulsant activity of meloxicam in acute
PTZ-induced seizures in mice may be mediated
through the levels of GABA and glutamate, two
of the most important molecules in the
inhibition and excitation processes in brain.

In brain, COX-2 is expressed in discrete
neuronal populations, particularly in the cortex
and hippocampus [20]. In many reports, it has
been stated that COX-2 plays a significant role
in some neurological disorders such as
Alzheimer's disease [21], traumatic brain injury
[22], cerebral ischemia [23], and epilepsy [24].
The effect of COX-2 inhibitors on seizure type
and seizure activity may vary according to
different seizure and treatment conditions. Pre-
treatment with selective COX-2 inhibitors
nimesulide and rofecoxib for 45 minutes prior
to seizure induction has demonstrated the
diverse efficacy of COX-2 inhibitors in 3
different types of seizure models in mice. These
inhibitors have showed anti-convulsing
activities by increasing the mean onset time of
seizures and by reducing seizure duration in
bicuculline- and picrotoxin-induced seizures;
on the other hand, they have revealed no effect
in maximal electroshock-induced seizures [7].
It shows that the administration of the COX-2
inhibitor rofecoxib at 2 mg/kg and 4 mg/kg
increases the seizure threshold, but it does not
show that there are any anticonvulsive effects at
a low dose, and consequently, there is a dose-
dependent effect [25]. Pre-treatment with the
selective COX-2 inhibitor, celecoxib, also
shows the anticonvulsant effects in 60 minutes
before seizure induction in the PTZ-induced rat
model [26]. Similarly, in our study, pre-
treatment with  meloxicam shows the
anticonvulsant effect in 30 minutes before
seizure induction. Moreover, selective COX-2
inhibitor, etoricoxib, shows an anticonvulsant
effect both in PTZ-induced rat model and
genetic Wag/Rij absence epilepsy rat model.
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However, a number of studies suggest that pre-
treatment with COX-2 inhibitors could have a
proconvulsive effect [27,28].

Animal models of epilepsy, including PTZ-
induced acute seizures, are widely used to
identify molecules  with  anticonvulsant
potential and to investigate their efficacy. PTZ
exerts its convulsive effect by inhibiting the
GABAA receptor. Decreased GABAergic
activity and increased glutaminergic system
activity are shown as the most frequent causes
of seizures [29]. GABAA receptor and a ligand-
gated chloride channel mediate inhibitory
transmission at synapses. In the present work,
we have found that PTZ-induced epileptic
seizure activity decreases due to the pre- and
post-treatment with the COX-2 inhibitor
meloxicam. COX-2 mRNA and protein
induction, for the first time, have been revealed
in the hippocampus and cerebral cortex tissues
of rats in a seizure model induced by a
maximum electroconvulsive shock [20]. In the
same study, it is also shown that COX-2
induction is regulated by glutamatergic N-
methyl-D-aspartate (NMDA) receptor-
dependent synaptic activity. Several studies
have demonstrated that meloxicam prevents
ischemia-induced excitotoxicity by changing
the transcript levels of different genes of the
glutamatergic system, especially NMDA and
AMPA receptor subunits [30-32].

PGEZ2, the major product of COX-2, binds EP1
receptor with a higher affinity which is a
subfamily of G protein-coupled receptors
(GPCRs). It has been suggested that COX-2
inhibitors exhibit an anticonvulsant activity by
reducing PGE2 production and lead to a
decrease in EP receptor activation, and as a
result, they reduce calcium ion entry and the
release of the excitatory neurotransmitter
glutamate, thereby blocking seizures [33].
These findings are consistent with this current
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study in which meloxicam decreases glutamate
levels in the hippocampus. Activation of COX-
2 also increases oxidative stress by increasing
the production of free radicals. Increased
oxidative stress causes continuous apoptosis of
GABAEergic neurons, leading to an increase in
glutamate-mediated excitation in neuronal
network [34]. Selective COX-2 inhibitor, NS-
398, causes up-regulation in the expression of
GABAA receptors, thus, it prevents epileptic
seizures by reducing neuronal excitability via
MAPK/ERK pathway in hippocampus in
pilocarpine-induced status epilepticus in rats
[35]. Similarly, in our study, both pre- and post-
treatments with meloxicam have increased
GABA levels in the cortex and hippocampus.
The data suggest that meloxicam shows its anti-
convulsive effect by increasing GABAergic
activity with pre- and post- treatments and by
reducing glutamatergic activity in hippocampus
via pre- treatment.

Conclusion

In conclusion, meloxicam shows an anti-
epileptic effect on mice both in pre- and post-
treatments through GABA and glutamate in
PTZ-induced acute seizure models. However,
there is a need for further research to understand
the underlying mechanisms.

Funding: The author(s) received no financial
support for the research, authorship, and/or
publication of this article.

Conflict of Interest: The authors declare that
they have no conflict of interest.

Ethical statement:

All experimental procedures were performed
under the guidelines of the Local Ethics
Committee of Sivas Cumhuriyet University
(Registry Number: 65202830-050.04.04 dated
24.02.2020).



Sahin et al. / Exp Biomed Res. 2022; 5(1):48-57

Open Access Statement

This is an open access journal which means that
all content is freely available without charge to
the user or his/her institution under the terms of
the Creative Commons Attribution Non-
Commercial License
(http://creativecommons.org/licenses/by-
nc/4.0). Users are allowed to read, download,
copy, distribute, print, search, or link to the full
texts of the articles, without asking prior
permission from the publisher or the author.
Copyright (c) 2021: Author (s).

References
[1]Taskiran AS, Ergul M, Gunes H, et al. The
Effects of Proton Pump Inhibitors

(Pantoprazole) on  Pentylenetetrazole-
Induced Epileptic Seizures in Rats and
Neurotoxicity in the SH-SY5Y Human
Neuroblastoma Cell Line. Cell Mol.
Neurobiol. 2021;41(1):173-83.

[2]Rawat C, Kukal S, Dahiya UR, et al.
Cyclooxygenase-2 (COX-2) inhibitors:
future therapeutic strategies for epilepsy
management. J Neuroinflammation.
2019;16(1):197.

[3]Chen Z, Brodie MJ, Liew D, et al. Treatment
outcomes in patients with newly diagnosed
epilepsy treated with established and new
antiepileptic drugs a 30-year longitudinal
cohort study. JAMA Neurol.
2018;75(3):279-86.

[4]Borowicz-Reutt KK, Czuczwar SJ. Role of
oxidative stress in epileptogenesis and
potential  implications  for  therapy.
Pharmacol Reports. 2020;72(5):1218-26.

[5]Vezzani A, French J, Bartfai T, et al. The
role of inflammation in epilepsy. Nat Rev
Neurol. 2011;7(1):31-40.

[6]Dhir A, Naidu PS, Kulkarni SK.
Neuroprotective effect of nimesulide, a
preferential COX-2 inhibitor, against

55

pentylenetetrazol (PTZ)-induced chemical
kindling and associated biochemical
parameters in mice. Seizure.
2007;16(8):691-97.

[7]1Dhir A, Naidu PS, Kulkarni SK. Effect of
cyclooxygenase-2 (COX-2) inhibitors in
various animal models (bicuculline,
picrotoxin, maximal electroshock-induced
convulsions) of epilepsy with possible
mechanism of action. Indian J Exp Biol.
2006;44(4):286-91.

[8]Takemiya T, Suzuki K, Sugiura H, et al.
Inducible brain COX-2 facilitates the
recurrence of hippocampal seizures in
mouse rapid kindling. Prostaglandins Other
Lipid Mediat. 2003;71(3-4):205-16.

[9]Zhang J, Goorha S, Raghow R, et al. The
tissue-specific, compensatory expression of
cyclooxygenase-1 and -2 in transgenic mice.
Prostaglandins  Other  Lipid  Mediat.
2002;67(2):121-35.

[10] Kulkarni SK, Dhir A. Cyclooxygenase in
epilepsy: From perception to application.
Drugs of Today. 2009;45(2):135-54.

[11]Loscher W, Klitgaard H, Twyman RE, et al.
New avenues for anti-epileptic drug
discovery and development. Nat Rev Drug
Discov. 2013;12(10):757-76.

[12] Edfawy M, Hassan MH, Mansour A, et al.
Meloxicam modulates oxidative stress
status, inhibits prostaglandin E2, and
abrogates apoptosis in carbon tetrachloride-
induced rat hepatic injury. Int J Toxicol.
2012;31(3):276-86.

[13] Darvishi H, Rezaei M, Khodayar MJ, et al.
Differential effects of meloxicam on
pentylenetetrazole- and maximal
electroshock-induced convulsions in mice.
Jundishapur J Nat Pharm Prod. 2017;12(2).
e.36412.

[14]Hakan T, Toklu HZ, Biber N, et al. Effect of
COX-2 inhibitor meloxicam against


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0

Sahin et al. / Exp Biomed Res. 2022; 5(1):48-57

traumatic brain injury-induced biochemical,
histopathological changes and blood-brain
barrier  permeability. Neurol Res.
2010;32(6):629-35.

[15]Elgarhi R, Shehata MM, Abdelsameea AA,
et al. Effects of Diclofenac Versus
Meloxicam in Pentylenetetrazol-Kindled
Mice. Neurochem Res. 2020;45:1913-19.

[16] Akkaya R, Karabulut S, Taskiran AS.
Investigation of the effect of REM sleep
deprivation on epileptic seizures caused by
pentylenetetrazole in mice. Exp Biomed
Res. 2020;3(3):149-56.

[17]Li B, Wang L, Sun Z, et al. The
Anticonvulsant Effects of SR 57227 on
Pentylenetetrazole-Induced Seizure in Mice.
PL0S One. 2014;9(4):93158.

[18] Racine RJ. Modification of seizure activity
by electrical stimulation. I. After-discharge
threshold. Electroencephalogr Clin
Neurophysiol. 1972;32(3):269-79.

[19]Ernst O, Zor T. Linearization of the bradford
protein assay. J Vis Exp. 2010;(38):1918.

[20] Yamagata K, Andreasson KI, Kaufmann
WE, et al. Expression of a mitogen-inducible
cyclooxygenase in  brain  neurons:
Regulation by synaptic activity and
glucocorticoids. Neuron. 1993;11(2):371-
86.

[21]Melnikova T, Savonenko A, Wang Q, et al.
Cycloxygenase-2 activity promotes
cognitive deficits but not increased amyloid
burden in a model of Alzheimer’s disease in
a sex-dimorphic pattern. Neuroscience.
2006;141(3):1149-62.

[22] Cernak I, O'Connor C, Vink R. Activation of
cyclo-oxygenase-2 contributes to motor and
cognitive dysfunction following diffuse
traumatic brain injury in rats. Clin Exp
Pharmacol Physiol. 2001;28(11):922-25.

[23] Nakayama M, Uchimura K, Zhu RL, et al.
Cyclooxygenase-2 inhibition  prevents

56

delayed death of CA1 hippocampal neurons
following global ischemia. Proc Natl Acad
Sci U. S. A. 1998;95(18):10954-59.

[24] Vezzani A, Granata T. Brain inflammation
in epilepsy: Experimental and clinical
evidence. Epilepsia. 2005;46(11):1724-43.

[25] Akula KK, Dhir A, Kulkarni SK. Rofecoxib,
a selective cyclooxygenase-2 (COX-2)
inhibitor increases pentylenetetrazol seizure
threshold in mice: Possible involvement of
adenosinergic mechanism. Epilepsy Res.
2008;78(1):60-70.

[26]Oliveira MS, Furian AF, Royes LFF, et al.
Cyclooxygenase-2/PGE2 pathway
facilitates pentylenetetrazol-induced
seizures. Epilepsy Res. 2008;79(1):14-21.

[27]Jeong KH, Kim JY, Choi YS, et al. Influence
of aspirin on pilocarpine-induced epilepsy in

mice. Korean J Physiol Pharmacol.
2013;17(1):15-21.
[28] KunzNote T, Oliw EH. Nimesulide

Aggravates Kainic Acid-Induced Seizures in
the Rat. Pharmacol Toxicol.
2001;88(5):271-76.

[29]Li HH, Lin PJ, Wang WH, et al. Treatment
effects of the combination of ceftriaxone and
valproic acid on neuronal and behavioural
functions in a rat model of epilepsy. Exp
Physiol. 2021;106(8):1814-28.

[30]Montori S, Dos-Anjos S, Martinez-
Villayandre B, et al. Age and meloxicam
attenuate the ischemia/reperfusion-induced
down-regulation in the NMDA receptor
genes. Neurochem Int. 2010;56(8):878-85.

[31] Llorente IL, Burgin TC, Pérez-Rodriguez D,
et al. Unfolded protein response to global
ischemia following 48 h of reperfusion in the
rat brain: The effect of age and meloxicam.
J Neurochem. 2013;127(5):701-10.

[32]Montori S, Dosanjos S, Rios-Granja MA, et
al. AMPA receptor downregulation induced
by ischaemia/reperfusion is attenuated by



Sahin et al. / Exp Biomed Res. 2022; 5(1):48-57

age and blocked by meloxicam.
Neuropathol. Appl Neurobiol.
2010;36(5):436-47.

[33]Lin TY, Lu CW, Wang CC, et al
Cyclooxygenase 2 inhibitor celecoxib
inhibits glutamate release by attenuating the
PGE2/EP2 pathway in rat cerebral cortex
endings. J Pharmacol Exp  Ther.
2014;351(1):134-45.

[34] Dhir A, Naidu PS, Kulkarni SK. Effect of
naproxen, a non-selective cyclo-oxygenase
inhibitor, on  pentylenetetrazol-induced
kindling in mice. Clin Exp Pharmacol
Physiol. 2005;32(7):574-84.

[35]Zzhang HJ, Sun RP, Lei GF, et al.
Cyclooxygenase-2 inhibitor inhibits
hippocampal synaptic reorganization in
pilocarpine-induced status epilepticus rats. J
Zhejiang Univ Sci B. 2008;9(11):903-915.

57



Exp Biomed Res 2022; 5(1): 58-72
Doi: 10.30714/j-ebr.2022173851

Experimental Biomedical Research Original article

The variation of 5'-carboxycytosine localization within the nucleus of normal and

cancerous cells
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ABSTRACT

Aim: Cytosine modifications are the common epigenetic marks during cellular processes. The pattern of
cytosine modifications varies depending on the tissues and the developmental stages. The interactions within
the epigenome are complex, and co-existence of cytosine modifications provides understanding on their
collaborative or distinct functions. This study aims to disclose the intra-nuclear co-location of 5'-
carboxycytosine with other modified cytosine bases in normal and cancerous cells.

Methods: Co-localization patterns were assessed using an immunostaining protocol enhanced with enzyme
treatments, and microscope images were analyzed using Image J co-localization plug in.

Results: Findings showed that most of 5'-carboxycytosine is associated with oxidized forms of 5'-
methylcytosine; however, some extent of individual localization was detected following different antigen
retrievals.

Conclusion: These suggest that antigenicity reveals variation in the detection of the co-existence of cytosine
modifications. The spatial organization of chromatin may be expected to affect this variation and it needs
further investigation.

Key words: Epigenetics, cytosine modifications, immunofluorescence, co-localization, cancer.
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Introduction

Epigenetic mechanisms are involved in the
regulation of gene expression. The mechanisms
include reversible chemical modifications of
histone proteins and DNA. DNA methylation
occurring on cytosine bases (5'-methylcytosine,
SmeC or 5mC) is a well-described
modification. DNA methylation has been
shown to be associated with gene regulation in

development and alterations in its pattern were

be removed from methylated cytosines during
the preparations for DNA repair machinery, and
the methylation mark has been erased gradually
by the conversion of methyl to other chemical
groups, such hydroxyl and formyl [4, 5]. These
oxidized forms of cytosine methylation
(5hmC),
formulation (5fC) and carboxylation (5caC)

including hydroxymethylation
catalyzed by Ten-Eleven-Translocation (TET)
enzymes, are supposed to be intermediates of
active demethylation process in particular
during DNA repair [6-8]. Additionally, there is
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an increasing evidence revealing the potential
the
regulation of gene expression as well [9-11].

function of these modifications in
The patterns of cytosine modifications have
been found to change in tissue-specific manner
and also during different steps of development
[12-18]. The findings that show the patterns of
cytosine modifications are likely associated
with disease progresses support their biological
significance.

Immunofluorescence is a powerful tool to
reveal both quantitative and qualitative profile
of The

organization of modifications within the nuclei

cytosine modifications. spatial

can be assessed, and co-existence patterns of

by
This
provides understanding whether there are

modifications are also evaluated

fluorescence-based microscopies.
complex interactions between modifications
suggesting their co-function during cellular
processes. This study aimed to reveal the co-
localization of 5'-carboxycytosine (5caC) with
SmeC, 5hmC and 5fC in cancer and normal
the
immunofluorescence protocol with different

cells  using newly  developed
antigen retrieval approaches. Antigen retrieval
is one of the most important steps in
immunostaining of DNA epitopes as it utilizes
the accessibility of DNA epitopes (i.e. cytosine
modifications) to be labelled by the specific
antibodies. The usual application for antigen
retrieval is acid treatment; however previous
studies showed that acid treatment alone did not
unmask some extent of methylated cytosines
and also other modifications from protein
content [19-22]. The protocol was enhanced
with the additional use of trypsin and pepsin
that different

activities [19, 20]. The sequential treatment of

enzymes have proteolytic
cells with acid, trypsin and pepsin revealed
of

modification. But amount of the epigenetic

increased amounts staining in each
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marks is not the only parameter that is supposed
be
improvements. This study aims to disclose the

to altered  after  methodological
intra-nuclear co-location of 5'-carboxycytosine
with other modified cytosine bases in normal
and cancerous cells. In this study, the new
immunostaining protocol further showed that a
majority of 5caC (more than 70%) was co-
localized with SmeC, ShmC or 5fC in the cells.
But antigen retrievals with additional enzyme
treatments provided a significant amount of
5caC that

cytosine methylation in normal cells. The co-

independently localized from
existence pattern of 5caC with 5fC was not
affected using acid and/or enzymes in normal
cells, whereas it was significantly changed after
the treatments with enzymes in both cancer
cells. Therefore, 5caC’s localization within the
nucleus highly depends on solvent-exposure of
regions of carboxymethylated cytosines in
cells, and the detection of immune-localization
of DNA modifications is highly associated with
three-dimensional structure of chromatin-DNA
complex that is organized within the chromatin
layers with different response to enzymatic
reactions. These findings suggest that classical
immunofluorescence protocol with acid use
the
localization of 5caC with other cytosine

alone can likely overestimate co-
modifications depending on the cell type.
Therefore, technical limitation can prevent the
detection of 5caC that is separately located

within the cell nucleus.

Materials and methods

Cell culture

CF-1 embryonic fibroblasts (American Type
Cell Collection ATCC, Cat No SCRC-1040,
VA, US), AR42] pancreatic cancer cells
(ATCC, Cat No CRL-1492) and HeLa cervical
cancer cells (ATCC, Cat No CCl-2) were used.
Cells were cultured in DMEM (Wisent Inc., Cat
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No 319-005-CL, Quebec, Canada), RPMI
(Wisent, Cat No 350-000-CL) or in EMEM
(Wisent, Cat No 320-026-CL), respectively.
Complete media included 10% of foetal bovine
serum (FBS) (Capricorn Scientific GmbH, Cat
No FBS11-A, Ebsdorfergrund, Germany) and
1% streptomycin-penicillin (Wisent, Cat No
450-201-EL), and cells were cultured in
chamber slides (Ibidi GmbH, Cat No 81201,
Martinsried, Germany) at 37°C with 5% COx.
Immunostaining protocol

Cells were fixed and stained as described
previously [20]. The protocol briefly included
of fixed
retrieval, and incubations with primary and

permeabilization cells, antigen
secondary antibodies. Antigen retrieval (AR)
process included 4N hydrochloric acid (Merck
KGaA, Cat No 100319, Darmstadt, Germany)
alone or 0.25% trypsin-EDTA (Wisent, Cat No
325-043-EL) after acid or acid followed by
0.25% trypsin-EDTA and pepsin (Sigma
Aldrich Co., Cat No P7000, St. Louis, USA).
Acid was treated for 10 min at room
temperature (RT), and enzymes were treated for
1 min at 37°C. Pepsin concentrations used were
0.1 mg/ml, 0.5 mg/ml or 1 mg/ml as these
conditions were defined for each cell in the
study [20].
conditions for AR step are summarized in Table
l.

previous The applied pepsin

Table 1. Pepsin concentrations applied after acid
and trypsin for each co-localization in cells.

Co-localization
Cell 5¢caC and 5caC and 5caC and
S5meC 5hmC
5fC (mg/ml)
(mg/ml) (mg/ml)

CF-1 0.1 0.1 1
AR42] 0.1 0.1 0.1
HeLa N/A 1 1
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After pepsin treatment, cells were washed with
1xPBS (phosphate-buffered saline) (Biomatik,
Cat No A3602, Ontario, Canada) for 3 times.
Cells were blocked with 50 % goat serum at
4°C overnight followed by the treatment with
primary antibodies for 1) anti-SmeC (mouse
anti-SmeC; Active Motif Inc. Cat No 39649,
Carlsbad, CA) at 1:400 for 1 h at RT, 2) anti-
ShmC (rabbit anti-ShmC; Active Motif Cat No
39791) at 1:1000 overnight at 4°C, 3) anti-5fC
(rabbit anti-5fC; Active Motif Cat No 61223) at
1:1000 overnight at 4°C and/or 4) anti-5caC
(rabbit anti-5caC; Active Motif Cat No 61225)
at 1:1000 overnight at 4°C. Primary antibodies
1xPBS followed by
incubations with secondary antibodies (Alexa
488 mouse Abcam Cat No Abl50113,
Cambridge, UK, Alexa 488 rabbit Abcam Cat
No Ab150077 or Texas Red rabbit Abcam Cat
No Ab6719). Secondary antibody conditions
for each primary antibody were 1) 1 h at RT, 2)
1:1000 for 1 h at RT, 3) 1:1000 for 2 h at RT,
and 4) 1:1000 4°C overnight, respectively.
Cytosine methylation was also co-stained with

were washed with

MBDI1 protein (methyl-binding protein-1) in

mouse embryonic fibroblasts or with
mitochondria in MDA-MB-231 cell line
(ATCC, Cat No HTB-26). Anti-MBDI1

antibody was purchased from Abcam (Cat No
ab3753) and incubated at 4°C overnight after
the treatment with anti-5meC antibody.
MitoTracker Red CMXRos was purchased
from ThermoFisher Scientific (Massachusetts,
USA, Cat No M7512) and used at 400nM
within the culture media for 45 min at 37°C.
Cells  then fixed with 4%
paraformaldehyde (w/v) (ChemSolute, Th.
Geyer GmbH & Co., Cat No 8416-0500, and
Germany) for half an hour at room temperature

WEre

(RT), and visualized under the microscope.
Non-immune IgG antibodies for rabbit
(Abcam, Cat No ab172730) and mouse (Sigma,
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Cat No I8765) were used to show negative
staining. Representative green and red channel
images after treatment with non-immune IgG
are shown in Figure 1.

ShmC Non-specific IgG

5fC Non-specific IgG

Figure 1. Representative non-specific 1gG staining

in parallel with ShmC and 5fC staining in Hela
cells. Non-specific (non-immune IgG) treatment
did not reveal any detectable staining both in green
and red channels. Non-specific IgG control staining
was included in each immunostaining in this study

(not all data shown).

Co-localization analysis
Stained cells were visualized using a 40x
of the

microscope (AxioVert Al, Carl Zeiss, and

objective inverted fluorescence
Germany). Images were taken for both green
and red filters. Images from both channels were
analyzed using co-localization plug-in of Image
J software (NIH, US). The steps for co-
localization analysis briefly include 1)
subtraction of background, ii) conversion of
both images to 8-bit grey scale, and iii)
calculation of Mander’s overlap coefficient
using co-localization plug-in [23]. Co-existence
of modifications was represented by Pearson’s
correlation coefficient, Mander’s correlation
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(overlap) coefficient, M1 and M2 values.
Pearson’s correlation coefficient represents the
correlation between the intensities of two
signals (green and red in this study), and this is
a value between -1 (negative correlation) and
+1 (positive correlation). Mander’s correlation
coefficient indicates the co-localization level of
two signals within the nuclei and this parameter
is between 0 and 1. Values close to 1 indicate
high co-localization. M1 and M2 wvalues
represent split-coefficients for red and green
channels, respectively.

Statistical analysis

Statistical comparisons for co-localization
coefficients, M1 and M2 values were
performed using UNIANOVA (univariate
of variance) of SPPS
(Version 23). Significance levels used were
p<0.05 (*), p<0.01 (**), p<0.001 (***) and
p<0.0001 (****), Each
performed as triplicates and standard errors of

analysis software

experiment was

the mean (+/- s.e.m) were used to evaluate
of the
independent repeats.

deviation calculations between

Results

Evaluation of co-localization of different
epitopes

First of all, co-localization profiles were
examined using nuclear (including S5SmeC,
5hmC, MBDI-methyl-binding protein 1)
and/or extra-nuclear epitopes (a marker for
mitochondria) in different cell lines to interpret
the relationship between the co-localization
coefficient values, the co-localization plot
pattern and the actual co-staining. The
representative co-localization patterns show co-
localization plots of red (channel 1, X axes of
co-localization plot) and green (channel 2, Y
axes of co-localization plot) channels with co-
localization coefficients from high to low (from

up to down) (Figure 2A-F) and microscopy
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Figure 2. Examples of co-localisation profiles of two epitopes in different cell lines. A, B, C, D, E and F show

the representative co-localisation plots for correlation coefficients from high to low, respectively. a, b, ¢, d, e
and f show the representative microscopy images of individual and merged staining for A, B, C, D, E and F,
respectively. A (a), D (d) and E (e) show 5meC-5hmC co-staining in CF-1 cells, B (b) show SmeC-5hmC co-
staining in HeLa cells, C (¢) show SmeC-MBD1 co-staining in mouse embryonic fibroblasts (MEF), F (f)
show SmeC-mitochondria co-staining in MDA-MB-231 cells. Scale bar is 10 micron.

images of nuclei at each channel together with
the
throughout the nucleus (Figure 2a-f). The close
and high coefficient values (between 0.84 and
0.97) can indicate different co-localization than
each other (Figure 2A-E). For instance, some of
MBDI1 protein localized as distinct large foci
regions independently from DNA methylation
(5meC) (Figure 2c) that was represented by a
distinct population in red channel (Figure 2C).

merged images for co-localization

Similarly, some of 5meC existed within the
small foci that were not co-localized with
MBD1 (Figure 2c). But the general co-
localization value of those two markers is
around 0.9. Another example includes co-
staining of SmeC with a mitochondrial marker
for membrane permeability (Figure 2F, f). A
large population of SmeC within the cells was
not associated with mitochondrial staining as
represented by a distinct population in green
channel; however, there was a small yellowish
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region representing co-localization (Figure 2F).
Co-localization coefficient of 5meC and
0.7.  The

representatives suggest that the distribution of

mitochondria ~ was  around
the existence of two markers within the plots
can vary even if co-localization coefficients
were close to each other. Besides, the plots and
coefficients should be evaluated together with
merged images to conclude about the co-

existence profiles.

Co-localization of 5caC and SmeC

The majority of 5-carboxycytosine was found
to be co-localized with DNA methylation
(5meC) in both CF-1 and AR42J cells (Figure
3). In CF-1 normal fibroblast cells, the co-
existence of 5caC and 5SmeC was decreased
after enzyme use (p<0.001) in the antigen
retrieval step (Figure 3A -C). This suggests that
protein compounds which are acid-resistant but
enzyme-sensitive can result in overestimation
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Figure 3. The co-localisation of ScaC and 5meC in CF-1 and AR42]J cells. CF-1 cells (A-F) and AR42J (G-
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representative microscopy images (F, L). Bar graphs show +/- standard error of the mean of independent
triplicates. Scale bar is 10 micron. p<0.05 (*), p<0.01 (**) and p<0.0001 (****)

of the co-localization degree of S5caC and
SmeC. 68 % of SmeC was associated with ScaC
and around 52 % of 5meC was significantly
found to be independently from S5caC after
sequential treatment of cells with acid, trypsin,
and pepsin (p<0.05) (Figure 3D). However
almost 90%
methylated regions (Figure 3E), and this pattern

of 5caC was localized with

was not affected by the choice of antigen
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retrieval (p>0.05). Both 5caC and SmeC existed
within distinct focal regions within the nuclei,
and many of foci were stained for both (Figure
3F). In AR42]J cancer cells, the co-localization
value of 5caC with 5meC was above 0.8 after
HCI alone or followed by trypsin and pepsin
(Figure 3G, H). However,
treatment after acid resulted in a significant

only trypsin

decrease in the detection of co-localized 5meC
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and S5caC (Mander’s correlation coefficient
p<0.05, Pearson’s correlation coefficient
p<0.0001) (Figure 3H, I). Almost all 5SmeC’s
localization was associated with 5caC (Figure
3J), and all 5caC was co-localized with 5meC
as well (Figure 3K). The use of enzymes did not
result in a significant change in both M1 and
M2 values (p>0.05). Differentially from CF-1
cells, most of both 5SmeC and 5caC diffusely
localized within the nucleus (Figure 3L).

Co-localization of 5caC and 5ShmC

In CF-1 mouse embryonic fibroblasts, there
was no difference in Pearson’s correlation
between 5caC and ShmC, whereas analysis of
Mander’s correlation coefficient showed that
co-localization values were high (more than
0.85) and enzyme use improved the detection of
co-existence of ScaC with ShmC (p<0.01 for
each) compared to acid treatment alone (Figure
4A,-C). However, antigen retrieval did not
reveal a different pattern of M1 and M2 values
(Figure 4D, E). Only half of the ScaC was co-
localized with ShmC (Figure 4D) but almost all
ShmC was found to be co-localized with 5caC
(Figure 4E). 5caC and 5ShmC were found within
both diffuse and focal regions of nuclei (Figure
4F).
Pearson’s

In AR42] pancreatic cancer cells,
different,
Mander’s co-localization values were more

correlation was not
than 0.8, and each enzyme did reveal less co-
localized pattern of 5caC and ShmC (p<0.05 for
each) (Figure 4G-I). But enzymes did not
significantly affect M1 and M2 values as
around 70% of 5caC were co-localized with
ShmC throughout the nucleus (Figure 4J).
Almost all 5ShmC (99%) was found together
with 5caC (Figure 4K). Differentially from CF-
1 cells, both modifications existed within the
nucleus as diffuse pattern (Figure 4L). In HeLa
cells, trypsin treatment after acid resulted with
a decrease in the detection of co-localization
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(p<0.01 compared to acid alone, p<0.001
compared to enhanced retrieval with pepsin)
similar to Pearson’s correlation coefficient, but
all applications for antigen retrieval indicate
that the co-localization degree for 5caC and
ShmC was around 0.9 (Figure 4M-0O). The M1
value was decreased after the additional
treatment of acid with trypsin (p<0.01) but
pepsin after trypsin did not affect the detection
(»>0.05) (Figure 4P). In general, around 85% of
5caC was co-existed with ShmC (Figure 4P),
but almost all ShmC (98%) was co-localized
with 5caC in HeLa cells (Figure 4Q). Both
5caC and 5hmC were mostly organized as
diffuse pattern in the nuclei regardless of the
type of antigen retrieval used (Figure 4R).

Co-localisation of 5caC and 5fC

In CF-1 cells, 5caC and 5fC was highly co-
localized (more than 0.9) regardless of the use
of antigen retrieval (Figure SA-C). Similarly,
almost all 5caC within the nucleus were co-
localized with 5fC (Figure 5D), however
trypsin treatment revealed a significant amount
of 5fC (approximately 20%) that was not co-
localized with 5caC (p<0.05 compared to acid
alone, p<0.01 compared to the additional
treatment with pepsin) (Figure 5E). 5caC and
5fC were mostly diffuse within the nucleus but
some were localized in distinct focal regions
(Figure 5F). In AR42J cells, trypsin alone
(»<0.0001) and trypsin followed by pepsin
(»<0.001) revealed less co-localization of 5caC
with 5fC, but the average value was around 0.85
(Mander’s and Pearson’s correlations were
similar to each other) (Figure 5G-I). Half of
5caC was found to co-localized with 5fC after
sequential treatment of cells with acid, trypsin
and pepsin compared to acid alone (p<0.0001)
(»<0.0001) (Figure 5J)
whereas almost all 5fC was co-localized with

and with trypsin

5caC after any antigen retrieval application
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Figure 5. The co-localisation of ScaC and 5fC in CF-1, AR42J and HeL a cells. CF-1 cells (A-F), AR42]J (G-
L) and HeLa cells (M-R) include co-localisation dot plots of 5caC (red) and 5fC (green) after acid alone
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standard error of the mean of independent triplicates. Scale bar is 10 micron. p<0.05 (¥*), p<0.01 (**), p<0.001
(***) and p<0.0001 (*¥**%*),
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(Figure 5K). 5caC was diffusely localized but
5fC showed few focal accumulations within the
nucleus (Figure 5L). HelLa cells showed a
similar co-localization pattern with AR42]J cells
as the use of trypsin significantly provided
more independent localization of 5caC and 5fC
from each other (p<0.0001 compared to acid
alone, p<0.001 compared to acid, trypsin and
pepsin) (Mander’s and Pearson’s correlations
were similar to each other) (Figure 5SM-O).
Around 20% of 5caC was found to localize
independent from 5fC (Figure 5P), but a
negligible amount of 5fC (less than 1%) was
independently localize from 5caC (Figure 5Q).
Like the other cells, both modifications were
mostly found in diffuse staining but some foci
with 5fC accumulation were present within the
nucleus (Figure 5R).

Discussion

This study attempted to understand the variety
in the co-localization of 5'-carboxycytosine
with 5'-methylcytosine and its other derivatives
within the normal and cancer cells using a
newly developed immunofluorescence
protocol. Different antigenic retrieval methods
were used to reveal whether there was diversity
in the co-existence of cytosine modifications.
Immunostaining is an advantageous method for
in situ detection of DNA modifications;
however, it has some technical limitations in
terms of accessibility of DNA regions of
interest. Antigen retrieval is a crucial step in
immunostaining for DNA epitopes to remove
protein content around DNA. The standard
application for antigen retrieval of modified
the of
permeabilized cells with hydrochloric acid (1-
4N) [24-26]. Following acid treatment, the use

of trypsin alone or its sequential use with pepsin

cytosines  includes treatment

were shown to enhance the staining level of
cytosine modifications in normal and cancer
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cells [20-22]. Trypsin and pepsin are
proteolytic ~ enzymes  which  hydrolyze
hydrophilic and hydrophobic residues of

proteins, respectively. These enzymes were
used to target a diversity of proteins to be
removed around DNA. Chromatin is a complex
structure that composed of histones and DNA.
DNA
proteins and this increases complexity of spatial

1s also associated with non-histone

organization of DNA and proteins. Epigenetic
modifications can exist in euchromatic and
heterochromatic regions, and this pattern is
highly dynamic depending on the cell type and
the cellular activities [27-35]. The intra-nuclear
location of cytosine modifications therefore can
be associated with their functions. The lack of
complete antigen retrieval is problematic in

immunostaining  for  understanding  the
locations within nuclear compartments as well
as for measurement of the levels of

modifications. Although there is no antigen
retrieval strategy ensuring the complete binding
of each antibody for cytosine modifications,
enzyme treatments after acid that enhanced the
detectable level of these as previously shown
[20] did reveal the different patterns of co-
localization in this study. The co-pattern of
these modifications can suggest the associative
function of modifications or distinct
localization can indicate specific function of
modifications depending on cell type or/and
under specific conditions within the cells.
However, the limitations of the study include
the necessity for the higher resolution for
visualization through confocal microscopy.

The staining pattern of cytosine modifications
can vary in cells and also in developmental
stages. In this study, 5caC is co-localized with
5meC, 5ShmC or 5fC at around 76-92 % range
in the cells experienced (Table 2). Most of 5caC
with  ShmC

differentiated liver cells whereas it showed

was found to co-exist in
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Table 2. Summarised comparison of co-localisation of ScaC with SmeC, ShmC and 5fC in different cells after

various antigen retrieval

Co-localisation with SmeC Co-localisation with ShmC Co-localisation with 5fC
CELLS Mander’s coefficient | P MandEfr’s P Mande'r’s P
coefficient coefficient
HCl —0.90+0.022 |HClvsT(|) | HCI-0.85+0.080 | HClvs T (1) | HCl1-0.92 £0.036
CE-1 T-0.68+0.120 | p<0.01 T-0.91+0.060 | p<0.01 T-0.92 +0.050 2005
P-0.58+0.140 |HClvsP(]) P -0.93 £0.030 TvsP (1) P-0.92+0.023
Ave: 0.76 £ 0.170 p<0.01 Ave: 0.89+0.070 | p<0.01 Ave: 0.92 +£0.070
HCI - 0.89 £ 0.042 HCI —0.90 +0.044 HClvs T(]) | HCl —0.94£0.040 | HClvs T (})
T-0.83+£0.041 HClvs T (}) T- 0.84£0.060 | p<0.05 T-0.82+0.080 | p<0.0001
AR42J P—0.85£0073 | p<0.05 P- 0.84+0.080 | HClvsP(|) | P-086=0.050 |HClvsP(])
Ave: 0.86 £ 0.06 Ave: 0.86 £0.06 | 7<0.05 Ave: 0.88=0.080 | »<0.001
HCI-0.90+0.048 | HClvs T(]) | HCl —0.95+0.018 | HClvs T (})
Hela T-0.86+0.044 | p<0.01 T-0.89+£0.036 | p<0.0001
N/A P-0.91+0.330 TvsP (1) P-0.93+£0.036 | TvsP ()
Ave: 0.88 +0.050 »<0.0001 Ave: 0.92 +£0.040 | p<0.001

HCI: hydrochloric acid, T: trypsin, P: pepsin, Ave: average, | decrease, 1 increase

distinct location in hepatic progenitor cells [36].
However, in embryonic stem cells 5caC was
tend to co-localize with ShmC more than with
SmeC [37]. The level of co-existence decreased
with brain development in the mouse [37]. 5caC
and 5fC are mostly considered as temporary
and unstable modifications of cytosines during
stem cell development, but ShmC is thought to
be more persistent mark throughout the nucleus
[37-39]. The amounts of 5caC, 5fC and 5ShmC
were shown to gradually decrease by each DNA
embryos
implantation [17, 38]. Apart from the normal

replication in  mouse before
development process, the pattern of cytosine
modifications has been also shown to be altered
in cancer cells. In brain tumor cells, both 5ShmC
and 5caC were detected at significant levels and
those were also co-localized within the nucleus,
whereas HeLa cells were shown to not to have
detectable 5caC signal [40] suggesting that
5hmC and 5caC can be the epigenetic hallmarks
of tumors specifically developed from neural
stem cells. However, this study used only
standard acid treatment for antigenic retrieval
of both markers. Additional enzyme treatments
could enhance the staining performance. The
amount of 5caC in HeLa cells was detectable
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after any of antigen retrieval [20], and the
present study also confirms the presence of
5caC in HeLa cells. Trypsin did reveal more
content of 5caC independently localized from
ShmC and 5fC in these cells (represented by
decreased Mander’s co-localization
coefficients). In both HelLa and AR42J cells,
the detectable pattern of co-existence of ScaC
and 5fC was significantly changed after the
treatments with enzymes (Table 2). A decrease
in the co-localization of 5caC with 5meC was
detected
treatments compared to AR42J cancer cells. In

in normal cells after enzyme
contrast, 5caC’s co-localization with 5fC was
not affected by the use of different antigen
retrievals in normal fibroblasts. However,
pepsin treatment provided almost 40 % of
independent 5caC location from 5meC in CF-1
5caC’s

localization within the nucleus highly depends

normal fibroblast cells. Therefore,
on solvent-exposure of carboxymethylated
cytosines
existence along different chromatin regions

in normal cells suggesting its
with different sensitivity against acid and/or
enzymes (Table 2). These results can indicate
that the detection of immune-localization of

DNA modifications highly depends on three-
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Red-labelled

Figure 6. Staining pattern of 5caC after HCI and trypsin in CF-1 embryonic fibroblasts. CF-1 cells showed
heterogeneity in ScaC staining as some cells had predominantly diffuse staining (blue arrows) but some had

focal staining (yellow arrows).
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Figure 7. Staining pattern of SmeC and ShmC in CF-1 cells after different antigen retrievals. CF-1 cells
showed heterogeneity in SmeC and ShmC staining as some cells had predominantly diffuse staining (blue
arrows) but some had focal staining (yellow arrows).
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of chromatin-DNA
complex that is organized within the layers with

dimensional structure
different response to enzymatic reactions
(Table 2). In general, compared to cancer cells,
normal cells (mouse embryonic fibroblasts)
showed more heterogenicity in terms of focal
and/or diffuse staining of 5caC (Figure 6),
ShmC and 5meC (Figure 7).
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ABSTRACT

Aim: Gold nanoparticles (AuNPs) have many biomedical applications due to their unique properties (e.g.,
chemical stability, optical properties, biocompatibility, easy synthesizability, and multiple functionalizations).
This study aimed to synthesize two highly monodispersed and stable AuNPs of different sizes (AuNPy and
AuNPs), modified with polyethyleneimine (PEI) and polyethylene glycol (PEG), and systematically
investigate their toxicological effects on histological changes in the organs of BALB/c mice.

Methods: AuNPs (AuNP,, and AuNPso) were synthesized, and their surfaces were coated with PEI and PEG.
All necessary characterizations were performed. After the application of two different doses of intravenous
injections (IV) of the AuNPs (0.5 and 5 mg Au/kg), their toxicological effects and histological changes in the
various mice organs (e.g., liver, spleen, kidney, brain) were evaluated with multiple parameters 48 h post
injection. Fourteen days after a single high dose (5 mg Auw/kg) IV injection of AuNPs, transmission electron
microscopy (TEM) analysis was performed to reveal their ultrastructural effects in the liver of the mice.
Results: Stable and highly monodispersed AuNPs were synthesized successfully. Since the liver is the most
critical organ in nanotoxicological evaluations, changes in the parameters of AuNPs were shown to have
remarkable effects. Although there were no differences in the impact caused between the two AuNPs sizes,
the microstructure of the liver tissue treated with AuNP nanoparticles with PEI or PEG coatings was similar
to that observed in the control group. Microstructural histological changes in the other organs (e.g., brain,
kidney, and spleen) were relatively less than those found in the liver. The PEI and PEG surface coatings
generally increased the biocompatibility of the AuNPs. According to the TEM analysis data, apparent cellular
changes were observed after a long exposure period in the AuNP groups without an additional surface coating.
Although slight cellular alterations were observed in the AuNP groups coated with PEG and PEI the
morphology of the hepatocyte cells was generally healthy.

Conclusion: The surface coating of the AuNPs was a more decisive parameter than the size of the
nanoparticles in terms of in vivo histological toxicity. The stability, biocompatibility, and surface coating of
the AuNPs were critical parameters for potential nanoteranostic applications.

Key words: Gold nanoparticles, nanotoxicity, histopathology, polyethyleneimine, polyethylene glycol,
surface functionalization, mice.
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Introduction

Gold nanoparticles (AuNPs) have many
biomedical applications due to their unique
chemical, physical, and optical properties [1].
Nanocarrier systems have many advantages,
such as a large surface area, multiple
functionalization, and small sizes [2]. Because
of these superior features, AuNPs have been
widely preferred in biomedical research
with that

detection [3], biosensors [4], bio-imaging [5],

recently, applications include
photothermal therapy [6], drug delivery [7], and
DNA or RNA delivery [8, 9]. Also, to the
beneficial effects of nanomaterials, there is a
critical need to investigate the potentially toxic
effects of AuNPs in biological environments.
The method,

functionalization, biological exposure time, and

synthesis size, surface
concentration of nanoparticles are fundamental
parameters in nanotoxicological evaluations
[10].

In some cellular biology studies in which
AuNPs were used without additional surface
showed that the

nanoparticles often accumulated in larger

coating, the researchers

endosomes as aggregates. Although these
particles have primarily been evaluated as
biocompatible in terms of cellular toxicity,
small ones have been reported to reduce cellular
viability [11-13]. On the other hand, in some
cellular biology studies in which PEG-modified
AuNPs were used, the authors observed that the
particles were localized in smaller endosomes,
with consequent aggregation minimization and
increased particle uptake [14-16]. Again, PEI
modification of AuNPs has been shown to
increase the stability, biocompatibility, and
[17].
Previously, some in vivo studies have been

cellular uptake of nanoparticles

conducted to evaluate the toxicity and
histological effects of various AuNPs.
Researchers have reported that smaller
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nanoparticles cause more in vivo toxic effects,
such as the swelling of hepatocyte cells [18].
Different PEG-coated AuNPs have been shown
to reduce toxicity and increase stabilization and
circulation time in the blood [19]. However,
further in vivo studies are needed to determine
the histological effects of the different AuNPs
and their role in nanotoxicity.

This study aimed to synthesize two highly
monodispersed and stable AuNPs of different
sizes (AuNP2o and AuNPso) and modified with
polyethyleneimine (PEI) and polyethylene
glycol (PEG). Additionally, this study aimed to
systematically investigate their toxicological
effects on histological changes in the organs of
BALB/c mice.

Materials and methods

AuNP synthesis, surface functionalization,
and characterization

First, seed AuNPs (AuNP2o) were synthesized
and then used to synthesize AuNPs of average
size (AuNPso). For the production of AuNP2o, a
modified Turkevich synthesis method was used
[20]. After 100 ml, 0.25 mM of chloroauric acid
(H[AuCl4))
prepared, and trisodium citrate dihydrate
(Sigma-Aldrich Corp.) was added at a
concentration of 0.033% by increasing the
rotational speed of the boiling solution. After
the prepared seed AuNP solution was cooled, it

solution (Sigma-Aldrich) was

was centrifuged (Thermo-Scientific, MicroCL
21R) at 7,000 g for 30 min. Then, it was
dispersed in deionized water. Average-sized
AuNPs (AuNPso) were synthesized using the
seeding-growth method [21]. After 100 ml,
0.25 mM chloroauric acid solution was
prepared, and 2.4 ml of seed AuNPs were added
and mixed. Trisodium citrate was added in the
next step at a concentration of 0.15 mM, and 1
ml of 25 mM hydroquinone (Sigma-Aldrich
Corp.) solution was added and mixed for 10
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min. Then, the synthesized average-sized
AuNPs (AuNPso) were centrifuged at 7,000 g
for 30 min and dispersed in deionized water.
For the PEI functionalization of all the
synthesized AuNPs, a 2% PEI (Mw: 10,000—
25,000, Sigma-Aldrich Corp.) stock solution
was prepared. Then, it was added to the AuNPs
solutions at a 0.005% final concentration and
mixed [17]. After the PEI coating process, all
the AuNPs solutions were centrifuged at 7,000
g for 30 min and then dispersed in deionized
water. A 0.15 mM PEG-SH (Mw: 5,000,
Nanocs) solution was prepared for PEG
functionalization of all the synthesized AuNPs.
Then, 100 pl of the solution was added to each
ml of the synthesized AuNPs solution and
mixed. After the PEG coating, all the AuNPs
solutions were centrifuged at 7,000 g for 30 min
and then dispersed in deionized water.
Inductively coupled plasma mass spectrometry
(ICP-MS) measurements were applied (Perkin
Elmer ICP-MS, Nexion 300X) to precisely
quantify the amount of gold (Au) in all the
All  AuNPs
solutions were standardized to contain Au at 50

synthesized AuNPs solutions.

ug ml!' and 500 ug ml!' for subsequent animal
The synthesized AuNPs
characterized regarding zeta potential and size

studies. were
using a zeta sizer (Zetasizer Ultra-Malvern).
The surface plasmon resonance (SPR) spectrum
shifts were determined using a UV-visible
(Shimadzu  UV-1800).
Scanning electron microscope (SEM) images of
the AuNPs were taken (SEM-Zeiss Geminisem
500).

spectrophotometer

Animals

A total of 27 male adult BALB/c mice were
18) and
electron microscopy (TEM)

used for histological staining (n =
transmission
studies (n = 9). The animal procedures were

performed under the Istanbul Medipol
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University Institutional Animal Care and Use
(IMU-HADYEK, Approval
May 18, 2017/21).
histological staining, the AuNPs were dissolved
in 250 pl of sterile PBS (Sigma-Aldrich Corp.)
and injected in two different doses (0.5 and 5

Committee

date/number: For

mg Auw/kg) from the tail veins of the mice. In
contrast, all the AuNP groups were dissolved in
250 pl of sterile PBS again and injected as a
single dose (5 mg Au/kg) from the tail vein of
the mice for liver TEM studies. All mice were
allowed free access to drinking water and diet.
The cages were located in temperature-
controlled normal room conditions and a light-
dark period of 12 h.

General histological studies

Hematoxylin and eosin (H&E) staining was
performed to evaluate the general toxicological
effects of the various AuNPs groups on the
histological changes in the mice organs (e.g.,
liver, spleen, kidney, brain). All the necessary
organs were collected from the mice 48 h post
injection and fixed in 10% formalin solution
(Tekkim) to evaluate the toxicity of the AuNP
groups. The tissues were kept at 60°C in
increasing ethanol (Sigma-Aldrich Corp.)
series (from 70-100%) for the dehydration
process. Then, the transparency process was
applied with two xylene (Tekkim) exchanges.
The tissues were left at room temperature for 1
h. In the final step, all the tissue samples were

embedded in paraffin (Tekkim) blocks,
sectioned into 5 pum slices, and stained with
H&E (Bio-Optica) for histological
examinations.

TEM analysis of liver tissue

TEM analysis was conducted to reveal the
toxicological effects of different AuNPs groups
on the ultrastructural changes in the liver of the
mice in more detail. All liver tissue samples
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were collected from the mice 14 days post
injection. The tissues were rapidly dissected
and separated. A total of 1 ml of 2.5%
glutaraldehyde (Sigma-Aldrich Corp.) was
added to the tissue samples, and the fixation
procedure was applied in the ice for 4 h.
Glutaraldehyde was discarded after the fixation
process, and washing steps were applied three
times using sodium cacodylate trihydrate buffer
(Sigma-Aldrich Corp.). Then, the tissue
samples were post-fixed with 1% OsO4 (EMS)
for 1 h. The samples were treated with an
increasing acetone series (from 10-100%) for 5
min following the buffer-washing steps. The
tissue samples were then embedded using an
Epoxy-Embedding Kit (Sigma-Aldrich) and
kept for 24 h at 60°C. Ultrathin sections (50-60
nm thick) were taken from the liver tissue
samples (Ultramicrotome-Leica EM FC7) and
placed on copper TEM grids (EMS) for
imaging and histological examinations in the
final step.

Results

AuNP characterization

The main characteristic properties of the
synthesized AuNP groups are shown in Table
1. Highly monodispersed and stable AuNPs
were synthesized using the modified Turkevich

synthesis method and the seeding-growth
method. The size of the AuNPs increased
depending on the PEI and PEG coatings. Again,
the polydispersity index (PDI) values remained
below 0.2, with a high monodispersed level. It
was shown with these results that a highly
controlled and optimized protocol was applied.
The changes in UV-visible peaks depended on
the surface coatings for the seed- and medium-
sized AuNPs. After PEI functionalization, there
was a significant positive increase in zeta
potentials. On the other hand, the zeta potential
values remained negative after PEG
modification. The synthesis of highly
monodispersed and stable AuNPs was
confirmed according to the SEM images shown
in Figure 1. The PEI and PEG surface coatings
were visible for all surface-modified AuNP
groups. Additionally, the size measurements of
the AuNPs were verified based on the SEM
images.

General histological evaluations

H&E staining was performed to evaluate the
general toxicological effects of different
AuNPs groups in the mice organs (e.g., liver,
brain, kidney, spleen) after 48 h post injection.
All AuNP groups were administered to mice in
two different doses (0.5 and 5 mg Au/kg animal
weight) within the scope of general histological

Table 1. Main characteristic properties of synthesized gold nanoparticle groups.

AuNP Groups Hydrodynamic | Polydispersity | UV-visible peak | Zeta potential
diameter (nm) index (PDI) (nm) (mV)

AuNP»? 20.07+0.15 0.12 520 -49.55
AuNP2;-PEI 23.45+0.20 0.16 522 +32.20
AuNP24-PEG 24.82+0.30 0.18 523 -21.75
AuNPs 50.64+0.16 0.13 534 -36.16
AuNPs54-PEI 54.224+0.20 0.17 536 +29.15
AuNPs¢-PEG 56.45+0.30 0.19 538 -31.15
ASubscript represents the size of the AuNPs.
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Figure 1. SEM images of synthesized gold nanoparticles. (A) AuNPy. (B) AuNP2;3-PEL (C) AuNP»x4-PEG. (D)

AuNPs. (E) AuNPss-PEIL (F) AuNPse-PEG

The the
nanomaterials accumulate the most, is also

staining. liver, organ where
essential in nanotoxicity evaluations. Liver
tissues were the most affected tissues after a 48
h exposure period (Figure 2). The hepatocytes
and portal areas of the liver tissue had a regular
appearance in the specimens within the control
group (Figure 2 A).

After such a short-term exposure period to low
concentrations of AuNPs, minimal histological
changes (e.g., slightly degenerated hepatocytes
with hyperchromatic nuclei, low level of
lymphocyte infiltration, minimal increase in the
cell numbers of Kupffer, enlarged sinusoids)
in the liver tissues from
the

compared to the control group (Figure 2 B, C).

were observed
specimens  in experimental — groups
The microstructure of the liver tissue was
similar to the control group in the AuNP groups
containing PEI or PEG surface coatings (Figure
2 By, B3, Ca, C3), although the observed changes
did not depend on the AuNPs size. Liver

parenchyma tissue was similar to normal,
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especially in specimens treated with the PEI-
coated AuNP groups. The results were similar
when considering liver groups exposed to high
concentrations of AuNP groups (Figure 2 D, E).
On the other hand, microstructural histological
changes for the liver tissue were observed more
clearly due to short-term (48 h) AuNPs
exposure at high concentrations. Again, fewer
cellular degenerations were observed in the
AuNP groups with additional PEG or PEI
functionalization (Figure 2 D2, D3, E», E3) than
in the citrate-stabilized AuNP groups (Figure 2
D1, Ei), although there were few size-related
changes.

Microstructural histological changes observed
in other organs (e.g., brain, kidney, and spleen)
were relatively fewer than in the control groups
after the short-term (48 h) AuNPs exposure
period (Figure 3, 4, 5). Because of the blood-
brain barrier in the brain, no noticeable
histological alterations were observed after the
48 h exposure period to AuNPs. The results
for both  high

were similar
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AuNP-Citrate

Liver-Low dose (Small AuNPs)

Liver-Low dose (Medium AuNPs)

AuNP-Citrate

Liver-High dose (Small AuNPs)

Liver-High dose (Medium AuNPs)

AuNP-PEI

Liver-Control

AuNP-PEG

Figure 2. Histological evaluations of the AuNPs on the microstructural changes for the liver tissue in mice at 48 h
after two different doses (0.5 and 5 mg Au/kg animal weight) i.v. injection of gold nanoparticles. (A) Control.
(Figure B, C) Low dose. (Figure D, E) High dose. (B1), (D1) AuNP2o. (B2), (D2) AuNP23-PEL (B3), (D3) AuNP2s-
PEG. (C1), (E1) AuNPso. (C2), (E2) AuNPss-PEL (Cs), (Es) AuNPss-PEG. (H&E, 20% objective). Black fulled arrow:
hyperchromatic nucleus of hepatocytes, black circle: lymphocyte infiltration, black empty arrow: enlarged
sinusoids, red empty arrow: Kupffer cell, CV: central vein, S: Sinusoidal capillary, h: hepatocyte.

and low AuNPs Healthy
neuronal and glial cell morphologies and

concentrations.

typical axonal and dendritic structures were
observed in all AuNP groups (Figure 3).

No significant degenerations were observed in
the kidney tissue from specimens from any of
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the AuNP groups exposed to low and high Au
concentrations. The renal cortex, glomerulus,
and tubular structures generally had a healthy
morphology (Figure 4). In contrast, slightly
degenerated glomerular structures and slightly
enlarged tubules were observed in the citrate-
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Brain-Control

AuNP-Citrate AuNP-PEI AuNP-PEG

Brain-Low dose (Small AuNPs)

Brain-Low dose (Medium AuNPs)

AuNP-PEG

Brain-High dose (Small AuNPs)

Brain-High dose (Medium AuNPs)

Figure 3. Histological evaluations of the AuNPs on the microstructural changes for the brain tissue in mice at
48 h after two different doses (0.5 and 5 mg Awkg animal weight) i.v. injection of gold nanoparticles. (A)
Control. (Figure B, C) Low dose. (Figure D, E) High dose. (B1), (D1) AuNP2. (B2), (D2) AuNP2;:-PEL (Bs),
(D3) AuNP»4-PEG. (Cl), (E1) AuNPs. (Cz), (Ez) AuNPs4-PEL (C3), (E3) AuNPs6-PEG. (H&E, 40x% objective).
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Kidney-Control

AuNP-Citrate AuNP-PEI AuNP-PEG

Kidney-Low dose (Medium AuNPs) Kidney-Low dose (Small AuNPs)

AuNP-Citrate
e LW v

Kidney-High dose (Medium AuNPs) Kidney-High dose (Small AuNPs)

Figure 4. Histological evaluations of the AuNPs on the microstructural changes for the kidney tissue in mice at
48 h after two different doses (0.5 and 5 mg Au/kg animal weight) i.v. injection of gold nanoparticles. (A) Control.
(Figure B, C) Low dose. (Figure D, E) High dose. (B1), (D1) AuNP2o. (B2), (D2) AuNP23-PEIL (B3), (D3) AuNP2s-
PEG. (C), (E1) AuNPs. (C2), (E2) AuNPs4-PEL (C3), (E3) AuNPss-PEG. (H&E, 20x objective). G: Glomerular
structure, DT: Distal tubule, PT: proximal tubule, black empty arrow: degenerated glomerular structures, black
fulled arrow: enlarged tubules.
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AuNP-Citrate AuNP-PEI AuNP-PEG

Spleen-Low dose (Small AuNPs)

Spleen-Low dose (Medium AulNPs)

5pleen-High dose (Medium AuNPs) Spleen-High dose (Small AuNPs)

Figure 5. Histological evaluations of the AuNPs on the microstructural changes for the spleen tissue in mice at 48
h after two different doses (0.5 and 5 mg Au/kg animal weight) i.v. injection of gold nanoparticles. (A) Control.
(Figure B, C) Low dose. (Figure D, E) High dose. (B1), (D1) AuNP2. (B>), (D2) AuNP»3-PEL (B3), (D3) AuNP2s-
PEG. (C1), (E1) AuNPsp. (C2), (E2) AuNPs4-PEIL (Cs3), (E3) AuNPs¢-PEG. (H&E, 10% objective). WP: White pulp,

RP: Red pulp, black empty arrow: large macrophages.
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stabilized AuNP groups. No histological
changes were observed depending on the
particle sizes. The spleen is another vital organ
after the liver in terms of nanotoxicological
evaluations. White and red pulp structures with
regular appearances were generally observed
(Figure 5) after the exposure period to low
AuNPs concentrations. Lymphoid follicles

surrounded by large macrophages were
observed, especially in the citrate-stabilized
AuNPso group (Figure 5 C1). After exposure to
high AuNP concentrations in the AuNP groups
without additional surface coating, lymphoid
follicles were surrounded by large macrophages
(Figure 5 D1, E1). In contrast, in the groups of
AuNPs containing PEI and PEG surface
coating, spleen tissue morphologies were

evaluated as normal (Figure 5 Do, D3, Ea, E3).

Ultrastructural histological evaluations of the
liver

TEM analysis was performed to reveal the
effects of different AuNP groups on the
ultrastructural changes in the liver of the mice
in more detail on the 14th day after a single high
dose (5 mg Auwkg) intravenous injection of
AuNPs (Figure 6). Cellular structures were
evaluated as normal and healthy in the control
group (Figure 6A). In the AuNP groups, mainly
in the medium-sized AuNPs group without
additional surface coating, apparent cellular
changes (e.g., enlarged cisternae, degraded
granular or agranular endoplasmic reticulum,
deformed nuclei, mitochondria) were observed
after the long exposure period (Figure 6B, E).
Although slightly enlarged cisterna structures
were observed in the AuNP groups coated with
PEG and PEI, the morphology of the hepatocyte
cells was generally healthy (Figure 6C, D, F,
G). AuNPs clusters were observed again in the
cytoplasmic regions and within the cell nuclei
(as indicated by arrows).
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Discussion

Highly monodispersed and stable AuNPs were
synthesized using the modified Turkevich
synthesis method and the seeding-growth
method. The PEI and PEG
functionalization prevented the aggregation of

surface

the particles in the aqueous phase and made
them more stable. The chemical surface and
charge of the particles were also changed by the
optimal and successful surface modifications of
the AuNPs coated with PEI and PEG. With
such features, the behavior of the particles in
the biological environment was affected. There
was a significant positive increase in the zeta
potentials of the particles, especially after the
PEI coating. When AuNPs are positively
charged, they can easily and directly interact
with negatively charged molecules (e.g., RNA
and DNA). The advantage of effective potential
applications for DNA delivery or siRNA-based
gene silencing studies is offered with such an
interaction. In the literature, researchers have
shown that AuNPs with PEI surface coating are
highly effective as gene silencing agents by
conjugating with siRNA [22, 23].

Foreign molecules in the bloodstream are
recognized by reticuloendothelial system
(RES) components and are inactivated by being
transported to the liver and spleen in in vivo
biological environments. In particular, the liver
is the organ where the nanoparticles entering
the systemic circulation accumulate more
frequently. Therefore, the liver is a vital organ
that should always be considered in in vivo
nanotoxicological evaluations [24]. Also, the
spleen is an essential organ in the immune
system and lymphoid maturation. With the
assessment of liver and spleen cells, several
toxic effects of nanoparticles are better
understood. Significant level accumulation

occurs in the liver and spleen, followed by the
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Figure 6. Ultrastructral histological evaluation of AuNPs using TEM for the liver tissue in mice on day 14 after a
single dose (5 mg Au/kg animal weight) i.v. injection of gold nanoparticles. (A) Control. (B) AuNP2g. (C) AuNP23-
PEL. (D) AuNP24-PEG. (E) AuNPso. (F) AuNPss-PEL. (G) AuNPs¢-PEG. Some cellular compartments are
represented by letters: N: Nucleus of the hepatocyte, L: Lipid droplet, m: Mitochondria, gER: Granular endoplasmic
reticulum. Arrows show the gold nanoparticle aggregates localized in the various cellular compartments and the cell
nucleus.
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kidneys and circulatory system after intestinal
nanoparticle absorption [25].

The liver tissue was the most toxicologically
affected during the 48 h period according to our
H&E staining results after two different doses
of AuNPs Although
significant histological alterations were not

exposure in mice.
observed depending on AuNPs size, the
of the
considered to be more similar to the control

group
containing PEI or PEG surface modification.

microstructure liver tissue was

in specimens treated with AuNPs

Abdelhalim et al. showed that smaller particles
cause more toxic effects (e.g., increase in the
number of sinusoidal Kupffer cells, fatty
changes in swollen hepatocytes, necrosis) in the
liver of the rats after the injection of AuNPs
with different diameters [18]. Histological
changes in other organs were relatively less
frequent when compared to liver tissues.
Because of the presence of the blood-brain
barrier, no noticeable changes were observed in
the brain. No significant cellular degenerations
in the kidney tissue were observed for any
AuNP group exposed to low and high Au
concentrations.

On the other hand,
glomerular structures and slightly enlarged

slightly degenerated

tubules were observed in the AuNP-citrate
Ma
accumulation in the renal parenchyma after

groups. et al. observed collagen
administering AuNPs with different diameters
and concentrations to mice, especially at high
concentrations [26]. The spleen is another vital
the of
nanotoxicological After

concentrations,

organ  after liver in terms

considerations.
exposure to high AuNPs
lymphoid follicles surrounded by large
macrophages were observed in the tissues of
individuals treated with AuNP-citrate groups.
Since the spleen is a critical lymphoid organ,
this

inflammatory physiological response

84

depends on the exposure of these particles. The
PEI and PEG surface modifications generally
increased the biocompatibility of the AuNPs.
According to previously published results,
different surface charges of AuNPs caused by
changes in the chemical surface of the AuNPs
can also trigger changes in liver and spleen
tissues [27].

Apparent cellular changes and degenerations
were observed after a long exposure period in
the AuNP-citrate groups, according to our TEM
Although
changes were observed in the AuNP groups
modified with PEG or PEI, the morphology of
the hepatocyte cells was generally expected.

analysis results. slight cellular

We were allowed by TEM analysis of liver
tissue to evaluate the cellular localization of the
AuNPs. AuNPs clusters were observed in the
cytoplasmic regions and cell nuclei, especially
in surface-modified AuNP groups. Fraga et al.
[28]
predominantly as endosomes in Kupffer cells

showed that nanoparticles localized
after injection of 20 nm diameter citrate- and
CALNN-pentapeptide-coated AuNPs into rats.
Those researchers reported that they could not
observe nanoparticles in the cytosol or nucleus
of hepatocyte cells [28].

It is essential for nanoparticles to remain in
sufficient quantities in the cytoplasm and
endosomal and

nucleus, escaping from

lysosomal pathways without exocytosis.
Additional surface modifications are needed to
allow nanoparticles to escape through these
pathways and enter the cell nucleus. Thus, a
of

applications

variety potential  nanotherapeutic

can be implemented more
effectively. Nanoparticles must also remain in
organs for the required time and amount
without causing toxic effects to have sufficient
impact on cells for potential biomedical

purposes.
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Conclusions

In summary, we performed a systematic study
to understand the histological effects of AuNPs
with different surface coatings (PEI or PEG)
and sizes (AuNP2o and AuNPso) in mice. Stable
and highly monodispersed AuNPs were
synthesized successfully. It has been concluded
that the surface coating of AuNPs is a more
decisive parameter than size in terms of in vivo
histological toxicity. Histologically, it was
observed that the liver was the most affected
organ. PEI and PEG surface modifications
increased the biocompatibility of the AuNPs.
Stability, biocompatibility, and AuNP surface
coating are critical parameters for potential
nanoteranostic applications.
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Mustafa Fatih Yasar, = Elif Yaksi
Department of Physical Medicine and Rehabilitation, Bolu Abant Izzet Baysal University, Faculty of Medicine, Bolu,
Turkey

ABSTRACT

Aim: To evaluate the predictive ability of bioindicators derived from complete blood count (CBC) parameters
and monocyte-high density lipoprotein-cholesterol ratio (MHR) in the diagnosis of radiological stage of knee
osteoarthritis (OA) in this study.

Method: This cross-sectional retrospective study was carried out between November 2017 and June 2021, in
our physical therapy and rehabilitation clinics. 65 patients knee x-rays and routine laboratory results were
included in the study. Each knee x-rays were assigned a grade from 0 to 4 (Kellgren-Lawrence Classification
System (KL). Patients were divided into two groups according to severity of the knee OA as follows. Group
1.  Mild-moderate OA (KL Gradel-2), Group 2: Severe OA (KL Grade 3-4).
Results: Independent T test and Mann Whitney U test were used to assess whether there was a difference in
CBC parameters and their derivatives between two groups. Platelet lymphocyte ratio (PLR), red cell
distribution width (RDW) to platelet ratio (RPR) and platelet (PLT) counts indicated statistically significant
differences between the groups, p-values were 0.04, 0.03 and 0.04 respectively. There were no significant
differences in terms of MHR score between the groups.

Conclusions: We could not find a relationship between MHR and radiological degree of knee osteoarthritis.
However, there is a correlation between radiological stage of knee osteoarthritis and hemogram parameters
like PLT and their derivatives such as PLR and RPR.

Key words: Knee, osteoarthritis, monocyte, high density lipoprotein, cholesterol, platelet, lymphocyte, red
cell distribution.
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Introduction

Osteoarthritis (OA) is the most common cause
of arthritis, characterized by progressive
degeneration and destruction of joint cartilage.
Genetic factors, old age, trauma, high body

osteoarthritis development. OA may remain
silent for a long time or manifest slow
progression. The disorder most commonly
affects the knee joint symptomatically.
Symptoms of OA include pain, joint
dysfunction, and deformities. Knee OA is
detected in approximately 80% of patients over
65 years old on plain radiographs; however,
only one in three of these patients has
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symptoms [1]. Early diagnosis of the disease
and estimation of the clinical course and
prognosis is difficult due to long asymptomatic
periods. Recent studies have focused on
discovering reliable biomarkers in the diagnosis
and progression of OA [2,3]. Until recently, OA
was accepted as a degenerative disease caused
by joint abrasion and degeneration of
periarticular soft tissue due to aging and
increased mechanical load. Novel studies have
proven that OA is associated with low-grade
chronic inflammation [4-7]. Low-grade
inflammation contributes to the pathogenesis of
OA by inducing the production of pro-
inflammatory cytokines. This process involves
mononuclear cell (monocytes, macrophages,
and activated T and B lymphocytes) infiltration
in joint space and the release of pro-
inflammatory mediators, such as IL-1 and
TNF. These mediators stimulate the production
of matrix-metalloproteinases (MMPs),
prostaglandin E2 (PGE2), nitric oxide (NO),
and some other cytokines (IL-6, IL-8, IL-15,
IL-17, IL-21). IL-1, IL-6, and TNF, which are
key cytokines involved in the inflammatory
process, may also lead to platelet activation.
Platelets release inflammatory mediators and
growth factors during hemostasis,
inflammation, and tissue repair [8,9].
Monocytes and neutrophils contribute to
inflammatory process steps and oxidative stress
by releasing pro-inflammatory and pro-
oxidative cytokines [10]. In recent years,
various hematologic parameters, including
mean platelet volume (MPV), neutrophil-
lymphocyte ratio (NLR), platelet-lymphocyte
ratio (PLR), and monocyte-high density
lipoprotein-cholesterol ratio (MHR), have been
evaluated as indicators of inflammation
[11,12]. Previous studies have shown that high
density lipoprotein-cholesterol (HDL-C) has
anti-inflammatory, anti-oxidant effects and
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protects endothelial cells [13,14]. Parameters
such as MHR and NLR and red cell distribution
width-platelet ratio (RPR) can be utilized by
routine laboratory tests. These ratios can be
computed by using complete blood count
(CBC) results and biochemical profiles easily
and inexpensively.

These parameters have been evaluated as
indicators of inflammation and oxidative stress
for systemic inflammatory diseases and
cardiovascular disorders [15].

NLR has been introduced as a marker of
inflammation in irritable bowel syndrome,
ulcerative colitis, thyroiditis, and type 2
diabetes mellitus [16-19]. PLR has also been
increased in various inflammatory conditions,
including malignancy [20].

There is a paucity of research about the clinical
and radiological progression of OA. Therefore,
we aimed to assess the predictive ability of
bioindicators derived from CBC parameters
and the MHR ratio in the diagnosis of the
radiological stage of knee OA in this study.

Materials and methods

Ethics statement

This cross-sectional retrospective study was
carried out between November 2017 and June
2021, in our physical therapy and rehabilitation
clinics. The study protocol was approved by our
Institutional Review Board (Ethics Committee
Approval Date and Number: 08.06/2021-148)
and conducted in accordance with the
Declaration of Helsinki.

Study design and population

Inclusion criteria

Patients with primary knee OA according to the
clinical criteria of the American College of
Rheumatology (ACR) and between the ages of
40-80 were included in the study. If OA wasn’t
unilateral, only the patients with an equal
degree of OA on both knees were included.
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All diagnostic decisions were made by the same
physician. 65 patients with standing, weight
bearing anteroposterior and lateral knee x-rays
and routine laboratory results were included in
the study. Each knee x-rays was assigned a
grade from 0 to 4 (Kellgren-Lawrence
Classification System (KL)). Demographic
information and body mass index of the patients
with knee OA were recorded.

Patients were divided into two groups
according to severity of the knee OA as follows.
Group 1: Mild-moderate OA (KL Gradel-2)
Group 2: Severe OA (KL Grade 3-4)
Kellgren-Lawrence classification system

The Kellgren-Lawrence system is applied
specifically to classify the severity of knee OA
using five grades and originally described using
AP knee radiographs. This classification
system was accepted by WHO in 1961. Below
is the original description.

Grade 0: No radiographic features of OA are
present

Grade 1: Doubtful joint space narrowing (JSN)
and possible osteophytic lipping

Grade 2: Definite osteophytes and possible JSN
on anteroposterior weight-bearing radiograph
Grade 3: Multiple osteophytes, definite JSN,
sclerosis, possible bony deformity

Grade 4: Large osteophytes, marked JSN,
severe sclerosis and definite bony deformity
Exclusion criteria

Participants with hematologic disorders which
may affect blood parameters, patients with
diagnosis of diabetes mellitus, acute
decompensation and organ failure,
inflammatory diseases, rheumatic diseases,
acute or chronic infection, cardiovascular
diseases, secondary osteoarthritis, oncologic
diseases, patients who are receiving intra-
articular steroid or hyaluronic acid treatment,
patients with history of severe knee trauma or
operation last 6 months, patients during the
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pregnancy and lactation period were excluded
from participation.

Laboratory analysis

While low density lipoprotein cholesterol
[LDL-C] (mg/dL), and high density lipoprotein
cholesterol [HDL-C] (mg/dL) levels were
obtained from biochemical analysis (Architect
Cl4100, Chicago, USA), white blood cell
(WBC) (K/uL), neutrophil (K/uL), lymphocyte
(K/uL), monocyte (K/uL), hemoglobin (Hb)
(o/dL), red blood cell distribution width
(RDW), platelet (K/uL) (PLT) and mean
platelet volume (MPV) (fl), platelet distribution
width (PDW) values were acquired from CBC
analysis using an XT1800I Kobe, JAPAN
hematology analyzer. On the basis of these test
results, NLR, PLR, LMR and MHR were
calculated as dividing by different parameters.
All assays were performed according to the
manufacturer’s’ instructions.

Statistical analyses

The data obtained in the study were analyzed on
SPSS statistical package (IBM SPSS Statistics
for Windows, Version 26.0. Armonk, NY: IBM
Corp). Mean values, standard deviation values
were calculated for all  parameters.
Kolmogorov-Smirnov test is used to assess
normality of the variables. Independent T tests
were used to compare the means between the
groups for normally distributed data. Chi-
square test is performed to understand the
relationship of categorical variables. A p-value
less than 0.05 is considered statistically
significant.

Results

Demographic characteristics

Overall, 65 patients between the ages of 40-80,
including 35 with mild-moderate OA and 30
with severe OA, were assigned to our study.
Patients ranged in age from 44 to 80, with a
mean age of 65.7+9.4. Most participants were
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Table 1: Demographic information.

Parameters ) Group 1 .. Group 2 .. Total p
(Mild-Moderate Osteoarthritis) | (Severe Osteoarthritis)

Age
Mean + SD 62.5+8.6 69.449.1 65.7+9.4 0.79
Min-Max 46-77 44-80 44-80

Gender
Female (n, %) 21 (60%) 21 (70%) 42 (64%) 0.10
Male (n, %) 14 (40%) 9 (30%) 23 (35%)

Admission status
In-patient (n, %) 11 (31%) 7 (23%) 18 (28%)
Out-patient (n, %) 24 (67%) 23 (77%) 47 (72%)

SD: standard deviation, Min: minimum, Max: maximum
ROC Curve

female (64%). Demographic characteristics
were similar between the two groups (P > 0.05).
Most patients (72%) were admitted to our
outpatient clinics, and the remaining patients
were hospitalized. Detailed information about
the demographics of the participants is
available in Table 1.

Prediction of OA grade according to
hemogram parameters and MHR

Independent T test and Mann Whitney U test
were used to assess whether there was a
difference in CBC parameters and their
derivatives between the two groups. PLR, RPR
ratios, and PLT counts indicated statistically
significant differences between the groups; p-
values were 0.04, 0.03, and 0.04, respectively.
The area under the curve for PLR and RPR was
computed as 0.644 and 0.374, respectively
(Figure 1). There were no significant
differences in terms of MHR score between the
groups; p-values were 0.07. The rest of the
factors did not show a statistically significant
difference between the groups (Table 2).
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Figure 1. ROC curve analysis of the test (PLR

curve:blue line, RPR curve:red line, reference:

black line).

Discussion

The major findings of our study, in which we
evaluated the predictive performance of
bioindicators like blood parameters and MHR
in the diagnosis and staging of knee
osteoarthritis, were as follows:
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Table 2. Comparison of the laboratory test results of the groups.

Group 1 Group 2

Parameters (n= 312) (n= 318) P

WBC 6.70+1,5 7.04+1,8 0.75
Neu 3.75+1,3 4.18+1,5 0.47
Lym 2.13+0,5 2.10+0,7 0.87
Mono 0.46+0,1 0.52+0,2 0.17
HB 13.4+1,5 13.2+1,3 0.37
RDW 14.58+1,3 14.65+1,2 0.85
PLT 221.44+56,6 252.0+53,2 0.04
HDL 50.6+11,2 47.5+10,3 0.34
LDL 129.3+34,9 119.44+28.9 0.27
NLR 1.8240,7 2.11£0,9 0.25
PLR 110.50+40,2 132.6+47,8 0.04
RPR 0.07+0.022 0.06+0.01 0.03
MHR 0.009+0.003 0.011+0.005 0.07
MLR 0.22+0.08 0.26+0.10 0.18

Values: Mean+SD. Group 1: Grade 1, 2 osteoarthritis. Group 2: Grade 3, 4 osteoarthritis. SD: Standard
deviation, WBC: White blood cell. Lym: Lymphocyte. Mono: Monocyte. Neu: Neutrophil. HB: Hemoglobin.
RDW: Red cell distribution width. PLT: Platelet. HDL: High density lipoprotein. LDL: Low density
lipoprotein. NLR: Neutrophil/Lymphocyte ratio. PLR: Platelet/Lymphocyte ratio. RPR: RDW/Platelet ratio.
MHR: Monocyte/HDL ratio. MLR: Monocyte/Lymphocyte ratio.

1. Assignificant difference was detected in
terms of PLT, PLR and RPR values.

2. There were no significant differences in
terms of MPV, MHR, NLR score between the
groups.

3. There were no significant differences in

terms of HDL and LDL levels between the
groups.
Previous studies showed that hemogram
parameters and their derivatives, such as MPV,
NLR, and PLR, could indicate systemic
inflammation in various etiologies [21-23].
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MPV is one test run during the CBC; NLR and
PLR can be easily calculated by dividing
neutrophil or platelet count by lymphocyte
count. In the literature, there seem to be limited
studies on the relationship between OA and
PLT parameters. PLT indices may reflect
subclinical inflammation in OA and disease
activation. What is known about the PLT
activation process is not only that the number of
PLT increases, but also that to reach a larger
surface area, their morphology changes from
discoid to spherical patterns [24]. Also, larger
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platelets are likely to be more active at releasing
pro-inflammatory and thrombotic mediators,
and increased demand is seen during acute
phase response [25].

Several studies have been conducted on the
diagnostic and prognostic ability of CBC
parameters and their derivatives, such as MPV,
RDW, and RPR, during infectious and
inflammatory disorders [26,27]. It has been
proposed that there is a link between high MPV
and RDW values and mortality or morbidity
due to vascular events affecting the heart and
kidneys, resulting in infectious disease [28-30].
Although many attempts have been made to
assess the relationship between MPV and
systemic inflammatory disorders, the results are
contradictory [31,32]. It has been reported that
MPV values in patients with active rheumatoid
arthritis (RA) or ankylosing spondylitis (AS)
are lower than in healthy controls. However, it
is recommended to be careful when interpreting
the MPV values, because this ratio is not
consistently related to disease activity indexes,
and tests may be influenced by technical
settings [33,34]. Balbaoglu et al. compared
patients with a diagnosis of OA, patients with
synovitis related to OA, and a control group;
there was no statistically significant difference
detected between all groups. On the contrary,
MPV values in patients with synovitis related to
OA were lower than in the other groups [31].
Koca et al. reported that MPV value was
increased in patients with severe osteoarthritis
[32]. Despite the Koca et al. findings, a recent
study conducted by Atar et al. found that NLR,
PLR, and MPV values were similar between 92
knee OA patients and 52 healthy controls
[32,35]. Our results share a similarity with Atar
et al.’s findings; no significant correlation was
observed between MPV values and OA grades.
PLR, which is calculated as absolute platelet
count dividing by absolute lymphocyte count,
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is another principal factor with an influence on
systemic inflammatory response pathogenesis
[36].

In contradiction with earlier findings, we found
a relationship between PLR ratio, knee
osteoarthritis degree, PLT, and RPR levels in
patients with advanced knee osteoarthritis [35].
NLR, as a marker of systemic inflammation,
may reflect the neutrophil & Ilymphocyte
balance and immune system status of the
patient [37].

Tasoglu et al. compared NLR ratios of 176
patients with OA according to the Kellgren-
Lawrence classification and found higher NLR
values in patients with severe OA (grade 4).
They suggest that the NLR ratio can be used as
a predictor tool to estimate the radiological
grade of knee OA [3]. Biiyiikkavci et al.
proposed using blood platelet distribution width
(PDW) and NLR to predict the severity of knee
OA in clinical practice [38]. Atar et al. did not
find a significant correlation between NLR
ratio and radiological severity of knee
osteoarthritis [3,35-38]. Similar to Atar et al.'s
study, we did not find a relationship between
the radiological stage of knee OA and NLR
[35]. Contradictory results may be explained by
local inflammation without systemic response.
Future studies with larger populations should
concentrate on this topic.

To the best of our knowledge, this is the first
study in the literature evaluating the association
between the MHR ratio, which is a novel
bioindicator recently used as a marker of
inflammation, and knee osteoarthritis.

The mononuclear phagocyte system plays a
fundamental role in the inflammatory response
during the development and progression of
atherosclerosis. In the premature steps of the
process, circulating monocytes migrate to the
subendothelial matrix of the arterial wall,
mature into macrophages, and internalize
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oxidized LDLs and other lipids. Subsequently,
these cells transform to foam cells, which
release immunoregulatory cytokines, trigger
inflammation, and invite T-lymphocytes,
platelets, and further monocytes [39]. However,
HDL-C disrupts monocyte functions, interferes
with the conversion of monocytes to
macrophages, and removes cholesterol from
them, which reduces the inflammatory response
[40]. Therefore, it is appropriate to utilize the
combination of both parameters (MHR) in a
single index as a pro-inflammatory marker.
Previous studies recommended using MHR as
a predictive marker of cardiovascular disease
due to its ability to demonstrate systemic
inflammation [41]. Demirbas et al. showed a
significant decrease in MHR, monocyte to
lymphocyte ratio (MLR), and NLR levels after
colchicine treatment [42].

Sirin et al. revealed that the Psoriasis Area and
Severity Index score (PASI) was associated
with C-reactive protein, serum amyloid A, and
MHR in their study of 60 psoriasis vulgaris
patients and 50 healthy controls. Our findings
do not support previous studies, and we did not
find a relationship between MHR and
radiological grade of knee osteoarthritis [43].
The retrospective design of the study and the
limited number of participants may be the
reason for this concordance.

Recently, it has been thought that osteoarthritis
may be a metabolic disease and lipid
metabolism defects may be one of the
underlying mechanisms [44,45]. Schwager et
al. investigated the effects of serum cholesterol,
low-density lipoprotein, and high density
lipoproteins on the risk of knee osteoarthritis.
As a result, they reported that they did not find
a significant relationship between HDL, LDL
and total cholesterol levels, and cartilage loss or
worsening pain. [46]. Irshad et al. reported that
serum cholesterol and triglyceride levels were
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associated with osteoarthritis, but there was no
relationship between serum HDL and LDL
levels and osteoarthritis [47]. Like these
studies, no significant correlation was found
with HDL and LDL levels in our study.
Advanced age is a non-modifiable risk factor
associated with OA. It is predictable that
radiologically advanced OA patients will be
older than those with low-grade OA; hence,
age-dependent  alterations in  patients’
laboratory results show concomitance with
radiologic advanced stages.

We know our study may have a few limitations.
The first is that the retrospective design of the
study may have influenced the assessment of
the clinical presence of inflammation. Another
limitation is that there was no control group to
compare the results with patients. The small
sample size is also a limitation of this study.

Conclusions

The evidence from our study suggests that there
is a correlation between the radiological stage
of knee osteoarthritis and hemogram
parameters like PLT and their derivatives such
as PLR and RPR. However, we could not find a
relationship between NLR, MHR, MPV, and
radiological degree of knee osteoarthritis.
Further work needs to be carried out in a larger
patient group with more clinical evaluation
parameters.
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Evaluation of the effect of intravenous ibuprofen use on postoperative pain and opioid
consumption after abdominoplasty operation
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ABSTRACT

Aim: Abdominoplasty is a common cosmetic procedure that is one of the most painful aesthetic surgery and
has been used increasingly in recent years. Ibuprofen is a non-steroidal anti-inflammatory (NSAID) with
antipyretic and analgesic effects. In this study, we aimed to evaluate the effectiveness of the intravenous (1V)
form of ibuprofen on postoperative pain control and opioid requirement in patients who underwent
abdominoplasty.

Methods: The patients were divided into 3 groups as Group 1 (Tramadol), Group 2 (Ibuprofen) and Group 3
(Tramadol HCL + Ibuprofen). Tramadol HCL was given continuous infusion at a concentration of 4mg / ml
via IV Patient Controlled Analgesia to Group 1. Ibuprofen 800 mg IV was administered to Group 2 at 30
minutes before the end of the operation. Patients were followed up by administering 800 mg IV every 6 hours
for 24 hours. In Group 3, 30 minutes before the end of the operation, tramadol was administered via PCA with
continuous infusion at a concentration of 4mg / ml and 800 mg IV ibuprofen was administered as 4x1.
Results: VAS values were found to be significantly lower in Group 3 compared to Group 2 at every hour and
at the 4th hour compared to Group 1. Group 3 was found to be significantly lower than Group 1 in total
analgesic consumption in all time zones.

Conclusion: We think that 1V ibuprofen, which will be given in addition to tramadol after abdominoplasty,
can provide effective analgesia and reduce analgesic consumption.

Key words: Abdominoplasty, postoperative pain, ibuprofen, opioids.

_-1Dr. Isa Yildiz umbilical transposition [1]. Abdominoplasty is

Department of Anesthesiology and Reanimation, Bolu one of the most painful procedures in aesthetic

Abant Izzet Baysal University, Faculty of Medicine, Bolu, ] ] ]
surgery and has been used increasingly in

Turkey
E- mail: dr.isayildiz@hotmail.com recent years [2].
Received: 2021-09-28 Effective management of postoperative

Accepted: 2021-11-15

! ) analgesia can prevent many of the
Published online: 2022-01-01

complications, such as respiratory,

Introduction cardiovascular complications, delayed
Abdominoplasty surgery is an operation that mobilization, and prolonged hospitalization [3].
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hospital costs, quicker return to normal

activities, and increased patient satisfaction [4].
Pharmacological and regional methods can be
used for pain control after abdominoplasty.
Patient-controlled analgesia (PCA), non-
steroidal anti-inflammatory drugs (NSAID),
opioids, multimodal analgesia are among these
methods [5]. Patient-controlled analgesia is a
closed-circuit system that allows the patient to
self-inject drugs as needed and not exceeding a
certain amount. PCA applications in the
treatment of postoperative pain are more
effective than conventional analgesia methods
and are frequently preferred today due to higher
patient satisfaction, less sedation, less
postoperative complications and positive
contributions to the healing process of the
patients [6].

Although opioids are widely wused in
postoperative pain management, they do not
block the pain-inflammation relationship [7].
Therefore, non-steroidal anti-inflammatory
drugs are used together with opioids for
postoperative pain management. NSAIDs block
the conversion of arachidonic acid to
prostaglandins and inhibit the response of pain
receptors to injury [8]. Multimodal analgesia
therapy can reduce the total amount of opioids
required, and opioid-related side effects can be
minimized by effectively treating pain [9].
Ibuprofen is an NSAID with anti-inflammatory,
antipyretic and analgesic effects [10]. The oral
form of the drug has been used safely for a long
time and is one of the most preferred NSAIDs.
Ibuprofen has been shown to be effective in the
treatment of post-operative pain.

In this study, we aimed to evaluate the
effectiveness of the intravenous (IV) form of
ibuprofen on postoperative pain control and
opioid requirement in patients undergoing
abdominoplasty.
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Materials and methods

After the approval of Bolu Abant izzet Baysal
University Clinical Studies Ethics Committee
dated 04/08/2020 and numbered 2020/190, 60
patients at risk of ASA I-11 between the ages of
18-65 who were scheduled for elective
abdominoplasty were included in the study.
The patients were divided into 3 groups by the
randomized, prospective and closed envelope
method. In Group 1 (Tramadol), Tramadol
HCL (Tramosel 100 mg / 2 ml Haver Pharma
Drugs Inc, Istanbul) was given continuous
infusion at a concentration of 4mg / ml via IV
Patient Controlled Analgesia. Doses that could
be administered 20 mg of tramadol HCL at each
push with a lock-in interval of 20 minutes were
adjusted. The patient was instructed to press the
button whenever he had pain. In Group 2, 800
mg IV lbuprofen (Dorifen 800mg/8ml VEM
Drugs Inc., Turkey) was administered 30
minutes before the end of the operation.
Patients were followed up by administering 800
mg IV every 6 hours for 24 hours. In Group 3
(Ibuprofen + Tramadol), 30 minutes before the
end of the operation, tramadol was
administered via PCA at a concentration of
4mg/ml with continuous infusion and 20 mg
tramadol HCL doses per press were adjusted
with a 20-minute locking interval. The patient
was instructed to press the button whenever he
had pain. In addition, 800 mg IV ibuprofen
was administered as 4 times every 6 hours.
The patients were taken to the operating room
and their electrocardiography (ECG), heart rate
(HR), non-invasive blood pressure (NIBP) and
peripheral oxygen saturation (SpO2) values
were monitorized. Peripheral vascular access
was established with an 18-gauge intravenous
cannula. In the induction of anesthesia, 2 mg/kg
of propofol (Propofol Lipuro %21 ampoule,
B.Braun, Melsungen, Germany), 1mcg/kg of
fentanyl (Fentanyl amp 0,05 mg/ml, Jansenn,
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Belgium), 0.5 mg/kg of rocuronium (Esmeron
flk 50 mg/5 ml) were given intravenously to
induce unconsciousness and muscle relaxation,
and then the patients were intubated.
Anesthesia was maintained with Desflurane 6-
7% (Suprane Liquid, Baxter, USA) + 50%
oxygen + 50% air. According to the
randomization result in Group 1 (Tramadol),
Tramadol HCL was given continuous infusion
at a concentration of 4mg / ml via IV Patient
Controlled Analgesia. Doses that could be
administered 20 mg of tramadol HCL at each
push with a lock-in interval of 20 minutes were
adjusted. The patient was instructed to press the
button whenever he had pain. In Group2 800
mg 1V ibuprofen was administered 30 minutes
before the end of the operation. Patients were
followed up by administering 800 mg IV every
6 hours for 24 hours. The 800 mg IV ibuprofen
was administered as 4 times every 6 hours. In
Group 3 (lbuprofen + Tramadol), 30 minutes
before the end of the operation, tramadol was
administered via PCA at a concentration of
4mg/ml with continuous infusion and 20 mg
tramadol HCL doses per press were adjusted
with a 20-minute locking interval. The patient
was instructed to press the button whenever he
had pain. In addition, 800 mg IV ibuprofen was
administered 4 times every 6 hours.

At the end of the operation, 0.01-0.02 mg/kg
atropine and 0.04-0.08 mg/kg neostigmine were
administered for muscle relaxant
antagonization, and all patients were admitted
to the postoperative anesthesia care unit
(PACU) after extubation.

Patients with hypersensitivity to the drugs to be
used in the study or to the substances in their
composition, pregnant women, patients with
severe cardiac, pulmonary, hepatic and renal
disease, patients with a history of chronic
opioid use and chronic pain syndrome, patients
with low socio-cultural and mental capacities,
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who cannot apply patient-controlled analgesia
was excluded from the study. Demographic
data (gender, age, weight, height, BMI,
comorbidities) of all patients were recorded
before the surgical procedure. Postoperative
SAP, DAP, MAP, HR, VAS values at 30
minutes, 1st hour, 2nd hour, 4th hour, 8th hour,
12th hour, 18th hour and 24th hour; tramadol
consumption, nausea, vomiting, and patient
satisfaction at at 0-1, 1-12, 12-24 hours were
evaluated and recorded. Patients with nausea
and vomiting were treated with ondansetron
(ZOFRAN  ampoule IV 8mg/4mg/ml
GlaxoSmithKline SpA, Italy) and, patients with
rash and itching were treated with Pheniramine
hydrogen maleate (Avil ampoule IM/IV 45.5
mg/2 ml Sandoz Ilag San. ve Tic. A.S. Turkey).
When the VAS was above 4, 0.05 mg/kg
morphine (Morphine HCL® 0.01 g/ml amp
Galen ilag AS./ Turkey) in 100 ml saline was
administered intravenously as a rescue
analgesic.

Statistical analyses

The information collected from the patients was
entered into the SPSS 21.0 package program
and statistical analyzes were made. Descriptive
statistics of the wvariables (Frequency,
Percentages, Mean  +Standard Deviation,
Median (interquartile range) were presented
with tables. Three group comparisons were
performed with one-way ANOVA test.
Pairwise comparisons were continued with the
post-hoc Bonferroni pairwise comparison test.
For parametric repeated measures, repeated
measures ANOVA test was applied.

Three group comparisons were performed with
the Kruskal Wallis H test. For those with
significant differences between the groups,
pairwise comparisons were continued with
Dunn-Bonferoni paired comparison test in
order to determine which group the difference
originated from.
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Pearson Chi-Square test or Fisher's exact test
was used to compare categorical variables.
Value of p<0.05 was considered statistically
significant. Data lists for each group were
summarized with summary statistics.

Results

60 patients were included in the study.
However, 8 patients whose operation was
postponed due to the Covid-19 pandemic and 5
patients who were re-operated due to
postoperative complications were excluded
from the study. The study was completed with
47 patients, including 16 patients in Group 1, 16
patients in Group 2, and 15 patients in Group 3.
There was no statistically significant difference
between the groups in terms of age, weight,
height, BMI, duration of surgery, duration of

Table 1. Comparison of the parameters of the groups.

anesthesia, ASA classification score (p>0.05)
(Table 1).

When the resting VAS scores were compared,
the resting VAS scores at each hour were found
to be statistically significantly lower in Group 3
compared to Group 2 (p<0.05). The resting
VAS score at the 4th hour in Group 3 was found
to be statistically significantly lower compared
to Group 1 (p<0.001). Resting VAS scores at
the 8th, 12th, 16th, 20th and 24th hours were
found to be statistically significantly lower in
Group 1 compared to Group 2 (p<0.001)
(Figure 1). When tramadol consumption
amounts were examined, it was determined that
the amount of tramadol consumed in Group 3
was statistically lower in 0-1, 1-12, 12-24 hours
and total consumption compared to Group 1
(p<0.05) (Figure 2).

Variables Group 1 Group 2 Group 3
(Tramadol) (Ibuprofen) (Ibuprofen + Tramadol) p-value

Gender

Female 14 (%87,5) 13 (%18,8) 10 (%) 0,35

Male 2 (%12,5) 3 (%81,3) 5 (%33,3)
Age 42,75+13,17 40,13+11,13 38,13+7,88 0,508
Weight (kg) 80,44+10,87 80,25+16.,45 82,33+13,39 0,898
Height (cm) 15944 161+6 162+6 0,817
BMI (kg/m?) 31,144,25 30,67+4,67 31,26+3,98 0,923
ASA score

1/2 6-10 10-6 9-6 0,212

?n:’if;ion ofanesthesia | o) 5613305 | 1634445163 190,33+28 88 0,223
Duration of surgery
(min) 164,38+34,25 147,5+£51,41 172+29,14 0,127

Values: n=number of patients, n (%), given as average * standard deviation. BMI: Body Mass Index
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Figure 1. Resting VAS scores of the groups.

400,

B Group 1
EGroup 3 *

T
2

Tramadol Consumption(mg)
et (=)
= =

0-1 Hours 1-12 Hours 12-24 Hours Total

Figure 2. Tramadol Consumption Amount (mg).
*Statistically significant difference at p<0.05
significance level according to independent groups
t-test.

There was no statistically significant difference
between the groups in terms of the use of
morphine as a rescue analgesia (p>0.05). In
terms of side effects, nausea was seen at a rate
of 6.3% in the ibuprofen group, and at a rate of
50% in the tramadol group and 40% in the
group in which tramadol and ibuprofen were
administered together. When this rate was
compared between the groups, it was found to
be statistically lower in Group 2 compared to
Group 1 and Group 3 (p<0.05).
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Discussion
This study showed that; Tramadol and IV
ibuprofen  given as  analgesics  after

abdominoplasty operation alone can provide
analgesia by reducing the postoperative VAS
values. However, when tramadol and IV
ibuprufen are used together, they provide
analgesia by reducing VAS values more
effectively and lead to less opioid consumption.
In addition, the frequency of nausea and
vomiting in IV ibuprofen administered patients
is less than in opioid administered patients.

Abdominoplasty is one of the most painful
procedures in plastic surgery. In recent years,
the number of operations due to reconstruction
after obesity and aesthetic reasons has been
increasing. Moderate to severe pain lasting
longer than 24 hours can be seen, usually due to
the need for extensive tissue mobilization,
folding of the smooth abdominal muscles for
deformities of the myoaponeurotic layer, and
intense liposuction [11]. If pain is not
adequately controlled, it can lead to heart, lung
and kidney problems due to metabolic,
endocrine and inflammatory responses. In
addition, it may lead to deterioration in patient
comfort, delayed mobilization, prolongation of
hospital stay and increased cost [12].
Traditional postoperative pain management
often uses opioids. Although opioids provide
satisfactory relief of moderate to severe pain,
there are risks of respiratory depression,
sedation, nausea, vomiting, constipation and
addiction [13,14]. Therefore, clinical guidelines
recommend multimodal analgesia, which
includes reducing the dose and duration of
opioid use, plus the use of non-opioid
analgesics [14,15]. Ibuprofen is an NSAID drug
that is frequently used as a part of multimodal
analgesia, especially in the treatment of low and
moderate pain. Compared to other NSAIDs,
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ibuprofen has a COX-1/COX-2 inhibition ratio
of less than one. In this way, ibuprofen has a
lower side-effect profile. With the widespread
use of the IV form of ibuprofen, it has gained
an important place among the agents used in
postoperative analgesia [16]. The
recommended dose of 1V ibuprofen is 400-800
mg every six hours. The maximum daily dose
is 3200 mg [17]. Kroll et al. investigated the
postoperative analgesic efficacy of IV
ibuprofen in 319 patients undergoing
abdominal hysterectomy. They reported that it
provided more effective analgesia and faster
ambulation time, was well tolerated and safe in
the group given 800 mg every 6 hours [18].
Martinez et al. investigated the efficacy and
safety of IV ibuprofen in the treatment of
postoperative pain in 206 patients undergoing
abdominal and orthopedic surgery. They found
that there was a significant decrease in VAS
scores and total morphine consumption in the
group in which ibuprofen was added as a part
of multimodal analgesia compared to the group
that was given only morphine. They reported
that the use of 800 mg IV ibuprofen every 6
hours in patients who will undergo abdominal
surgery reduces morphine consumption and
pain scores, reduces opioid-related side effects,
and can be used effectively and safely [10].
Minkowitz et al. evaluated tramadol and
morphine in terms of postoperative analgesia
and side effect profile in their study, which
included 370 patients who had abdominoplasty
operation. When the postoperative analgesia
and side effects were examined, they reported
that the incidence of opioid-related side effects
was lower in the tramadol group in terms of side
effects with similar analgesic effects [19].

In our study, we preferred tramadol because of
its similar analgesic effect and low side-effect
profile. We found that VAS values were lower
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in the group that added ibuprofen to tramadol,
similar to other studies. At the same time, we
found that the addition of iburofen to the opioid
reduced the frequency of side effects.

As a result; we believe that adding IV form of
ibuprofen to opioids as part of multimodal
analgesia  provides adequate analgesia,
reducing total opioid consumption and the
incidence of opioid-related side effects.
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ABSTRACT

Aim: To evaluate the effect of phacoemulsification level on postoperative central corneal thickness (CCT)
differences and to assess the effects of demographic characteristics, biometric values and surgical parameters
of patients on postoperative corneal edema.

Methods: This prospective study included 232 eyes of 232 patients who underwent phacoemulsification
surgery. Biometric values, phacoemulsification time, phacoemulsification power and effective
phacoemulsification time (EPT) were evaluated. CCT measurements were repeated at follow-ups on days 1, 7
and 30 after surgery. Phaco-chop technique was performed in all patients and phacoemulsification level
changes that occurred during surgery were recorded. Patients were grouped as Group 1: >75% of lens nucleus
emulsified in capsular bag; Group 2: >75% of lens nucleus emulsified in iris plane; and Group 3: >50% of lens
nucleus emulsified in anterior chamber.

Results: Increase in the mean CCT values on the first day (incCCT1) and at the first week after surgery were
more pronounced in Group 3 as compared with both Groups 1 and 2 (p < 0.05 for all). In addition, incCCT1
was higher in Group 2 than Group 1 (p=0.040). In the final model of multiple linear regression (R?=0.31), it
was determined that EPT, aqueous depth (AD) and phacoemulsification level significantly affected incCCT1
(p range: <0.001 to 0.009).

Conclusions: The present study showed that more anterior phacoemulsification levels than the capsular bag
caused higher CCT increase postoperatively. In addition, AD, EPT and phacoemulsification level were found
as the most significant factors that influence postoperative corneal edema.

Key words: Central corneal thickness, corneal edema, phacoemulsification level, surgery.
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Introduction

Currently, phacoemulsification surgery is being
routinely used to treat cataract [1-3]. Although
this is a safe and effective procedure, ultrasound
energy used during the surgery can damage the
corneal endothelium, and endothelial cell loss
(ECL) can cause corneal edema [4-6]. Although

excessive ECL [6-8]. Several factors that may
affect postoperative corneal edema have been
proposed such as phacoemulsification time,
manipulation of devices, nucleus hardness,
surgery technique, surgeon experience, fluid
and vacuum dynamics, Descemet’s membrane
detachment, and baseline endothelial cell count
[5-7,9]. Another factor that may affect
postoperative corneal edema and ECL is the
depth of phaco probe in the anterior segment
while the lens nucleus is emulsified. This factor


mailto:enuyar@gmail.com
https://orcid.org/0000-0003-2544-3580

Enes Uyar / Exp Biomed Res. 2022; 5(1):106-115

has been termed as “phacoemulsification level”
in this study. When phacoemulsification level
approaches the endothelium, the harmful effect
of ultrasound energy on the endothelium may
increase [5,10,11]. Previous studies that did not
use the ophthalmic viscoelastic device (OVD)
demonstrated higher ECL in anterior chamber
phacoemulsification [12,13]. Koch et al. [14]
have also found that iris plane
phacoemulsification causes more ECL than the
posterior chamber phacoemulsification even if
OVD is wused. In contrast, there is no
considerable difference in postoperative central
corneal thickness (CCT) between the pure
posterior chamber techniques and some
supracapsular techniques that involve more
maneuvers and phacoemulsification in the
anterior chamber [4,15].

The  surgical technique  during the
phacoemulsification procedure may require
modification owing to several factors such as
patient ~ compliance, surgeon  comfort,
intraoperative pupil changes, anterior chamber
dynamics, diameter of the capsulorhexis,
prolapses of the lens to the anterior chamber
during hydrodissection, catch of the nuclear
fragments by OVD in the anterior chamber,
avoiding posterior capsule rupture, and surgeon
experience. Therefore, phacoemulsification
level may change during surgery when the same
surgical technique is use. The present study
aimed to determine the effect of
phacoemulsification level changes occurring
during the surgery on postoperative CCT
differences. In addition, the effect of
demographic characteristics, biometric values,
and surgical parameters of patients on
postoperative corneal edema was evaluated.

Materials and methods
The present study was designed on a
prospective pattern, and it was performed on
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232 consecutive patients who were operated in
Ophthalmology Clinic between October 3,
2019 and December 31, 2020. Informed
consent was obtained from all participants. The
study was conducted with the approval of
Aksaray University Ethical Committee in

accordance with the Helsinki Declaration
(Protocol number: 2019/10-02).
All patients underwent complete

ophthalmologic examinations preoperatively,
including best corrected visual acuity
assessment, slit-lamp and fundus examinations,
and intraocular pressure (IOP) measurement.
Nuclear sclerosis was evaluated clinically
according to the Lens Opacities Classification
System 3. Biometric parameters, aqueous depth
(AD), axial length (AL), lens thickness (LT),
and pupil diameter measurements after full
dilatation were evaluated using a low-
coherence optical biometry device (Haag-Strait
Diagnostics Biometer LS-900; Haag-Strait AG,
Switzerland). Scheimpflug imaging instrument
(Sirius, Costruzione Strumenti Oftalmici, and
Florence, Italy) was used to evaluate CCT.
Ophthalmologic examinations, CCT, and 10P
measurements were repeated after surgery on
day 1, 7, and 30. Measurements were performed
by an experienced examiner who was blinded
to the surgical data of patients.

The inclusion criteria were as follows: NO3
NC3 or NO4 NC4 grade senile cataract
according to LOCS scale, best corrected visual
acuity of lower than 10/20 with the decimal
notation, age above 40 years, not having an
acute or chronic eye disease (glaucoma, uveitis,
diabetic retinopathy, etc.) and no previous
ophthalmological  surgery  history. The
exclusion criteria were as follows: preexisting
corneal pathology, i.e. cornea guttata, corneal
dystrophy, corneal degenerations and other
corneal inflammations, pseudoexfoliation
syndrome, using iris hooks during surgery
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because of small pupil and any eye pathology
preventing preoperative and postoperative
measurements.  Patients who developed
intraoperative  complications  were  also
excluded from the statistical analysis.

The same surgeon (EU) performed all
operations using the same phacoemulsification
machine (0S4, Oertli Instrumente AG,
Berneck, Switzerland). Preoperatively,
tropicamide 1%, cyclopentolate hydrochloride
1.0%, and phenylephrine hydrochloride 2.5%
eye drops were applied to ensure full pupil
dilatation. Before the operation, proparacaine
hydrochloride 0.5% eye drops were topically
administered for topical anesthesia. After 5%
povidone iodine solution was instilled to the
conjunctival sac, the periocular skin was
cleaned with 10% povidone iodine. The eye
was covered with a sterile drape and opened
with a lid speculum. Paracenteses were
performed both temporally and nasally, and
sodium hyaluronate 2.0% (Protectalon®) OVD
was injected into the anterior chamber. Clear
corneal main incision was made with a 2.75 mm
blade at 11 o’clock position. Then, a continuous
curvilinear capsulorhexis (approximately 5.5 -
6 mm diameter) and hydrodissection were
completed. After the central cortical and
epinuclear materials were removed, the phaco
tip was buried with burst energy mode (50%
cycle, 30 msec length) into the superior part of
nucleus, and occlusion was performed under a
high vacuum setting (400 mmHg). The bottle
height was 90 cm. A chopper was placed
underneath the anterior capsule at 6 o’clock
position and moved through the phaco tip to
crack the nucleus initially. After the first crack,
the chopper and phaco tip were moved in
opposite directions to separate the nuclear
halves. Then, the nucleus was rotated, and half
of it was impaled by the phaco tip. Chopping
was performed, and the first free nuclear piece
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was emulsified. This process was repeated
under the same energy and vacuum settings in
the capsular bag as much as possible until the
nuclear material was completely consumed. If
the moving lens fragments were emulsified
closer to the anterior chamber than the capsular
bag, the changes in phacoemulsification level
were recorded. Patients were classified into
three groups according to the percentage of lens
nucleus  emulsified at a  particular
phacoemulsification level (Table 1). Patients
who did not meet any of the group criteria were
excluded from the study.

Table 1. Group classification according to
phacoemulsification level.

75%-100% of the lens nucleus
was emulsified in the bag, 0%-—
25% of the lens nucleus was
emulsified in the iris plane.
75%-100% of the lens nucleus
was emulsified in the iris plane,
0%—-25% of the lens nucleus was
emulsified in the anterior
chamber or in the bag.
50%-75% of the lens nucleus
was emulsified in the anterior
chamber, 25%-50% of the lens
nucleus was emulsified in the iris
plane.

Group 1

Group 2

Group 3

Epinucleus was cleared with low vacuum and
ultrasound power settings. Cortex removal was
performed by bimanual irrigation/aspiration.
After all lens materials were cleared, sodium
hyaluronate 1.4% (Protectalon®) OVD was
injected into the capsular bag. Same foldable
one-piece hydrophobic acrylic intraocular lens
(Sensar AR40, AMO, Mineapolis, USA) was
inserted to each patient. Then OVD was
removed from anterior and posterior chamber
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and corneal incisions were closed by stromal
hydration without any suturing. At the end of
surgery, intracameral cefuroxime 1mg/0.1 ml
was applied and corneal incisions were checked
in order to ensure that there was no leakage.

The phacoemulsification time (s),
phacoemulsification power (%), and effective
phacoemulsification time (EPT) were recorded.

EPT was computed as follows:
phacoemulsification time X
phacoemulsification power/100. Total

operation time was calculated as the time
between the opening of the first paracentesis
and the closure of corneal incisions by stromal
hydration. Postoperatively, patients were
treated with moxifloxacin 0.5% and
dexamethasone 0.1% eye drops 6 times daily
for 1 week, after which only dexamethasone
0.1% was instilled over 3 weeks with a
gradually decreasing dosage.

Statistical analyses

All data was analyzed using the SPSS statistical
software package, version 24.0 (SPSS Inc.,
Chicago, IL, USA). Parametric data was
compared using analysis of variance
(ANOVA), followed by a Tukey’s honestly
significant difference test for post hoc
comparisons, and non-parametric data was
compared using the chi-square test. The
associations with continuous and categorical
variables were assessed using Pearson's and
Spearman's-Rho bivariate correlation analyses,
respectively. The factors that could affect the
central corneal edema on the postoperative first
day were evaluated using multiple linear
regression analysis. The statistical significance
level was set at p < 0.05. Normal distribution of
the data was checked by Kolmogorov-Smirnov
test. For all of the studied parameters, the p
value for the Kolmogorov—Smirnov test was
>0.05.
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Results

In total, 232 eyes of 232 patients were included
in this study. Of these patients, 129 were male
(55.6%) and 103 were female (44.4%), with an
average age of 69.8 + 7.4 years. Of the 232
eyes, 107 (46.1%) were right and 125 (53.9%)
were left. Overall, 104 patients had NO3 NC3
(44.8%) and 128 patients had NO4 NC4
(55.2%) cataract. There were 87 patients
(37.5%) in Group 1, 79 patients (34.1%) in
Group 2, and 66 patients (28.4%) in Group 3.
Regarding intraoperative complications, two
cases of posterior capsule ruptures without
vitreous loss, one of zonular dehiscence, six of
small detachments of Descemet’s membrane,
and two of radial capsulorhexis tears were
noted. No postoperative complication was
observed during the follow-up.

Biometric and surgical data of patients are
provided in Table 2. The mean values of CCT
along with mean differences between
preoperative CCT (preCCT) and postoperative
CCT values of groups are shown in Table 3.
There was no difference among the groups in
IOP values as well as among IOP differences on
days 1, 7, and 30 after surgery (p > 0.05 for all).
Biometric and surgical data were similar in all
groups (p > 0.05 for all) (Table 2). There were
statistically significant differences between
groups in postoperative CCT values on the first
day (postCCT1) and postoperative CCT values
at the first week (p < 0.001 for both).
Postoperative CCT values in the first month
were not different among the groups (p = 0.352)
(Table 3).

In post hoc comparisons, an increase in the
mean CCT values after surgery on the first day
and at the first week were more pronounced in
Group 3 than in Group 1 and Group 2 (p < 0.05
for all). One month after the surgery, these
differences were not statistically significant (p
> 0.05 for all). In addition, an increase in the
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Table 2. Biometric and surgical parameters of the groups.

Parameters Group 1 Group 2 Group 3 P
(n=87) (n=79) (n=66)

Age (years) 69.1+7.7 71.0+7.2 69.9+6.9 0.284*

EPT (sec) 3.8£2.2 38+1.5 39+1.5 0.992*

Phaco time (sec) 14.0+7.5 14.1+5.7 14.8+5.1 0.862*

Phaco power (%0) 28.1+4.9 28.2+5.6 26.3+4.7 0.213*

Total operation time (min) 13.5+£2.9 12.8 £2.8 12.7+23 0.269*

Preoperative IOP (mmHQ) 14.1+£2.8 14.5+3.7 13.7+3.0 0.436*

AL (mm) 23.5+0.8 23.5+0.9 23.6+ 1.0 0.869*

AD (mm) 2.8+04 2.9+0.4 29+03 0.422*

LT (mm) 44+0.4 43404 44+0.5 0.817*

PD (mm) 6.9+ 1.0 6.8+0.9 7.0+ 1.0 0.600*
Grade 3 n=126 50 39 37

NS Grade 4 0.494%*
N=106 37 40 29

*One-way ANOVA, ** Chi-Square test.

AD: Aqueous depth, AL: Axial length, EPT: Effective phacoemulsification time, LT: Lens thickness, NS:

Nuclear sclerosis, PD: Pupil diameter with full dilatation.

mean CCT values on the postoperative first day
(incCCT1) was higher in Group 2 than in Group
1 (p = 0.040).

In the correlation analyses, the factors that
could be associated with incCCT1 were as
follows: age, Sex, EPT, AD,
phacoemulsification level, phacoemulsification
time, and phacoemulsification power (r range:
—0.246 to 0.420, p range: <0.001-0.027). No
significant relationship was noted among NS
grade, AL, pupil diameter, total operation time,
LT, and incCCT1 (r range: —0.121 to 0.131, p
range: 0.093-0.950). A multiple linear
regression analysis, in which all independent
variables were entered into the model
simultaneously, was conducted to define
independent factors associated with incCCT1.
The first model was developed with factors that
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were associated with postoperative ECL or
corneal edema in previous studies [5,6,9,16].
Next, phacoemulsification level was added into
the model. The final multiple linear regression
model indicated that EPT, AD, and
phacoemulsification level significantly affected
incCCT1. The model explained 31% of the
variation in incCCT1 and revealed that the
effect of phacoemulsification level accounted
for 13%.

Discussion

The present study reported that the increase in
postoperative CCT values was higher in the
anterior chamber phacoemulsification than in
the posterior chamber phacoemulsification or
the iris plane phacoemulsification. The effect of
the anterior chamber phacoemulsification



Enes Uyar / Exp Biomed Res. 2022; 5(1):106-115

Table 3. CCT values and postoperative CCT differences of the groups.

Group 1 Group 2 Group 3

Parameters P
(n=87) (n=79) (n=66)

PreCCT (um) 531.5+27.4 534.3+£29.0 540.2 £25.3 0.322*
PostCCT1 (um) 573.7+35.6 594.7+454 627.2 £56.3 <0.001*
PostCCT7(um) 545.8+33.8 545.0 +32.9 576.6 = 45.9 <0.001*
PostCCT30 (um) 533.1+27.2 539.8 £29.7 5442+ 252 0.352*
PostCCT1-PreCCT (um) 422+173 60.4 +32.7 81.4+50.3 <0.001*
PostCCT7-PreCCT (um) 12.0+11.5 142 +13.3 29.9+28.4 <0.001*
PostCCT30-PreCCT (um) 1.1£2.9 1.4+2.8 3.0+5.0 0.181*
Percentage of

7.9+3.2 11.3+6.2 153+9.6 <0.001*
(PostCCT1-PreCCT) / PreCCT (%)
Percentage of 23422 27425 55451 0.002*
(PostCCT7-PreCCT) / PreCCT (%)
Percentage of

02=+0.6 03=£0.5 05+09 0.198*
(PostCCT30-PreCCT) / PreCCT (%)
*One-way ANOVA. PostCCT1: Central corneal thickness on postoperative first day, PostCCT7: Central
corneal thickness at postoperative first week, PostCCT30: Central corneal thickness on postoperative first
month, PreCCT: Preoperative central corneal thickness.

persisted for more than a week. In addition, AD,
EPT, and phacoemulsification level were
factors significantly affecting incCCTL1.

Recent studies have revealed that anterior
chamber phacoemulsification or supracapsular
techniques can be used safely and have certain
advantages [4,15,17-19]. Hwang et al. [4]
compared the retro-chop and stop-and-chop
techniques according to the postoperative ECL
and CCT increase. In the retro-chop group,
phacoemulsification was performed in the iris
plane, which resulted in lower ECL than in the
stop-and-chop group. The authors have
proposed that reduced phacoemulsification
time used in the retro-chop group caused less
ECL. In addition, Alio et al. [17] found no
difference in postoperative CCT and ECL
between the stop-and-chop and the phaco-out
groups, in  which phacoemulsification was

111

performed entirely in the anterior chamber. The
authors have attributed these findings in the
phaco-out group to the wuse of copious
dispersive OVD [17]. However, clinical
examinations revealed that the corneal edema
was more pronounced in the phaco-out group
during the postoperative first 2 weeks [17]. In
the half-moon technique used by Can et al.[18],
the lens nucleus was prolapsed at the
supracapsular level at the start of the operation;
after the first crack, it was pushed back into the
capsular bag. The authors suggested that the
half-moon technique can be used as safely as
posterior  phacoemulsification  strategies.
However, the CCT values on the first day after
surgery were higher in the half-moon group,
even though EPT was less than the stop-and-
chop group. The authors attributed this
difference to the fact that chopping was
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performed closer to the corneal endothelium at
the beginning of the surgery [18]. In contrast,
Kosrirukvongs et al. [20] found that the ECL
percentage in postoperative first week was
significantly higher in the chip-and-flip group
(21%) than in the divide-and-conquer group
(12.6%). The authors did not detect a difference
in mean postoperative CCT values between two
groups; however, CCT values on the
postoperative first day were not evaluated in
this study. The authors specified that more
surgical trauma occurred in the chip-and-flip
group, even though OVD was used to protect
the corneal endothelium [20]. Likewise, Koch
et al. [14] deduced that iris plane
phacoemulsification caused more endothelial
injury than posterior chamber
phacoemulsification, particularly ~ when
cohesive OVD was used instead of dispersive
OVD. Although different phacoemulsification
techniques have been thoroughly compared in
above mentioned studies, the present study
assessed the effect of possible
phacoemulsification  level changes on
postoperative corneal edema while the same
technique is used. The phaco-chop technique
was used for nuclear fragmentation in all
patients, and we observed that
phacoemulsification performed at levels closer
to the anterior chamber than the capsular bag
lead to more corneal edema. In regression
analyses, the phacoemulsification level of
Group 3 had the most significant effect on
inducing incCCT1, whereas that of Group 1
resulted in significantly reduced incCCT1.

In previous studies that investigated similar
preoperative and intraoperative  factors,
phacoemulsification time, phacoemulsification
power, age, AL, NS grade, pupil diameter, total
infusion volume, implanted IOL type, surgeon
experience and total operation time were found
to be determinants of postoperative corneal
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edema [3,5,6,9,16,21]. In this study, however,
we detected that AL did not have a remarkable
effect on corneal edema whereas AD values
were negatively correlated with postoperative
CCT increase. Several studies suggested that
the phacoemulsification closer to corneal
endothelium might have much harmful effect
on cornea, however no significant association
between AD and postoperative ECL was found
[5,11,16]. Walkow et al. [5] have explained
their results by the deepening of anterior
chamber during surgery. O’brien et al. [16]
have attributed the lack of association between
shallow anterior chamber and ECL to the
contribution of reduced wound leakage during
surgery. This difference might be due to the
non-use of dispersive OVD which caused the
effect of shallow AD on corneal edema to
become more pronounced [11,14,22]. Another
reason of dissimilar results might be the
differences in bottle heights or total infusion
volumes.

Many studies have reported an association

between  phacoemulsification time and
postoperative corneal edema or ECL
[5,6,16,21,23,24]. Likewise,

phacoemulsification time and EPT were
significantly related with incCCT1 in the
present study. Several mechanisms have been
proposed how ultrasound energy may damage
corneal endothelium [23,25,26]. Moreover, it
has been shown that NS grade might affect
corneal edema by increasing EPT [5,9]. In the
present study, the absence of a significant
relationship between LT or NS grade and
incCCT1 may be caused by the inclusion of
only grade NO3 NC3 and NO4 NC4 cataracts.
The literature may have possible explanations
for the different results observed regarding the
factors affecting affect corneal edema. Firstly,
there were differences in measurement devices,
evaluated postoperative parameters, surgery
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techniques, phaco machines, OVD types,
surgeon experience, and methods used in the
studies. Additionally, many intraoperative
dynamics such as bottle height, total infusion
volume, and wound leakage might yield
different results in studies that evaluated how
preoperative biometric parameters of patients
affect the corneal damage. Especially, the type
and amount of OVD used during surgery might
affect the relationship between AD, AL, EPT,
NS grade, and postoperative corneal edema or
ECL. The regression model of the present study
explained 31% of the variation in incCCTZ,;
thus, there may be other factors influencing
incCCT1, which could not be identified by
regression models. These factors include OVD
types, baseline endothelium cell count, surgeon
experience, total infusion volume, and phaco
tip position [3,5,6,9,11,16,22-24].

The present study possesses the following
limitations: CCT values could have been
measured in earlier hours postoperatively and
follow-ups could have been arranged more
frequently. The durations of surgery steps were
not calculated separately. The surgeon
observed the percentage of emulsified lens
nucleus during surgery to decide the
phacoemulsification level. This method can be
criticized as not being objective enough. Few
possible predictors of the postoperative corneal
edema such as total infusion volume, the
amount of OVD used, the position of phaco tip,
and baseline endothelium cell count were not
evaluated. One more limitation of the study is
that only CCT measurements were used to
evaluate the effect of phacoemulsification
procedure on the corneal edema, and
postoperative ECL was not assessed. However,
previous studies have suggested that CCT
measurements have greater availability,
accuracy, and importance clinically to reveal
endothelial damage [6,18]. In addition, a
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significant correlation has already been
observed between the increase in CCT and ECL
after surgery [8,27,28]. In contrast, the present
study has certain advantages. The effect of
phacoemulsification level on the cornea was
evaluated objectively with the contribution of
standardized variables, ie., nuclear
fragmentation technique, NS grade, used OVD,
surgeon, and phaco machine. In addition to
these, as the phacoemulsification time,
phacoemulsification power, demographic, and
biometric parameters of the groups were
similar, the effect of phacoemulsification level
could be evaluated independently.
Furthermore, the study method could
adequately represent cataract surgery practice,
because phacoemulsification level changes
were evaluated during live surgery.

Conclusion

In conclusion, the current study showed that
phacoemulsification levels closer to the anterior
chamber than the capsular bag resulted in more
negative effect on the cornea. Moreover, this
effect might continue longer than 1 week. Thus,
phacoemulsification in the capsular bag may be
safer for the corneal endothelium and can still
be a primary choice in routine cataract cases. At
the same time, advances in modern surgical

techniques and instruments have made
supracapsular techniques, which have a
relatively shorter learning curve, more

preferable, especially in cases such as zonular
dehiscence, lens subluxation, hard cataracts
with posterior plate, small pupil, and advanced
pseudoexfoliation. However, if more than half
of the lens nucleus is to be emulsified in the
anterior chamber, abundant use of dispersive
OVD is strongly recommended.
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ABSTRACT

Aim: Primary hyperparathyroidism (PHP) is commonly caused by adenomas. Studies have shown mild
inflammation in PHP and elevated levels of some inflammatory markers to support this. In addition, excess
parathyroid hormone (PTH) and calcium (Ca) cause atherosclerosis by disrupting endothelial function. Mean
platelet volume (MPV) describes the size and indirect activity of platelets and its value is expected to increase
with inflammation and associated atherosclerosis. Neutrophil to lymphocyte ratio (NLR) is another parameter
associated with inflammatory response. This study was performed to investigate the MPV and NLR levels in
PHP developing from a single parathyroid adenoma.

Method: Patient records from 2016-2021 were retrospectively scanned from the computer system and 40
patients with PHP developing from a single parathyroid adenoma were selected based on exclusion criteria.
The values of PTH, Ca, 25-Hydroxyvitamin D, phosphorus, MPV and number of blood cells were recorded.
NLR was calculated. The results were compared with the results of 36 healthy controls.

Results: MPV (8.7+0.6 fl and 7.6+0.6 fl, respectively; p=0.001) and NLR (2.6£1.7 and 1.7+0.8, respectively;
p=0.000) were higher in the PHP group compared to the control group. Ca and PTH correlated positively with
MPV (p=0.003 and p=0.000, respectively) and NLR (p=0.011 and p=0.023, respectively).

Conclusion: MPV and NLR were found to be higher in patients with PHP developing from a single adenoma
than in healthy individuals.

Key words: Mean platelet volume, neutrophil to lymphocyte ratio, primary hyperparathyroidism, parathyroid
adenoma, calcium.
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and are increasingly encountered in clinical
practice with increased ultrasound experience
and widespread measurement of calcium (Ca),
25-hydroxyvitamin D  (250HD), and
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Introduction
Parathyroid adenomas are the most common
cause of primary hyperparathyroidism (PHP)

parathyroid hormone (PTH). Early diagnosis
also allows patients to be caught mostly in the
asymptomatic phase. Therefore, clinical studies
have focused on investigating whether high
PTH and Ca levels cause other pathologies in
this group of patients without typical bone and
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renal involvement [1-7]. In these studies, the
PTH-1 receptor has also been observed outside
of bone and kidney which are typical sites of
PTH action [3]. Apart from these two regions,
the PTH-1 receptor was most frequently
detected in the heart and vascular network,
which is why the cardiac effects of PTH have
begun to be studied [3-7]. These studies showed
that PTH exerts chronotropic and inotropic
effects on the heart and is a causative factor for
left ventricular hypertrophy and hypertension
[4,5]. Studies have shown mild inflammation in
PHP and increased levels of some
inflammatory markers (interleukin-6, high-
sensitivity C-reactive protein) supporting this
[6,7]. Moreover, excess PTH and Ca cause
atherosclerosis by disrupting endothelial
function [8,9]. Platelets are involved in the
development of inflammation and play a
special role in hemostasis and thrombosis [10].
Platelets express and secrete CD40 ligand,
which  stimulates inflammation in the
endothelium, and platelet cytoplasmic granules
contain numerous inflammatory products,
including leukotrienes, prostaglandins, platelet-
activating factor, beta-thromboglobulin, and
interleukin-1 [11-13]. MPV describes the size
and indirectly the activity of platelets [14].
Therefore, its value is expected to increase in
inflammation and associated atherosclerosis, in
which platelet activity increases [15-16].
Studies have also supported this idea, and MPV
has been found to be increased in chronic
inflammatory diseases such as ankylosing
spondylitis,  rheumatoid  arthritis,  and
inflammatory bowel disease, as well as in acute
inflammatory processes such as unstable angina
and myocardial infarction [17-20]. MPV has
also been associated with infections such as
coronavirus 2019 (Covid-19), obesity, diabetes
mellitus, frailty, and coronary artery disease
[21-24]. The neutrophil to lymphocyte ratio

117

(NLR) is obtained by dividing the neutrophil
count by lymphocyte count in the complete
blood count and is one of the markers of the
inflammatory response [25]. The positive
association between high-sensitivity C-reactive
protein and systemic inflammation also
supports this finding [25]. NLR has been found
to help predict prognosis in some diseases,
indicating poor prognosis in cardiovascular
disease, solid tumors, and infections [26-28].
This study was conducted to investigate the
level of MPV and NLR in PHP developing from
a single parathyroid adenoma.

Materials and methods

After obtaining ethics committee approval
(date: 10/06/2021; decision number: 8/21), the
data of subjects who visited the endocrinology
and/or general surgery departments of Antalya
Training and Research Hospital between
January 2016 and April 2021 were reviewed.
The exclusion criteria were as follows: PHP due
to hyperplasia of the parathyroid glands, PHP
patients with multiple adenomas, cases with
surgical pathologies of parathyroid cancer,
younger than 18 and older than 70 years, with
cardiovascular or cerebrovascular diseases,
taking medications that affect platelet function
(e.g., acetylsalicylates, heparin, antiepileptic
drugs, etc.), and with infections or
inflammatory diseases. Patient records were
retrospectively scanned from the computer
system, and 40 PHP patients with solitary
parathyroid adenoma who met the exclusion
criteria were identified and included in the
study. The study population was formed by
selecting 36 controls of similar age and gender
with normal serum PTH and Ca levels. In all
patients, PHP diagnosis had been based on at
least two separate measurements of Ca,
phosphorus (P), albumin, and PTH, and at least
one measurement of 250HD and 24-hour urine
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Ca and creatinine. The diagnosis of adenoma
was confirmed by the presence of adenoma on
Technetium (99mTc) sestamibi scintigraphy in
addition to the ultrasound image, and by PTH
washout from the lesion on ultrasound if the
scintigraphy was negative. Ca, P, albumin, and
other biochemical tests results were obtained by
the traditional spectrophotometric method
using commercial kits from Beckman Coulter
with a Beckman Coulter AU5800 autoanalyzer
(Beckman Coulter Inc., CA, USA), and the
result of whole blood parameters (hemogram)
were obtained with a Beckman Coulter LH780
hematology autoanalyzer. PTH, 250HD and
other necessary hormone tests were performed
using the chemiluminescence method on a
Beckman  Coulter  DxI800  instrument
(Beckman Coulter Inc.). The reference ranges
in our hospital were 8.8-10.6 mg/dl for Ca, 2.5-
4.5 mg/dl for P, 12-88 ng/l for PTH, and 3.6-12
fl for MPV between the study dates. Serum
levels of Ca, P, albumin, PTH, 250HD and
hemogram of total population were recorded. If
the patient's albumin is low, it was analyzed by
calculating the corrected Ca for albumin
[Corrected Ca (mg/dl) = measured Ca (mg/dl)
+ 0.8 (4-patient albumin). 250HD level below
20ng/ml was considered as insufficient. We
statistically compared the MPV and NLR
values of patients and controls and examined
the correlation between these parameters and
PTH, 250HD and Ca.

Statistical analysis

All results were given as numbers and
percentages for categorical parameters and
means and standard deviations for continuous
variables. Analyzes were obtained in SPSS 20.0
program. Whether the distribution of the data
was normal or not was determined by
performing the Shapiro-Wilk test. The
comparison of the means of the two groups that
met the parametric analysis conditions was
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made with the Student’s T-test and the Mann
Whitney U test was used when comparing the
means of nonparametric variables. Spearman
correlation test was used to identify possible
relationships among the parameters. It was
considered significant when the p value was
below 0.05.

Results

40 PHP patients with a mean age of 50.6+7.3
years and 36 controls with a mean age of
49.848.1 years were studied. 29 (72.5%) of the
PHP patients were female, while 26 (72.2%) of
the control subjects were female. Mean PTH
level was significantly higher in patients than
control subjects (214.9£112.6 ng/l and
49.0+6.3 ng/l, respectively; p=0.001). The
mean 250HD level in the PHP group indicated
insufficiency, while the 250HD level in the
control group was adequate (18.1+£7.6 ng/l and
26.6£4.0 ng/l, respectively; p=0.024). The
mean Ca level was 11.6+0.9 mg/dl in patients,
9.2+1.0 mg/dl in controls (p=0.012). P level
was lower in patients than in controls as
expected (2.4+0.02 mg/dl and 3.5+0.4 mg/dl,
respectively; p=0.002). Red blood cell count
and hemoglobin content were similar in the 2
groups. While platelet count did not change
between patients and controls, MPV was
significantly higher in patients compared to
controls (8.7£0.6 fl, and 7.6+0.6 fl,
respectively;  p=0.001), supporting our
hypothesis. The white blood cell count did not
differ between the groups, but the neutrophil
count was significantly increased in the PHP
patients (p=0.000). In addition, NLR was
significantly higher in the PHP group than in
the control group (2.6+£1.7 and 1.7+0.8,
respectively; p=0.000). The comparison of
study parameters between patients and controls
is shown in Table 1. We found a significant
correlation between PTH and MPV (r=0.476,
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Table 1. Table 1. Comparison of the parameters between patients and controls.

Parameters PHP group Control group p
Number (n) 40 36

Male/Female (n) 11/29 10/26 0.986

(%) (27.5/72.5) (27.8/72.2)

Age (yrs.) 50.6+7.3 49.8+8.1 0.812
PTH (ng/l) 214.9+112.6 49.0+6.3 0.001*
250HD (ng/l) 18.1+7.6 26.6+4.0 0.024*
Calcium (mg/dl) 11.6+£0.9 9.2+1.0 0.012*
Phosphous (mg/dl) 2.4+0.02 3.5+0.4 0.002*
MPV (fl) 8.7+0.6 7.6%0.6 0.001*
Neutrophil (10%/ul) 5.7+1.4 4.2+1.9 0.000*
Lymphocyte (10%/ul) 2.2+1.0 2.5+0.6 0.267
NLR 2.6+1.7 1.7+0.8 0.000*

*p<0.05 is statistically significant PTH, parathyroid hormone; PHP, primary hyperparathyroidism; MPV,
mean platelet volume; NLR, neutrophil to lymphocyte ratio; 250HD, 25-hydroxyvitamin D.

p=0.000) positive, between Ca and MPV
(r=0.292, p=0.003) positive and between MPV
and 250HD (r=-0.367, p=0.024) negative. In
addition, NLR showed significant positive
correlation with serum Ca (r=0.214, p=0.011)
and PTH (r=0.347, p=0.023) and negative

correlation with 250HD which was not
Tablo 2. The result of correlation analysis.
Parameters MPV NLR
PTH r:0.476 r:0.347
p:0.000* p:0.023*
Calcium r:0.292 r:0.214
p:0.003* p: 0.011*
r:-0.367 r:-0.072
250HD p:0.024* p:0.131

PTH, parathyroid hormone; MPV, mean platelet
volume; NLR, neutrophil to lymphocyte ratio;
250HD, 25-hydroxyvitamin D. *p<0.05 is
statistically significant, spearman correlation tests.
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statistically significant (r=-0.072, p=0.131).
The correlation results are shown in Table 2.

Discussion

In our study, we found that MPV, which was
expected to increase in platelet activation, and
NLR, which is positively correlated with
inflammatory parameters were significantly
higher in PHP patients than in healthy controls.
MPV was found to be increased in chronic
inflammatory diseases, many cancer types
including thyroid papillary carcinoma as well
as in cardiovascular diseases such as coronary
artery disease and myocardial infarction (Ml)
[16-18,29]. Butterworth RJ et al., showed that
MPV is also increased in ischemic stroke and
that MPV on admission is significantly higher
in patients who died or became dependent at 3
months after stroke [30]. In another study, an
increase in MPV was observed after MI,
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suggesting that it may be a predictor of death or
other ischemic events after M1 [18]. The study,
which compared thyroid cancer patients who
underwent surgery with healthy controls and
operated thyroid patients with benign goiter
pathology, concluded that the MPV increase in
thyroid papillary cancer was significant
compared to other groups (29). Another study
by Kuzu F et al., on thyroid nodules found that
MPV and NLR were high in malignant nodules
(31). Also, in studies on MPV in thyroid
patients, it was observed that MPV increased in
autoimmune thyroid diseases irrespective of
TSH level (32). An increase in MPV was also
observed in Graves' orbitopathy, which is also
an autoimmune inflammatory process (33). In
patients with PHP, inflammation, endothelial
dysfunction, and the atherosclerosis cascade are
activated by pathways whose mechanisms are
not clearly understood. The consequence of this
process is a poor prognosis and an increased
risk of death from cardiovascular disease [3-9].
To elucidate this etiopathogenesis, platelet
functions have been brought to the forefront
and it has been suggested that changes in
coagulation parameters, susceptibility to
thrombosis and increased platelet activation
may occur in PHP [34,35]. It is known that the
number of studies investigating platelet
function and activation in PHP is quite limited.
In these studies, some factors of the coagulation
cascade, coagulation and adhesion molecules
were measured. One study found that the levels
of the factor VII and D-dimer were higher in
PHP patients than in control subjects [34],
while in another study, P-selectin levels and
aggregation parameters did not differ between
PHP and control groups [35]. In studies that
investigated MPV in PHP, the results were
consistent with ours [36-38]. Yilmaz et al, on
the other hand, found that MPV values
decreased significantly in the 6th month after
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adenoma surgery [37]. Baradaran et al., studied
MPV levels in secondary hyperparathyroidism
in dialysis patients and found that there was a
direct correlation between MPV and PTH in
this group of patients, and observed that platelet
count decreased with increasing PTH [38].
Some studies hypothesized that increased Ca
levels, rather than PTH, affected platelets in
PHP, leading to an increase in platelet Ca levels
by altering platelet shape and activation
[39,40]. It has also been suggested that
increased inflammation and oxidative stress
may cause platelet activation in PHP [41,42].
Similar to our results, Cure et al. [42] and
Arpaci D et al., [36] found a negative
correlation between MPV and 250HD levels.
In agreement with previous reports [43,44],
females in this study were more likely to have a
PHP than males. Another finding of our study
is that NLR is higher in subjects with PHP than
in healthy subjects. NLR, which can be derived
from leukocyte count, increases in systemic
inflammation [45]. Some data suggest that NLR
may be related to cardiovascular disease
prognosis [26,45]. In a few studies
investigating the influence of PHP on NLR, a
positive correlation between PTH and NLR was
documented [46,47]. In this study, Zeren S et
al., found that NLR increased with increasing
parathyroid adenoma size [47]. In another study
that focused attention on NLR in patients who
developed primary or secondary PTH
elevation, it was highlighted that due to the
positive correlation between PTH and Ca and
NLR, elevated PTH would indicate a
proinflammatory state [48]. Our study has some
limitations. The study population was small, the
study was retrospective, and we did not
measure other atherosclerotic or inflammatory
markers and platelet activation parameters.
Conclusion

The significance of this study is that it
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demonstrates increased platelet activation and
inflammatory propensity in PHP and paves the
way for new studies to assess inflammatory
markers and adhesion and aggregation
molecules in relation to platelet activity. In our
study, we found that MPV, which is an
indicator of platelet activation, and NLR, which
correlates with inflammatory parameters,
increase in PHP due to a single parathyroid
adenoma, but new studies on the clinical
significance of these findings are needed.
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The role of diffusion-weighted imaging on 3 tesla magnetic resonance in the clinical
staging and pathological grading of clear cell renal carcinoma
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ABSTRACT

Aim: To evaluate the contribution of the apparent diffusion coefficient (ADC) to distinguish between the four
clinical stages and pathological grading in patients with clear cell renal cell carcinoma (RCC) on 3T MRI.
Methods: MRI of 93 patients with histopathological diagnosis of clear cell RCC were evaluated
retrospectively. Clinical stage was evaluated according to American Joint Committee on Cancer and
histopathological examination was evaluated according to the Fuhrman grading system. ADC values were
compared for each clinical stage and pathological grade.

Results: Clinical stages were | in 51 patients (54.8%), Il in 14 patients (15%), Il in 15 patients (16.1%), and
IV in 13 patients (13.9%). The Fuhrman grade of the patients were I in 8 (8.6%) patients, Il in 55 (59.1%)
patients, 111 in 23 (24.7%) patients and IV in 7 (7.5%) patients. Clinical stage | and Fuhrman grade | had
significantly higher ADC values than all groups (p<0.001). The sensitivity was 81% and the specificity was
80.4% when the optimum cut-off value of ADC was taken as 1.41x1073 mm?/s to differentiate between clinical
stage | and other stages (l1, 111, and 1V) (AUC:0.910; 95CI:0.855-0.964; p<0.001). The optimum cutoff value
of ADC was taken as 1.67x1073 mm?/s to differentiate between Fuhrman grade | and other grades (ll, 11l and
IV), the sensitivity was 88.2% and the specificity was 100% (AUC: 0.927; 95CI: 0.872- 0.983; p<0.001).
Conclusions: In patients with renal mass suggestive of clear cell RCC in imaging studies; The possibility of
lymph node or distant metastatic lesion should be considered in patients with an ADC of the primary tumor
site less than 1.41x1073 mm?/s, and the presence of distant metastasis in patients with an ADC less than
1.22x1073 mm?/s.

Key words: Clear cell renal cell carcinoma, apparent diffusion coefficients, clinical stage, Fuhrman grade,
MRI
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Introduction
Renal cell carcinoma (RCC) is the most
frequent malignant renal tumor with a

parenchymal kidney tumors [1, 2]. The age of
presentation is typically 50-70 years, with a
moderate male predilection of 2:1 [3]. Most
clinical manifestations are nonspecific, and
many patients are recognized incidentally in
earlier stages on imaging studies performed for
other reasons. The classic triad of hematuria,
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flank pain, and mass is seen in only 10% of
patients with advanced tumors [4].

RCC represents a heterogeneous group of
tumors with many different histological
varieties.  Clear cell, papillary, and
chromophobe RCCs constitute the three main
histological subtypes with the malignant
course, of which ~75% are the clear cell
subtype in the adult population [5,6]. The
prognosis of RCC is closely related to the
pathological subtypes. Clear cell RCC
originates from the proximal tubule epithelium
and is the most common and malignant subtype
of RCCs. The five-year cancer-related survival
rate is the lowest compared to other subtypes at
68.9% [7-8]. These main pathological subtypes
of RCC can often be noninvasively
differentiated by imaging characteristics [9].
Clear cell RCC has a more heterogeneous
appearance due to multiple areas of
hemorrhage, internal necrosis, and cystic
changes, in addition to a tremendous amount of
enhancement.

At the microscopic evaluation, clear cell RCCs
are characterized with tumor cells having clear
cytoplasm due to the accumulation of glycogen
and lipids accompanying in varying proportions
to the cells with granular eosinophilic
cytoplasm [4]. Diffusion-weighted imaging
(DWI1), a magnetic resonance (MR) imaging
technique based on the molecular mobility of
water molecules, demonstrates high signal
intensity in the lesions with dense cellularity
and weak interstitium that limit the mobility of
water molecules, as in tumoral processes. The
apparent diffusion coefficient (ADC) is a
parameter that allows the quantification of
restricted diffusion. It is used as an indicator of
cell proliferative activity and provides insight
into the nature of the lesions in various parts of
the body [10,11]. DWI is a valuable tool in
detecting metastatic lymph nodes and
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differentiating high-grade tumors from low-
grade ones [12-14].

Various studies have shown that ADC is
significantly different between clear-cell RCC
and non-clear-cell RCC subtypes [9, 15,16].
Recently, the utility of ADC has been suggested
in predicting the clinical stage of clear cell RCC
[17, 18]. However, studies reporting the
relationship between ADC and the clinical
stage of clear cell RCC are few in the literature,
and most of them were performed on 1.5 Tesla
(T) MR imaging [18]. Our study aims to
investigate the utility of DWI with ADC
measurement on 3T MR imaging in clinical
staging and pathological grading of clear cell
RCCs.

Materials and methods

The study was approved by the Recep Tayyip
Erdogan University Faculty of Medicine
Clinical Research Ethics Committee (Date:
2021-11-11/N0:2021/195). All the procedures
were carried out in accordance with ethical
rules and the principles of the Declaration of
Helsinki. Due to the design of our study, an
informed consent form could not be obtained
from the patients. Demographic characteristics,
medical history, surgical notes, and pathology
results of all patients, in whom 3T MR imaging
was performed for the evaluation of the kidney
masses with pathological diagnosis of clear cell
RCC made by examining the tissues obtained in
radical/partial nephrectomy between February
2016 and September 2021 were retrospectively
analyzed from the hospital information system.
Patients under 18, patients who had MR
imaging or nephrectomy surgery in another
center, patients who underwent MR imaging
with 1.5 T MR device, patients with poor MR
imaging quality, and patients whose medical
information could not be reached were
excluded from the study.
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MR Imaging

MR imaging was performed with the patient in
the supine position, using a 3 T MR scanner
(Discovery w750, GE Healthcare, United
States). Antecubital intravenous access was
established before the examination, and a bolus
injection of contrast material was administered
intravenously, following the precontrast
images. Conventional, dynamic, and DWI were
obtained using standard abdominal coils. For all
patients, axial and coronal section T2-weighted
(T2w) single-shot fast spin-echo (FSE)
sequences, axial section T1-weighted (T1w)
dual-echo in-phase and out-of-phase sequences,
diffusion-weighted images were taken before
contrast agent injection. Diffusion-weighted
images were obtained by applying diffusion-
sensitizing gradients with different b values (50
sec/mm?, 800 sec/mm?) in all three directions
(X, Y, 2) to the echo-planar SE T2w sequence in
the axial plane. For each b-value, isotropic
diffusion-weighted images that eliminate
directional signal flares were generated. ADC
maps were generated automatically by the
instrument using each cross-sectional image.

Table 1. Parameters for MR imaging.

After  diffusion-weighted images were
obtained, the gadolinium contrast agent was
administered intravenously at a dose of 0.1
mmol/kg with an automatic injector at a rate of
3 ml/sec through the wvascular access
established before the examination, and high-
resolution T1w fat-suppressed TSE axial and
coronal section images were obtained (Table 1).
For the evaluation of kidneys, all sequences
were obtained at breath-holding. After the
images were obtained, they were recorded in
our hospital's PACS (Picture Archiving and
Communication System).

Image analysis

Imaging data for each of the 93 renal masses
were evaluated prior to reviewing the
pathological data by a single reviewer (H.G)
with 7 years of experience. The ADC was
manually calculated by setting a region of
interest (ROI) within the tumor using a
workstation. ROIs were placed in a single
location within the solid components of the
tumor based on visual evaluation, which was
seen as the brightest on DWI and the darkest on
ADC maps, avoiding areas of necrosis, cystic

Parameters Axial T2W Coronal T2W In-phase/out of CE MRI DWI
imaging imaging phase imaging
Echo time (m) 84 84 2.4/5.6 15 56
Repetition time (ms) 3768 3000 230 35 2700
Flip angle (degrees) 90 90 90 15 90
Intersection gap (mm) 1 1 1 -25 1
Section thickness (mm) | 5 5 5-6 5 5-6
Field of view (mm) 360-400 360-400 360-400 340-400 360-400
Matrix 320x224 288x192 256x192 288x224 128x128
reosration factor | ? - : : :

MR: Magnetic resonance, DWI: Diffusion-weighted imaging, CE MRI: Contrast-enhanced magnetic

resonance imaging.
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degeneration, and hemorrhage that typically
show no enhancement on dynamic contrast-
enhanced MR images. The ROl was set in an as
large area as possible with the ROl size between
90-110 mm? (mean ROI area; 98 mm?). The
ADC value from a single ROI was accepted as
the representative ADC of the renal lesion and
expressed as mean + standard deviation in the
form of X x1073 mm?/s.

Clinical staging

The clinical stage was determined and recorded
according to the 2010 TNM classification of the
American Joint Committee on Cancer (AJCC)
[19]. The relationship between DWI findings
and the clinical stages of the patients was
investigated.

Pathological analysis

A nuclear grade for each tumor using the
Fuhrman nuclear grading system, the most
widely used histopathological grading system
defined by Furhman et al. [20], was assigned,
unaware of MR imaging findings. In the
Fuhrman classification, a grade is given to the
tumors between grade I-1V; grade | indicates
the best prognosis and grade IV the worst
(Table 2).

Table 2. Fuhrman grading system.

Grade
Grade 1

Fuhrman nuclear grading
Nucleoli are absent or
inconspicuous and basophilic at
400x

Nucleoli are conspicuous and
eosonophilic at 400x and visible
but not prominent at 100x

Grade 2

Grade 3 Nucleoli are conspicuous and

eosonophilic at 100x

Grade 4 Extreme nuclear
pleomorphisim,multinucleate
giant cell and /or rhabdoid

sarcomatoid differentiation
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In 3 patients with renal masses in both kidneys,
clinical staging and Fuhrman grading were
performed based on the tumor of the larger size.
Statistical Analysis

Statistical analyses were performed using the
IBM SPSS Statistics, Version 23.0 (SPSS Inc.,
Chicago, USA) program. Descriptive statistics
of both groups were reported as frequency and
percentages within the groups (n, %).
Continuous numerical variables were analyzed
by normality analyses. Accordingly, those with
normal distribution were reported as mean +
standard deviation, and those without normal
distribution were reported as median (min-
max). Difference analyzes between groups
were performed with Student's t-test or Mann-
Whitney U test. The distribution of categorical
data between the groups was evaluated with the
Chi-square  test.  Relationships  between
parameters were evaluated with Spearman
correlation analysis and reported with rho
coefficient. ROC curve analyzes were
performed to evaluate the parameters' clinical
stage and pathological grading performances
and determine the appropriate threshold values.
Accordingly, area under curve (AUC),
sensitivity and specificity values were reported.
A p-value < 0.05 was considered statistically
significant.

Results

164 patients who underwent nephrectomy for
RCC were retrospectively evaluated. 29
patients diagnosed with non-clear cell RCC
were excluded. After that, 35 patients who did
not have preoperative MR imaging or had MR
imaging but at 1.5 T MR Device were also
excluded. Lastly, 7 patients were excluded due
to the poor quality of DWI (Figure 1).

The remaining 93 cases, of whom 73 (%78, 5)
were male, and 20 (%21, 5) were female, with
amean age of 60, 25£11, 65 (39-77), were
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29 patients diagnosed
with non clear cell RCC
were excluded.

35 patients who did
not have preoperative
MRI or who had MRI at
1.5 T were excluded .

164 patients who
underwent
nephrectomy for RCC

7 patients were
excluded due to
insufficient DWI

93 patients diagnosed
with clear cell RCC
were divided into four
groups according to
clinical stage.

Figure 1. Flowchart for patient selection.

recruited for the study. Left (54.8%)
nephrectomy was performed in 51 (45.2%)
patients, and right nephrectomy was performed
in 42 (% 45.2) patients. Partial nephrectomy
was performed in 27 (29%) patients and radical
nephrectomy in 66 (71%) patients. According
to clinical stages and Fuhrman grades, these 93
cases were divided into four groups according
to clinical stages.

Clinical stages were | in 51 patients (54.8%), Il
in 14 patients (15%), I11 in 15 patients (16.1%),
and IV in 13 patients (13.9%). The Fuhrman
grade of the patients were | in 8 (8.6%) patients,
Il in 55 (59.1%) patients, Il in 23 (24.7%)
patients, and IV in 7 (7.5%) patients. There was
amoderate positive correlation between clinical
stage and Fuhrman grade (rho= 0.618;
p<0.001). For all 93 patients, the median ADC
of clear cell RCC was 1.42x1073 mm2/sec
(min-max: 0.97—1.86x107° mm?/s).

The mean ADC value for stage | was
1.59+0.18x107° mm?s, for stage >Il was
1.23+0.18 x1073 mm?/s, for stage >Ill was
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1.15+0.14 x1073 mm?/s and for stage IV was
1.07£0.64 x10° mm?s. Stage | had
significantly higher ADC values than all groups
(p<0.001) (Figure 2). ADC values for each
stage are given in table 3.

1,

ADD x10 -3 mmIie

Stage 1 ape? staged aped

Figure 2. The box plot of ADC values in clinical
stages.

Table 3. ADC values according to clinical stage and
pathological grades of clear cell RCCs.

ADC x107% mm?/s

Parameters
Mean SD Min | Max
1 1.59 0.18 @ 1.18 1.86
2 1.40 010 1.21 1.53
Clinical stage
3 1.22 0.16 # 0.98 @ 1.49
4 1.07 0.06 0.97 1.19
1 1.76 0.07 1.68 | 1.85
Fuhrman 2 1.52 0.18 @ 1.13  1.86
grade 3 117 014 097 148
4 1.19 0.21  0.99 1.49

The sensitivity was 81%, and the specificity
was 80.4% when the optimum cut-off value of
ADC was taken as 1.41x107° mm?s to
differentiate between clinical stage | and other
stages (I, HI, and 1V) (AUC:0.910;
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95CI:0.855-0.964; p<0.001). The sensitivity
was 93%, and the specificity was 80.4% when
the optimum cut-off value of ADC was
similarly taken as 1.41x10° mm?%s to
distinguish between clinical stages | and more
advanced stages (Il and 1V). (AUC: 0.964;
95ClI:0.927-1.000; p<0.001). The sensitivity
was 100%, and the specificity was 98.1% when
the optimum threshold value of the ADC was
taken as 1.22x107° mm?s to distinguish
between clinical stage | and stage
IV(AUC:0.998; 95CI:0.994-1.000; p<0.001)
(Figure 3).

Sensitivity

=

02 04 05

1 - Specificity

Figure 3. ROC curve showing success in
discrimination between clinical stage | and stage IV
of clear-cell RCC for and ADC < 1.22 x 10x1073
mm?/s.

The mean ADC value for Fuhrman Grade | was
1.7620.68 X103 mm?/s, 1.40+0.24 x10~3 mm?/s
for grade >II, 1.17+0.16 x102 mm?/s for grade
>I1I and 1.19+0.21 x10~3 mm?/s for grade IV.
Grade | had significantly higher ADC values
than all groups (p<0.001). When the optimum
cut-off value of ADC was taken as 1.67x107°
mm?/s to differentiate between Fuhrman grade
I and other grades (II, I, and 1V), the
sensitivity was 88.2%, and the specificity was
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100% (AUC: 0.927; 95CI: 0.872- 0.983;
p<0.001). When the optimum cut-off value of
ADC was taken as 1.59x107° mm?s to
differentiate between Fuhrman grade | and
more advanced grades (II, 1l and 1V), the
sensitivity was 100%, and the specificity was
100% (AUC:1.000; 95CI:1.000-1.000;
p<0.001) ) The sensitivity was 100%, and the
specificity was 100% when the optimum cut-
off value of ADC was taken as 1.59x1073
mm?/s to differentiate between grade | and
grade IV (AUC:1.000; 95CI:1.000-1.000;
p=0.001).

Discussion

The stage of RCC is based on the tumor
diameter and extent of the invasion, which is
defined in the AJCC Cancer Staging guidelines
as follows: Tla tumor is <4 cm in greatest
dimension and limited to the kidney; T1b tumor
is between 4 cm and 7 cm; T2a tumor is >7 cm
but <10 cm in size and limited to the kidney;
T2b tumor is >10 cm in size but confined within
the kidney; T3 tumor extends into major veins
or invades adrenal gland or perinephric tissues,
but not beyond Gerota’s fascia; and T4 tumor
invades beyond Gerota’s fascia (includes a
contiguous extension into ipsilateral adrenal
gland) [21, 22].

In the management of patients with RCC,
minimally invasive ablative treatments can be
used in stage | disease without lymph node or
distant metastatic lesions, which may
sometimes be challenging to detect on imaging
studies, especially when they are small.
Therefore, imaging parameters that can be used
in the preoperative estimation of the clinical
stage, which is one of the main parameters of
the prognostic evaluation together with the
pathological grade, have critical importance in
guiding optimal management of the patients,
particularly in the accurate differentiation of
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stage | clear cell RCC from advanced disease.
Although studies performed to estimate the role
of ADC in this differentiation are limited in
number, they are suggestive of its potential
utility as a quantitative method in preoperative
clinical staging [18, 23]. In this regard, we tried
to determine the association of ADC values of
clear cell RCC with every clinical stage on 3T
MR imaging.

Our study revealed that when the cut-off value
of ADC is taken as 1.41x107° mm?/s, the
sensitivity is 90% and the specificity is 80.4%
to differentiate between clinical stage | and
more advanced stages (I1l and 1V) and when it
is taken as 1.22x1073 mm?/s the sensitivity is
100%. The specificity is 98.1% to differentiate
between clinical stage | and stage IV.
Previously, Nakamura et al. evaluated 49
patients with pathologically proven RCCs to
compare the ADC values between each clinical
stage and reported statistically significant
differences in ADC values between stage 1 and
more advanced stages (Il and 1V) [18]. In the
study of Yoshida et al., 51 patients with 51
pathologically confirmed clear-cell RCCs who
underwent 15T MR imaging  were
retrospectively evaluated. A  statistically
significant difference in ADC values was
reported between stages | clear-cell RCC and
more advanced stage clear-cell RCCs with
lymph node metastasis or distant metastasis.
They found a sensitivity of 80.0% and a
specificity of 81.0% for the optimal cut-off
ADC value of 1.552x10~% mm?/s [23].

In addition to clinical staging, the nuclear grade
of clear cell RCC also correlates with survival,
particularly the Furhman grade [20, 24-26].
Previous studies reported a significant
difference between ADC values of high grade
and low-grade clear cell RCCs, particularly
Furhman grades [18, 27-28]. In our study, we
also tried to compare the ADC values for each
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Furhman grade. Our study population was
composed mainly of Furhman grade 2 clear cell
RCCs. Similarly, in the study of Giirsoy et al.,
more than half of the patients were Fuhrman
grade 2 with the rate of 61% among all four
grades [29]. We found that Furhman grade |
clear cell RCCs had significantly higher mean
ADC values than all groups. The cut-off ADC
value of 1.59x10°° mm?/s in our study was
found to differentiate between Fuhrman grade |
and advanced grades with sensitivity and
specificity of 100%. In one study, ADC values
at b-value of 500 s/mm2 were found to be
significantly lower in Fuhrman grade IlI-1V
clear cell RCC cases compared with Fuhrman
grade I-11 group, while no significant difference
was found the difference was found between
the groups at b value of 1000 s/mm2. The
authors concluded that this could be explained
to some extent by the explicitness of the
perfusion effect at lower b values [9].

In a meta-analysis regarding the relationship
between b value and the detectability of RCC,
standard b-value (800-1000 s/fmm2) showed a
superior specificity but an approximately
equivalent sensitivity to low b-value (400-500
s/mm2), which had an overall superior
diagnostic accuracy [30]. The b value we
preferred in our study was 50 and 800 s/mmz2.
The limitations of our study included the
following; first, this was a single-center and a
retrospective study. Second, evaluations were
performed by only one single observer. Third,
only two b-values (50 and 800 mmz2/s) were
used to calculate the ADC. Fourth, the
reproducibility of the ADC values were not
assessed. On the other hand, when compared
with the present studies, our study stands out
with its following features; we evaluated a
relatively larger number of patients, we
performed the MR imaging on 3T MR device,
and ADC values were detailed for every clinical
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stage. Moreover, the ADC values were also
compared for each Furhman grade.

Conclusion

In conclusion, we assessed the utility of ADC
in a relatively large number of patients with
clear cell RCC for differentiating preoperative
clinical stages and Furhman grades. We found
a statistically significant difference in ADC
values between early-stage clear cell RCC and
advanced stages of the disease. In patients with
kidney masses suggestive of clear cell RCC on
imaging studies, the ADC of primary tumor site
less than 1.41x10~2 mm?/s should be considered
for the possibility of lymph node or distant
metastatic lesions, and the values less than 1.22
x1072 mm?/s should be strongly suggested for
distant metastasis. The accurate preoperative
characterization of clear cell RCC is essential to
ensure appropriate clinical management of
patients and contributes to the prognosis.
Therefore, the ADC value of the primary tumor
site should be evaluated in predicting the
clinical stage of clear cell RCC.
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ABSTRACT

Aim: Metabolic syndrome (MetS) risk factors and accompanying silent cerebral ischemia (SCI) may cause
cognitive decline. The aim of this study is to investigate the characteristics and association between SCls and
cognitive functions in young and middle- aged patients with MetS.

Methods: A total of 91 patients who were aged between 20-60 years with a diagnosis of metabolic syndrome
were prospectively enrolled. Silent cerebral infarcts (SCIs) were analyzed by performing 3 Tesla magnetic
resonance imaging (MRI) of the brain. Attention and executive functioning were assessed with the Wechsler
Adult Intelligent scale-Revised (WAIS-R), verbal fluency, Stroop, and clock drawing test. Wechsler Memory
Scale-Revised (WMS-R) visual reproduction and Oktem verbal memory processes tests were conducted to
determine visual and verbal memory performance, whereas visuospatial functions were evaluated by the
Benton judgment of line orientation test.

Results: Diagnosis of hypertension and diabetes mellitus were significantly higher, while educational level
was lower in patients with SCIs than without SCls. (p <0.001, p=0.034, p=0.05, respectively). Cognitive test
scores regarding attention and executive functioning, verbal, visual, and visuospatial memory showed no
significant difference between patients with SCls and without SCls. However, hyperhomocysteinemia was
negatively correlated with executive functions in MetS patients with SCI (p= 0.038).

Conclusions: SCls may be associated with hypertension and diabetes mellitus in young and middle-aged
patients with MetS. In addition, controlling homocysteine levels might be beneficial in MetS patients with SCI
in terms of improving cognitive functions.

Key words: Metabolic syndrome, silent cerebral infarcts, cognition, executive functions, memory.
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Silent cerebral infarct (SCI) is an incidental
condition  detected by neuroradiologic

Introduction

Metabolic ~ syndrome  (MetS) is an
endocrinopathy characterized by a
prothrombotic and proinflammatory process
resulted in abdominal obesity, hyperlipidemia,
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evaluation [as performed with computed
tomography (CT) or magnetic resonance
imaging (MRI)] without any neurological
symptoms or deficits This term was first
described by Chodosh et al. in 1988 , and
classified as a subtype in “cerebrovascular
diseases III” by the National Institute of
Neurological Disorders and Stroke (NINDS
1990) [6, 7]. The prevalence of SCls in the
general population ranging from 10 % to 28 %
[8, 9].

Previous studies have suggested the significant
association between SCls, periventricular, and
subcortical white matter hyperintensities, and
MetS [10, 11]. Additionally, the presence of
SCIs may be an initial process for cognitive
dysfunction and vascular dementia [12-14].
However, studies about the relationship
between vascular changes and cognitive
functions in patients with MetS have been
highly controversial due to the variabilities in
neurocognitive assessment tools and sampling
methods [13-15]. Based on our knowledge, no
study has assessed SCIs and cogitive functions
in young and middle- aged people with MetS.
Hence, we aimed to explore the possible
association between MetS components, SCIs,
and cognitive performance on these subjects.

Materials and methods

Study design

Our study was performed at endocrinology and
neurology outpatient clinic in  Kocaeli
University Medicine Faculty. The study
protocol was approved by the local ethics
Committee which is in line with the Helsinki
Declaration (2009/98, AEK-12/17). Written
and informed consent was obtained from all
subjects prior to participating.

Study population

All subjects were prospectively recruited from
endocrionology clinic in a tertiary care hospital.
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Before the initiation of neuroradiologic and
cognitive assessment, the diagnosis of MetS
was made in accordance with the NCEP ATP-
I11 criteria [16]. This syndrome was defined by
an alteration in > 3 of the following 5 criteria:
(i) waist circumference of the males >102 cm,
and females >88 cm; (ii) fasting blood glucose
concentration > 110 mg/dl or receiving drugs
for diabetes medication; (iii) triglyceride levels
>150 mg/dl; (iv) HDL-cholesterol levels less
than < 40 mg/dl in males, <50 mg/dl in
females; or receiving medications for
dyslipidemia (v) systolic blood pressure value
>130 mmHg and/or diastolic >85 mmHg;
and/or receiving antihypertensive agents.
Neuroradiological evaluation

Cranial magnetic resonance Imaging (MRI)
was performed using 3T MR system (Achieva;
Philips Medical Systems, Netherlands). All
images including axial T1 and axial T2
weighted images and fluid-attenuated inversion
recovery (FLAIR) sequences were acquired.
SCIs were documented while the lesions had
were < 15mm in diameter, hyperintensity on a
T2 sequence and FLAIR scan, hypointensity on
a T1 sequence, without neurological symptoms
and findings. Neuroradiologic assessment were
performed by using Fazekas White Matter
Lesion Scale [17]. In this scale, white matter
hyperintensities were classified into four
grades; Grade 0= lack of hyperintensities on
periventricular white matter; Grade 1= frontal
or occipital cap or thin line surrounding lateral
ventricle; Grade 2= halo image around lateral
ventricles; Grade 3= asymmetric deep white
matter hyperintensities. All sequences were
interpreted by an experienced neuradiologist.
Cognitive assessment

An experienced clinical psychologist applied
the neuropsychological tests including various
cognitive domains, such as executive
functioning, verbal, and visual memory, and



Dundar et al. / Exp Biomed Res. 2022; 5(1):135-146

visuospatial ~ abilities.  All  participants
performed the selected tests for all cognitive
skills. Neuropsychological tests were defined
below:

Wechsler adult intelligent scale-revised
(WAIS-R) digit span and similarities test:
WAIS-R digit span test evaluates the attention,
short-term, and working memory performance.
Under normal circumstances, an adult could
repeat seven digits in a forward sequence which
indicates the mean limit of the human
information storage capacity. No more than two
digits should differ from forward digit span
scores when performing backward digit span
test. It has been adapted to Turkish by Epir and
Iskit et al. [18].

WAIS-R similarities test determines the
abstract verbal reasoning of the frontal lobe.
Subjects are responded how two seemingly
dissimilar items could be similar. Patients with
decline in abstract verbal reasoning could not
identify the differences between these items
[19].

Verbal fluency test: This test is a tool to assess
executive and linguistic functions [20]. It has
been standardized to Turkish by Tumac et al.
Participants say the words beginning with the
letter F, A, and S (in Turkish K, A, and S) on
their own in a one- minute period [21].
Semantic fluency test has performed by asking
the subjects to name as many different animals,
fruits, and professions as they could in one
minute time per category. The final score is the
total number of responded items during three
minutes [20].

Stroop test: This test evaluated the
susceptibility to interference and the inability to
inhibit inappropriate automatic responses by
tasks that provoke competing responses [22]. It
has been adapted to Turkish and is called
“Tubitak Bilnot Battery” by Karakas et al. [23].
Prolonged response time and the presence of
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many errors and corrections in this test
represent frontal dysfunction [22].

Clock drawing test: This test is used for
screening verbal, visuoconstructive, and spatial
abilities. Various application methods have
been developed and could be used for the
assessment. In a classic method, patients
performed to draw a clock, then put all the
numbers with setting the hands for a time of
11.10 [24]. Turkish validation and reliability
were performed by Cangoz et al. [25].

Oktem verbal memory processes test: This test
contains a world-list learning scheme that
performed in two steps. In the first step, 15
words were read 10 times to the patient by the
clinician. In the second step, patients respond to
these 15 words after 45 minutes (free recall).
After both of these steps, the total response time
that a patient could remember and repeat the
words defined by the total learning score. This
test measures working memory, retrieval skills,
learning, and retention of learned information

[26].
Wechsler Memory Scale-Revised visual
memory test (WMS-R): This scale is a

comprehensive psychometric test that evaluates

attention, verbal and visual memory. In
addition, the visual reproduction subtest of
WMS-R reflects visual perceptual or

constructional functioning performance [27].
Turkish reliability and validity of this test was
performed by Mollahasanoglu et al. [28].
Benton Judgment of line orientation test: This
test assesses visuospatial functions that are
commonly related to right parietal lobe [29].
Turkish validity and reliability were established
by the project of BILNOT battery [30].
Statistical analysis

The statistical package for social sciences
(SPSS) 17.0 (IBM Corporation, USA) was used
for the analysis. Descriptive data was defined
by numbers (n), mean + standard deviation
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(SD), and percentages (%). Chi-square test was
performed to analyze categorical parameters.
Normality tests were carried out for all
variables. Independent sample t-test and Mann-
Whitney U test were performed for normally
and non-normally distributed variables,
respectively. For the comparison of cognitive
test performances between the patient groups,
all subscales were transformed into z scores and
composite z scores were measured to determine
the decline in each cognitive domain (executive
functions, memory, and visuospatial functions).
The z-scores of negative components in the
cognitive tests were multiplied by -1 and added
to positive components of the scales to prevent
biased scores. Partial correlation analysis was
used to evaluate the association between
cognitive test  scores and syndrome-related

variables in patients with MetS. In this analysis,
we adjusted confounding factors such as age,
gender, and educational level. Conditions with
a p- value of < 0.05 were considered
statistically significant.

Results

Demographic and clinical characteristics

We analyzed 91 consecutively patients with
MetS [47 patients with SCIs (36 women, 11
men) and 44 patients without SCIs (33women,
11 men)] who were admitted to the
endocrinology clinic between July 2009-
September 2010. No statistical difference was
found between sociodemographic parameters
such as gender, smoking status among the
groups. However, age was significantly higher,
and educational level was lower in MetS

Table 1. Sociodemographic, clinical, and cognitive features of MetS patients with and without silent cerebral

infarcts (SClIs).

Variables Patients with SCI Patients without SCI 0
(n=47) (n=44)

Age (years) 45.85+6.83 40.14+8.96 0.001
Gender (female, n, %) 36 (76.6) 33 (75) 0.86
Education (years) 7.08+2.91 8.47+3.67 0.05
Current or past smoker (n, %) 21 (44.7) 18 (40.9) 0.59
Waist circumference (cm) 113.35+£12.21 115.47+£13.42 0.52
Family history of MetS (n, %) 27 (57.4) 30 (68.2) 0.29
Hypertension (n, %) 30 (63.8) 10 (22.7) <0.001
Diabetes mellitus (n, %0) 23 (48.9) 12 (27.3) 0.034
Dyslipidemia (n, %) 45(95.7) 42 (95.5) 0.94
Homocysteine (5-15 pmol/l.) 15.01+£5.38 14.77+£3.97 0.71
Protein C 118.38+25.66 115.75+15.82 0.85
Protein S 101.13+15.64 99.91+17.97 0.73
Executive functions -.54.34+23.27 -52.52+22.01 0,703
Memory functions 0.17+4.12 -.0.18+3.98 0,672
Visuospatial functions 0.06+1.34 0.06+1.93 0.756

Variables are presented mean + standard deviation. MetS= metabolic syndrome, SCls=silent cerebral

infarcts.
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patients with SCI (+) (p=0.001, and p=0.05,
respectively). The diagnosis of hypertension
and diabetes mellitus were significantly
frequent (p< 0.001, and p=0.034, respectively)
in SCI (+) patients, while family history of
MetS, waist circumference, dyslipidemia,
serum homocysteine, protein C, and protein S
levels did not differ among SCI (+) and SCI (-)
groups. Comparison of demographic and
clinical features of MetS patients with and
without SCIs was given in Table 1.

Neuroradiologic evaluation

Based on the Fazekas scale, 47 patients were
SCI (+) 44 patients were SCI(-) in subjects with
MetS. Four patients had grade 1(caps or pencil-
thin lining), and 1 patient had grade 2 (smooth
halo) periventricular white matter
hyperintensities (PVWM). In addition, 32
patients had grade 1 (punctate foci), and 4
patients had grade 2 (beginning confluence of
foci) deep white matter hyperintense signals
(DWMH). Table 2 shows the frequency and
localization of SClIs on cranial MRI of the
patients with MetS.

Age distribution of the SCI (+) Mets patients;
3.29 % were < 34years, 5.49 % were between
35-39 years, 13.19 % were between 40-44
years, and 12.09 % were between 45-49 years,
and 17.58 % were 50 or older (Table 3).

Table 2. Frequency and localization of SCIs on
cranial MRI of patients with MetS.

SCI n | %
Negative 44 | 48.35
Positive 47 | 51.65
PVWM
Grade 1 (caps or pencil-thin lining)

4 |851
Grade 2 (smooth halo) 1 | 212
Grade 3 (irregular PVH extending into 0'
the deep white matter)
DWMH
Grade 1 (punctate foci) 32 | 68.08
Grade 2 (beginning confluence of foci) | 2 | 4.25
Grade 3 (large confluent areas) - 10

PVWM Grade 1+ DWMH Grade 1 6 | 12.77

PVWM Grade 1+ DWMH Grade 2 2 | 425

SCIs = silent cerebral infarcts; MRI= magnetic
resonance imaging; MetS= metabolic syndrome;
PVWM= periventricular white matter
hyperintensities; DWMH= deep white matter
hyperintense signals.

Cognitive assessment

No significant differences were detected
regarding executive, memory, and visuospatial
cognitive domains between subjects with SCI
(+) and SCI (-) MetS groups. In a partial
correlation analysis, serum homocysteine levels
were negatively correlated with executive
performance in SCI (+) patients with MetS (r =

Table 3. Age distribution of MetS patients with and without silent cerebral infarcts

Age groups SCI (+) SCI (-) Total

< 34 years 3(3.29%) 11 (12.08%) 14 (15.38%)
35-39 years 5 (5.49%) 9 (9.89%) 14 (15.38%)
40-44 years 12 (13.19%) 11 (12.09%) 23 (25.27%)
45-49 years 11 (12.09%) 8 (8.79%) 19 (20.87%)
50-60 years 16 (17.58%) 5 (5.49%) 21 (23.07%)
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Table 4. Partial correlation analysis between cognitive domains (as presented with composite z scores) and
syndrome related variables in metabolic syndrome patients with SCls.

Parameters Executive functions Memory Visuospatial
functions functions
Waist circumference (cm) r=-19% =805 r=006
p=,201 p=,42 p=,968
Srmokin r=-,044 r=,056 r=,025
oKing p=,683 p=,606 p=,817
. r=-,018 r=-,063 r=-,045
Systolic blood pressure (mmHg) b= 910 0=.687 p=770
Diastolic blood pressure (mmH r=-029 =018 =023
astolic blood pressure ( )] b= 853 p=910 p=,883
. r=,198 r=121 r=,076
Fasting blood glucose (mg/dl) b= 197 p=.434 0=.625
Hbalc (%) r=-,017 r=-,099 r=,041
0 p= 915 p=,523 p=,792
TG (mg/dL) r=,175 r=-,011 r=,048
g p=,255 p=,942 p=,755
r=-,151 r=-,282 r=,135
LDL (mg/dL) p= ,329 p=,064 p=,383
Total cholesterol r=-,085 r=-,259 r=,138
(mg/dL) p= ,581 p=,089 p=,371
r=,017 r=-,100 r=,133
HDL L

(mg/dL) p= 915 p=,517 p=,390
. r=-314 r=-,231 r=-,143
Homocysteine (mcmol/L) p=038 p=132 p=.353
. r=,108 r=,284 r=-,141
Protein C (1U/dL) p=,486 p=,061 p=,360
. r=117 r=-,155 r=,214
Protein S (1U/dL) b=,450 p=314 0=,162

SCls= Silent cerebral infarcts; Hbalc= Hemoglobin Alc; TG= triglyceride; LDL= low-density lipoprotein;

HDL= high-density lipoprotein.

-.314, p = .038). No correlation was found
between other MetS components and cognitive
domains in this group (Table 4).

Discussion

In this study, we explored clinical factors and
cognitive performances of MetS patients with
and without SCls. Additionally, we evaluated
possible associations between  syndrome-
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related factors and cognitive functions
regarding executive, memory, and visuospatial
domains in young and middle- aged SCI (+)
patients with MetS.

SCls are the possible neurological
consequences of the prothrombotic and
proinflammatory pattern of the MetS
components such as; hypertension, atherogenic
dyslipidemia, insulin resistance, and abdominal
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obesity. Increased free radicals, alterations of
neurotrophic  factors, impaired insulin-
stimulated glucose transport into the brain may
contribute to both atherothrombotic and lacunar
ischemic processes in patients with MetS [31-
34].

Strong association between MetS risk factors
and SCIs have been well-established in
epidemiologic and clinical studies [8, 31-35]. In
a population-based Rotterdam Scan study,
cranial MRI of 1077 non-demented participants
between 60 to 90 years was compared. They
found that 20 % of the population had shown
SCls, and the frequency increased per year with
age: 8 % in the group aged between 60-65 years
and 35 % at age 85 to 90 years old. In their
study, there was a strong association between
SCls and hypertension (OR=2.4; 95 % CI, 1.7
to 3.3), whereas no association was found
between SCls, DM, and smoking [8]. In
addition, community- based Framingham Study
evaluated the risk factors and the prevalence of
SCI  among middle-aged and elderly
participants. They showed that SCI prevalence
increased with age; < 8 % in the 30— 49 year’s
age, and > 15 % at 70— 89 years. Furthermore,
higher systolic blood pressure (SBP), elevated
plasma homocysteine, atrial fibrillation, carotid
stenosis, and increased carotid intimal-medial
thickness were associated with SCls [35].
Consistent with this report, we found that the
frequency of SCls increases with age (17.1 % at
age < 39 years, and 82.9 % at age > 40 years,
respectively). In Cardiovascular Health Study,
3.324 elderly subjects without a history of
cerebrovascular disease underwent a cranial
MRI scan. They reported that, 28% of these
subjects had SClIs, and higher systolic and
diastolic blood pressure values, carotid wall
thickness, and atrial fibrillation were associated
with a higher risk for cerebrovascular events
[36].
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However, only a few studies have been focused
on the association between the risk factors and
SCIs among young and middle- aged people in
clinical practice. In Atherosclerosis Risk in
Communities (ARIC) study, hypertension,
smoking, age, alcohol use, educational level,
and being  African  American  were
independently associated with white matter
hyperintensities in  middle-aged healthy
subjects [37,38]. In our study, age was
significantly higher (p=0.001), educational
level was significantly lower (p=0.05), and
diagnosis of hypertension and DM were more
frequent (p<0.001, and p=0.034, respectively)
in young and middle aged MetS patients with
SCls than without SCI. In a study by Park et al.,
higher blood pressure, abnormal glucose
regulation, hypertriglyceridemia and large
waist circumference were significantly related
to SCls in MetS patients aged between 40 and
59 years [39]. Similarly, Kwon and colleagues
confirmed the significant role of high blood
pressure and abnormal glucose regulation on
SCI risk in a wide spectrum of ages (between
20-86 years) [40]. In addition, Atherosclerosis
Risk in Communities Neurocognitive Study
(ARIC-NCS) reported that patients with more
severe diabetes (defined as elevated HbAlc
levels and longer disease duration) were at high
risk for white matter hyperintensities in the
middle aged group [41]. Taking these into
account, previous studies reported conflicting
results due to the sampling strategies
(differences in age groups, variability between
radiological techniques, casual interferences,
having a history of cerebrovascular event
before the enrollment) during the methodologic

process.
MetS components such as; insulin resistance,
glucose intolerance, dyslipidemia, arterial

hypertension, and morbid obesity constitute an
important part of cognitive decline [42-44].
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Episodes of hypoglycemia and insulin-
resistance in DM, arteriolosclerosis, and
lipohyalinosis in  small vessels due to
hypertension, neuroinflammation, and
altered adipokine levels in obesity may
facilitate the development of cognitive
impairment in patients with MetS [43-45].
Although, the exact mechanism has not been
elucidated, the pathogenesis is explained with a
multifactorial process regarding vascular injury
caused by cerebral ischemia and non-ischemic
neuronal death via neurodegeneration [45].
Recent studies have demonstrated poorer
executive and memory functions in both
middle- aged and elderly people with MetS [46-
49]. In addition, previous research has
emphasized the contributing effect of cerebral
ischemia on the relationship between cognitive
decline and MetS components [33,50]. In our
study, we observed decline in executive
functions, memory  performance, and
visuospatial functions in 37.3 %, 8.8 %, and
29.7 % of MetS patients, respectively.
Nevertheless, cognitive test scores did not
differ between MetS patients with and without
SCls. These results may be related to the
existence of a younger age population in our
study. In the MetS patients with SCIs group, a
significant correlation between elevated serum
homocysteine levels and decline in executive
functioning was observed (r = -.314, p = .038).
Previous studies emphasized the role of
increased homocysteine levels on the risk of
cognitive impairment regarding episodic
memory, speed of information processing,
spatial learning and executive functions in
elderly subjects [51-54]. However, these
studies are limited to the geriatric population,
and the exact mechanism of homocysteine
levels on cognitive processes remained unclear.
This study was limited in several ways. First,
our study was carried out in a tertiary referral
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center with a relatively small sample size.
Second, depending on the hospital’s distance
between densely populated areas and frequent
admissions of chronic and palliative care
patients to our hospital, we could not reach the
targeted number of patients during the
enrollment process. Third, consecutive and
nonrandomized sampling may possibly cause
biased results on neuropsychological test
scores. Despite these limitations, this is the first
prospective study comparing the possible
association between syndrome- related factors,
SCls, and cognitive performance in young and
middle aged subjects with MetS. Additionally,
all reliable and validated cognitive tests were
applied by an  experienced clinical
psychologist.

Conclusion

In sum, our results suggest that older age, lower
educational status, hypertension, and DM are
more frequent, and serum homocysteine levels
are associated with executive functions in SCI
(+) patients with MetS. Further longitudinal
studies are needed to clarify syndrome- related
factors, cognitive phenotypes, and dementia
risk in patients with SCls and MetS.
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