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ABSTRACT

5-fluorouracil (5-FU) is an effective and widely used
chemotherapeutic agent to treat various malignancies, but its
therapeutic use is limited due to dose-related tissue toxicity. Many
studies have confirmed that oxidative stress and inflammation play
a major role in the pathogenesis of 5-FU-induced damage in the
various tissues. Chrysin (CHS), a natural flavone, exhibits various
beneficial activities, including antioxidant, anti-inflammatory and
anticancer. The aim of this study was to determine the therapeutic
effect of CHS against 5-FU-induced oxidative stress and
inflammation in the ovary tissue of rats for the first time. Thirty
female rats were divided into 5 groups: control, 5-FU (100 mg/kg),
5-FU+CHS (1 mg/kg), 5-FU+CHS (2 mg/kg) and CHS (2 mg/kg).
5-FU treatment was administered intraperitoneally (i.p.) on the first
day and CHS (i.p.) were applied for the following 3 days. The
ovarian tissue levels of malondialdehyde (MDA), total oxidant status
(TOS), total antioxidant status (TAS), 8-hydroxy-2'-deoxyguanosine
(8-OHdG), catalase (CAT) and interleukin-6 (1L-6) were determined
using spectrophotometric methods. MDA, TOS, 8-OHdG and IL-6
levels were significantly higher (p<0.05) and TAS and CAT levels
level were significantly lower (p<0.05) in the 5-FU group than in the
control group. CHS treatments significantly restored the levels of
oxidative stress and inflammation parameters in a dose-dependent
manner (p<0.05). Our results suggest that CHS can have a
therapeutic effect against 5-FU-induced ovarian damage and
therefore the use of CHS after chemotherapy may be beneficial in
abolishing 5-FU-induced reproductive toxicity.

Keywords: 5-fluorouracil, Chrysin, Inflammation, Ovarian damage,
Oxidative stress, Rat

OZET

5-florourasil (5-FU), ¢esitli maligniteleri tedavi etmek i¢in etkili ve
yaygn olarak kullanilan bir kemoterapétik ajandir, ancak doza bagh
doku toksisitesi nedeniyle terapotik kullanimi smirlidir. Birgok
calisma, c¢esitli dokularda 5-FU'mun neden oldugu hasarin
patogenezinde oksidatif stres ve inflamasyonun onemli bir rol
oynadigini dogrulamigtir. Dogal bir flavon olan krisin (CHS),
antioksidan, anti-inflamatuvar ve antikanser de dahil olmak {izere
cesitli faydali aktiviteler sergileyebilmektedir. Bu ¢alismanin amaci,
sicanlarin yumurtalik dokusunda 5-FU ile indiiklenen oksidatif stres
ve inflamasyona karst CHS'min terapdtik etkisini ilk kez
belirlemekti. Otuz adet disi sican kontrol, 5-FU (100 mg/kg), 5-
FU+CHS (1 mg/kg), 5-FU+CHS (2 mg/kg) ve CHS (2 mg/kg) olmak
iizere 5 gruba ayrildi. Ilk giin intraperitoneal (i.p.) 5-FU tedavisi,
takip eden 3 giin CHS (i.p.) uygulandi. Yumurtalik dokularinda
malondialdehit (MDA), toplam oksidan durum (TOS), toplam
antioksidan durum (TAS), 8-hidroksi-2'-deoksiguanozin (8-OHdG),
katalaz (CAT) ve interlokin-6 (IL-6) seviyeleri spektrofotometrik
yontemlerle belirlendi. 5-FU grubunda kontrol grubuna gére MDA,
TOS, 8-OHdG ve IL-6 diizeyleri anlamli olarak yiiksek iken
(p<0,05), TAS ve CAT diizeyleri ise istatistiksel olarak anlamli
diizeyde diistiktii (p<0,05). CHS tedavileri, oksidatif stres ve
inflamasyon parametrelerinin seviyelerini doza bagl bir sekilde
istatistiksel olarak anlamli derecede diizeltti (p<0,05). Sonuglarimiz,
CHS'nin 5-FU ile indiiklenen yumurtalik hasarina kars1 terap6tik bir
etkiye sahip olabilecegini ve bu nedenle kemoterapiden sonra CHS
kullaniminin  5-FU ile indiiklenen iireme toksisitesini ortadan
kaldirmada faydali olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: 5-florourasil, Inflamasyon, Krisin, Oksidatif
stress, Rat, Yumurtalik hasari
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INTRODUCTION

Cancer is a disease characterized by the uncontrolled

growth and proliferation of abnormal cells and an
important  public  health  problem  worldwide.
Chemotherapy is one of the most widely used methods
of cancer treatment.? 5-fluorouracil (5-FU) is a widely
used antineoplastic agent in the treatment of breast,
gastrointestinal, head and neck cancers. The anticancer
effect of 5-FU is due its inhibition of thymidylate
synthase enzyme, which is responsible for DNA and
RNA synthesis in cancer cells.* However, 5-FU not only
Kills cancer cells, but also acts on rapidly dividing
normal cells, causing side effects as with other
chemotherapeutics.* Common intolerable and serious
side effects of 5-FU-based chemotherapy are mucositis,
hepatorenal toxicity, diarrhea, myelosuppression,
cardiotoxicity, dermatitis and reproductive toxicity.®
These toxic effects of 5-FU limit its clinical use.* Since
5-FU is generally used in combination with other
chemotherapeutics, information about its harmful
effects on the ovaries is limited.® However,
experimental studies have revealed that 5-FU
administration causes ovarian dysfunction, decreased
reproductive hormones and follicle numbers in rodents
in recent years.®® It has been suggested that 5-FU-
induced tissue toxicity is associated with increased
oxidative stress and inflammation due to increased
formation of reactive oxygen species (ROS), lipid
peroxidation and decreased glutathione levels.®* It is
therefore suggested that post-chemotherapy undesirable
effects in the body can be eliminated by the treatment of
chemopreventive agents with antioxidant and anti-
inflammatory effects.!!

Flavonoids are secondary metabolites found in
natural  products, especially plants, and are
phytochemicals that have an important place in the
human diet.'? Chrysin (CHS, 5,7-dihydroxyflavone) is a
phytochemical belonging to the flavonoid class, plants
containing CHS has been used in traditional medicine
since ancient times. CHS has been shown to be one of
the main ingredients of some medicinal plants, fruits,
mushrooms, honey and propolis.t* CHS has wide
variety of pharmacological activities, including
antioxidant, anti-allergic, anti-asthmatic, anti-aging,
antihypertensive,  antimicrobial, hepatoprotective,
neuroprotective, cardioprotective, renoprotective, anti-
inflammatory, anticancer, anti-angiogenesis,
antihyperlipidemic and antidiabetic.!*'® There are

increasing evidences that CHS reduce the toxicity of
various  chemotherapeutic  agents, such  as
cyclophosphamide?, cisplatin®®, 5-FU'’, methotrexate®
and doxorubicin!® in different tissues through its
antioxidant and anti-inflammatory potential. Although
the protection of female reproductive health against 5-
FU toxicity in chemotherapy is crucial for the
maintenance of fertility, to our knowledge, there are no
studies of the therapeutic effect of CHS on 5-FU-
induced ovarian damage in an experimental rat model.
The aim of this study was therefore to examine whether
CHS has a therapeutic effect against 5-FU-induced
ovotoxicity within the framework of oxidative stress
and inflammation, for the first time.

METHODS

Chemicals

Phosphate buffered saline (PBS) tablet, phosphoric
acid, thiobarbituric acid, 1,1,3,3-tetramethoxypropane,
sodium carbonate, dimethyl sulfoxide (DMSO), 5-FU
and CHS were purchased from Sigma-Aldrich (St.
Louis, MO, USA). All reagents used were of analytical
grade and of the highest purity.

Animals

The thirty female Sprague-Dawley rats (150+15 g) were
obtained from Surgical Practice Research Center of
Karadeniz Technical University (Trabzon, Turkey).
Rats were housed at room temperature (25°C) with 12 h
light/dark cycles and free access to standard pellet diet
and tap water. Animals received humane care in
accordance with the guidelines of the US National
Institutes of Health and prior permission was sought
from the Local Animal Research Ethics Committee of
Karadeniz  Technical ~University (Protocol No:
2021/66). Before treatment, rats were allowed to
acclimate for 7 days. The estrus stages of the rats were
determined using staining the vaginal smear sample
according to the Papanicolaou staining procedure and
examining the cell types under the microscope, and only
rats whose estrus stage was confirmed were included in
the study.?

Experimental design

After the familiarization period, the rats were randomly
divided into 5 groups with 6 animals in each group. The
rats of Group | (control) received physiological saline in
first day and DMSO for three consecutive days. The rats
of Group Il (5-FU) received 5-FU (100 mg/kg) in first
day and DMSO for three consecutive days. The rats of
Group I and IV (5-FU+CHS groups) received 5-FU



(100 mg/kg) in first day and CHS (1 and 2 mg/kg) for
three consecutive days, respectively. The rats of Group
V (CHS per se) received physiological saline in first day
and CHS (2 mg/kg) for three consecutive days. 5-FU
and CHS were dissolved in physiological saline and
DMSO, respectively. All drugs were administered
intraperitoneally (i.p.). Doses of 5-FU?-22 and CHS?02®
were selected based on previous studies. The animals
were fasted overnight after the final treatment and
sacrificed by cervical dislocation on the 5" day, after
which the ovaries were removed from the animals in
each group.?* The ovarium tissues were excised and
stored at -80°C for subsequent biochemical analysis.
Biochemical analysis

The tissue samples were homogenized at 9500 rpm in 2
mL of PBS using a homogenizer (IKA, T25 Ultra-
Turrax, Staufen, Germany). The supernatant portions
were separated by means of centrifugation at 1800xg for
10 min at 4°C and used in the biochemical analysis.
Protein levels of the supernatants were determined using
a commercial kit (Pierce BCA Protein Assay Kit,
Thermo Scientific, Rockford, IL) according to the
manufacturer's instructions and calculated as mg/mL
bovine serum albumin equivalent. All biochemical
parameters measured in the supernatants were
proportioned to the amount of protein and expressed as
per mg protein.

Malondialdehyde (MDA) levels of tissue samples
were determined according to the method developed by
Mihara and Uchiyama.® 1,1,3,3-tetramethoxypropane
was used as a standard and tissue MDA levels were
expressed as nmol/mg protein.

Tissue total oxidant status (TOS) and total
antioxidant status (TAS) levels were determined using
commercial colorimetric kits (Rel Assay Diagnostics,
Gaziantep, Turkey) according to the manufacturer's
recommendations. The TOS/TAS ratio was used as the
oxidative stress index (OSI) and was calculated using
the formula?®:

osl (arbitrary unit) — TOS (pmoL hydrogen peroxide equivalent/L)

x 100
TAS (umolL trolox equivalent/L)

Tissue  catalase  (CAT),  8-hydroxy-2'-
deoxyguanosine (8-OHdG) and interleukin-6 (IL-6)

levels were determined using commercial enzyme-
linked immunosorbent assay (ELISA) kits (Fine
Biotech Co. Ltd, Wuhan, China) according to the
manufacturer's recommendations. CAT, 8-OHdG and
IL-6 levels were expressed mlU/mg protein, ng/mg
protein and pg/mg protein, respectively.

Statistical analysis

Data were analyzed with Statistical Package for the
Social Sciences (Version 23.0, NY, USA). The
compliance of the data to normal distribution was
evaluated with the Kolmogorov-Smirnov test.
Comparisons of the groups were carried out using one-
way analysis of variance (ANOVA) followed by
Tukey’s multiple comparisons test. Statistical
significance was set at p<0.05.

RESULTS

As shown in Table 1, there were significant increase in
the levels of MDA, TOS, OSI, 8-OHdG and IL-6 in the
5-FU-treated group compared with the control group
(p=0.016, p=0.0001, p=0.0001, p=0.0001 and
p=0.0001, respectively). Treatment with CHS (1 mg/kg)
decreased only the levels of TOS, OSI, 8-OHdG and IL-
6 compared with only 5-FU-treated rats (p=0.0001,
p=0.0001, p=0.045 and p=0.002, respectively).
However, there were marked reductions in MDA, TOS,
OSl, 8-OHdG and IL-6 levels in case of group treated
with CHS (2 mg/kg) as compared to the only 5-FU-
treated group (p=0.033, p=0.0001, p=0.0001, p=0.0001
and p=0.0001, respectively).

The TAS and CAT levels were significantly
depleted in the 5-FU-treated group compared to the
control group (p=0.027 and p=0.001, respectively).
However, the TAS and CAT levels in the CHS (2
mg/kg)-treated group were significantly increased as
compared to the only 5-FU-treated group (p=0.033 and
p=0.006, respectively).

In additon, treatment with CHS (2 mg/kg) alone
did not show any significant change in the any
biochemical parameter levels compared with the control
group (p>0.05) (Table 1).



Table 1. Comparison of the levels of biochemical parameters of all experimental groups

Control 5-FU+CHS  5-FU+CHS CHS

(1 mg/kg) (2mg/kg) (2 mg/kg)
MDA (nmol/mg protein) 29.349.3 75.9+41.9% 45.3423.4 33.5£17.9*  25.7£7.9
TOS (uM H:O; equivalent/L) 10.8+1.6 58.3+14.17 23.2+13.5° 11.1£1.7° 11.1+4.3
TAS (mM trolox equivalent/L)  0.93+0.37 0.30+0.132 0.63+0.32 0.92+0.42°  0.95+0.39
OSI (arbitrary unit) 1.3+0.5 24.8+9.92 3.8+1.0 1.5+0.8° 1.3+0.6
8-OHdG (ng/mg protein) 20.5+£19.4  100.9+27.28  70.2+14.3%°  22.6+12.5°¢ 22.9+10.5
CAT (mlU/mg protein) 142.5426.0  71.1%18.5? 109.1+£25.0°  128.8424.4 135.4£32.7

IL-6 (pg/mg protein)

111.8+£33.1  432.4+£155.7¢0  224.5+£98.0° 117.9£21.7° 118.6+21.5

5-FU: 5-fluorouracil, CHS: chrysin, MDA: malondialdehyde, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index, 8-OHdG:

8-hydroxy-2'-deoxyguanosine, CAT: catalase, IL-6: interleukin-6.

P-values according to one-way ANOVA test, post-hoc Tukey test. Data were expressed as mean+SD.

2p<0.05 compared with control group,
®p<0.05 compared with 5-FU group.

p<0.05 compared with 5-FU+CHS (1 mg/kg) group.

DISCUSSION
Ideal chemotherapy aims to cause minimal damage to
healthy cells while killing cancerous cells. However,
there is no chemotherapy protocol that does not harm
healthy cells at all in practice.® 5-FU is one of the most
widely used chemotherapeutics in the world, and
ovarian tissue is one of the tissues most affected by 5-
FU chemotherapy.® 5-FU-induced tissue toxicity is a
complex and multistage phenomenon. It involves a
number of pathological processes, such as
overproduction of ROS, alteration of various signaling
pathways and increased inflammation. It is therefore
suggested that the use of agents with antioxidant and
anti-inflammatory potential may be beneficial in
eliminating 5-FU-related tissue toxicity.> This study
therefore aimed to evaluate the therapeutic efficacy of
CHS against 5-FU-induced ovarian damage for the first
time.

5-FU-induced lipid peroxidation and free
radical generation leading to cell membrane damage are
considered as the main mechanism behind its toxic
effects.* MDA is a lipid peroxidation end product and
accepted as a direct indicator of the degree of oxidative
stress.? It is well known that two of the crucial
parameters for evaluating redox balance in biological
systems are TAS and TOS. While TAS determines the
overall ROS scavenging ability in a biological sample,
TOS can be defined as the cumulative amount of total
oxidants in the sample. For the quantitative assessment
of redox homeostasis disorders, the OSI, which is called
the "gold indicator of oxidative stress”, is used.?
Oxidative stress also increases DNA damage and 8-
OHdG is one of the main products of DNA oxidation.?

The increased MDA, TOS, OSI and 8-OHdG levels and
decreased TAS levels in 5-FU-treated rats indicates that
5-FU toxicity is mediated by ROS-induced oxidative
cell damage. These findings are consistent with data
from previous studies demonstrating that 5-FU
increases oxidative stress and DNA damage.*>1° CHS
treatments restored these levels in a dose-dependent
manner. The alleviation of oxidative stress and DNA
damage parameters by CHS treatments with may be due
to the free radical scavenging potential of CHS.1415
Similar with our results, CHS has previously been
shown to prevent chemotherapeutic-induced tissue
damage by inhibiting the levels of oxidative stress and
DNA damage in experimental models.*11618:19

Removal of free radicals in biological systems
is achieved through enzymatic and non-enzymatic
antioxidants, which act as the main defense systems
against free radicals.'??° CAT is the enzyme with the
highest known turnover number and catalyzes the
reduction of hydrogen peroxide to water.?® The findings
showed that systemic administration of 5-FU
suppressed CAT levels in ovarian tissue. It can be said
that this situation may have made the ovarian tissue
more prone to 5-FU-induced damage. This is consistent
with the results of previous experimental studies on 5-
FU-induced tissue damage.'?*3 However, treatments
with CHS significantly increased the levels of CAT in a
dose-dependent manner. Similarly, CHS has previously
been shown to prevent chemotherapeutic-induced tissue
damage by increasing the levels of antioxidant enzymes
in various experimental models.3!-3

Oxidative stress and inflammatory processes
are closely related and pro-inflammatory cytokines play
an important role in chemical-induced acute tissue



injury.® Increasing evidences point to the role of
increased inflammation in  5-FU-induced tissue
damage.>% |L-6 is a very important cytokine involved
in the pro-inflammatory process and there is a positive
correlation between increased IL-6 levels and the degree
of inflammation.?*® Our findings revealed that higher
IL-6 levels appeared in the ovarian tissue of rats
exposed only to 5-FU than control group and CHS
treatments significantly reduced these values in a dose-
dependent manner. This improvement appears to be due
to the anti-inflammatory property of CHS, which has
often been demonstrated.’**> Consistent with our
results, CHS has previously been shown to prevent
chemotherapeutic-induced tissue damage by inhibiting
inflammation in experimental models.>3%2%

Flavonoids are secondary  metabolites
originating from natural products and it is suggested that
regular and balanced intake of flavonoids is associated
with a lower risk of cancer, neurodegenerative and
cardiovascular diseases.'? The antioxidant activities of
flavonoids are due their ability to scavenge free radicals,
chelate metal ions, and modulate antioxidant enzymes.*
CHS is a popular member of the flavonoid family, and
its antioxidant activity has been reported to be mainly
due to the hydroxyl and keto groups in its rings.*
Therefore, it is thought that the therapeutic effect of
CHS on 5-FU-induced ovarian damage is mainly due to
its antioxidant properties.

CONCLUSION

CHS could attenuate 5-FU-induced ovarian toxicity by
decreasing oxidative stress and inflammation and
increasing antioxidant status. This study supports the
hypothesis that CHS is a potential therapeutic
compound that can be used for the alleviation of 5-FU-
induced ovarian injury.
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ABSTRACT

Brain derived neurotrophic factor (BDNF), a major mediator of
plasticity in the central nervous system. Due to fast synaptic actions
of BDNF, it is thought to be a modulator of excitability in neuronal
circuitry. There is a two sided relationship between BDNF and
epileptic activity. BDNF levels increase following seizure or kainate
administration.  Additionally, BDNF administration causes
hyperexcitability. BDNF deficiency attenuates seizures or
epileptiform activity in several epilepsy models. In this study, our
aim was to investigate modulatory effects of reduced endogenous
BDNF on kainic acid (KA) induced seizures. For this purpose,
BDNF heterozygous mice and their wild type littermates were
compared. Animals were injected intraperitoneally with either
vehicle (0.9% saline) or kainic acid (15 mg/kg). Four groups were
formed: vehicle (saline, SA) injected wild type (SA-WT; n=9) and
BDNF heterozygous mice (SA-HT; n=9), kainic acid injected wild
type (KA-WT, n=10) and BDNF heterozygous mice (KA-HT,
n=10). Racine scorings were determined for 5 min epochs from the
video recordings. In the hippocampal tissue synaptic markers
proteins synaptophysin (SYP), post-synaptic density (PSD-95) and
inflammatory markers interleukin-6 (IL-6) and tumor necrosis factor
Alpha (TNF-a) were measured. Besides, oxidative stress parameters
were evaluated. KA-WT group’s score were higher at 20 and 25 min
than that of KA-HT group (p<0.05). MDA levels were higher in
kainic groups (p<0.05). Kainic acid did not affect
neuroinflammation and synaptic proteins significantly. Our results
showed that reduced BDNF temporarily posed a resistance against
seizure but intact levels of BDNF failed to protect against oxidative
stress in kainic acid model.

Keywords: BDNF, Kainic acid, Epilepsy, Synaptic proteins,
Oxidative stress

OZET

Beyin kaynakli norotrofik faktor (BDNF), merkezi sinir sisteminde
plastisitede rol oynayan dnemli bir peptittir. BDNF'nin hizli sinaptik
etkileri nedeniyle, néronal devrede uyarilabilirligi diizenledigi
diistiniilmektedir. BDNF ile epileptik aktivite arasinda iki yonlii bir
iligki vardir. Nobet veya kainat uygulamasimi takiben BDNF
seviyeleri yiikselir. Bunun yaninda, BDNF uygulamasi asir1
uyarilabilirlige neden olur. BDNF eksikligi, birkag¢ epilepsi
modelinde nobetleri veya epileptiform aktiviteyi azaltir. Bu
caligmada amacimiz, azaltilmis endojen BDNF'nin kainik asit (KA)
kaynakli ndbetler lizerindeki modiilator etkilerini arastirmakti. Bu
amagla BDNF heterozigot fareler ve bunlarin yabani tip kardesleri
karsilastirildi. Hayvanlara %0.9°luk tuzlu su ¢o6zeltisi veya kainik
asit (15 mg/kg) intraperitoneal olarak verildi. Dort grup olusturuldu:
tuzlu su (saline, SA) enjekte edilen yabani tip fareler (SA-WT; n=9)
ve BDNF heterozigot fareler (SA-HT; n=9), kainik asit enjekte
edilen yabani tip (KA-WT, n=10) ve BDNF heterozigot fareler (KA-
HT, n=10). Video kayitlarindan 5 dakikalik periyotlarla 120 dakika
boyunca Racine skorlar1 belirlendi. Hipokampal dokuda, sinaptik
proteinler sinaptofizin (SYP) ve PSD-95’in yanminda inflamatuar
belirtegler interlokin-6 (IL-6) ve tiimor nekroz faktorii alfa (TNF-a)
Olciildii. Ayrica oksidatif stres parametreleri degerlendirildi. KA-
WT grubunun skoru 20 ve 25. dakikada KA-HT grubuna gore daha
yiiksekti (p<0.05). MDA diizeyleri kainik gruplarda daha yiiksekti
(p<0.05). Kainik asit, noroinflamasyonu ve sinaptik proteinleri
onemli dl¢lide etkilemedi. Sonuglarimiz, azalmis BDNF'nin gegici
olarak nobete karsi bir direng olusturdugunu, ancak normal BDNF
diizeylerinin kainik asit modelinde oksidatif strese karsi koruma
saglamadigini gosterdi.

Anahtar Kelimeler: BDNF, Kainik asit, Epilepsi, Sinaptik
proteinler, Oksidatif stres
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INTRODUCTION

Brain derived neurotrophic factor (BDNF), a member

of neurotrophin family is widely distributed in the
central nervous system, with the highest expression
levels in the hippocampus and cortex which are
involved in learning, memory, excitability and
plasticity.»? Relevant to its trophic roles, BDNF is
required for normal functional development of neuronal
structures, maturation and maintenance of synaptic
transmission. However, BDNF changes the synaptic
transmission within minutes.® BDNF exerts its neuronal
roles both in presynaptic and postsynaptic functions.
Presynaptic actions of BDNF is to increase glutamate
release, phosphorylate synapsin, a presynaptic protein
that is involved in synaptic transmission®, and
postsynaptically BDNF  phosphorylate NMDA
receptors.” Thus, BDNF may be an endogenous
modulator of excitability in adult brain. Studies have
shown that the level of BDNF protein increased after
kindling® and kainate administration.” Exposure to
exogenous BDNF can lead to hyperexcitability in
cultures® and in brain.” In line with this hypothesis,
kindling was prevented in BDNF knockout mice®.
Besides, BDNF heterozygous mice were slightly more
resistant to an experimental focal epilepsy model and
reduced Gamma band activity in their Ecog
recordings.’® On the other hand, in transgenic mice
overexpressing BDNF, seizures in response to kainic
acid were more severe and even spontaneous seizures
were observed in some animals.'! However, the
alterations in BDNF levels in response to epileptic
insults may be a protective action of BDNF. Indeed,
some studies suggest exogenous BDNF has a protective
action in epilepsy.l?* As can be seen, there are
conflicting results in the literature on BDNF and
epilepsy. Apart from its roles as a neurotrophic factor
and a neuromodulator peptide, BDNF more lately
shown to act as a supporting factor of antioxidant
systems'® and contributes to anti-inflammatory
mechanisms in the central nervous system.'® In fact
BDNF heterozygous mice have been shown to have
higher inflammation and higher oxidative stress in the
brain tissues.!” Systemic administration of kainic acid
(KA) induces epileptic seizures and neuroexcitotoxicity
in animal models.!® KA binds to kainate receptors which
are ionotropic non-NMDA (N-methyl-D-aspartate)
glutamate receptors. KA activates glutamate receptors
and this over stimulation of glutamate receptors causes

influx of calcium ions, production of superoxide
radicals, and mitochondrial dysfunction leading to
neuronal apoptosis and necrosis.’® Administration of
kainic acid leads to seizures?, behavioral changes?,
oxidative stress?, and inflammatory responses.?3?*
Although these effects of KA are well known, effects on
synaptic proteins responsible for synaptic vesicular
trafficking are not known. The concentrations of
synaptic proteins are directly related to the neuronal
function and we wanted to test whether kainic acid
induces any changes in synaptic protein levels. In this
study, our aim was to define the seizure severity of
BDNF heterozygous mice in kainic acid model of
epilepsy. Besides, we investigated the possible
protective role of BDNF against kainic acid induced
inflammation and synaptotoxicity.

METHODS

Animals

The study was approved by Karadeniz Technical
University Animal Care and Ethics Committee
(approval number: 2017/38). All experimental
procedures were performed in Karadeniz Technical
University Surgical Application and Research Center.
Male BDNF heterozygous and their wild type litter
mates were used in this study. In total 38 male mice
aging 5-6 months weighing 20-25 g housed 3-4 animals
per cage under regulated temperature and humidity in
the 12 h light-dark cycle. BDNF heterozygous mouse
model used in the present study was established by
Korte and coworkers.? Heterozygous knockout model
is characterized by one missing allele of the BDNF
coding region. This allele was replaced by NEO, a
neomycine-resistance gene. BDNF heterozygous mice
(BDNF (+/-)) are viable and fertile. Mice are produced
by crossing a male BDNF (+/-) with a normal wild-type
female mouse, BDNF (+/+). The phonotypes of wild-
type and heterozygous age matched male mice were
compared for the study. To determine the genotype of
the mice, the presence of the NEO was verified by
polymerase chain reaction (PCR). The tissue for
genotyping was collected from tail tissue. Animals were
randomly divided into four groups. All animals were
injected intraperitoneally (ip) with either vehicle (0.9%
saline) or kainic acid at a dose of 15 mg/kg body weight.
The groups were vehicle injected wild type (SA-WT)
and BDNF heterozygous mice (SA-HT), kainic acid
injected wild type (KA-WT) and BDNF heterozygous
mice (KA-HT). Injections were made in the morning



between 9:00 and 9:30 as a single dose. After 24 hours
from injection, animals were decapitated and brains
were removed and dissected to separate right and left
cortices and hippocampus. Until the biochemical
analysis the tissues were stored at -80 °C.

Behavioral Seizures

Behavioral observations were recorded for 120 min
after vehicle or kainic acid injections. Each animal was
placed in a plastic cage separately and video recordings
were made to verify neurological effects. Onset of
seizure latency and seizure incidence were measured
offline. Racine scoring®®?” were used to assess
convulsive behavior. Score 0: no abnormal behavior;
Score 1: freezing briefly, staying immobile; Score 2:
facial and whisker automatism; Score 3: clonic head
bobbing; Score 4: forelimb clonus; Score 5: clonic
rearing; Score 6: generalized seizures: shivering, falling
and jumping. Scores 1-4 were accepted as low-grade or
mild seizures. Scores 56 are accepted as high-grade or
severe seizures. The behavioral experiments were
recorded to a personal computer by using a camera. The
analysis was made offline. During the analysis and
scoring, the researcher was blinded to group or number
of the animals.

Enzyme-linked immunosorbent assay (ELISA)
ELISA was used for the determination of cortical
concentration of synaptophysin protein (SYP) and
postsynaptic density 95 kD (PSD-95) protein and the
levels of neuroinflammation markers IL-6 and TNF-a.
For ELISA measurement, left cortex of each mouse
were separated and processed. Lysis buffer (1 mg/tissue
weight) contained: 137 mM NaCl, 2.7 mM KCI, 1.5 mM
KH2POg, 7.7 mM NazHPO,, 1% Triton X-100, 5 mg/mL
aprotinin, 5 mg/mL leupeptin m, pH 7.4. Then the
cortical tissue was homogenized by an ultrasonic cell
disrupter (Sonics vibracell, Newtown, CT, USA) and
the suspension was centrifuged at 20,000 x g for 20 min.
The supernatant was used for ELISA tests. TNF-a, IL-
6, SYP and PSD-95 levels were determined by using
enzyme-linked immunosorbent assay (ELISA) Kits
(Elabscience, Catalog No: E-EL-M0049, E-ELMO0044,
E-EL-M1105 and USCN, Catalog No: SEG168Mu,
respectively) according to the manufacturer’s guide.
Samples and standards absorbance were measured at
450 nm by using tunable microplate reader (VERSA
max, Molecular Devices, Sunnyvale, CA, USA).
Results were expressed as ng/mL.

Tissue malondialdehyde (MDA) measurement
Right cortex of the mice was used for oxidative stress

10

parameters. Tissue was homogenized in 2 mL ice-cold
buffer 1.15% KCI solution containing 0.5 mL/L Triton
X-100. MDA concentrations were measured from
homogenates according to method by Mihara and
Uchiyama.?® Tetramethoxypropane was used as
standard solution. MDA levels were expressed as
nmol/ml per gram of wet tissue.

Measurements of tissue antioxidant enzyme activities
For measurement of superoxide dismutase (SOD) and
catalase (CAT) activities, tissues were homogenized in
2 ml ice-cold Tris-HCI buffer (50 mmol/L, pH = 7.4).
SOD activities were measured by the method of Sun et
al.? This method essentially is based on reduction of
nitroblue tetrazolium by xanthine/xanthine oxidase
system. SOD activity was given in U/mg protein. CAT
activities were determined by the method of Goth.®
This method utilizes H.0, and ammonium molybdate
stable complex. The yellow complex was measured at
405 nm. CAT activities were expressed as kU/mg
protein. For determination of protein concentrations, the
tissue lysates were used. Bicinchoninic acid protein
assay kit was used (Merck Millipore, Darmstadt,
Germany) and results were expressed as mg/mL.
Statistical analysis

5 min Racine scores were compared between KA-WT
and KA-HT groups by using paired t test. One way
ANOVA was used for the statistical analysis of
biochemical data of each group. For multiple
comparisons Tukey’s post hoc test was used. All the
statistical tests were performed by using GraphPad
Prism software. Data were presented as means = SEM.
For the significance p < 0.05 was accepted.

RESULTS

Behavioral seizure

All mice that injected kainic acid (KA) were observed
and video recorded for 2 hours. Racine scorings were
determined for 5 min epochs from the video recordings.
The wild type or heterozygous mice received saline
(SA-WT and SA-HT groups) did not exhibit any seizure
like behavior. Hence their scores were 0 for all time
epochs. Their scores also removed from the graph. The
other two groups received kainic acid injections and
developed seizures which were eminent from the
behaviors. There were no significant differences in
onset of seizure latency between two groups. Racine
scores were significantly different between KA-WT and
KA-HT group only in two 5 min epoch that are 20 and



25 min (p<0.05) (Figure 1). KA-WT group’s score were
higher at this time points than that of KA-HT group. At
these time points, the seizures were more severe in wild
type than BDNF heterozygous animals.

Racine score
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Figure 1. Seizure severity of the mice were evaluated according to Racine Scorings. The mice received kainic adic injections showed
epileptic seizures. The seizure of BDNF heterozygous mice (KA-HT) were significantly milder than wild types (KA-WT) after 20
to 25 minutes kainic adic injections (*: p<0.05). The control groups for this experiment received saline and did not showed any
epileptic behavior. The scores of all the mice in saline groups (SA-WT and SA-HT) were zero and were not included in the graph.

Oxidative Stress Neuroinflammation

To search the effects of KA injection on oxidative stress
parameters were measured brain MDA level, SOD and
CAT activity. MDA levels were significantly different
between groups according to one way ANOVA test (F
(3.34) = 10.82, P < 0.0001). MDA levels were
importantly higher in KA-WT and KA-HT compared
to SA-WT groups according to Tukey’s post hoc test
(p=0.0075 for KA-WT group and p=0.0004 for KA-HT
group). MDA levels in the groups that received KA
were also significantly higher than that of SA-HT group
(p=0.0082 for KA-WT group and p=0.0005 for KA-HT
group). MDA levels of all groups were shown in Figure
2A. One way ANOVA showed no significance in SOD
(F (3.34) =1.793, p> 0.05) and CAT activities (F (3.34)
= 1.952, p>0.05) between groups (Figures 2B and 2C).
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Neuroinflammation

The effects of KA injection to wild type and BDNF
heterozygous mice on neuroinflammation were
investigated by measuring the levels of cortical levels of
interleukins (IL-6B) and tumor necrosis factors (TNF-
a). Statistical analysis displayed no significance in IL-
6P (F(3.34=0.766, p>0.05) and TNF- a (F(3.34)=1.343,
p>0.05) differences between the groups (Figure 3A and
3B).

Synaptic Proteins

In this study, KA administration to mice did not affect
the synaptophysin protein (SYP) and postsynaptic
density 95 kD (PSD-95) protein levels. One way
ANOVA revealed no significant differences in synaptic
proteins between the groups (F(3.34)=0.371, p>0.05 for
SYP; F(3.34)=0.216, p>0.05). The levels of synaptic
proteins are shown in Figure 4A and 4B.
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Figure 2. Oxidative stress parameters measured in the hippocampus tissues are shown. BDNF concentration did not affect the
oxidative stress parameters. A. Kainic acid significantly increased MDA levels. MDA levels of KA-WT group (##: p< 0.01, **: p<
0.01) and KA-HT group were higher than the SA-WT and SA-HT groups (###: p<0,001, ***: p< 0.001) B and C show the SOD
and CAT activity in the hippocampal tissue homogenates. Antioxidant enzymes were not changed after kainic acid administration.
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Figure 3. IL-6 and TNF alpha levels were measured in the hippocampus. Inflammation markers showed no change following kainic
acid administration. In the hippocampus tissues of BDNF heterozygous mice, inflammation markers were not different than the wild

type group.
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Figure 4. As a biochemical correlate of behavior and possible loss of function, synaptic protein levels measured in the hippocampus
tissues. A typical presynaptic protein (synaptophysin (SYP)) and a postsynaptic protein (postsynaptic density 95 kD (PSD-95)) has
been chosen and measured by ELISA. SYP and PSD-95 concentrations in the hippocampus tissues were not altered.
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DISCUSSION

Since its discovery, BDNF is essentially considered as a
neurotropic factor that is pivotal for the adaptive long-
term changes in the central nervous system. Yet, it has
been proposed that BDNF acts as a neuroprotective,
anti-inflammatory and antioxidant properties as well.
Kainic acid binds to kainat receptors which are
ionotropic glutamate receptors and leads to potent
excitatory post synaptic currents. This unusual strong
activation of kainat receptors results in unbalanced
excitation which in turn triggers seizures. Sustained
activity also results in oxidative damage, inflammation
and loss of neuronal function.?®?22 n the present study,
we aimed to reveal the role BDNF on the severity of
kainic acid induced seizures. Besides, we investigated
whether BDNF poses a protective role against kainic
acid induced changes in the hippocampus. Our data
showed i) BDNF heterozygous mice slightly more
resistant to kainic acid induced seizure. ii) Kainic acid
application increased the lipid peroxidation but had no
effect of synaptic proteins and inflammation markers.
BDNF heterozygous mice lack one BDNF coding
alleles in their genome and in the brain these mice
express nearly %40-50 lower levels of BDNF.®! It has
been a useful model to study the physiological roles of
BDNF since the heterozygous mice did not show
abnormal phenotype.3** The epileptic phenotype of
BDNF heterozygous mice has been investigated in
different experimental models. In a kindling model
BDNF heterozygous mice more resistant’ and in an
electrically induced seizure model, BDNF heterozygous
mice did not differ from the wild type littermates.®* In
another study, similar to present findings BDNF
heterozygous mice showed reduced frequency of
electrical discharges in their electro-corticogram
activities in a focally induced epilepsy model.?® Apart
from the above mentioned findings, in the present study,
for the first time we showed that, in kainic acid model
too, BDNF heterozygous mice were slightly more
resistant to epileptic seizures. This finding of ours is in
line with the previous reports. In general, the
BDNF/Trk-B signaling favors the excitation and
disrupted Trk-B signaling reduced the excitation.***¢ In
kainic acid model, we can argue that, reduced levels of
BDNF in hippocampus led to suppressed levels of
excitability which eventually resulted in a less severe
epileptic seizure. Epileptic seizures often lead to
elevated inflammation and oxidative stress in the brain.
In this study, we also tested whether BDNF has an
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antiinflammation and/or antioxidant role in kainic acid
induced seizure model. The relation between BDNF and
neuroinflammation in various experimental models of
neurological disorders and neurodegenerative diseases
are well documented.®” Studies showed that BDNF had
anti-inflammatory effects both in vitro and in vivo®. In
BDNF heterozygous mice, upon LPS administration,
higher inflammation levels were measured compared to
wild type.®® In our study, the kainic acid administration
did not lead to increased levels of measured
inflammation markers. Hence, we could not evaluate
whether BDNF posed a protection against
inflammation. We have used the lowest dose of kainic
acid (15 mg/kg) to be able to reveal the difference
between heterozygous and wild type animals. Higher
doses would create a stronger effect in both groups and
the hypothesized differences would be lost. Unlike the
neuroinflammation markers, lipid peroxidation levels
were increased in kainic acid groups. Kainic acid
administration increased the MDA levels in
hippocampus. BDNF was shown to support the
antioxidant systems in various studies.'>'” However, in
the present work, wild type and heterozygous mouse
exhibited similar MDA levels, indicating that the
reduced BDNF levels did not further exacerbate the
lipid peroxidation. This result contradicts with the
literature. The model used in this study was different
than the other reports. The pathway that kainic acid
induced lipid peroxidation might be independent of the
BDNF-Trk-B pathway. Neurons are strong cells that
are resistant to many challenging conditions. We
thought that, following kainic acid administration, there
may not be a neuronal loss. However, in such mild to
moderately harmful conditions, number of synaptic
contacts is lost between the neurons which in turn
reduce the performance. The number of functionally
active synapses is directly correlated to synaptic
proteins. In our study we measured two synaptic
proteins: a major presynaptic protein synaptophysin
protein (SYP) and a postsynaptic protein postsynaptic
density 95 kD (PSD-95). To our knowledge, there is
only one study to investigate the effects of KA on
synaptic proteins. However, in that study, they
investigated the effects of administration of KA to 7
days old (P7) rat on synaptic markers in adulthood
(P100). They observed a decrease in two synaptic
markers, SNAP-25 and syntaxin.®® Similar to
inflammatory markers, we did not observe any changes
in the levels of synaptic proteins. Kainic acid



administration did not result in reduced number of
synapses. Higher doses of kainic acid probably could
have triggered a stronger seizure and led to loss of
synapses.

CONCLUSION

In kainic acid induced seizure model, weakened BDNF
signaling led to milder seizures. Slight and transient
seizures are associated with increased lipid peroxidation
but did not result in increased neuroinflammation.
Similarly, synaptic proteins were not affected.
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ABSTRACT

Geriatric population (>80 years) has an increased mortality
risk due to several reasons including more extensive coronary
artery disease (CAD) and impaired renal function. We
investigated the relationship between in-hospital mortality
and renal dysfunction in geriatric patients with ST-elevation
myocardial infarction (STEMI) who underwent primary
percutaneous intervention (PCI). We included 203 geriatric
patients with STEMI who underwent primary PCI. Patients
were divided into 2 groups; group 1 comprised 42 patients
who died in the hospital after MI, and group 2 included 161
patients who were discharged following primary PCI. The
risk factors of the patients were determined. We calculated
coronary artery disease prevalence by Gensini risk score,
renal function by creatinine clearance (CrCl), and compared
2 groups. The patients in group 1 who died in hospital after
STEMI were older; they had more extensive CAD and lower
CrCl (age: 82 £ 5 yr, 78 = 7 yr, p<0.001; Gensini score: 70 £
30,42 +£26,p: 0.001; CrCl: 46 = 17 mL/min, 65 + 18 mL/min,
p<0.001). When multivariate analysis was performed with
logistic regression, we found to be CrCl, HDL-cholesterol,
and Gensini scores to be the independent predictors of in-
hospital mortality (CCL: OR 1.057 (1.029-1.086), p = 0.001);
HDL: OR 1.077 (1.021-1.136), p = 0.007, Gensini score: OR
0.969 (0.952-0.985), p = 0.001). Renal dysfunction increases
in-hospital mortality in elderly patients with STEMI
undergoing primary PCI. Renal dysfunction in elderly
patients with Ml is an important risk factor that increases in-
hospital mortality like other cardiovascular risk factors.

Keywords: Geriatric population, ST elevation myocardial
infarction, renal function, creatinine clearance, Gensini score.

OZET

Geriatrik popiilasyon (>80 yas), daha yaygin koroner arter
hastalig1 (KAH) ve bozulmusg bobrek fonksiyonu gibi ¢esitli
nedenlerden dolay1 artmig mortalite riskine sahiptir. Primer
perkiitan girisim (PCI) uygulanan ST yiikselmeli miyokard
enfarktiisii (STEMI) olan geriatrik hastalarda hastane igi
mortalite ile bobrek fonksiyon bozuklugu arasindaki iliskiyi
arastirdik. Primer PCI uygulanan STEMI'li 203 geriatrik
hastay1 dahil ettik. Hastalar 2 gruba ayrildi; grup 1, Miyokard
infarktiisii (MI) sonras1 hastanede 6len 42 hastadan, grup 2 ise
primer PKG sonrasi taburcu edilen 161 hastadan olusuyordu.
Hastalarin risk faktorleri belirlendi. Koroner arter hastalig
prevalansini Gensini risk skoru ile, renal fonksiyonu kreatinin
klirensi (CrCl) ile hesapladik ve 2 grubu karsilastirdik. Grup
1'de STEMI sonrast hastanede 6len hastalar daha yaslyds,
daha yaygim KAH ve daha diisiik CrCl'ye sahiptiler (yas: 82
+ 5 yil, 78 = 7 yil, p<0.001; Gensini skoru: 70 + 30, 42 + 26,
p: 0.001; CrCl: 46 £ 17 mL/dk, 65 = 18 mL/dak, p<0.001).
Lojistik regresyon ile ¢ok degiskenli analiz yapildiginda
CrCl, HDL-kolesterol ve Gensini skorlarinin hastane igi
mortalitenin bagimsiz 6ngordiriiciileri oldugunu bulduk
(CCL: OR 1.057 (1.029-1.086), p = 0.001); HDL: OR 1.077
(1.021-1.136), p = 0.007, Gensini skoru: OR 0.969 (0.952-
0.985), p = 0.001). Primer PKG uygulanan STEMI'li yash
hastalarda renal disfonksiyon hastane i¢i mortaliteyi
artirmaktadir. MI'li yasli hastalarda bobrek fonksiyon
bozuklugu, diger kardiyovaskiiler risk faktorleri gibi hastane
i¢i mortaliteyi artiran 6nemli bir risk faktoridiir.

Anahtar Kelimeler: Geriatrik popiilasyon, ST yiikselmeli
miyokard infarktiisli, bobrek fonksiyonu, kreatinin klirensi,
Gensini skor
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INTRODUCTION

Cardiovascular disease (CVD) is one of the important

causes of death in western countries.! The risk of
cardiovascular disease is high in renal failure.?* It is
also known to increase the risk of chronic kidney
disease (CKD), myocardial infarction (MI), and
cardiovascular mortality.>® Twenty to 50% of patients
with acute ST-elevation myocardial infarction (STEMI)
are over 65 years of age. More than 60% of deaths due
to M1 occur in this age group.” The frequency of chronic
kidney disease increases with age and increases
cardiovascular morbidity and mortality due to
ventricular arrhythmia, heart failure, which is one of the
in-hospital complications.®

We investigated the factors associated with in-hospital
mortality in elderly patients undergoing primary
percutaneous intervention (PCI) for STEMI.

METHODS

Our study is a retrospective study, we included 203
geriatric patients who underwent MI and primary PCI
between October 2016 and October 2018.

We received the ethics committee approval of the study
at non-interventional clinical studies ethics committee
of Recep Tayyip Erdogan University (Local Ethical
Committee) (Decision no: 2016/13). Patients were
participated in a random and consecutive manner. Forty-
two patients died in the hospital and 161 patients were
discharged. We identified risk factors for these two
groups. Coronary artery disease (CAD) severity was
assessed by Gensini risk scoring®, renal function was
assessed by creatinine clearance (CrCl), and two groups
were compared. We used logistic regression analysis to
determine in-hospital mortality predictors after primary
PCl.Acute STEMI was diagnosed as having two of the
following three criteria:*

1- ST-segment elevation in consecutive >2 leads (>2
mm in chest lead, >1 mm in extremity lead). 2- Ischemic
chest pain lasting over 30 minutes. 3- Serum creatinine
kinase myocardial band (CK-MB) level increased at
least two times of normal range. Patients who presented
in the subacute period (symptom onset > 12 hours), had
MI, 3 months past, or underwent coronary artery bypass
graft (CABG) surgery or PCI revascularization, had
myocardial infarction from the left main coronary
artery, and had emergency CABG surgery were
excluded from the study. An informed consent form was
signed by all patients. Blood samples required for
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randomization were taken from the patients by direct
venous puncture. Serum creatinine (Cr) and
biochemical parameters were analyzed in a standard
laboratory using an appropriate method. In the study, the
accuracy of the biomarker measurements of the centers
and the clinical laboratory measurement were evaluated
with a significant quality measure. We used the
Cockroft-Gault equation to calculate CrCl as follows:
([{140-in age} x body weight in kg] / {72 x Cr mg/dL})
x 0.85 (female gender). In our study, according to the
age of the patient population, we divided the patients
into two groups as CrCI> 45 mL/min and CrCL <45
mL/min. The study was conducted in accordance with
the 1975 Helsinki Declaration in accordance with the
ethical rules.

Primer Percutaneous Coronary Intervention Procedure:
Aspirin (300 mg) and clopidogrel (300 mg) were given
orally at emergency, and 100 U / kg (max 10.000 U)
heparin was administered after femoral artery puncture.
Primary PCIl (balloon angioplasty and/or stent
implantation) was performed on infarcted arteries after
coronary angiography. During the procedure, coronary
artery flow (Thrombolysis in Myocardial Infarction
(TIMI) classification) was used.!

Successful stent angioplasty procedure was considered
as achieving less than 20% residual stenosis and TIMI-
I11 flow after stent placement. Recurrent infarction was
defined as recurrent cardiac enzyme and ST segment
elevation associated with chest pain lasting over 30
minutes after the first 24 hours of infarction. Major
bleeding was defined as hemorrhage causing a decrease
in hemoglobin level > 5 g/dL or any grade of intracranial
hemorrhage. We made comparisons between groups in
terms of basic clinical features, PCI success, and in-
hospital outcomes (death, recurrent infarction, stroke,
and major bleeding). Table 1 includes the main
characteristics of the study population.

Statistical Analysis

Continuous variables were calculated as mean+standard
deviation (SD) and categorical variables as percentages.
Normally distributed continuous variables were
compared with  Student's t-test, non-normally
distributed ones were compared with Mann-Whitney U-
test. Categorical variables were compared with the Chi-
square test. p value <0.05 was considered statistically
significant. SPSS 16.0 program was used in Statistical
analysis, (SPSS Inc., Chicago, IL).



Table 1. Main characteristics of the study population

Parameters (N=203) Groupl Group2 P
(N=42) (N=161) value
Age (years = SD) 82+5 78 +7 0.001
Sex (male), n (%) 23 (11) 85 (42) 0.8
Gensini score 70 + 30 42 + 26 0.001
Hypercholesterolaemia, n (%) 12 (6) 77 (38) 0.03
Smoking, n (%) 7(3) 11 (5) 0.06
HT, n (%) 21 (10) 92 (45) 0.5
Diabetes mellitus, n (%) 11 (5) 43 (21) 0.2
Alanin aminotransferaz (ALT) 31+25 25+18 0.8
Hgb (g/dL) 127422 13.1£1.5 0.9
Glucose (mg/dL) 112446 115438 0.2
Total Cholesterol (mg/dL) 166+38 177442 0.25
LDL (mg/dL) 103£32 113+36 0.25
HDL (mg/dL) 34+£7 41+9 0.001
Triglyceride (mg/dL) 126445 112452 0.3
Creatinine clearance 46 £ 17 65+18 0.001
TIMI flow 0.001
TIMIO 13 (6) 10 (5)
TIMI 1 10 (5) 6 (3)
TIMI 2 6 (3) 16 (8)
TIMI 3 13 (6) 161 (79)
Myocardial infarction (MI) 0.01
Anteroseptal Ml 27(13) 69 (64)
Inferior Ml 15(7) 92 (45)

Table 2. The correlations of parameters with hospital
mortality.

Parameters Gensini Age HDL Creatinin | Hospital
score e mortality
clearance
Gensini score r=0.246 r=-0.179 r=-0.263 r:0.439
p=0.001 p=0.01 p=0.001 p:0.001
Age r=0.246 - r=0.119 r=-0.452 r:0.273
p=0.001 p=0.09 p=0.001 p:0.001
HDL r=-0.179 r=0.119 | - r=0.128 r:-0.282
p=0.01 p=0.09 p=0.07 p:0.001
Creatinine r=-0.263 r=-0.452 r=0.128 - r:-0.413
clearance p=0.001 p=0.001 p=0.07 p:0.001
Hospital r:0.439 r:0.273 r:-0.282 r:-0.413 -
mortality p:0.001 p:0.001 p:0.001 p:0.001
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RESULTS

In group 1, patients who died after M, renal function
(CrCl) was worse, the severity of coronary artery
disease (Gensini score) and age were higher according
to group 2 (age: 82 + 5 yr, 78 £ 7 yr, p<0.001; Gensini
score: 70 £30, 42 + 26, p: 0.001; CrCl: 46 + 17 mg/min,
65 + 18 mg/min, p<0.001). HDL levels were lower in
group 1 and were statistically significant. (HDL: 34 + 7
mg/dL, 41 + 9 mg/dL, p <0.001). Other basal characters
were similar in both groups.

Explanations of abbreviations

(TIMI: Thrombolysis in myocardial infarction, HT:
Hypertension,

HDL.: High density lipoprotein cholesterol,

LDL: Low density lipoprotein cholesterol,

Hgb: Hemoglobin,

Gensini score: Gensini score was used to evaluate the
severity of atherosclerosis. The most severe stenosis in
each of the 8 coronary segments was graded from 1 to 4
(1%-49% lumen diameter reduction: 1 point; 50%-74%
stenosis, 2 points; 75%-99% stenosis, 3 points; and
100% occlusion 4 points) to give a total score ).

Hospital mortality correlated positively with Gensini
score and advanced age, while negatively correlated
with HDL and creatinine clearance (Table 2). Age:
r:0.273, p:0.001; Gensini score: r:0.439, p:0.001;
creatinine clearance r:-0.413, p:0.001; HDL: r:-0.282,
p<0.001.

Hospital mortality correlated positively with Gensini
score and advanced age, while negatively correlated
with HDL and creatinine clearance. There were positive
correlations between in-hospital mortality with age and
coronary artery disease prevalence, and negative
correlations between in-hospital mortality with CrCl
and HDL (age: r: 0.273, p: 0.001; Gensini skoru: r:
0.439, p: 0.001; CrClI: r: -0.413, p: 0.001; HDL: r: -
0.282, p: 0.001). Table 3 shows the results of
multivariate analysis with logistic regression in hospital
mortality. As a result of logistic regression multivariate
analysis used to determine in-hospital mortality, crcl,
HDL level and Gensini score were independent
predictors of in-hospital mortality (CrCl: OR 1.057
(1.029-1.086), p = 0.001; HDL: OR 1.077 (1.021-
1.136), p = 0.007; Gensini score: OR 0.969 (0.952-
0.985), p = 0.001).



Table 3. Results of multivariate analysis with logistic
regression for hospital mortality.

Independent P value Odds Ratio (95%
Variables confidence interval)
Gensini score 0.001 0.969

(0.952-0.985)
HDL 0.007 1.077

(1.021-1.136)
Age (year) 0.14 0.933

(0.852-1.023)
Creatinine 0.001 1.057
clearance (1.029-1.086)
Constant 0.455 17.976
R? (Cox & Snell/ 0.3/0.469
Nagelkerke)

In univariate analysis, determinants with a p value <0.05
were taken into the logistic regression analysis by the
input method. When we performed multiple logistic
regression analysis, hospital mortality was associated to
group 1 creatinine clearance (CCL), (OR 1.057 (1.029-
1.086), p = 0.001), HDL, (OR 1.077 (1.021-1.136), p =
0.007), Gensini score, (OR 0.969 (0.952-0.985), p =
0.001); and it was independent from group 2 creatinine
clearance, HDL and Gensini score (Table 3).

DISCUSSION

In our study, it was revealed that renal dysfunction is an
important risk factor increasing in-hospital mortality in
geriatric patients with ST-elevation MI and primary
PCI. In geriatric patients with atherosclerosis, MI, acute
coronary syndrome, renal failure increases mortality
and morbidity and is closely related, and there are
similar studies. Clinicians' fear of elderly patients is due
to their high complication rates and more fragility.*? The
prevalence of CKD increases in correlation with age.
So; While it is 4% at the age of 20-39, it increases to
47% after the age of 70. ¥ CKD is also an important risk
factor for diseases such as heart failure and ventricular
arrhythmias, which are important in the morbidity and
mortality of cardiovascular diseases.’** We found a
significant increase in mortality, especially in elderly
patients with renal failure who had MI. Current
guidelines recommend intervention and treatment in
patients with STEMI and renal dysfunction in the same
way as other STEMI patients, taking into account some
precautions during the administration of contrast dye
and some drugs.’® Aging causes both structural and
functional changes in the kidneys. Reduction of renal
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blood flow and a number of nephrons with aging cause
CKD by decreasing glomerular filtration rate.

Chronic kidney disease (CKD) is set in 5 stages of
increasing severity with a decrease in glomerular
filtration rate leading to end stage renal disease (ESRD)
requiring a treatment of substitution, dialysis or
transplantation. CKD is frequent, it increases with age,
and affects one person out of 10 in the general
population, and only 4 per 100,000 will reach end-stage
renal disease (ESRD). As soon as it occurs, CKD is
associated with increased cardiovascular comorbid
conditions. *’

Chronic renal disease has a high mortality and
morbidity, especially due to cardiovascular diseases.
Cardiovascular risk increases exponentially as the CKD
stage progresses. For example, cardiovascular risk
increases 2 to 4 times in a patient in stage 3, and 10 to
50 times in a patient in stage 5.1

In recent studies, aggressive revascularization strategies
have been shown to provide more survival and absolute
risk reduction in terms of better quality of life in patients
over 75 years of age than younger patients.%-2!

The main finding of our study, coronary artery
revascularization in elderly patients with low CrCl was
found to be more applicable, safe and associated with
better outcome than medical treatment. This was also
the case in elderly patients who were susceptible to
bleeding, contrast nephropathy, in-hospital bleeding,
and toxic effects from treatment. Studies in this area,
especially in geriatric patients, have also achieved
similar results to our study. as follows: In patients with
ST-segment elevation MI (STEMI) and without
STEMI, patients with kidney disease have a higher
mortality than patients with preserved kidney
function.?>2* Currently, primary PCI in STEMI patients
is included in the recommended reperfusion strategy
and also in those with renal dysfunction. Since primary
PCl is an emergency treatment in STEMI patients, renal
function and CrCl levels are unknown in these patients
during the procedure. Records show that most patients
are diagnosed outside the hospital and referred directly
to the catheterization laboratory, with the first blood
samples taken prior to contrast injection for biochemical
testing.?®> While guidelines recommend evaluation of
risk-benefit ratio with severity of renal dysfunction, an
early invasive approach remains the best strategy for
patients with acute coronary syndrome with CKD.26

In our study, patients with renal dysfunction who
underwent primary PCl were fewer in number than



patients without renal dysfunction. In our study, as in
other studies, the presence of CKD increases short-term
and long-term mortality. This situation, the presence of
RI, has seen a higher 30-day increase in mortality,
similar to previous studies. In addition, the presence of
Kidney disease in STEMI and non-STEMI patients has
been associated with an increase in 9-month mortality,
depending on all causes.?’-* According to our study, RI
(renal insufficiency) is an independent predictor of
increasing 1-year mortality.

Renal dysfunction increases mortality during
hospitalization in elderly patients who underwent
primary percutaneous coronary intervention and had
myocardial infarction. Renal dysfunction in elderly
patients with MI, like other cardiovascular risk factors,
increases mortality during hospitalization. Taking these
factors into account and taking precautions in geriatric
patients with Ml would play an important role in
reducing in-hospital mortality.

CONCLUSION

Renal dysfunction increases in-hospital mortality in elderly
patients with STEMI undergoing primary PCIl. Renal
dysfunction in elderly patients with Ml is an important risk
factor that increases in-hospital mortality like other
cardiovascular risk factors.

Limitations

Our findings can be affected by data quality and
confounding variables. In addition, our study is open to
bias regarding unmeasurable factors. We tried to reduce
the bias caused by these unknown variables as much as
possible. St-elevation MI patients with cardiogenic
shock that might be subject to the study were not
excluded. Our systematic access to additional
information about creatinine values or contrast-induced
nephropathy was limited in the days after primary PCI
was performed.
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committee of Recep Tayyip Erdogan University
(Local Ethical Committee) (Decision no: 2016/13).
Informed Consent

Informed consent was obtained from the patients who
participated in this study.
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ABSTRACT

During pregnancy, ovarian torsion (OT) occurs at a rate of 1 to 5 per
100,000 and is extremely uncommon. There is only one case report
of OT occurring in a third-trimester, twin pregnancy. In the present
case, a 30-year-old female patient whose first pregnancy was
dichorionic diamniotic and at 30 weeks of age was admitted to our
emergency service with the complaint of chronic pain. The patient
had a history of spontaneous pregnancy and an increase in
carcinoembryonic antigen level was found in her biochemical
indicators. Magnetic resonance imaging and Doppler ultrasound
indicated OT, therefore she had surgery that involved making a
midline incision under the umbilicus. Both ovary and tuba uteri were
removed as they were necrotic and twist on the right side of the
adnexa. No complications developed following the surgery and
pathology showed mucinous cyst adenoma. The most common
causes of abdominal pain in the third trimester are gas, constipation,
Braxton-Hicks, urinary tract infection, appendicitis, and
preeclampsia. Although OT is extremely rare in the third trimester
of spontaneous twin pregnancies, it should be considered in the
differential diagnosis.

Keywords: Torsion, Twin pregnancy, Third trimester

OZET

Hamilelik sirasinda over torsiyonu (OT) 100.000'de 1 ila 5 oraninda
meydana gelir ve olduk¢a nadirdir. Ugiincii ii¢ aylik donemde, ikiz
gebelikte meydana gelen OT ile ilgili yalnizca bir vaka raporu vardir.
Bizim olgumuzda 30 yaginda, ilk gebeligi olan dikoryonik
diamniyotik 30 haftalik kadin hasta, kronik agr1 sikayeti ile acil
servisimize bagvurdu. Spontan gebelik dykiisii olan hastanin

biyokimyasal  gostergelerinde  karsinoembriyonik  antijen
diizeylerinde yiikseklik saptandi. Manyetik rezonans goriintiileme ve
Doppler ultrason OT lehineydi, bu nedenle gobek altinda orta hat
insizyonu ile ameliyat edildi. Hem yumurtalik hem de tuba uteri,
nekrotik olduklarindan ve adneksin sag tarafinda biikiildiiklerinden
dolayr cikarildi. Ameliyat sonrasi herhangi bir komplikasyon
gelismedi ve patoloji miisinéz kist adenomu olarak geldi. Ugiincii
trimesterde karin agrisinin en yaygin nedenleri gaz, kabizlik,
Braxton-Hicks, idrar yolu enfeksiyonu, apandisit ve preeklampsidir.
Spontan ikiz gebeliklerin t¢ilincii trimesterinde OT oldukga nadir
olmakla birlikte ayirici tanida g6zoniinde bulundurulmalidir.
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INTRODUCTION

Ovarian torsion (OT) is the rotation of the pedicle,

which contains the arterial and venous vessels of the
ovary, on its axis in a partial or full turn, preventing
blood flow. OT can damage women of any age, and
early surgical treatment has the potential to preserve
ovarian and tubal functions.* OT is rarely reported in the
third trimester in singleton pregnancies. There was only
one case in which they reported OT in spontaneous twin
pregnancy in the third trimester.?

CASE REPORT

A 30-year-old dichorionic diamniotic pregnant woman
who had her first pregnancy was admitted to our
hospital with persistent pain in the right upper quadrant.
After evaluation in another obstetrics clinic, the
pregnant case was referred to our hospital, which is a
tertiary hospital, to investigate other urological and
surgical causes. The patient had no complaints of nausea
or vomiting, and her vital signs were normal. There was
tenderness in the right upper quadrant, but no signs of
defense were seen on the abdominal examination. The
patient had no history of previous abdominal surgery. In
the non-contrast abdominal MRI examination of the
patient, no finding in favor of appendicitis and renal
stones were detected. The wvalue of the
carcinoembryonic antigen was 16 ng/mL. Furthermore,
other blood and urine tests showed normal results (Table
1). A 5-centimeter cyst was detected in the patient's right
ovary two years ago. A mass with features compatible
with an ovarian cyst was detected in the right upper
guadrant (Fig. 1).Ultrasonography (USG) showed
viable, dichorionic diamniotic twin pregnancy
compatible with 30 weeks gestation. A septal cyst of
80.6 x 73.3 mm was detected in the ovary in the right
upper quadrant (Fig. 2). No blood flow was detected in
the ovarian Doppler ultrasound examination. No
contraction was detected in cardiotocography. Cervical
length was safe on ultrasound. The patient with acute
abdominal pain and suspected right OT was operated
with a midline incision under the umbilicus. Tocolysis
was not applied before and during the operation.
Torsion occurred in the adnexa on the right. The right
ovary was found to have a mass of around 8 centimeters
in diameter. It had rotated around itself for about 4 turns.
Right salpingo-opherectomy was performed because of
the appearance of necrosis and tumor suspicion (Fig. 3
& Fig. 4). The operation time lasted 20 minutes in the
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patient who underwent spinal anesthesia. During the
postoperative follow-up, we did not find any signs of
complications. During the pathological investigation,
the presence of a mucinous cyst adenoma was found.

DISCUSSION

OT is encountered at a rate of 1 to 5 per hundred
thousand during pregnancy and is very rare.® Smits et al
reported the rate of spontaneous twin birth as 0.6% to
2.79%, and the rate of twin birth among those who
underwent assisted reproductive technology was 6.8%
to 8.44%.% In the literature, OT has been reported in the
third trimester in a twin pregnancy obtained by assisted
reproductive techniques.® In the present case, ovarian
torsion was observed in a spontaneous twin pregnancy
case. Most of the patients with ovarian torsion (80%)
have an ovarian mass larger than 5 cm and it is the most
important risk factor.! In the current case, the patient had
a history of ovarian cysts. Therefore, it is likely that this
may have been the main risk factor in the development
of ovarian torsion. OT gives similar clinical findings to
non-pregnant women in pregnant women.® The most
common clinical findings are pelvic pain, ovarian mass,
nausea, vomiting, and fever.” Nausea, vomiting, and
fever were not observed in the present case, and severe
abdominal pain and pelvic mass were detected. USG
and MRI are the imaging methods used in
differentiating the main causes of acute abdomen
(appendicitis, ovarian cyst rupture, and degenerated
myoma).® A high sensitivity (76-100%) and specificity
(94-100%) can be achieved with abnormal Doppler
USG in the diagnosis of OT.® In the present case,
ovarian blood flow was not observed in the patient.
Management is like non-pregnant women, but it may
not be easy to operate laparoscopically when a pregnant
uterus is considered.’® In the present case, laparotomy
was preferred because it was in the third trimester of
pregnancy and because it was a twin pregnancy. In the
third trimester of a patient who was pregnant with twins,
a midline surgical incision was made under the
umbilicus because the position of the ovary could shift.
The midline incision was necessary to provide the
surgeon with a clear view of the operative field,
allowing them to identify and protect any nearby organs
that might be at risk during the surgery. OT has been
reported in the current literature in a third trimester
pregnant woman with spontaneous twin pregnancy.? In
the described case, no mass was observed in the ovary,
only detorsion was applied. After the detorsion was



applied, the patient was monitored closely and
discharged with a follow-up plan.

Table 1. Analysis of blood and urine samples at the time
of admission to the hospital

Result The reference

range
Leukocyte (K/uL) 10.7 3.7-10.1
Hemoglobin (g/dL) 10.4 12 -17
Hematocrit (%0) 30.9 37-54
Platelet (K/uL) 178 100 - 400
C reactive protein 8.31 0-5
(mg/L)
Creatine (mg/dL) 0.39 0.57-1.11
Total bilirubin 0.37 02-1.2
(mg/dL)
Direct bilirubin 0.14 0-0.5
(mg/dL) 16 0-25
Carcinoembryonic
antigen (ng/ml)
Urine protein negative
Urine ketone 1+
Urine nitrit negative
Urine leukocyte negative
Urine erythrocyte negative

Figure 1. In non-contrast MR examination, A. Right
ovarian mass, B. Upper fetus, C. Lower fetus

CONCLUSION

The most common causes of abdominal pain in the third
trimester are gas, constipation, Braxton-Hicks, urinary
tract infection, appendicitis, and preeclampsia. OT in
the third trimester of a twin pregnancy is uncommon,
but it should be considered in the differential diagnosis.
Despite the relative rarity, it is important to be aware of
this possibility.
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Figure 2. Septal cyst in the right ovary on ultrasound
examination

Figure 4. Right ovary and tuba uterina
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ABSTRACT

Bladder Cancer (BC) is a urogenital system disease with a frequency
of approximately 11.000 new cases. The major risk factors of BC are
smoking and exposure to industrial carcinogens. The diagnosis and
monitoring of BC largely consist of invasive tests involving periodic
cystoscopy. This method is known as the gold standard although this
is a trustworthy method the procedure is highly disturbing for the
cancer patient and causes comorbidity. That’s why; non-invasive
diagnostic methods continue to be researched. Signal Peptide CUB
Epidermal Growth Factor 1 Containing Protein (SCUBEL) is a
member of the SCUBE family. SCUBEL1 is often closely associated
with pathological conditions such as thrombus, atherosclerotic
plaque, inflammation, and hypoxia-related disorders. Many recent
studies have focused on the expression and function of the SCUBE
family in cancer. Studies of the SCUBE family have demonstrated
the potential to develop as a diagnostic or prognostic biomarker in
cancer. Irisin is an adipocytokine produced by proteolytic cleavage
of the fibronectin type Il domain-containing protein 5 (FNDCS).
There are many studies examining the relationship between irisin
and cancer. Although SCUBE1 and irisin have been evaluated as
early diagnosis biomarkers of bladder cancer in many studies, no
study evaluating the parameters together has been found. In the
future, multicenter studies evaluating SCUBEL1 and irisin parameters
together are needed for the early diagnosis of bladder cancer in
people who smoke and are exposed to various chemicals.

Keywords: Bladder cancer, Irisin, SCUBE1

OZET

Mesane Kanseri (MK) yaklagik 11,000 yeni vaka sikligina sahip
irogenital sistem hastaligidir. Mesane kanserinin baslica risk
faktorleri sigara igmek ve endiistriyel kanserojenlere maruz
kalmaktir. MK'nin teshisi ve izlenmesi biiyiik dlglide periyodik
sistoskopiyi igeren invaziv testlerden olusur. Bu yoOntem altin
standart olarak bilinir, giivenilir bir yontem olmasina ragmen islem
hasta igin oldukga rahatsiz edicidir ve komorbiditeye neden olur. Bu
nedenle non-invaziv tam yontemleri arastirilmaya devam
etmektedir. Sinyal Peptit CUB Epidermal Biiyiime Faktorii 1 Iceren
Protein (SCUBE1), SCUBE ailesinin bir iiyesidir. SCUBEI1
genellikle trombiis, aterosklerotik plak, inflamasyon ve hipoksi ile
iligkili bozukluklar gibi patolojik durumlarla yakindan iligkilidir.
Son zamanlarda yapilan bircok caligma da SCUBE ailesinin
kanserdeki ekspresyonu ve islevine odaklanilmaktadir. SCUBE
ailesi ile ilgili yapilan galigmalar, kanserde teshis veya prognostik
bir biyobelirteg olarak gelisme potansiyeli oldugunu gostermistir.
Irisin, Fibronektin Tip III Domainini Igeren 5. proteinin (FNDCS5)
proteolitik béliinmesiyle iiretilen bir adipomiyokindir. Irisin ve
kanser arasindaki iligkiyi inceleyen birgok arastirma vardir.
SCUBEI ve irisin, bir¢ok ¢alismada mesane kanseri igin erken tani
biyobelirteci olarak degerlendirilmesine ragmen parametreleri
birlikte degerlendiren bir c¢aligmaya rastlanilmamistir. Gelecekte,
sigara icen ve cesitli kimyasalara maruz kalan kisilerde erken
mesane kanseri tanisi i¢in SCUBEL1 ve irisin parametrelerini birlikte
degerlendiren ¢ok merkezli ¢caligmalara ihtiya¢ duyulmaktadir.
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INTRODUCTION

Bladder cancer (BC, BCa) is the second most

frequently  seen  urogenital  cancer, involving
approximately 350,000 new cases and 150,000 deaths
worldwide each year. It is also a major cause of
morbidity and mortality. The tumor may sometimes not
directly infiltrate the bladder muscle, but due to its high
histological grade, this may herald a transition to
infiltration of that muscle.! First evaluated in the 1950s,
tobacco smoking is the most important risk factor for BC
development in both men and women and, because of its
high prevalence, is responsible for the majority of BC
cases.? It contains several compounds such as aromatic
amines, polycyclic aromatic hydrocarbons, heterocyclic
amines, and N-nitroso compounds leading to a DNA
damage via single-strand and double-strand DNA
breaks, and base modifications. Moreover, the reactive
oxygen species present in high concentrations in tobacco
smoke, directly induce DNA damage and accumulate in
bladder epithelium as result of the metabolism of
chemical carcinogens.® Bladder cancer is nearly three
times more common in smokers than nonsmokers.* In
addition to bladder cancer, tobacco smoking is strongly
associated with increased risk of lung cancer.® Chemicals
in tobacco increase the expression of proteins involved
in inflammation, and activate genetic and epigenetic
pathways, thereby adversely affecting the cell cycle
through the induction of uncontrolled cell proliferation.®
BC is a highly complex entity involving various
molecular and pathological pathways. Its behavior
therefore varies in line with the clinical stage of the
tumor and its molecular type. The diagnosis and follow-
up of BC largely involve invasive tests involving
periodic cystoscopy, a method regarded as the gold
standard.” Despite being trustworthy, this procedure is
distinctly unpleasant for the patient and causes
comorbidity. Research into non-invasive diagnostic
methods is continuing. In a previous study estimating
potential biomarkers in bladder cancer, Sakinewicz et al.
reported that podoplanin exhibited 72% sensitivity and
69% selectivity.® Tokarzewicz et al. demonstrated that
cystatin C exhibited 87% sensitivity and 92% specificity
in patients with BC.° Wang et al. also reported that
bladder cancer-specific antigen-1 exhibits  74%
sensitivity and 69% specificity.1? Interestingly, Guszcz et
al. showed that the plasma aromatase biomarker
exhibited 100% sensitivity and 100% specificity in their
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recent study of 78 patients with BC and 18 healthy
controls.!

Signal  Peptide-Cub-Epidermal  Growth
Domain-Containing Protein 1 ( SCUBE1)
SCUBEL is one of the members of the SCUBE family
and a branch of the epidermal growth factor (EGF)
superfamily. This has been shown to occur in various
domain structures, such as cysteine-rich and EGF-like
repeats, and the CUB domain. The SCUBE family
consists of three distinct members: SCUBE1, SCUBE?2,
and SCUBE3.1? SCUBEL is a cell surface glycoprotein
expressed and released during early embryogenesis and
present in both platelet and endothelial cells. SCUBEL is
stored inside alpha granules in inactive platelets.
Following activation by thrombin, it shifts to the platelet
surface and enters the thrombus through secretion in
small-sized soluble particles. Platelets are known to play
a significant role between inflammation and thrombosis,
and vascular and tissue repair mechanisms. The
association between thrombosis and cancer was first set
out by Trousseau. Trousseau's syndrome cancer-
associated thrombosis) is the second leading cause of
mortality in cancer patients after death resulting from
cancer itself.** The risk of venous thromboembolism is
4-7 times greater in patients with cancer than cancer free
individuals.}* SCUBE1 may indicate hypercoagulability
in patients with breast cancer and thus be useful in terms
of identifying individuals with a greater risk of
thrombosis and requiring anti-thrombotic therapy.
SCUBEL1 can also be employed as an adjunct test for
identifying individuals with a potential risk of breast
cancer.'? A previous study reported significantly higher
SCUBE 1 titers in patients with gastric cancer than those
in a control group.® Karaguzel et al. concluded that
SCUBE1 may constitute a promising biomarker in the
diagnosis and follow-up of renal tumors.'® A very recent
study by Mentese et al. demonstrated that the sensitivity
and specificity of SCUBEL appear to be quite similar to
those of CAIX, an AUC value of 0.879 for SCUBE1 was
associated with 71% sensitivity and 92% specificity,
while an AUC value of 0.891 for CAIX was associated
with 93% sensitivity and 78% specificity. Those authors
suggested that increased SCUBEL1 levels may be a useful
addition to clinical findings of disease in the diagnosis of
BC.’ For the first time in the literature, serum SCUBE1
values in BC patients were found to be statistically
higher than in the healthy control group in Mentese and
his friends study. The majority of studies to date have
concentrated on the expression of the SCUBE family and
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its functions in the context of cancer. However, further
research into the family’s role in other tumors is still
needed. Conditional engineered mouse models may yield
useful findings concerning the function of SCUBE and
the mechanisms involved in its role in cancer
progression. There is a need for systematic approaches to
screening SCUBE family protein substrates and
interactions with other proteins that may vyield
information regarding their physiological role and
mapping in various forms of cancer. Previous research
into the SCUBE family has indicated the potential for use
as a diagnostic and/or prognostic biomarker in cancer.!’
Irisin

Irisin is an adipocytokine produced by the proteolytic
cleavage of fibronectin type Il domain-containing
protein 5 (FNDC5). Various recent studies have
investigated the relationship between irisin and cancer.®
Irisin has been shown to activate the adenosine
monophosphate-activated protein  kinase (AMPK)
pathway and to inhibit the mammalian target of
rapamycin (MTOR) signaling. Studies have also reported
that irisin inhibits pancreatic cancer cell growth via the
activation of AMPK, thus downregulating the has
occurred in the rate of BC. Early diagnosis is therefore
particularly important. SCUBEL and irisin have been
investigated by various researchers as early diagnostic
biomarkers in BC, but our search of the literature
revealed no studies evaluating these two parameters
together.3252 The ELISA Kits used in these studies were
designed for research purposes and their diagnostic
effectiveness has not been fully confirmed. The
sensitivity and specificity of ELISA kits produced by
different manufacturers may vary, and differences in
absolute values are possible. Similar problems apply to
different biochemical parameters. This can be resolved
by the development ELISA Kkits exhibiting high
sensitivity and specificity for serum irisin measurement,
or through the discovery of high-sensitivity methods
capable of measuring irisin levels by high pressure liquid
chromatography (HPLC) or LC-MS/MS (Tandem MS).
MTOR pathway and suppressing the epithelial-
mesenchymal transition (EMT) of pancreatic cancer
cells.’® Moon et al. reported that physiological (5-10
nmol/L) and physiologically/pharmacologically elevated
irisin concentrations (50-100 nmol/L) exhibited no effect
on cell proliferation or the malignancy potential of
obesity-related cancer cell lines in vitro.?’ Us Altay et al.
reported that circulating irisin levels increased with the

28

development of GC.2! Other research reporting increased
irisin immunoreactivity in breast, ovary, and cervix
carcinoma tissues, and in endometrial hyperplasia
suggested that this peptide may be of critical importance
during  carcinogenesis.??  Provatopoulou et al.
investigated the relationship between irisin and breast
cancer and reported significantly lower serum irisin
levels in patients with breast cancer than in healthy
controls.?® Aydm et al. employed irisin antibody
immunohistochemistry to examine alterations in irisin
expression in gastrointestinal cancers compared to
healthy tissues. Histoscores (area intensity values)
revealed significant increases in irisin levels in
gastrointestinal cancer tissues, although not in hepatic
cancers.? Gaggini et al. reported increased FNDC5/irisin
expression in human hepatocellular carcinoma
increased.?® Shoa et al. demonstrated that irisin inhibits
lung cell migration, proliferation, and invasion by
suppressing epithelial-to-mesenchymal transition.? In
vivo studies also indicate that irisin may represent an
excellent diagnostic factor for cancer.?’?® Esawy and
Abdel-Samd revealed significantly lower levels of serum
irisin in patients with BC and postulated that serum irisin
concentrations may represent an excellent diagnostic and
prognostic marker for BC.?® Taken et al. also
demonstrated that serum irisin levels are capable of
employment in the diagnosis of BC. Irisin concentrations
can also be of assistance in differentiating high-grade
stage tumors.® Despite the apparent similarities between
Esawy and Taken’s studies, there are also some
differences. Other malignancies were excluded in
Esawy’s study, although obesity and other chronic
diseases were included, while Taken’s study excluded all
these diseases. As described above, one particular
difficulty with BC is that it cannot be diagnosed early
using non-invasive methods.

CONCLUSION AND RECOMMENDATIONS
Evidence demonstrates that the diagnosis of BC, the
ninth most common type of cancer worldwide, occurs at
a much older age than any other type of cancer. The
number of BC cases may be expected to rise in line with
life expectancy. The diagnosis and monitoring of BC
largely involve invasive tests involving periodic
cystoscopy, regarded as the gold standard. Although this
is a reliable method, the procedure is a particular source
of discomfort for the patient and causes comorbidity.



Table 1. Sensitivity and Specificity of potential biomarkers of BC.

BC biomarkers
SCUBE1’

CAIX?

Plasma Aromatase Biomarker!
Podoplanin®

Cystatin C°

Bladder cancer-specific antigen-1'°

Sensitivity Specificity
71% 92%
93% 78%
100% 100%
72% 69%
87% 92%
74% 69%

Research into non-invasive diagnostic methods is
therefore still taking place.

Highlights for future research:
* Evaluation of SCUBE] and irisin parameters in
combination in smoker and non-smoker bladder cancer
patients,
* The use of ELISA kits with higher sensitivity and
specificity,
* The principal limitation of previous studies is the low
number of cancer patients and control cases, and
multicenter studies with larger patient series are now
needed.
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OZET

Omuz cerrahisi ve onunla ilgili anestezi ve analjezi yontemlerine
olan ilgi giderek artmaktadir. Omuz dik viicut pozisyonu ve 6zellikle
bayanlarda estetik goriiniim i¢in ¢ok 6nemlidir. Omuz eklemi insan
viicudundaki biitiin eklemler iginde en genis hareket araligina sahip
olan eklemdir. Biitiin omuz prosediirleri hem hasta konforu hem de
rehabilitasyon egzersizlerinin erkenden yapilabilmesi icin yeterli
anestezi ve analjeziye gereksinim duymaktadir. Giincel klinik
pratikte genel anestezi veya infiltrasyon gibi sinir bloklar1 ve
interskalen blok gibi iist ekstremite bloklar1 omuz cerrahilerinde
basartyla kullanilmaktadir. Anestezi ve analjezi tekniklerini omuz
cerrahisinde  karsilastirdigimizda teknigin agr1  kontroliinde
etkinligini, yan etki insidansini ve hasta memnuniyetini géz Oniine
almaliyiz.

Anahtar Kelimeler: Omuz
cerrrahisi

Anestezi, Postoperatif analjezi,

ABSTRACT

There is an increasing interest in shoulder surgery and related
anesthesia and analgesia methods. The shoulder is very important for
a vertical body position and cosmetic appearance particularly in
women. The shoulder joint has the largest motion range of all joints
in the human body. All of the shoulder procedures need adequate
anesthesia and analgesia for both the comfort of the patients and an
early use of rehabilitation exercise. In current clinical practice
general anesthesia or nerve blocks like infiltration and interscalene
block like upper extremity blocks can be used for shoulder surgeries.
When compared the anesthesia and analgesia techniques for
shoulder surgery we should consider the effectiveness of pain
control, incidence of side effects, and patient satisfaction of the
techniques.
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GIRIS
Omuz ve omuz eklemi insan viicudunun ¢ok 6nemli

kisimlarindandir. Omuz, viicudun vertikal pozisyonu
icin Onemli olmakla birlikte 06zellikle bayanlarda
kozmetik goriiniim icin de dikkat ¢ekmektedir. Omuz
eklemi ise insan viicudundaki tiim eklemler arasinda en
genis hareket araligina sahip eklemdir.! Omuz cerrahisi
prosediirleri  asagidaki gibi siralanabilir: tanisal
artroskopi, subakromiyal bozukluklar (impingement-
sikisma- sendromu, rotator manset defektleri ve yirtiklari
(yiizeysel, eklemsel, tam kalinlikta), periartritis
humeroscapularis, tendinopati), atroskopik
subakromiyal dekompresyon (Tablo 1). Biitiin bu omuz
prosediirleri analjeziye  gereksinim
duymaktadir. islemlerinden
agrinin yeterince dindirilmesi hem hastanin konforu hem
de ameliyat sonras1 gerekli rehabilitasyon egzersizlerin
erken donemde ve diizenli olarak yapilabilmesi i¢in
gereklidir.2 Bu derlemenin amaci omuz cerrahisi
islemlerinde anestezi ve analjezi yontemlerini tartismak
ve bu alanda baz1 6neriler sunmaktir.

anestezi ve

Omuz cerrahisi sonra

Omuz cerrahilerinde kullanilan giincel anestezi ve
analjezi teknikleri

Gunliik pratikte omuz cerrahisi islemlerinde genel
bloklar1
tekniklerinin  omuz

anestezi, rejyonal anestezi ve  sinir
kullanilmaktadir. Bu anestezi
cerrahisinde
Rejyonal anestezi

karsilastirildiginda

perioperatif ~ sonuglart  tartigmalidir.
teknikleri genel anestezi ile
bazi cerrahi islemlerde Onemli
avantajlar saglamaktadir. Rejyonal anestezi sadece
yeterli cerrahi anestezi i¢in yapilmaz ayni zamanda
milkemmel agr1 kontrolii, daha az yan etki, kan kaybinin
azaltilmasi, pulmoner ve kardiyak fonksiyonlarin
korunmasi ve daha ¢abuk derlenmenin saglanmasi gibi
avantajlar1 da vardir.>” Bununla birlikte rejyonal
anestezi teknikleri Horner sendromu, gegici isitme kaybu,
sistemik lokal anestezik toksisitesi, ipsilateral
diyafragmatik parezi, frenik sinir palsi ve diger sinir
hasarlarina yol agabilmektedir.81°

Periferik ve santral bloklarin yapilmasi sirasinda
giiniimiizde ultrason kullanilmasinin klinik pratige
biiyiik katkilart olmustur. Bloklar yapilirken gergek
zamanli ultrason kullanimi iglem siiresini kisaltmis,
basari oranmi artirmig, komplikasyonlar1 azaltmis ve
kullanilan toplam ila¢ dozlarini diislirmiistiir. Ayrica
yaslilar, eslik eden baska sorunlari olanlar ve agir
sistemik problemi olan hastalarda giivenli anestezi

uygulama imkani dogurmustur.!* Ultrason rehberliginde

32

interskalen blok yapilan bir ¢alismada kullanilan lokal
anestezik dozunun azaldig1 ve dolaysiyla lokal anestezik
sistemik toksisite insidansinin da azaldigi bununla
birlikte olast frenik sinir felcinin de azaldigi
goriilmiistiir. '

Omuz cerrahisi sonrast agrinin dindirilmesi

Omuz cerrahisi sonrasi post operatif agrinin dindirilmesi
icin pek cok yontem kullanilmaktadir. Bunlari
analjeziklerin  lokal olarak subakromial bursaya
injeksiyonu®3!4, intravendz hasta kontrollii analjezi (iv
PCA)®, hasta kontrollii interskalen analjezi®®,
analjeziklerin siirekli olarak intrabursal inflizyou?’,
kostoklavikular blok, proksimal suprascapular sinir
blogu ve supraclavikular sinir blogu®® olarak
siralayabiliriz. Hasta kontrollii subakromial analjezinin
omuz cerrahisi sonrasi etkisini arastiran ¢aligmalar
sinirlidir. Bir randomize prospektif klinik ¢alismada agik
akromioplasti sonrast ilk olarak ropivakain veya fentanil
ile yapilan hasta kontrollii subakromial analjezi fentanil
ile yapilan intravendz hasta kontrollii analjezi ile
karsilagtirilmistir.  Bu ¢alismada subakromial hasta
kontrollii tekniklerde %0.2 ropivakain ve 4mg/mL
fentanil 5 mL/saat hizinda, bolus doz 3 mL, Kilitli kalma
siiresi 20 dakika olarak uygulanmig ve benzer tarzda
yeterli agr1 kontrolii minimal yan etki ve yiiksek hasta
memnuniyetiyle birlikte saglanmistir. Oysa, hasta
kontrollii subakromial fentanil grubunda subakromial
ropivakain veya intravenoz fentanil kadar etkin bir agr1
kontrolii saglanamadig: bildirilmistir.? Bununla birlikte,
bir retrospektif klinik ¢aligmada interskalen blok (ISB)
infiizyon (SAI)
derecede daha az

alan
agri
deneyimlemislerdir ve bu ISB olan hastalar SAI alan

alan hastalar subakromial

hastalardan ~ anlaml
hastalardan daha kisa siirede, onlarin yaris1 kadar bir
siirede hastaneden taburcu edilmiglerdir. G6zlemlenen
bu sonug iizerine ¢alismanin yazarlar1 SAI’nin ISB yerini
glinii birlik artroskopik rotator kaf onarimi sonrasi
alamayaca@im bildirdiler.°

Bir iist ekstremite sinir blogu olan interskalen blok omuz
cerrahisinde hem anestezi hem de analjezi saglamak icin
kullanilir.  Bir  prospektif, randomize, kontrollii
calismada ayn1 voliim ve konsantrasyonda (30 mL ve
%0.5) bupivakain ve ropivakain omuz cerrahisinde
benzer cerrahi anestezi olusturdugu bildirildi. Bu blok
bir Kkatater vasitasiyla hasta kontrollii interskalen
inflizyonla  postoperatif — agrnn  kontroli  i¢in
strdiirildiigiinde %0.15 bupivakain ve ropivakainin
yeterli analjezi sagladigi, benzer yan etkilere yol actigi
hasta olusturdugu

ve  yiksek memnuniyeti



kaydedilmistir.’® Interskalen blok, genel anestezi ve
intravendz analjezi giinlibirlik omuz prosediirlerinde
karsilastirilmis ve klinik sonuglarin {i¢ grup arasinda
karsilastirilabilir oldugu bildirilmis, ancak en kisa total
islem siiresinin ve en yiiksek hasta memnuniyetinin

interskalen  grubundaki  hastalarda  bulundugu
bildirilmistir.?’ Bir diger retrospektif ¢aligmada ise
artroskopik rotator kaf tamiri sirasinda stirekli
interskalen  infiizyonun  siirekli agn  kontroli

saglayabildigi ancak gecici parmak paralizisi ve ilag

kacagr gibi komplikasyonlara da yol acabilecegi
bildirildi.?* Ayrica ISB gegici veya uzun siireli
solunumsal komplikasyonlarla iliskili olabilecegi

diistiniilmektedir. Bunlar frenik sinir paralizisi ve tek
tarafli diyafragma paralizisi olarak 6ne ¢ikmaktadir. ISB
sonrast uzun siireli frenik sinir paralizisi son zamanlarda
genis bir yer bulmaktadir. Bir komplikasyon olarak ISB
sonrast uzun siireli frenik sinir paralizisinin potansiyel
sebepleri arasinda direk igne travmasi veya intranoral
enjeksiyon bazi olgu sunumlarinda bildirilmeydi. Ancak
ultrason  kilavuzlugunda ISB  yapilmasiyla bu
artik  bildirilmemektedir. Kombine
suprakapsuler ve aksiller sinir bloklarinin yapilmasi
frenik sinir palsisinden kagmmmak icin Ozellikle

komplikasyon

artroskopik omuz cerrahilerinde diger bir alternatiftir.??
Bir derleme makalede suprakapsuler blok ile ISB
arasinda klinik olarak anlamli analjezik fark olmadigi
ancak derlenme odasinda ISB’un daha iyi agr1 kontrolii
sagladig1 bildirilmistir. Bununla birlikte suprakapsuler
blogun daha az yan etkiye yol a¢tig1 ve bu durumun ISB
kullanimint obez, uyku apnesi veya pulmoner hastaligi
olan  kigilerde  simirlandirabilecegini  bildirmistir.
Buradan hareketle
cerrahisinde ISB
kaydedilmistir.®

suprakapsuler blogun omuz
icin  bir

Bazi

alternatif olabilecegi
pulmoner
indirmek i¢in diyafram
bloklar diizenlediler. Bunlar
kostoklavikiiler blok, proksimal suprakapsuler sinir

yazarlar
komplikasyonlar1 en aza
koruyucu rejyonal
blogu (SSNB), suprakapsuler sinir blogu (SCNB); ayrica
ilaveten kostoklavikiiler blok kombine proksimal SSNB
ile veya kostoklavikiiler blok kombine SCNB ile olarak
siralanabilir. Bu yazarlar pulmoner fonksiyonu azalmis
hastalarda omuz cerrahisi anestezisi igin kostoklavikiiler
blok kombine proksimal SSNB veya SCNB
onermislerdir.’® Biitiin bunlara ragmen bir sistemik
derleme ve meta analiz artroskopik rotator manset
onarimi sonrast lipozomal bupivakain ile yapilan
interskalen blogun ilk 48 saatte agr1 dindirmede, opioid
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kullanmada ve yan etki bakimindan miikemmel
oldugunu bildirmistir.?

Omuz cerrahisi gegiren hastalarda brakial pleksusun tek
atis interskalen blogu (SSIB) ameliyat sonrasi sekiz saate
kadar analjezi sagladigi ve opioid tiiketiminin
azaltilmasi, postoperatif bulantt ve kusma goriilme
oraninin diismesi gibi bazi yararl etkileri oldugu bir
sistemik derleme ve meta analiz calismasinda
bildirilmistir.* Bojaxhi ve arkadaslani® yeni bir
calismada SSIB ve periartikiiler lokal infiltrasyon
analjezisi (LIA) wuygulamasinin sonuglarini
artroplasti hastalarinda agikladilar. Bu ¢alismada, siirekli
interskalen blok (CISB) ile SSIB anestezi tekniklerinin
ameliyat sonras1 agri1 kontrolii, morfin tiiketimi, bulanti
ve kusma gibi bazi yan etkiler ve hastane kalig siiresi

omuz

iizerine olan etkilerini omuz artroplastilerinde
karsilastirmay1 amag edindiler. Bu ¢alismanin yazarlari
CISB  anestezi  tekniginin = SSIB  teknigiyle

karsilastirildiginda maliyet ve zaman kayb1 gibi
dezavantajlar1 oldugunu bildirdiler. Bununla birlikte
SSIB teknigi ropivakain, morfin, ketorolak ve epinefrin
kombinasyonu bir kokteyle birlikte CISB tekniginin
sagladig1 analjeziye iyi bir alternatif olabilecegini
vurguladilar. Bu yeni ¢alismamn® sonuglar1 SSIB ve
LIA birlikte CISB kadar iyi bir postoperatif agr
kontroliinii 2 giin boyunca sagladigin1 gdstermistir,
ancak kurtarict morfin tiiketimi bir parga daha fazlaydi.
Buna ragmen SSIB alan hastalarda katater yetersizligi,
katater konforsuzlugu veya katater degisimi gereksinimi
gibi katater ilgili problemler yoktu. Bununla birlikte bu
yeni ¢alismanin baz1 kisitliliklar1 vardir. Bu kisitliliklart
soyle siralayabiliriz. Oncelikle calisma retrospektif
olarak diizenlendi. Lokal anesteziklerin plazma diizeyi
boyun ve omuz damarlarinin kazara ponksiyonu sonucu
olast bir yan etki veya toksikasyon i¢in arastirilmadi.
Hastaneden taburcu olduktan sonra hastalarin agri
skorlari, morfin  veya  analjezik  tiiketimleri
degerlendirilmedi. Bu konuda daha fazla prospektif,
genis hasta gruplarinda yan etkileri, hastane kalig
stiresini, yeniden kabul oranini ve hasta memnuniyetini
arastiran caligmalara gereksinim vardir. Sonug olarak,
klinik pratikte postoperatif agriyr kontrol etmek igin
multimodal analjeziklerin periartikiiler injeksiyonuna
olan ilgide biiyiik bir artig vardir. Selektif sinir bloklari
kolay kullanimi ve yonetimi i¢in bu konuda bir alternatif
olabilir. Omuz artroplastilerinde SSIB periartikiiler
analjezik injeksiyonu ile birlikte kombine edilirse CISB
kadar postoperatif analjezi saglayabilir. Ama bu



kombinasyonun etki siiresi CISB teknigininkinden dnce
sonlanacaktir.!

Bir diger konu da eklemin kanlanmasi yani perfiizyon
sorunudur. Iyi bir perfiizyon iyi bir sagaltimla birlikte
gidecektir. Rejyonal anestezi tekniklerinden birisi olan
interskalen blok miikemmel bir analjezi saglamanin yani
sira ilgili ekstremite de daha iyi bir perfiizyon ve
revaskiilarizasyona yardimci olabilir olmas1 6zelliginden
dolay1 da tercih edilebilir bir yontemdir.?®

Cerrahi iglemin tipinin etkisi

Cerrahi islem tipinin secilecek anestezi ve analjezi
yontemi iizerine etkisi diger bir Onemli tartigma
konusudur. Artroskopik veya islemin acik yapilmasi
anestezi ve analjezi gereksinimini etkilemektedir. Agik
prosediirler artrosopik prosediirlere gore genelde daha
fazla postoperatif analjezi gerektirir. Akromioplasti,
subakromial dekompresyon, stabilizasyon, adheziolisiz
(donmus omuz serbestlestirilmesi) ve rotator kaf onarimi1
en siklikla yapilan artroskopik islemlerdir. Agik
prosediirler ise glenohumeral eklemin artroplastisi (total
veya parsiyel eklem replasmani olarak yapilabilir), agik
stabilizasyonlar (LetarjeteBristow prosediirleri), agik
rotator kaf onarimi ve bir¢ok travmatik prosediirler
olarak siralanabilir (Tablo 1).

Tablo 1. Artroskopik ve agik omuz cerrahisi prosediirleri

Acik cerrahi
Glenohumeral eklemin
artroplastisi (total veya
parsiyel)
Akromioplasti (impingement-  Agik stabilizasyonlar
sikigma- sendromu) (LetarjeteBristow

Artroskopik
Tanisal artroskopi

prosediirleri)
Subakromial dekompresyon Acik rotator kaf onarimi
Adheziolisiz (donmus omuz Agik travmatik
serbestlestirilmesi) prosediirler

Kapal1 Rotator kaf onarimi
Kapali stabilizasyon

Hem artroskopik (6zellikle rotator kaf onarimi ve
stabilizasyon) hem de agik omuz cerrahisi orta ve agir
postoperatif agri ile birliktedir.® Omuz cerrahilerinde
anestezi ve analjezi yontemlerinin postoperatif agri
sagaltimi, hasta memnuniyeti ve yan etkiler lizerine olan
etkileri karsilagtirilmali olarak Tablo 2’de sunulmustur.

SONUC

Omuz cerrahisinde anestezi ve analjezi tekniklerini
karsilastirdigimizda  teknigin  agr1  kontroliindeki
etkinligi, yan etki insidans1 ve hasta memnuniyeti
iizerine olan etkisini goz Oniine almaliyiz. Bununla
birlikte bu konuda genis hasta gruplarinda, ¢ok merkezli
olarak yapilmis prospektif, randomize- kontrollii
calismalara hala ihtiyacimiz vardir.

Tablo 2. Omuz cerrahilerinde anestezi ve analjezi yontemlerinin etkilerinin kargilagtirilmasi

Yontem Postoperatif agr1 Yan etkiler Hasta Kaynaklar
kontrolii memnuniyeti

Genel anestezi Kot Bulant1, kusma - 7,20

Tek atis interskalen  lyi Daha fazla - 1,25

blok (SSISB) morfin

Siirekli interskalen Miikemmel Ses kisiklig1, Yiksek 2,9,10,16,19,22

blok (CISB) frenik sinir palsi

Subakromial Orta Daha az Orta 2,13,17,19

infiizyon

Supraskapular blok  Orta Daha az - 8,22

Kostoclavikular Orta Daha az - 18,22

blok

ivPCA Orta Daha az Orta 2,15
Yazarhk katki beyam Yazar c¢ikar catismasi

Konsept ve dizayn: AE

Makale yazimi: AE

Makale revizyonu ve entelektiiel katki: AE
Danigsman: AE

Yazarlarin arasinda potansiyel ¢ikar ¢atigmasi yoktur.
Destek

Bu calisma igin herhangi bir kurum ya da kurulustan
destek alimmamustir.
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