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Investigation of the Effects of Endothelial Protection Solution on
Oxidative Stress in Saphenous Vein Endothelium in Diabetic Patients
undergoing Coronary Bypass

Bypass Uygulanan Diyabetik Hastalarda Endotel Koruma Soliisyonunun Safen Ven Endotelinde Oksidatif Stres Uzerine
Etkilerinin incelenmesi

Erhan Hafiz "=, Ozgiir Altinbas 2

1. Department of Cardiovascular Surgery, Gaziantep University Faculty of Medicine, Gaziantep/Turkey

2. Vocational School of Health Services, Gaziantep University Gaziantep/Turkey

ozer

AMAC: Diyabetik koroner arter hastalarinin baypaslarinda kullanilan safen ven greftleri normal hasta poptilasyonundan daha
erken tikanir. Bu ¢alismada, diyabetik hastalarda operasyon sirasinda alinan safen ven greftlerinin oksidatif hasara karsi
korunmasinda endotel koruma soliisyonunun etkileri arastirildi

GEREC VE YONTEM: Hastanemizde 2021-2022 yillari arasinda koroner bypass ameliyati olan 50 diyabet hastasinin operasyonu
sirasinda alinan safen ven greftlerinin kalan kisimlari li¢ par¢aya béliindii. Her parga salin (grup 1), heparinize otolog kan (grup 2)
ve endotel koruma soliisyonu (grup 3) olmak lizere farkli bir soliisyona yerlestirildi. Cozeltilerde 4 saat bekletildikten sonra
hiicresel ve DNA oksidatif stres belirtecleri arastirildi.

BULGULAR: Toplam antioksidan kapasite (TAC) agisindan gruplar arasinda anlamli fark yoktu (p>0.05). Toplam oksidatif durum
(TOS) seviyeleri, endotel soliisyonu olmayan grup 1 ve 2'de (1,57%0,46'ya karsi 1,55+0,19) grup 3'ten (1,31%0,11) anlamli olarak
yiiksekti (p<0,05). Ayrica oksidatif stres indeksi (OSI) grup 3'te anlamli olarak daha diisiiktii (p<0.05). Ote yandan niikleer oksidatif
stresi gosteren 8-hidroksi-2'-deoksiguanozin (8-OHdG) diizeyleri de grup 3'te diisiik bulundu (p<0.05).

SONUC: Sonuglarimiz diyabetik hastalarda kullanilan safen ven greftlerinde endotel soliisyonu kullaniminin oksidatif hasar
onledigini desteklemektedir.

Anahtar Kelimeler: diyabetik koroner arter hastaligi, safen greft, oksidatif stres, endotel koruma soltisyonu

ABSTRACT

OBJECTIVE: Saphenous vein grafts used for bypasses of diabetic coronary artery patients are occluded earlier than the normal
patient population. In this study, the effects of endothelial protection solution on the protection of saphenous vein grafts taken
during the operation against oxidative damage in diabetic patients were investigated.

MATERIALS AND METHODS: The remaining parts of the saphenous vein grafts removed during the operation of 50 diabetic
patients who underwent coronary bypass operation in our hospital between 2021 and 2022 were divided into three pieces. Each
piece was placed into a different solution as saline (group 1), heparinized autologous blood (group 2), and endothelial protection
solution (group 3). They were kept in solutions for 4 hours and then cellular and DNA oxidative stress markers were investigated.

RESULTS: There was no significant difference between the groups in terms of total antioxidant capacity (TAC) (p>0.05). Total
oxidative status (TOS) levels in groups 1 and 2 without endothelial solution (1.57%0.46 vs. 1.55%0.19) were significantly higher
than those in-group 3 (1.31%0.11) (p<0.05). Moreover, the oxidative stress index (OSI) was significantly lower in group 3 (p<0.05).
On the other hand, 8-hydroxy-2'-deoxyguanosine (8-OHdG) levels, which indicate nuclear oxidative stress, were also found to be
low in-group 3 (p<0.05).

CONCLUSION: Our results support that the use of endothelial solution on saphenous vein grafts used in diabetic patients prevents
oxidative damage.

Keywords: diabetic coronary artery disease, saphenous graft, oxidative stress, endothelial protection solution

INTRODUCTION increased risk of coronary artery disease (CAD), but are also
In diabetic patients, uncontrolled and high blood sugar more likely to have other conditions that cause CAD (1,2).

damages the vascular endothelium and heart tissue. In addition, when coronary artery bypass graft operation is
Therefore, diabetic patients are not only directly at required in these patients, impaired blood sugar control
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also affects graft patency rates after the operation.
Although it is stated in the studies that diabetes does not
have a direct effect on the long-term patency rates of the
internal mammarian artery (IMA) graft, there are conflicting
studies that indicate the long-term patency negatively
affected for the saphenous vein (SV) graft due to
uncontrolled diabetes-related blood glucose levels (3-5).

It is already known that the mid-long term patency rates of
the saphenous vein are worse than other arterial grafts. For
this reason, studies on preventing endothelial damage due
to various reasons during graft harvesting, and performing
more qualified anastomosis during anastomosis have been
designed for obtaining longer patency rates (6). It has been
reported that even the high pressure applied during
harvesting causes endothelial destruction, and the damage
results in acute occlusions by causing platelet adherence
and thrombosis in the early period. In the advanced period,
it has been observed that endothelial damage that occurs
during these events, smooth muscle cell migration is
stimulated due to mitogenic proteins released from
platelets adhering to the intima, resulting in intimal
proliferation and hyperplasia (6,7). Considering that the SV
endothelium under this risk is much more sensitive in
diabetics, it can be said that these patients are at much
higher risk in terms of early and late graft patency rates.

This study, it was aimed to investigate the effects of the
solutions in which the saphenous vein is kept during the
period until the bypass, on the oxidative stress that the SV
endothelium is exposed to in diabetic patients who

underwent coronary artery bypass graft (CABG).

MATERIAL & METHODS

The study was carried out by using the saphenous vein
grafts of 50 diabetic patients who applied to Gaziantep
University Cardiovascular Surgery Clinic and underwent
bypass surgery in 2021 - 2022. The remaining saphenous
vein graft after anastomosis was used for biochemical
evaluation. Ethical approval was obtained from the local
ethics committee before starting this prospective non-
randomized controlled study (Approval No. 2021/352). All
study steps were planned and implemented in accordance

with the Declaration of Helsinki and good clinical practices.

Each residual saphenous vein graft obtained was divided
into three parts and placed in three different solutions as

follows:

+ Saline (0.9 percent NaCl) solution for four hours (Group
1),

* Heparinized Autologous Blood solution for four hours

(Group 2),

« Endothelial Protection Solution (NOESIS®, Noegenix,
Ankara, Turkey) for four hours (Group 3).

Then, biochemically cellular and DNA oxidative stress levels

were studied with commercially available kits.
Biochemical Analysis
Total Antioxidant Capacity (TAC)

The antioxidant capacity (TAC) of the endothelial extract
was evaluated with commercial kits (Rel Assay Diagnostic,
Gaziantep, Turkey) as nmolTroloxEquiv/mg protein as
previously described (8,9). In this method, which produces
hydroxyl radicals based on the Fenton reaction, the
antioxidant capacity of the sample against strong radical

hydroxyl is evaluated.
Total Oxidative Status (TOS)

The oxidative status (TOS) of the extract obtained from the
endothelium was evaluated with commercial kits (Rel Assay
Diagnostic, Gaziantep, Turkey) as nmol H202 Equiv/mg
protein as previously described (8,9). The oxidant stimuli in
the sample oxidize the iron ion-o-dianisidine complex to the
iron ion and the reaction is potentiated with glycerol to

evaluate the oxidative stress level.
Oxidative Stress Index (OS/)

The oxidative stress index (OSI) value over the average of
TAC and TOS values is obtained in the Arbitrary Unit (AU)
with the following formulation: OSI= (TOS, nmol H202
Equiv/mg protein)/(TAS, nmol Trolox Equiv/mg protein/1) x
100 (8,9).

Nuclear and mitochondrial DNA oxidative damage

measurement:

OxiSelect™ Oxidative DNA Damage kit [8-
hydroxydeoxyguanosine (8-OHdG) assay, Cell Biolabs, Inc.
San Diego, CA] and the data obtained were expressed as

ng/ml as described in previous reports (10).
Statistical Analysis

The SPSS ver. 13.0 was used for statistical analysis of
obtained data. Continuous and ordinal data were given as

mean and standard deviation, and the normal distribution
26
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was evaluated with the Kolmogorov Smirnov test.
Comparison of triplicate data was done with the One Way
ANOVA test. For the p values obtained from the
comparison, less than 0.05 was considered statistically

significant.

RESULTS
The mean age of the bypassed diabetic patient population
was 62.11+£10.53, and 30% (n: 15) of the patients were

female.

There was no significant difference between the groups
(p=0.34) between the TAC values studied from the
saphenous vein tissues. However, TOS levels in groups 1
and 2 without endothelial solution (1.57+0.46 vs. 1.55+0.19)
were significantly higher than those in group 3 (1.31+0.11)
in which endothelial solution was used (p=0.002). OSI was
found to be lower in group 3 as a result of the mean
between values (p=0.000). Cellular oxidative stress values

between groups are summarized in Table 1.

Table 1. Cellular oxidative stress markers in groups

Oxidative Markers Group1 Group2 Group3 p*
TAC**
(nmolTroloxEquiv/img 2.46+0.34 2.41+0.17 2.52+0.31 0.064
protein)
TOS***
(nmol H202 1.57+0.46 1.55+0.19 1.31+£0.11 0.002
Equiv/mg protein)
osI* 0.56
(AU) 1043 0.52+0.33 0.24+£0.07 0.000

*Groups were compared with One Way Anova test and p<0.05
was accepted as statistically significant, **TAC: Total
antioxidant capacity, ***TOS: Total oxidative status, +OSl:
Oxidative stress index

When groups were evaluated in terms of endothelial
oxidative DNA damage, the 8-OHdG levels were found as
6.13+1.7 ng/ml in group 1, 4.81+2.40 ng/ml in group 2, and
1.92+0.67 ng/ml in group 3. When the groups were
compared, the most severe endothelial oxidative DNA

damage was found in group 1 (saline) (Graph 1).

Graph 1. The 8-OHdG levels in Groups. Group 1: Saline
solution;, Group 2: Heparinized blood solution; Group 3:
Endothelial protection solution
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DISCUSSION

Our results demonstrated that endothelial protection
solution can be beneficial for protecting saphenous vein
endothelium against oxidative stress in diabetic patients
who underwent coronary bypass. Moreover, our results
supported that even a nuclear oxidative stress marker 8-
OHdG levels were significantly lower in the endothelial

protecting solution applied to harvested saphenous veins.

The processes behind the development of endothelial
dysfunction by affecting the endothelial functions in
diabetic patients have received increasing attention. Under
physiological conditions, the balance between endothelial
contraction and relaxation is disrupted in the diabetic
patient group, resulting in primary disruption of
microcirculation and end-organ damage. Impaired glucose
metabolism and associated hyperglycemia have been seen
as the main cause of endothelial dysfunction in diabetic
patients (11,12). In addition, micro-albuminuria due to end-
organ damage, impaired lipid metabolism, and reactive Cu-
Zn superoxide dismutase levels caused by acute
hyperglycemic attacks are triggering oxidant reactions in
diabetes, and creating cumulative oxidative stress on the
endothelium that resulting in permanent functional
damage (11,12). In Due to endothelial dysfunction, which
plays a role in the basic pathogenesis of adverse processes
occurring in the diabetic process, it has been emphasized
that the protection of the endothelium should be a basic
treatment goal (13). Therefore, in this study, the most
suitable solution materials that can protect the
endothelium by reducing oxidative stress during the period

from saphenous harvesting to bypassing were examined.

Ak et al. found intimal fibrosis, endothelial cell
vacuolization, and smooth muscle cell damage in the
saphenous veins of these patients in their histopathological
examination of the LV grafts of diabetic patients who had
undergone bypass. However, they reported as a limitation
that oxidative stress markers that could cause the
pathologies they found in their study were not studied (14).
In another report, it was stated that arterial grafts are much
more durable than venous grafts in diabetic patients, and it
was recommended to use arterial grafts as much as
possible for coronary bypass in these patients. However, it
has been stated that the use of SV is inevitable in cases
where more grafts are required, such as multi-vessel

disease, and it is stated that the saphenous vein is more

27



Aegean J Med Sci
2022;2:25-29

Hafiz & Altinbas
Antioxidant Effect of Endothelial Protection Solution

affected by stress factors that were mentioned in the
previous paragraph (15). TAC and TOS measurement and
the OSI value obtained by the ratio of these two values are
frequently used parameters in the measurement of
oxidative stress in tissues and body fluids (16). It has been
previously reported that hypoglycemia and hyperglycemia
episodes are associated with increased TOS in diabetic
patients, and it has been emphasized that this may be due
to increased lipid peroxidation measured by TOS/TAC (17).
TAC and TOS values were previously evaluated in
harvesting SVs and compared in different solutions. That
study by Tekin et al. was performed on SVs of patients with
or without diabetes, and as a result, it was reported that
endothelial protection solution was more protective from
oxidative stress than heparinized blood (18). Our study
included only diabetic patients and it was determined that
the endothelial protection solution protected the vein graft
from cellular oxidative stress better than both saline and

heparinized blood.

We also investigated the levels of 8-OHdG, a nuclear marker
of oxidative stress. 8-OHdG, which occurs metabolically in
the oxidative damage of DNA, is a highly sensitive marker
for detecting even the smallest nuclear oxidative damage
(19). The 8-OHdG levels in urea have also been investigated
in diseases caused by occlusive consequences such as
vascular dementia and have been accepted as an important
indicator of increased oxidative stress. Elevated levels of 8-
OHdG in the blood have been associated with an increased
risk of atherosclerosis and have been suggested as a
predictor of cardiovascular diseases (20,21). In our study, 8-
OHdG levels were significantly lower in SVs treated with
endothelial protection solution compared to those treated
with saline or heparinized blood. This result was
interpreted in favor of endothelial protection solution

protecting nuclear material against oxidative stress.

In conclusion, our findings supported that endothelial
protection solution was more effective than heparinized
blood or saline solution in reducing oxidative stress on
harvested SV during bypass. In addition, our results
suggested that endothelial solution can prevent oxidative

stress-induced DNA damage on the SV endothelium.

Limitations of Study: The main limitation of the study is that
laboratory analyzes were not confirmed histopathologically.
Demonstrating the effects of the obtained data at the

cellular level will increase the validity of the results. Another

limitation is that the endothelial solution has only been
investigated on the saphenous vein. Demonstrating the
same results with other bypass grafts will provide more
comprehensive results in terms of endothelial protection

efficiency.
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Hashimoto Tanili Hastalarda Non-RAlkolik Yagh Karaciger Hastaligi
Sikhgi ve Hematolojik Parametreler ile lligkisi

The Frequency of Non-Alcoholic Fatty Liver Disease in Patients with Hashimoto's Diagnosis and Its Relationship with
Hematological Parameters
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Oozer

AMAC: Non-alkolik yagli karaciger hastaligi (NAYKH), en yaygin karaciger hastaligidir ve kiiresel prevalansinin %25 civarinda
oldugu tahmin edilmektedir. Hipotiroidizm ile NAYKH arasinda potansiyel bir iliski oldugunu gésteren ¢alismalar mevcut olsa da,
toplum taramalarindan celiskili sonuglar elde edilmistir. Platelet/lenfosit orani (PLO) kardiyovaskiiler olaylarin belirleyicisi ve
nétrofil/lenfosit orani (NLO) ise sistemik inflamasyonun bir gdstergesidir. Biz de Hashimoto tiroiditi tanisi olanlarda NAYKH sikligi
ve bunun PLO, NLO ile iliskisini arastirmayi amagladik.

GEREC VE YONTEM: En az 6 ay siiredir Hashimoto tanisi olan, 18-65 yas arasi, beden kiitle indeksi 30 kg/m2'den kiiciik olan,
bilinen baska bir hastali§i olmayan ve TSH diizeyi 10 ulU/mL’nin altinda olan toplam 97 birey ¢alismaya alindi. Batin
ultrasonografi ile NAYKH varligi ve derecesi ol¢lildLi.

BULGULAR: Hashimoto tanisi olanlarda NAYKH sikligi %42,3 olarak belirlendi. Grade 2-3 yaglanmasi olanlar hem grade 1
yaglanmasi olanlardan (p<0.001) hem de yaglanmasi olmayanlardan (p=0.023) anlamli olarak daha yasliydi. Yine grade 1
yaglanmasi olanlarda olmayanlara gore anlamli olarak daha yasliydi. Glukoz diizeyi grade 2-3 yaglanma olanlarda hem yaglanma
olmayanlara (p=0.006) hem de grade 1 yaglanma olanlara gore (p=0.028) anlamli yiiksekti. ALT diizeyi grade 2-3 yaglanma
olanlarda olmayanlara gore anlamli yiiksek bulundu (p= 0.013). Beyaz kiire sayisi ve C- reaktif protein (CRP) diizeyi yaglanmasi
olmayanlara gore grade 2-3 yaglanma olanlarda daha ytiksek bulundu (sirasiyla p=0.011 ve p=0.003). NLO ve PLO oranlari ise 3
grup arasinda da benzerdi.

SONUC: Hashimoto tiroiditi olanlarda NAYKH sikligi daha once yapilan ¢alismalar ile benzer siklikta bulundu. Yaglanma derecesi
yas ile artmaktadir. Ayrica yaglanma ile metabolik parametreler bozulmakta ve ALT diizeyi artmaktadir. Yaglanma ile beyaz kiire
ve CRP degerleri artarken, bu durum yeni hematolojik inflamatuvar belirte¢lerde gdsterilememistir.

Anahtar Kelimeler: Hashimoto tiroiditi, non-alkolik yagli karaciger hastaligi, platelet/lenfosit orani, nétrofil/lenfosit orani

ABSTRACT

OBJECTIVE: Non-alcoholic fatty liver disease (NAFLD) is the most common liver disease and its global prevalence is currently
estimated to be 25%. Although there are studies showing a potential relationship between hypothyroidism and NAFLD,
conflicting results have been obtained from population surveys. Platelet/lymphocyte ratio (PLO) is a predictor of cardiovascular
events, and neutrophil/lymphocyte ratio (NLR) is an indicator of systemic inflammation. We aimed to investigate the frequency of
NAFLD and its relationship with PLR, NLR in patients with Hashimoto's thyroiditis.

MATERIALS AND METHODS: A total of 97 individuals with a diagnosis of Hashimoto's for at least 6 months, aged 18-65, body
mass index less than 30 kg/m2, no other known disease, and TSH level below 10 ulU/mL were included in the study and the
presence and degree of NAFLD were measured by ultrasonography.

RESULTS: The frequency of NAFLD in patients with Hashimoto diagnosis was 42.3%. Those with grade 2-3 adiposity were
significantly older than both those with grade 1 adiposity (p<0.001) and those without adiposity (p=0.023). Again, those with
grade 1 adiposity were significantly older than those without. Glucose levels were significantly higher in those with grade 2-3
adiposity than in those without (p=0.006) and those with grade 1 adiposity (p=0.028). ALT level was found to be significantly
higher in patients with grade 2-3 adiposity compared to those without (p= 0.013). The white blood cell count and CRP level were
found to be higher in those with 2-3 adiposity compared to those without (p=0.011 and p=0.003, respectively). NLR and PLO rates
were similar between the 3 groups.

CONCLUSION: The frequency of NAFLD in patients with Hashimoto's thyroiditis was found to be similar to previous studies. The
degree of lubrication increases with age. In addition, metabolic parameters deteriorate and ALT level increases with adiposity.
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Gokge ve ark.
Hashimoto & Hepatosteatoz

While white blood cell and CRP values increased with adiposity of liver, this could not be demonstrated in new hematological

inflammatory markers.

Keywords: Hashimoto's thyroiditis, non-alcoholic fatty liver disease, platelet/lymphocyte ratio, neutrophil/lymphocyte ratio

GIRI

Kronsik lenfositik tiroidit olarak da adlandirilan Hashimoto
tiroiditi (HT) en yaygin organa 6zgu otoimmun bozukluktur
ve tiroid hipofonksiyonunun en yaygin nedenidir (1,2). Bu
otoimmuin olayin tiroid antijenine 6zgl yardma T
lenfositlerin aktivasyonu ile baslatildigina inaniimaktadir ve
hastalar gesitli tiroid fonksiyon durumlari ile basvurabilir,
ancak c¢ogu sonunda hipotiroidizme donudsur  (3).
Hipotiroidizsmde metabolik sendrom prevalansinda artis
mevcuttur. Hipotiroidili bireylerde vicut metabolizma
hizinin ve termogenezin azaldigl ve azalan besin alimina
ragmen vicut agirhginin arttigl bilinmektedir (4). Azalan
tiroid hormon duzeyi ve fonksiyonlarina bagl olarak
vicudun enerji harcamasi da dusmekte ve agirlik artisi
gorulmektedir (5). Yapilan kesitsel calismalarda da serum
tiroid stimtlan hormon (TSH) dizeyi ile beden kdtle indeksi
(BKi) arasinda  pozitif iliski  bulundugu; tiroid
fonksiyonlarindaki azalmanin daha yiiksek BKi ve obezite
prevalansindaki artis ile iliskili oldugu gosterilmistir (6). TSH
yuksekligi lipid ve karbonhidrat metabolizmasinda bozulma
ile iliskili olup metabolik sendrom gelisimi agisindan risk
faktorudur (7).

Alkol kullanimina bagh olmayan yagh karaciger hastahgi
(NAYKH), dinya capinda kronik karaciger hastaliginin en
yaygin nedenidir (8). Hipotiroidizm ile NAYKH arasinda
iliskiyi gosteren calismalarda celiskili sonuglar elde edilmis
olsa da, genis toplum taramalarinda bu iki durumun birbiri
ile iligkili olabilecegi gosterilmistir (9). Kan sayim
parametreleri kullanilarak hesap edilebilen nétrofil lenfosit
orani (NLO) ve trombosit lenfosit orani (TLO) ise son yillarda
ucuz ve kolay bir yontem olarak cesitli kardiyak ve kardiyak
olmayan  durumlarda kullanilmaya baslanan  yeni
inflamatuvar belirteclerdir (10-13). Bu ¢alismada HT tanil
hastalarda ultrasonografi ile NAYKH sikligini ve bu
hastalarda NLO ve TLO ile NAYKH arasindaki iliskiyi

arastirmayi amagladik.

GEREC VE YONTEM

Calismaya en az 6 ay suredir otoimmun belirteg yuksekligi
veya ultrasonografi bulgulari veya her ikisi ile HT tanisi
konulmus olan, 18-65 yas arasi, bilinen diyabet,
hipertansiyon, hiperlipidemi, kalp-damar hastaligi, organ

yetmezligi ve romatolojik hastalik gibi baska bir hastalig

olmayan ve tiroid hormon replasmani alip almadigina
bakilmaksizin  TSH dlzeyi 10 ulU/mL'nin altinda olan
bireyler alindi. HT tanisii  Anti-TPO  pozitifligi  ve
ultrasonografi ile desteklenen hastalar Hashimoto kabul
edildi. Sonug olarak ¢alismaya 97 HT tanili hasta dahil edildi.
NAYKH varhgl ve derecesi ultrasonografi ile saptandi. Rutin
kan sayimi degerlerine bakilarak NLO, mutlak nétrofil
sayisinin lenfosit sayisina boélinmesiyle; PLO, trombosit
sayisinin lenfosit sayisina bélinmesiyle hesaplandi. Ayrica
hastalarin yas, cinsiyet bilgileri ile glukoz, kreatinin ve ALT
degerleri kaydedildi. Calisma protokoli igin Harran
Universitesi Tip Fakultesi Etik Kurulu tarafindan (Evrak tarihi

ve sayisi: 18.01.2021-7643) onay alindi.

Veriler ortalama + standart deviasyon olarak belirtildi.
Verilerin dagiliminin normal olup olmadigi Kolmogorov-
Smirnov testi ile degerlendirildi. Kategorik verileri
karsilastirmak igin ki-kare testi yapildi. Normal dagihma
sahip surekli degiskenler icin, gruplar arasindaki verileri
karsilastirmak icin Tek Yonlu ANOVA kullanildi. Gruplarin
anlamlihigini degerlendirmek icin post-hoc test olarak LSD
uygulandi. Normal olmayan veriler igin Kruskal Wallis testi,
gerekli durumlarda Mann Whitney U testi kullanildi. p < 0.05
degeri istatistiksel olarak anlamli kabul edildi. istatistiksel

analizler i¢in SPSS 22.0 strimu kullanildi.

BULGULAR

Hastalarin 56'sinda (%57,7) NAYKH saptanmaz iken,
22'sinde (%22,7) grade 1, 19'sinda (%19,6) ise grade 2-3
yaglanma saptandi; bdylece Hashimoto tanisi olanlarda
NAYKH sikligi %42,3 olarak belirlendi. NAYKH olmayan 7
hasta tiroid hormon replasmani almiyordu (%10,7), diger
tim hastalar ise ortalama 85,5+42,0 mcg/gin dozunda
levotiroksin kullanmaktaydi. Ancak 3 grup arasinda tedavi
alanlarin orani agisindan anlamli fark saptanmadi (p=0.06).
Grade 2-3 yaglanmasi olanlar hem grade 1 yaglanmasi
olanlardan (p<0.001) hem de yaglanmasi olmayanlardan
(p=0.023) anlamli olarak daha yaslydi. Yine grade 1
yaglanmasi olanlarda olmayanlara gére anlamli olarak daha
yashydi. Glukoz dizeyi grade 2-3 yaglanma olanlarda hem
yaglanma olmayanlara (p=0.006) hem de grade 1 yaglanma
olanlara gore (p=0.028) anlamli ylksekti. ALT dluzeyi grade

2-3 yaglanma olanlarda olmayanlara gére anlaml yuksek
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bulundu (p= 0.013). Beyaz kire sayisi ve CRP duzeyi
yaglanmasi olmayanlara gore grade 2-3 yaglanma olanlarda
daha ylksek bulundu (sirasiyla p=0.011 ve p=0.003). NLO ve

PLO oranlari ise 3 grup arasinda da benzerdi.

Tablo 1. NAYKH siddetine gére klinik ve laboratuvar verilerinin
karsilastirilmast

Parametre NAYKH NAYKH NAYKH Grade p
Yok Grade 1 2-3

Yas (yil) 36.7+11.9°° 42.9%113° 51295 <0.001
Cinsiyet (K/E) 51/5 20/2 15/4 0.380
Glukoz 925+117¢ 937149 1036153 0019
(mg/dL)
Kreatinin

0.740.1 0.740.1 0.740.1 0777
(mg/dL)
ALT (U/L) 2274146 23.3%9.2 32.1£23.9 0.025
TSH (ulU/mL) 3.5%2.6 41430 35828 0.699
Beyaz kiire +1 Qg . "
(x10% 6.8+1.8 74821 7.9+14 0.030
Ntrofil " . .
- 3,912 42414 4.6£0.9 0.051
Lenfosit N N N
x10% 2207 2.4+0.9 2.5¢0.6 0.085
CRP (mg/dL)  0.3+0.6" 0.541.0 0.9%1.2 0.011
NLO 1.9+0.5 1.8+0.6 1.9+0.5 0.855
PLO 147.3+534  1402%¢42.1 1221%257  0.133

a: NAYKH yok ile grade 1 arasinda p= 0.033 b: NAYKH yok ile grade
2-3 arasinda p<0.0071 c: NAYKH grade 1 ile grade 2-3 arasinda
p=0.023 d: NAYKH yok ile grade 2-3 arasinda p=0.006 e: NAYKH
grade 1 ile grade 2-3 arasinda p=0.028 f: NAYKH yok ile grade 1
arasinda p= 0.013 g: NAYKH yok ile grade 2-3 arasinda p=0.011 h:
NAYKH yok ile grade 2-3 arasinda p=0.003

TARTISMA

Alkol kullanimina bagh olmayan yagh karaciger hastaligi
(NAYKH), dinya capinda kronik karaciger hastaliginin en
yaygin nedenidir (8). Asir alkol alimi veya otoimmun, ilaca
bagli veya viral hepatit gibi diger karaciger hastaligi
nedenlerinin  yoklugunda karaciger hucrelerinde vyag
birikimi  (%5) olarak tanimlanir. NAYKH'de histolojik
spektrumu basit steatozdan alkolik olmayan steatohepatite
(NASH), karaciger fibrozu ve siroza kadar uzanmaktadir (14).
Bu hastaligin Bati Ulkelerinde, 6zellikle metabolik sendrom
hastalarinda genel populasyonun %30unu etkiledigi
bildirilmektedir (15). Ultrasonografi, klinik uygulamada
hepatik lipit birikimini teshis etmek icin 6nerilen ilk secenek
gorunttleme ydntemi olmaya devam etmektedir (16). Yakin
tarihli bir meta-analiz, histolojiye kiyasla orta ila siddetli
yagl karacigerin saptanmasi icin ultrasonografinin genel
duyarliigi ve 06zgulliginin %84,8 ve %93,6 oldugunu

gostermistir (17).

Tiroid hormonlari hepatik lipit metabolizmasinda 6nemli bir

rol oynamaktadir. Hipotiroidizm azalmis lipoliz ve

trigliseritlerden turetilen serbest yag asitlerinin karaciger
tarafindan alinmasinda azalma ile iliskilidir. Ayrica tiroid
hormonlar hepatik yag birikimini degistirir, adiponektin
regllasyonunu  etkiler. Bdylece tiroid hormonlari,
adiponektin modulasyonu yoluyla fibrozis gelisimini kontrol
edebilir. Bozulmus adiponektin dizeninin yani sira artan
leptin ve FGF21 sekresyonu da bu patogenezde rol
oynayabilir (18). Asikar hipotiroidizm ile iligkili olarak NAYKH
sikhiginin arttigr bilinmektedir (19, 20). Bununla birlikte,
otiroid araliginda olup dustk normal tiroid fonksiyonuna
sahip olanlarda bu konu agik degildir (21). Bildigimiz kadari
ile asikar hipotiroidisi olmayan Hashimoto hastalarinda
NAYKH sikhg! literatlirde daha 6nce hig incelenmemistir. Biz
bu hastalarda NAYKH sikligini %42,3 olarak bulduk. Bu da
Tlrkiye'de genel toplumda NAYKH sikliginin %48,3
bulundugu calisma ile uyumluydu (22). Buna gore asikar
hipotiroidisi olmayan Hashimoto hastalarinda NAYKH

sikliginin belirgin artmadigi sdylenebilir.

Genel popllasyonda NAYKH prevalansinin yasla birlikte
arttigl, 60 yasina kadar erkeklerde kadinlara gore daha
yaygin oldugu bilinmektedir (23). NAYKH metabolik
sendromun komponentleri olan tip 2 diyabetes mellitus,
dislipidemi veya obezite gibi hastaliklarla yakin iliskilidir ve
bu nedenle NAYKH'nin metabolik sendromun karacigerde
ortaya ¢ikan yansimasi oldugu ileri siriUlmektedir (24).
ALT'nin ise NAYKH icin hem bir tani araci hem de hastaligin
gerilediginin bir belirteci olabilecegi bulunmustur (25). Bizim
calismamizda da Hashimoto tiroiditi olanlarda yaglanma
derecesinin yas ile birlikte arttig, ayrica ileri derece
yaglanmasi olanlarda hem metabolik komponentin bir
parcasi olarak glukozun hem de ALT dizeyinin daha yuksek

oldugu bulundu.

NLO ve TLO ise son yillarda ucuz ve kolay bir ydntem olarak
cesitli  kardiyak ve kardiyak olmayan durumlarda
kullanilmaya baslanan yeni inflamatuvar belirteclerdir (14-
17). Kara ve ark. yaptigi calismada NLO'nun karacigerdeki
inflamasyonun veya fibrozisin siddeti ile iliskili olmadigi ve
bu nedenle NAYKH'lI hastalarda karaciger hasarinin bir
belirteci olarak kullanilamayacagini géstermislerdir (26). Yi
ve ark. ise NLO ile inflamatuvar aktivite ve énemli derecede
fibrozis arasinda negatif bir korelasyon oldugunu
bildirmislerdir (27). PLO ise bildigimiz kadari ile daha 6nce
NAYKH'de calisiimamistir. Calstigimiz populasyonda hem
NLO hem de PLO NAYKH'nin varligi ve derecesi ile iligkili

bulunmadi.
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Calismamizin en o6nemli sinirlayici faktord kan basinc
degerleri, antropometrik olcimler ve lipit dizeylerine
bakilmamis olmasi ve dolayisiyla metabolik sendromun bir
karistirici faktoér olarak ortaya sunulmamis olmasidir. Ayrica
geleneksel inflamasyon belirteci olarak sadece CRP dizeyi
dikkate alinmis olup, hem diger inflamatuvar belirtecler
hem de Hashimoto slrecinde artan otoantikor seviyeleri
calisimamistir. Ancak bu populasyonda ilk defa ortaya
konulan bu verilerin literatlre katki saglayacagini ve sonraki

calismalara yon verecegini dusinmekteyiz.

Sonug olarak, Hashimoto tiroiditi olanlarda NAYKH sikhgi
daha Once genel popullasyonda yapilan calismalar ile
benzer siklikta bulunmustur. NAYKH siddeti yas ile
artmakta, geleneksel inflamatuvar belirte¢ seviyeleri
yukselmekte ve glukoz ile gosterilen metabolik
parametreler bozulmaktadir. Kan sayimindan elde edilen
inflamatuvar belirtecler ile NAYKH siddeti arasinda iliski
bulunmamistir. Tek basina Hashimoto tiroiditi varligi

karaciger yaglanmasi icin bir risk faktora degildir.
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Cytotoxic Activity of Carrageenan on Malignant MCF-7 Breast Cancer
and The Non-Malignant SUCT Breast €pithelial Cell Lines

Karragenan'in Malign MCF-7 Meme Kanseri ve Malign Olmayan SVCT Meme Epitel Hiicre Dizileri Uzerindeki Sitotoksik
Aktivitesi
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Ozer

AMAC: Son yapilan ¢alismalar deniz alglerinden elde edilen siilfatlanmis polisakkaritlerin bircok biyolojik ve fizyolojik aktivitesi
oldugunu géstermektedir. Kirmizi deniz alglerinden elde edilen siilfatlanmis bir polisakkarit olan kappa-karragenanin da cesitli
kanser hiicre hatlarinda anti-proliferatif etki gosterdigi bilinmektedir. Bu ¢alismada kappa-karragenanin, iki farkli hiicre hatti,
malignant ozellikte MCF-7 meme kanseri hiicre hatti ve non-malign SVCT meme epiteli hiicre hatlari lizerindeki sitotoksik etkisi
in vitro modelde incelenmistir.

GEREC VE YONTEM: Karragenanin 1000 ug/ml baslangic dozu olacak sekilde ve her hiicre icin kendi besiyerinde ii¢c farkli
konsantrasyonu hazirlanmistir (Dilution [: 1000 ug/ml; Dilution II: 250 ug/ml; Dilution Ill: 62,5 ug/ml). Hiicreler deney
gruplarinda belirlenen dozlarda karregenan ile inkiibe edilmistir. Karragenan icermeyen besiyerinde inkiibe edilen hiicreler de
kontrol grubu olarak alinmistir.

BULGULAR: Hiicre canliliginin él¢tilmesi icin MTT [3-(4,5-dimetiltiyazol-2-il]-2,5-difenil-tetrazolyum bromiir] analizi yapilmistir.
Hiicre morfolojisi, acridine orange (AO)/propidium iodide (Pl) florasan boyama yontemi ile incelenmistir. Calismamizda elde
ettigimiz sonuglar, karragenanin hem malign hem de non-malign hiicre hatlan lizerinde sitotoksik etkiye neden oldugunu
gostermektedir.

SONUC: Sonuc olarak karragenin malign ve non-malign hiicreler lizerinde sitotoksik bir etkisinin oldugunu séylemek mimkiindiir.
Ancak bu etki yiiksek karregenan dozlari kullanildiginda belirgin olarak gériilmekte olup; MCF-7 kanser hlicre hattinda bu etki
daha distiktiir. MCF-7 hticre hattinin kiiltiir sirasinda ortaya ¢ikabilecek olasi spontan fenotipik ve genotipik degisiklikler de g6z
ontine alindiginda, karreganin anti-ttimér etkisinin olabilecegi ancak bununla birlikte daha MCF-7 disinda farkli hiicre hatlar
kullanilarak yapilacak ¢alismalar ile bu sonuglarin desteklenmesi gerektigi diistiniilmektedir.

Anahtar Kelimeler: Karragenan, sitotoksite, MCF-7, SVCT, MTT

ABSTRACT

OBJECTIVE: Recent studies have shown that sulfated polysaccharides obtained from marine algae have many biological and
physiological activities. Kappa-carrageenan, a sulfated polysaccharide obtained from red marine algae, is known to have anti-
proliferative effects in various cancer cell lines. In this study, the cytotoxic effect of kappa-carrageenan on two different cell lines,
namely the malignant MCF-7 breast cancer cell line and the non-malignant SVCT breast epithelial cell lines, was investigated in
an in vitro model.

MATERIALS AND METHODS: Three different concentrations of carrageenan were prepared for each cell in its own medium, with
an initial dose of 1000 ug/ml (Dilution I: 1000 ug/ml; Dilution II: 250 ug/ml; Dilution Ill: 62.5 ug/ml). Cells were incubated with
carrageenan at the doses set for each experimental group. Cells were incubated in a carrageenan-free medium comprised the
control group.

RESULTS: To measure cell viability, 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) analysis was performed.
Cell morphology was investigated by the acridine orange (AO)/propidium iodide (Pl) fluorescent staining method. The present
results indicated that carrageenan caused cytotoxic effects on both malignant and non-malignant cell lines.

CONCLUSION: Considering that the different phenotypic features of the subtypes of the MCF-7 cell line may affect cell viability
and cell proliferation, cell selection should be performed very carefully in cytotoxicity studies. We suggest that using the MCF-7
cell line for cytotoxicity experiments needs to contemplate this important phenomenon for further experimental setups.

Keywords: Carrageenan, cytotoxicity, MCF-7, SVCT, MTT
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INTRODUCTION

For the last 30 years, various polysaccharides or protein-
polysaccharide components have been isolated from fungi,
yeast, some plants, and algae. These polysaccharides draw
attention especially due to their immunomodulatory
properties and anti-tumor activities (1). Sulfated
polysaccharides from marine algae have specific properties
that play a role in ionic regulation in cells (1). Recent studies
have shown that these sulfated polysaccharides obtained
from marine algae have many biological and physiological
activities (1).

Carrageenan is the general name given to a group of
sulfated polysaccharides obtained from red marine algae
(2). Carrageenan, obtained from seaweeds belonging to the
Rhodophyceae family, is a 15%-40% sulfated polygalactan
molecule with a molecular weight of about 100 kDa (2).
There are several types of carrageenan such as A, , ., €, and
y, all of which contain 22%-35% sulfate groups. The position
and number of ester sulfate groups in the molecule
determine the properties and function of the molecule (2).
Studies have shown that carrageenan has anti-thrombotic,
anti-inflammatory, anti-viral, and anti-tumor activities (3).
The molecular structure of carrageenan determines its
function (4). Kappa-carrageenan has been shown to have
an anti-proliferative effect in various cancer cell lines and
an anti-tumor activity in in vivo studies (5, 6, 7).

In this study, the cytotoxic effect of kappa-carrageenan, a
type of carrageenan obtained from red algae, on two
different cell lines, namely, the malignant MCF-7 breast
cancer cell line and non-malignant SVCT cell line were

investigated in an in vitro model.

MATERIAL & METHODS

Preparation of cell cultures

MCF-7 and SVCT cell lines were prepared in 96-well culture
dishes with an initial cell count of 20,000 cells/200 pl in six
replicates. The MCF-7 cell line was incubated in 95% air-5%
CO; at 37C° for 24 hours under standard culture conditions
in Dulbecco's Modified Eagle's Medium (DMEM)/Ham's F12
(Biochrom AG, Germany) containing 10% fetal bovine serum
(FBS) (Biochrom AG, Germany); and, the SVCT cell line was
incubated in 95% air-5% CO, at 37C° for 24 hours under
standard culture conditions in DMEM/Ham's F12 (Biochrom

AG, Germany) containing 10% fetal bovine serum (FBS)

(Biochrom AG, Germany), 5 pg/ml hydrocortisone, and 10

pg/mlinsulin.

Preparation of the test material and application to cell
lines

Carrageenan (Merck, Germany) stock solution was
prepared at room temperature as 20 mg/20 ml in serum-
free medium and sterilized by passing through a 0.22 ym
filter. Based on the studies in the literature (8,9), three
different concentrations were prepared for each cell in its
own medium with an initial dose of 1000 pg/ml (Dilution I:
1000 pg/ml; Dilution II: 250 pg/ml; Dilution Ill: 62.5 pg/ml).
In the control group, cells were incubated in their own

medium not containing carrageenan.

Examination of cell viability

To measure cell viability, 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium  Bromide (MTT) analysis was
performed. MTT method is a standardized procedure
assaying cell viability and widely used in cytotoxicity tests.
In our previous studies, we used this method to measure
cell viability in different in vitro cytotoxicity models (10, 11,
12). This colorimetric method assesses the ability of viable
cels to form MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium  bromide) formazan by the
mitochondrial enzyme succinate dehydrogenase. At 24
hours of the incubation of the cells in 96-well plates, the
medium was taken out and 12.5 pL of MTT (Sigma-Aldrich,
Germany) solution in 100 pL of FBS-free DMEM/F12 was
added to each well. Cell culture plates were wrapped with
aluminum foil and incubated for 4 hours. At the end of the
incubation, the MTT solution was removed and the reaction
was stopped by adding 100 pL of isopropyl alcohol
(Amresco Inc., USA). Cell viability was measured with an
ultraviolet (UV)-visible spectrophotometer (EZ Read 400
Microplate Reader, Biochrom) at a wavelength of 560 nm as

the absorbance value.

Assessment of cell morphology

Acridine orange (AO)/propidium iodide (Pl) fluorescent
staining was used for the assessment of cell morphology. At
the 72nd hour of incubation, the medium on the cells was
removed and the cells were incubated for 20 seconds by
adding AO/PI (Sigma-Aldrich, Germany) (600 mg/ml AO, 600
mg/ml PI, ratio of 1:1) without fixation. The cells were then

washed twice with phosphate buffer saline (PBS) (Sigma-
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Aldrich, Germany) for 10 seconds. Next, the cells were
examined under fluorescence microscopy. Dead cells were
evaluated by counting the red cells with fragmented nuclei.
The AO/Pl-stained cells were observed under a narrow
band fluorescein (FITC) filter (520-560 nm) in green color,
and the Pl-stained cells were observed under a rhodamine

filter (510-560 nm) as stained red.

Statistical Analysis

Statistical analyses were performed using the IBM SPSS
statistics 23 program. The difference caused by
carrageenan on cell viability was analyzed with the Kruskal
Wallis test, which is a non-parametric test. The Bonferroni
test, which is a post-hoc test, was used for the difference
between the groups. Any p-value <0.05 was considered

statistically significant.

RESULTS

Assessment of Cell Viability

Cell viability was evaluated for all three dilutions at 72
hours of incubation and compared with the control group.
The results are given in Table 1 together with the p values.
As seen in Table 1, cell viability was lower in both cell lines
compared to the control group at the highest concentration
(Dilution 1). The difference was not significant in the MCF-7
cell line (p>0.05) but significant in the SVCT cell line (p<0.05).
When the MCF-7 and SVCT cell lines were compared with
each other for all concentrations, no significant difference

in cell viability was observed in all three dilutions (Table 2).

Table 1. Cell viability in MCF-7 and SVCT cell lines
Dilutions MCF-7 SVCT
Mean SD P Mean SD P
| 0.338 0.025 >0.05 0.318 0.019 <0.05
1] 0.374 0.036 >0.05 0.350 0.048 >0.05
1 0.372 0.031 >0.05 0413 0.054 >0.05
Control 0.358 0.054 - 0.483 0.069

SD: Standard deviation p values are given by comparing with the
control group

Table 2. Comparison of cell viability in MCF-7 and SVCT cell
lines

Dilutions
| I 1
P values
(MCF-7 / SVCT)

>0.05 >0.05 >0.05

Assessment of cell morphology
When the cell morphologies were examined, although it

was observed dead cell in both cell line, the cell morphology

in the SVCT cell line was different than the control group.
Furthermore, it was observed that the cells moved away
from the epithelial morphology and assumed a more
rounded appearance, and at the same time, nuclear
condensation became evident. In some cells, DNA
fragmentation occurred and the nucleus was stained in

yellow-red-orange colors (Figure 1).

Figure 1. AO/PI staining of cell lines exposed to test material
(Dilution I: 1000 pg/ml) and control group at 72 h of
incubation.

(A) MCF-7 cell line (Dilution 1) (20x); (B) MCF-7 cell line (Control)
(20x); (C) SVCT cell line (Dilution ) (20x) and (A) SVCT cell line
(Control) (20x). (White arrows indicate rounded and degenerated
cells).

DISCUSSION

Cell lines are extremely important in in vitro models for
studies on the diagnosis and treatment of breast cancers at
the molecular level (13). There are various studies in the
literature examining the anti-tumor effects of carrageenan
on different cell lines. Luo et al. showed that A-carrageenan
suppressed cell proliferation by altering the tumor
microenvironment in B16-F10 melanoma and 4T1 breast
cancer cell lines (14). In another study, it was shown that A-
carrageenan suppressed cell proliferation in MDA-MB-231
cells and caused apoptotic cell death (8). The effects of
different types of carrageenan on different cell lines are
also investigated (15). In a study, lambda carrageenan was
shown to have an anti-proliferative effect on SH-SY5Y and
MCF-7 breast cancer cell lines, like kappa carrageenan (9).
In another study, it was shown that both carrageenan types

suppressed cell division in Hela cell line, and their anti-
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tumor effect was emphasized (16). In another study, the
effects of low molecular weight lambda and kappa
carregenans on cytotoxic and cytokine expression on
esophageal cancer cell lines KYSE30 and FLO1 cells were

investigated (17).

MCF-7 cell line is a breast cancer cell line with estrogen (+),
prolactin (+) and human epidermal growth factor receptor-2
(HER2(+)) features; therefore, it is frequently used in studies
on the effects of anti-cancer drugs (18). The MCF-7 cell line
was first obtained in 1973 by Dr. By Soule et al. at the
Michigan Cancer Foundation (MCF) from a metastatic tumor
that developed 7 years later in a woman with breast cancer,
and it was named MCF-7 for this reason (13). The SVCT cell
line is a human immortalized breast epithelial cell line
obtained by creating the immortalized genotype of healthy
breast tissue cells with the Simian virus 40 (SV40) (19). The
SVCT cell line has the characteristic of non-malignant breast
epithelium (20). Therefore, these two cell lines were
selected in our study in order to demonstrate the cytotoxic
effect of carrageenan on malignant (MCF-7) and non-

malignant (SVCT) cells.

In our results, although the cell viability at the highest
carrageenan concentration in MCF-7 cells was lower than
the control group, this difference was not statistically
significant (p>0.05). However, in the SVCT cell line, which is
obtained from healthy breast tissues, the cytotoxic effect
was more pronounced than in the MCF-7 cell line, and cell
viability was lower than in the control group, which was a
statistically significant difference (p<0.05). When the MCF-7
and SVCT cell lines were compared with each other for all
concentrations, the difference in cell viability was not
statistically significant (p>0.05). The MCF-7 cell line is a
weakly aggressive non-invasive cell line and shows weak
metastatic properties (21, 22). However, the results we
obtained in our study showed that, despite this feature, cell
viability in the MCF-7 cell line was similar to that of SVCT, a

non-malignant mammary epithelial cell line.

When the cell morphologies were examined, although it
was seen in both cells, the cell morphology in the SVCT cell
line differed compared to the control group; cells moved
away from epithelial morphology and became more
rounded; nuclear condensation became evident; some cells
had DNA fragmentation; and, the nuclei were stained in
yellow-red-orange colors. This shows that there is a

morphology of the onset of apoptosis in cells. Apoptosis,

which is programmed cell death, is seen as a promising
approach in anti-cancer drug treatments due to its
mechanism of formation (23, 24). In our study, cells with
this morphology were observed in both cell types at the
highest dose of carrageenan (Dilution I)]. However, in order
to make a definitive assessment on this subject, it is
inevitable that more detailed studies are required to show
the pathway of apoptosis and the signaling mechanisms by

which carrageenan acts in this process.

Although MCF-7 cells are mostly of the same phenotype in
an in vitro culture, in some cases subtypes of cells with
different phenotypes emerge within the same population,
and there is a variation in the gene expression of surface
receptors and signaling pathways in these cells (13).
Differences in cell proliferation also occur in these subtypes
of cells, and the likelihood of these phenotypic changes
increases with the changes in physicochemical conditions
(13). In long-term cultures, these cells show a profile similar
to those of breast cancer types that are clinically resistant
to anti-estrogen and anti-aromatase treatments. However,
the main problem here is that this phenotypic change in
subtypes also leads to changes in surface receptors and
signaling mechanisms (25). These changes may lead to
results that may affect cell viability, proliferation, and

morphology in different ways.

In conclusion, the results obtained in the present study
showed that carrageenan caused cytotoxic effects on both
malignant and non-malignant cell lines. Therefore,
carrageenan can be considered a new approach in anti-
cancer treatments. On the other hand, not a very effective
cytotoxic effect was observed in MCF-7 cancer cells.
Considering that the different phenotypic characteristics of
the subtypes of this cell line can affect cell viability and cell
proliferation, it was concluded that it is extremely
important to know the genotypic and phenotypic
characteristics of the cells used in in vitro cytotoxicity
studies and to determine whether it will undergo a change

in the culture in the end.
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Obtaining Linear Regression Formulas Depending On Upper Arm Length
For Estimating Stature

Boy Tahmini icin Ust Kol Uzunluguna Bagli Lineer Regresyon Formiillerinin Elde Edilmesi

Sinan Bakirci* ', Mahmut Cay?

1. Department of Anatomy, School of Medicine, izmir Katip Celebi University, Izmir/Turkey

2. Department of Anatomy, School of Medicine, Usak University, Usak/Turkey

OZeT

AMAC: Calismamizda geng eriskin kadin ve erkek bireylerin list kol uzunlugu degerlerinden boy tahmini icin lineer regresyon
formiilleri elde edilmesi ve sag ve sol taraf asimetrisinin regresyon formiillerine etkisinin incelenmesi amaglanmstir.

GEREC VE YONTEM: Calisma, saglikli 18-36 yas araliginda, 70 genc eriskin goniillii iizerinde (35 erkek, 35 kadin) gerceklestirildi.
Ust kol uzunlugu, akromiyondan olekranona olan mesafe élciilerek elde edildi. Asimetri ve cinsiyetler arasi farkliliklar analiz
edildi. Boy tahmini icin cinsiyetlere gore lineer regresyon analizi ile regresyon formiilleri olusturuldu.

BULGULAR: Boy tahmini icin gerekli olan lineer regresyon formiilleri elde edildi. Ust kol uzunluguna dayali lineer regresyon
formiillerinden standart tahmin hatasinin (SEE) en kii¢iik degeri kadin sag koluna aitti. SEE dederleri kadinlarda sag kol icin
5.22882 ve sol kol icin 5.4979; erkeklerde sag kol icin 6.62943 ve sol kol icin 6.60019 olarak bulundu. Her iki cinsiyette de kol
uzunlugu ile boy arasinda orta diizeyde pozitif bir iliski bulundu. Pearson korelasyon katsayisi kadinlarda sag taraf icin r=500, sol
taraf icin r=413, erkekler icin sag taraf icin r= 487, sol taraf icin r=494, p<0.05 idi.

SONUC: Erkeklerde kol uzunlugunda boy tahmini icin elde edilen formiillerde SEE dederleri kadinlardakinden daha yiiksek
bulunmustur. Regresyon analizine gore, kadinlardaki (st kol uzunlugu degerleri, erkeklerle kiyaslandiginda daha iyi bir boy
tahmini sonucu vermektedir. Kadinlarda sag ve sol taraf lst kol uzunluklari arasinda asimetri bulunmaktaydi. Sag tarafin
regresyon denkleminin daha giivenilir oldugu tespit edildi.

Anahtar Kelimeler: asimetri, boy tahmini, regresyon denklemi, regresyon formiil, tist kol uzunlugu

ABSTRACT

OBJECTIVE: In our study, it was aimed to obtain linear regression formulas for estimating stature from upper arm length values of
young adult female and male individuals and to examine the effect of right-left side asymmetry on regression formulas.

MATERIALS AND METHODS: The study was carried out on 70 healthy young adult volunteers (35 males, 35 females) aged 18-36
years. Upper arm length was obtained by measuring the distance from the acromion to the olecranon. Asymmetry and gender
differences analyzed. For the estimation of stature, regression formulas were created by simple linear regression analysis
separately according to the genders.

RESULTS: The linear regression formulas required for the stature calculation were obtained. Among the linear regression formulas
based on upper arm length, the Standard Error of the Estimate (SEE) value was the lowest in the female upper right arm. SEE
values for women were 5.22882 for the right upper arm and 5.4979 for the left upper arm; in men it was 6.62943 for the right
upper arm and 6.60019 for the left upper arm. A moderately positive correlation was found between arm length and stature in
both genders.

CONCLUSION: In the formulas obtained for the estimation of arm length in men, the SEE value was found to be higher than in
women. According to the regression analysis, arm length values in women give a better estimation of stature compared to men. In
women, asymmetry was detected between the right and left upper arm lengths. The regression equation of the right side was
found to be more reliable.

Keywords: asymmetry, stature estimation, regression equation, regression formula, upper arm length

INTRODUCTION the person (1). Formulas used for estimating stature from
In cases where bodily integrity is lost due to natural body parts differ according to populations (2). Many body
disasters, terrorist attacks, murder, etc., one of the most parts such as hand length, foot length, radius and ulna
important points for forensic doctors and law enforcement lengths, and metatarsals have been used in different
officers in identifying the victim is to calculate the stature of societies for stature estimation (1-5).
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Generally, stature estimation can be made from bone
collections. However, it is not always possible to obtain
bone collections. For this reason, regression formulas are
created for estimating stature with anthropometric
measurements. Above all, the average stature and body
proportions of the population change over time. It has been
reported that there has been an increase in the average
stature of the world population in the last hundred years
(5). For this reason, it seems important to update the
formulas used for stature estimation over time. There are
right and left side differences and asymmetry between
some parts of the human body (6). Therefore, it is
important to consider the existence of asymmetry in the
creation of these formulas. In our study, it was aimed to
examine the asymmetry between the upper arm lengths of
young adult men and women and to derive simple linear

regression formulas for stature estimation.

MATERIAL & METHODS

Upper arm length was measured as the distance between
the acromion and the olecranon. Measurements were
made on both right and left arms. Stature was measured
from the vertex point of the skull in a standing person
leaning against a vertical wall. Measurements were made
with a tape measure. Study approval was obtained from
Usak University Faculty of Medicine Non-Interventional
Clinical Research Ethics Committee with the decision
numbered 07.04.2021/13.

Statistical analysis

IBM SPSS 26 program was used for statistical analysis.
Descriptive  statistical analysis (median, minimum,
maximum, standard deviation) was performed. The
distribution of the obtained data was evaluated using the
Shapiro-Wilk test. The relationship between stature and
arm length was evaluated with Pearson correlation. Right
and left side differences were analyzed with the paired-t
test, and the analysis of gender differences was performed
with the independent samples-t test. For the estimation of
stature, regression formulas were created by simple linear

regression analysis separately according to the genders.

RESULTS

The average stature of the volunteers participating in the
study; It was 179.11 cm in men and 164.45 cm in women.
The mean right upper arm length was 36.43 cm in men and

33.37 cm in women. The mean left upper arm length was

36.48 c¢cm in men and 3366 cm in women. The
measurement values obtained from men were found to be
greater than women's, the difference was statistically

significant (p<0.01).

When the right and left upper arm lengths were compared,
there was no significant difference in men p=0.745. In
females, a significant difference was found between the
lengths of the right and left sides, p=0.01. Other descriptive

statistical values are given in Table 1.

Table 1: Descriptive statistics and comparison of variables for
genders.

n Mean Min Max SD
RUAL * 35 33.37**  30.00 3890 1091

F LUAL * 35 33.66"  30.00 38.00 2.03
Stature® 35 164.11 150.00 180.00 5.95

RUAL * 35 36.43 3250 4110 240
M LUAL " 35 36.48 3260 4420 264
Stature® 35 179.11 164.00 195.00 7.48

F: female, M: male SD: Standard Deviation RUAL: Right upper
arm lenght, LUAL: Left upper arm lenght *p<0.01 difference for
genders, **p=0.01 difference for sides n: number Min:
Minimum Max: Maximum

In the study, the linear regression formulas necessary to
calculate the stature estimation were obtained by using the

upper arm length values (Table 2).

Table 2: Pearson’s correlation analyses

Genders Variables RUAL LUAL Stature
r 1 944" 487"
RUAL p 0.000 0.003
r 944" 1 494"
Mn=35 LUAL 0 ho00 0.003
Stature r 487" 494" 1
p 0.003 0.003
r 1 952" .500"
RUAL p 0.000 0.002
r 952" 1 41%
F, n=35 LUAL B 0.000 0.014
Stature r .500" 413 1
p 0.002 0.014

F: female, M: male SD: Standard Deviation RUAL: Right upper
arm lenght, LUAL: Left upper arm lenght *p<0.01 difference for
genders, * Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Among the linear regression formulas based on upper arm
length (female, male, right and left sides), the Standard
Error of Estimate (SEE) value of the female right upper arm
formula was the smallest. SEE values were SEE:5.22882 for
female right upper arm and SEE:5.4979 for female left
upper arm; SEE:6.62943 for male right upper arm, and

41




Aegean J Med Sci
2022;2:40-43

Bakirci & Cay

Asymmetry, Stature Estimation & Linear Regression Formulas

SEE:6.60019 for male left upper arm. A moderate positive
correlation was found between upper arm length and
stature in both genders. Pearson correlation coefficient for
women was r=500 for the right side, r=413 for the left side
(p<0.01 and p<0.05, respectively), r=487 for the right side
for men, r=494 for the left side, p<0.01 (Table 3).

Table 3: Linear regression formulas

Linear regression formulas SEE R Square
F Stature = 1.559 x RUAL + 112.072 5.2288  0.25
Stature = 1.210 x LUAL + 123.381 54979 0.171
M Stature = 1.518 x RUAL + 123.811 6.62943 0.237

Stature = 1.399 x LUAL + 128.093 6.60018 0.244

F: female, M: male SD: Standard Deviation RUAL: Right upper
arm lenght, LUAL: Left upper arm length SEE: Standard Error of
Estimate

DISCUSSION

Stature estimation is one of the four important
determinants in determining the identity information of the
corpse from human remains. Anatomical sections where
anthropometric measurements are made can be affected
by many factors such as racial characteristics, gender,
geographical and regional characteristics, sportive life,
lifestyle, nutrition styles. Therefore, every society has to
obtain regression equations suitable for their genetic and

environmental characteristics.

In a study conducted in a young population in Iran (mean
upper arm length is 33.72cm in men, 30.12cm in women),
they found the SEE value of 4.52 in the regression equation
obtained from the arm length values of men. They did not
report a regression equation since there was no statistical
significance between arm length and stature in women (7).
In our study, regression equations were obtained for both
sexes. The SEE value of the equation obtained from men
was 6.62 for the right arm and 6.60 for the left arm. In
addition, a moderate positive correlation was found
between arm length and stature in women in our study
(r=500, p<0.01), and SEE values were found to be 5.22 for
the right arm and 5.46 for the left arm in the regression

equations obtained.

Shah T et al. They created regression equations for
estimating stature from foot length and upper extremity
lengths in two groups, Hindu group (n=80) and Muslim
group (n=80) in India. In the equations obtained from the
upper extremity length in the Muslim group, they reported

the SEE value as 6.9193 in men and 3.5586 in women. In the

same study, they found the SEE value as 4.1724 in men and
4.2382 in women in the regression equation obtained from
the Hindu group. The SEE value obtained in men in the

Muslim group is greater than the SEE value in our study (8).

Ozaslan et al. in a study they conducted, they found the R
square value for the estimation of stature based on upper
arm length as 0.20 in men and 0.43 in women. In our
results, however, the regression equations obtained from
the upper arm length do not have a superiority in terms of
women and men. In our study, the R square values of the
equations for estimating stature from upper arm length
were close to each other in men and women (0.24 in men
and 0.25 in women) (9). In addition, in our study, it was
concluded that there was asymmetry in terms of right and
left upper arm lengths in women, and this affected the

success of the regression formulas.

In a study conducted in Sudan (mean upper arm length is
31.65 cm in males and 28.90 cm in females), the regression
equations obtained from the upper arm length seem to be
more successful than our equations in both genders. The
SEE value of the equation obtained by Altayeb A.A in
estimating stature from the upper arm in their study in
Sudan was 4.48 in men and 4.40 in women; The R square
value was reported as 0.490 for men and 0.414 for women.
In addition, the correlation values between upper arm
length and stature were found to be higher than our
correlation values (r=0.698 for men and r=0.643 for
women). This difference is probably due to the racial

characteristics of the two different societies (10).

In a study conducted in men in northern India, it was
reported that the difference between right and left upper
arm lengths was statistically significant and this asymmetry
may be significant (p<0.01). For this reason, they
emphasized the importance of firstly distinguishing the
right and left sides of a body part and then using the
regression formula of the appropriate side (6). In our study,
there was no asymmetry for the right and left side in terms
of upper arm length in men. However, it was determined
that there was an asymmetry between the right and left
sides in women. It was determined that the regression
equation obtained from the right side was more successful
than the equation obtained from the left side in women. In
women, the SEE and R squared values of the right-side

regression equation were 5.2288 and 0.250, respectively.
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While on the left side, SSE value was 5.4949 and R square

value was 0.171.

CONCLUSION

The estimation of the stature of individuals is very
important for units such as archeology, forensic medicine
and law enforcement. While using the regression equations
obtained from the lengths of the body parts, the
characteristics of that society gain importance. In addition,
regression formulas obtained from the other side should
not be used for body parts with right and left side

asymmetry in the human body.
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Hematolojik Kanser Tanili Hastalarin Kemik iligi Orneklerindeki Kromozomal Anomaliler: Tek Merkezden 109 Olgunun
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Ozer

AMAC: Hematolojik kanserler, kemik iligi, kan ve lenf diigtimlerini etkileyen genellikle yapisal ve sayisal kromozom anomalileri ile
iliskili bir neoplazma grubudur. Hematolojik kanserlerde kemik iligi incelemesi, hastaligin tanisi ve prognozu hakkinda aydinlatici
ve yonlendirici bir role sahiptir. Calismamizda, hematolojik kanser tanili hastalarda belirli genetik diizensizliklerin Floresan In
Situ Hibridizasyon (FISH) ydntemi kullanilarak elde edilen sonuglarinin retrospektif olarak degerlendirilmesi amaglanmistir.

GEREC VE YONTEM: Calismamizda,1 Ocak 2021-30 Kasim 2021 tarihleri araliginda, Dicle Universitesi Tip Fakiiltesi Tibbi Biyoloji
ve Genetik Anabilim Dali'na, Hematoloji anabilimdali ve diger kliniklerden yénlendirilen hematolojik kanser on tanili 109
hastanin (KML n=14, AML n=40, KLL n=6, ALL n=27, multipl miyelom (n=22) kemik iligi érneklerinden FISH ydntemi kullanilarak
elde edilen sonuglari yas, cinsiyet ve hastalik dagilimi agisindan retrospektif olarak incelenmistir. Calisma grubuna alinan
hastalarin timii kromozomal anomaliler, sayisal ve yapisal degislikler ya da dengeli translokasyon varligi agisindan
degerlendirilmistir.

BULGULAR: Olgularin 47’si kadin 62’si erkek hasta olup yas ortalamasi 48+21,6 olarak tespit edilmistir. Olgularin incelenmesi
sonucunda, AML i¢in bilinen; t(15;17), monozomi 7 ve trizomi 8, KML i¢in t(9;22); KLL de del(13q14) ve del(17p13), multipl
miyelom icin t(11;14)(q13;q32), ALL icin (t[9;22]) (bcr-abl) ve t(4;11) yapisal ve sayisal kromozom anomalileri tespit edildi. Ayrica
gruplarin karsilastirilmasinda kadin ve erkekler arasinda anlamli fark bulunamamistir.

SONUC: FISH yéntemi kullanilarak hematolojik kanser on tanisi almis hastalarimizla yaptigimiz bu retrospektif calismada,
hastaliklarla iliskili prognostik olarak énemli anomaliler ile ilgili sonu¢larimizi degerlendirdik. Hastaliklarin tanilarinin hizli ve
dogru olarak tespitinin, hastaligin tedavi planlamasi ve seyrinin dn gortist agisindan ¢ok énemlidir. Sonug olarak bizim ¢alisma
sonuglarimiza gore kisitli ve zor sartlarda alinan kemik iliklerinden hiicre elde etmenin zorlugu goz éniine alindiginda FISH
yonteminin interfaz hiicrelerinde bile ¢alisma imkdni saglamasi nedeniyle kanser genetiginde kullanilan gliclii ve etkili bir teknik
oldugu kanaatine varilmistir.

Anahtar Kelimeler: hematolojik kanser, FISH, kemik iligi, kromozomal anomaliler

ABSTRACT

OBJECTIVE: Hematological cancers are a group of neoplasms that affect the bone marrow, blood and lymph nodes, usually
associated with structural and numerical chromosomal abnormalities. Bone marrow examination in hematological cancers has an
illuminating and guiding role in the diagnosis and prognosis of the disease. In our study, it was aimed to retrospectively evaluate
the results obtained by using the Fluorescent In Situ Hybridization (FISH) method of certain genetic disorders in patients with a
diagnosis of hematological cancer.

MATERIALS AND METHODS: In our study, between January 1, 2021 and November 30, 2021 The results obtained from bone
marrow samples of 109 patients (KML n=14, AML n=40, KLL n=6, ALL n=27, M.Myelom n=22) with pre-diagnosis of hematological
cancer, who were referred to Dicle University Faculty of Medicine, Department of Medical Biology and Genetics, Department of
Hematology and other clinics, were analyzed retrospectively in terms of age, gender, and disease distribution. All of the patients
included in the study group were evaluated in terms of chromosomal anomalies, numerical and structural changes, or presence of
balanced translocation.

RESULTS: There were 47 female patients and 62 male patients, and the mean age was 48%21.6 years. As a result of the
examination of the cases, known for AML; t(15;17), monosomy 7 and trisomy 8, t(9;22) for CML; Del(13q14) and del(17p13) for
CLL, t(11;14)(q13,q32) for M. Myeloma, (t[9;22]) (bcr-abl) and t(4;11) for ALL structural and numerical chromosomal anomalies
were detected. In addition, in the comparison of the groups, no significant difference was found between the materials
participating in the study, male and female.
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CONCLUSION: In this study, which we conducted with our patients who were prediagnosed with hematological cancer with the

FISH method, we evaluated our results regarding the prognostically important anomalies associated with the diseases. Rapid and

accurate diagnosis of diseases is very important in terms of treatment planning and prognosis of the course of the disease.

Considering the difficulty of obtaining cells from bone marrow taken under limited and difficult conditions according to our study
results, it was concluded that the FISH method is a powerful and effective technique used in cancer genetics, since it provides the

opportunity to work even in interphase cells.

Keywords: hematological cancer, FISH, bone marrow, chromosomal abnormalities

INTRODUCTION
Bone marrow is the nutritious spongy tissue found in the

cavities inside long flat bones such as the sternum and hip
bones. There are two kinds of bone marrow: red bone
marrow and yellow bone marrow. Both types of bone
marrow contain blood vessels. There are two types of stem
cells in the bone marrow: Hematopoietic and
mesenchymal. This process, which consists of the
production process of various erythrocytes and pluripotent
stem cells, is known as hematopoiesis. The pluripotency of
hematopoietic stem cells can be any cell type in the
bloodstream. Under the influence of tissue and hormonal
factors, in parallel with the differentiation or maturation
process, these cells turn into the cells we know in the
bloodstream(1).

Hematological cancers are neoplasms composed of cells
originating from the bone marrow. . Most of these
malignancies contain structural or numerical chromosomal
abnormalities. The first anomaly detected in humans in this
regard is the Philadelphia chromosome (2). After the
philadelphia chromosome, which is an significant marker of
chronic myloid leukemia (CML), the value of translocation,
deletion and inversion of different chromosomes in the
diagnosis of diseases and evaluation of prognosis in
different types of hematological cancers has been
understood.

Bone marrow examination is a valuable examination that is
mostly performed in peripheral blood smear samples to
show the cellular features of the bone marrow, tumors and
participation of hematological diseases in suspected cases.
For the first time in 1890, German pathologist David Paul
Von Hansmann defined nuclear and mitotic structure
irregularities in cancer biopsy materials and reported that
these findings may be important in the development of
cancer(3).

FISH applications, developed as a complement to classical
cytogenetic methods, have an important place in cancer

studies. The FISH technique is applied to metaphases

(metaphase FISH-mFISH) or interphase cells (interphase
FISH-iFISH) depending on the situation(4).

In this study, we retrospectively analyzed the results of
bone marrow materials of patients diagnosed with
hematological malignancy from various clinics who applied
to Dicle University Faculty of Medicine, Department of
Medical Biology and Genetics between 01/01/2021 and
30/11/2021, and analyzed using the FISH technique. Our
aim is to evaluate the detailed examination and analysis of
the prevalence of abnormalities in our patient population

with the implementation of the FISH method.

MATERIAL & METHODS

A total of 109 patients with the diagnosis of hematological
malignancy were included in this retrospective study, from
the Department of Hematology, Department of Pediatrics,
Hematology, and other clinics, between January 1, 2021 and
November 30, 2021, to Dicle University Faculty of Medicine,

Department of Medical Biology and Genetics.

FISH analysis results of bone marrow samples of 14
patients in the CML patient group (3 women and 11 men),
27 patients in the ALL patient group (12 women and 15
men), 40 patients in the AML patient group (17 women and
23 men), 6 patients in the CLL patient group (2 women and
4 men), 22 patients in the Multiple Myeloma patient group
(13 women and 9 men) and 109 patients in total were
evaluated retrospectively(table I). Considering the genetic
analysis results of the patients, the FISH method was

applied with different FISH probes (table 2) in the samples.

The data of all patients were searched through the closed
registry system of the Department of Medical Biology and
Genetics. Age, gender and prediagnosis of hematological
malignancy of the patients were recorded. Using this
information, a database was created in the excel program
in computer environment. Cases with missing data were

excluded from the study.

45



Aegean J Med Sci
2022;2:44-50

Caligkan et al.
FISH Results of 109 Cases From One Center

Ethics committee approval was obtained for this study from
the Dicle University Clinical Research Ethics Committee at

the meeting dated 21.01.2022/15
Statistical Evaluation

The data were recorded in the SPSS (Statistical Packages of
Social Sciences, SPSS for Windows, Version 10.0, Inc,
Chicago, IC, USA) program. Error controls, tables and
statistical analyzes were also performed in this program,
the relationship between the parameters obtained from the
age, gender and diseases of the individuals in the patient
groups was made according to the correlation and
regression analysis. The comparison of the parameters
between the groups was made according to the t test and

their arithmetic mean was shown with standard deviation.

RESULTS

Of the 109 patients who participated in our study, 47 were
female and 62 were male. The mean age of women was
50+22.02, and the mean age of men was 47+21.3 (table 1).
The distribution of the patients participating in the study
according to their preliminary diagnoses is CML( n=14),
AML(n=40), CLL (n=6), ALL (n=27), M. Myeloma (n=22) (table
2).

Table 1: Distribution of patients

PD (% value) Age (AVG, %) Gender (%) F/M
ALL 26(%23,9) 33.0+23.4 42.3/57.7
AML 40(%36,7) 46.5+19.2 45/55
CLL 7(%6,4) 52.5+13.6 28.6/71.4
CML 14(%12.8) 52.0+16.0 36.4/63.6
MM 22(%20,2) 68.6+9.7 56/44

PD: Patient Distribution F: female, M: male

The median age was 33.0+23.4 years in 12 (42.3%) female
and 15 (57.7%) male patients diagnosed with Acute
Lymphocytic Leukemia and aged 2-77 years. In the FISH
study; Of the 27 interphase nuclei examined, 18 were
normal, and chromosomal anomaly was detected in at least
one sample type in 9 of them. Translocation specific to
8q24, 9934, 12p13 and 4921 regions, in FISH study using
dual fusion probe, 2 of 15 male patients had 4921, 2 had
8q24.9934 and 12p13, 2 had 9934.1(ABL1)/22q11.2( BCR)
regions-specific translocation was observed, while 9 of
them did not. Translocation specific to the
9934.1(ABL1)/22911.2(BCR) region was observed in 3 of 12

female patients, while no translocation was observed in 9 of

them. In the iFISH study using the 13q14 region-specific
deletion probe, it was found that the 13q14.3(DLEU2)
region was deletion in 2 female patients. In the FISH study
using the 11g23.3(MLL) region-specific rearrangement and
deletion probe, 11923.3(MLL)(trisomy7) was observed in 1
male patient and deletion of the 3'MLL region (11923.3) in 1
male patient. In the FISH study using centromeric probes
specific to 7p11 and 8p11 regions, 8p11 (monosomy8) was
observed in 1 male patient, 7p11 (trisomy7) in 1 male
patient, and both 7p11 and 8p11 (tetrasomy 7.8 tetraploidy)

in 1 male patient.

Table 2: Site-specific centromeric FISH probes used in
interphase cells obtained from uncultured bone marrow from
patients

Region-Specific Centromeric Probes
in Interphase Cells

A) 8q24.21(MYC)/14032.33(IGH),
9q934.1(ABL1)/22q11.2(BCR),
12p13.2(TEL)/21G22.12(AML) and
4021.3-4q22.1)(AFF1)/11g23.3(MLL)
region-specific translocation, dual

Diseases

Acute Lymphocytic

Leukemia (ALL) fusion;
(Probe used: ALL Panel B) 13q14.3(DLEU2)/13q34(LAMP1)
/ Diagen) region-specific deletion;

C) 11923.3(MLL) region-specific
reorganization;

D) 7p11.1-911.1(D721) ve 8p11.1-
q11.1(D8Z2)

A) 15924.1(PML)/17921.1(RARA),
8qg21.3(ETO)/21922.12(AML1) and
16p13.11(MYH11)/16022.1(CBFB)
region-specific translocation, dual
fusion;

B) 5q31.2(EGR1),
7922.1(RELN)/7931.2(TES) ve
17p13.1(P53) region-specific deletion;
C) 1123.3(MLL)

A) 11q13.3(CCND1)/14q32.33(IGH)
and 14q32.33(IGH)/18g21.33(BCL2)
region-specific translocation, dual
fusion;

B) 17p13.1(P53) and
13q14.3(DLEU2)/13q34(LAMP1) region-
specific deletion;

C) 12p11.1-q11.1(D1223)

Acute Myeloid
Leukemia (AML)
(Probe used: AML
Panel / Diagen)

CHRONIC
LYMPHOCYTIC
LEUKEMIA (CLL)
(Probe used: CLL /
Diagen)

Chronic Myeloid
Leukemia (CML)
(Probe used: BCR-ABL
t(9;22)/Diagen)

A) 9934.1(ABL1)/22911.2(BCR) site-
specific translocation, dual fusion
probe

A) 4p16.3(FGFR3)/14932.33(IGH) and
11913.3(CCND1)/14932.33(IGH) region-
specific translocation, dual fusion;

B) 17p13.1(P53) and
13q14.3(DLEU2)/13q34(LAMP1) region-
specific deletion;

C) 7p11.1-q11.1(D7Z1) ve 8p11.1-
q11.1(D8Z2)

Multiple Myeloma
(MM)

(Probe used: MM
Panel/Diagen,
Cytocell)

The median age was 46.5+19.2 in 17 (45%) female and 23
(55%) male patients diagnosed with Acute Myeloid
Leukemia and aged between 21-87 years. In the FISH study;

While 1 of 40 interphase nuclei could not be found to be
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evaluated, results were obtained in 39 of them. According
to these results, 27 were normal and 12 were anomaly.
Translocation specific to 15924, 821 and 16p13 regions, in
FISH study using dual fusion probes, specific translocations
to regions 15924.1(PML)/17921.1(RARA) were observed in 1
male patient, 8q21.3(ET0)/21922.12(AML1) in 4 male and 2
female patients (fig.1A) ,16p13.11(MYH11)/16922.1(CBFB) in
1 male and 1 female patient In the iFISH study using
deletion probes specific to 5931, 7922 and 17p13 regions,
deletion of 7922.1(RELN)/7931.2(TES) region was detected
in 4 male patients, while deletion specific to 5q31.2(EGR1)
and 17p13.1(P53) regions was detected (fig 2A).
11923.3(MLL)(trisomy7) was observed in 1 male patient as a
result of iFISH examinations using the 11g23.3(MLL) region-

specific rearrangement probe.

Figure 1: FISH with different types of probes and partial
metaphases.

1(8:21) 13q14(DLEV)

A) t(8;21) Signal pattern (3 green, 2 red signals) consistent with
the trisomy of region 8q21.(ETO) was detected. B) Signal
pattern consistent with the deletion of the 13q14.3(DLEU2)
region was detected C) Signal pattern consistent with the
rearrangement of region 14q32.33(IGH) was detected in 33% of
region t(4;14). D) Typical double fusion hybridization
appearance specific to t(11;,14)(q13.3,q32) IGH/CCND1
translocation was detected. E) t(9;22)(q34.1,q11.2)ABL1/BCR
translocation was detected

The median age was 52.5+13.6 years in 2 (28.6%) female
and 4 (71.4%) male patients diagnosed with Chronic
Lymphocytic Leukemia, aged 36-71 years. In the FISH study,
2 of the 6 interphase nuclei examined were normal and 4
had chromosomal structure anomaly. Translocation specific
to 11913, 14932, 18921 regions, in FISH study using dual
fusion probe, 14q32(IGH) region-specific translocation was

observed in 1 of 4 male patients, and 18921 region-specific

translocation was observed in 1, while no translocation was
observed in 2 female patients(fig 2B). In the iFISH study
using deletion probes specific to 17p13, 13914 regions,
deletion of 13914.3(DLEU2) region was detected in 1 of 2
female patients and 2 of 4 male patients (fig 1B). No
deletion of the 17p13 region was observed in the analyzed
cells. As a result of iFISH examinations using 12p11 region-
specific centromeric probes, trisomy 12 was not detected in

any of the 6 cases.

Figure 2: FISH with different types of probes and partial
metaphases

T(14;18)

A) A double fusion hybridization was detected, which may be
compatible with the inv(16)(p13.11,q22.1) region. B) Typical
double  fusion  hybridization appearance  specific to
t(14;18)(q32.33;q21.33) translocation was detected.

The median age was 52.0+16.0 years in 3 (36.4%) female
and 11 (63.6%) male patients, aged 25-79 years, diagnosed
with Chronic Myeloid Leukemia. In the FISH study, 5 of the
14 interphase nuclei examined were normal and 9 were

translocation.

Translocation  specific to 9q34.1(ABL1)/22q11.2(BCR)
regions, in FISH study using dual fusion probe, typical
double fusion hybridization appearance specific to
1(9;22)(g34.1;911.2)ABL1/BCR translocation was detected in
2 of 3 female patients and 7 of 11 male patients in total 9
people (fig 1E), No translocation was observed in 1 female

and 4 male patients.

The median age was 68.6+9.7 years in 13 (56%) female and
9 (44%) male patients diagnosed with Multiple Myeloma,
aged between 53 and 83. In the FISH study, 1 of 22
interphase nuclei could not be found to be evaluated, while
results were obtained in 21 of them. According to these
results, 15 normal and 6 chromosome number and
structural anomalies were observed. Translocation and
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trisomy11 specific to 11913, 14932 regions were detected
in 4 female patients in the iFISH study using dual fusion
probes(fig 1C-1D). No deletions were detected in 17p13 and
13q14 gene regions. Trisomy 7 was detected in 3 female
patients in the iFISH study using centromeric probes
specific to 7p11 and 8p11 regions. Cells analyzed from 1
female patient were evaluated for hyperdiploidy, with
trisomy 17 in 11% and trisomy 7 in 9%. No chromosomal
abnormality was found in any of the 9 male patients

examined.

DISCUSSION

Hematological cancers are more common in men, In our
study, 47 (43.1%) of 109 cases with hematological
malignancy were female and 62 (56.9%) were male, and the
M/F ratio was found to be approximately 1.32. In a large
retrospective study of 5013 patients with hematological
cancer, 69.2% were male (n = 3468) and 30.8% were female
(n = 1545) patients, and the M/F ratio was found to be 2.2
The high number of male patients in hematological cancer
cases in our study is consistent with the literature.(5) In our
study, in accordance with the literature, the most common
AML patient group was observed, while the least CLL
patient group was detected. Accordingly, while the ALL
patient group consists of younger patients, Multiple

Myeloma draws attention as a disease of advanced age.

Acute Myeloblastic Leukemia (AML), Acute Lymphoblastic
Leukemia (ALL) are the two main groups of acute
leukemias. Chronic Myelocytic Leukemia (CML) and Chronic
Lymphocytic Leukemia (CLL) are classified as chronic
leukemias. Multiple Myeloma (MM); It is a disease
characterized by an increase in plasma cells in the bone
marrow, the presence of M serum proteins secreted by
these cells in the serum and/or urine, and lytic bone lesions
(6).

Determination of  chromosome  aberrations in
hematological cancers originating from bone marrow is
valuable in terms of diagnosis and prognosis. Fluorescence
In Situ Hybridization technique is accepted as a fast, easy
and reliable method for detecting such changes. While
chromosomal anomalies of 2000 and 3000 kbase can be
detected by classical cytogenetic methods, it is possible to
detect regions of 0.5 kb by FISH method (7). In the FISH
method, the nucleic acid sequence with a complementary
label to the target DNA/RNA molecule is called a "probe".

There are 35 specific (locus-specific and/or translocation-

specific) probes used for diagnosis in hematological cancer
diseases, as well as all chromosome, telomere and a-
satellite probes specific to 24 chromosomes. These probes
are available in single and/or double color probe sets
according to their usage patterns and features; they can be
marked with three and/or five different colors(8). One of
the disadvantages of the technique is that it allows the
disease-specific analysis of only special panels to be
performed in the FISH technique and that other aberrations
cannot be detected at the same time(7). There are many
literature reports stating that the results obtained with the
FISH technique are more sensitive and specific than the

classical cytogenetic method.

Ozbey et al. compared chromosomal abnormalities in CML
patients with cytogenetic and FISH techniques, interphase
Dual-FISH (D-FISH) is an effective technique that is reliable
and gives results in a short time, in detecting BCR/ABL
reorganizations in patients with CML at the time of
diagnosis, They reported that D-FISH could be considered
as the first test to be used in the diagnosis of patients with
Ph(+) CML (9) .In our study, typical double fusion
hybridization
9q34.1(ABL1)/22911.2(BCR) region-specific translocation

appearance specific to the

was detected in the majority of patients who underwent

bone marrow iFISH with a preliminary diagnosis of CML.

More than 50 recurrent chromosomal anomalies have been
detected in acute myeloid leukemia (AML). These specific
cytogenetic translocations that can be diagnosed by FISH
analysis; t(8;21)(q22;922) (AML1/ETO) AML-M2,
t(15;17)(922;911-12) (PML/RARa JAML-M3/M3V,
inv(16)(p13922 ) or t(16;16)(p13;922) (CBFB/MYH11) AML-
M4/M4eo, 11923 translocations (MLL) have been
reported(10). Cytogenetic changes that can be diagnosed by
FISH are mostly observed in the 5th and/or 7th
chromosomes. 15-20% of all AML patients have a complex
karyotype consisting of multiple numerical and structural
chromosomal abnormalities. Mostly, 5qg-, -7 and/or 3g-
anomalies are primary anomalies(8). However, the
karyotype was found to be normal in the majority of
patients diagnosed with AML. Therefore, it should be kept
in mind that the FISH technique is limited in the diagnosis
of AML(11). Chromosomal number and structural
anomalies were not observed in 27 of 40 patients with

prediagnosis of AML included in our study, while
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chromosomal anomaly was observed in at least one sample

type compatible with the literature in the other 12 cases.

Chromosomal abnormalities that are effective in prognosis
and treatment in acute lymphocytic leukemia (ALL) have
been reported. Monosomy 7 and trisomy 8 have been
reported as a rare (0.5%) primary chromosomal anomaly in
ALL with isolated numerical anomaly in a single
chromosome without structural or numerical anomaly(12).
More than 40 recurrent structural chromosome
rearrangements have been reported in adult ALL cases, and
their incidence is less than 1%. Isochromosomes are unique
among all structural chromosomal abnormalities, It creates
a combination of loss and gain of genetic material. The
isochromosomes observed in ALL are i(7q), i(9q) and
i(179)(13). BCR/ABL oncogene The most frequently
observed (20-30%) translocation in adult ALL is
t(9;22)(934;q11), that is, Philadelphia (Ph) translocation. This
translocation is characterized by a poor prognosis in ALL.
Additional chromosome abrasions are observed in 41-86%
of Ph-positive ALL cases. The most frequently observed
ones are 9p anomalies, hyperdiploid karyotype and
monosomy 7, respectively (14). MLL-fusion gene The
second most common structural chromosomal abnormality
is translocation t(4;11)(9q21;923) with 3-7%. Translocation
t(12;21) TEL-AML1 is the most common translocation
observed in pediatric ALL. Translocation is found in 25% of
children diagnosed with Pre B ALL(15). In our study,
chromosomal number and structural anomalies were not
observed in 18 of 27 patients with a preliminary diagnosis
of ALL, while chromosomal anomalies were observed in at
least one sample type in the other 9 cases. In parallel with
the literature, 8p11(monosomy8) chromosome number
anomaly was observed in a male patient, 7p11(trisomy7) in
a male patient, and both 7p11 and 8p11(tetrasomy 7,8

tetraploidy) in a male patient.

Interphase FISH analysis becomes very valuable in patients
with chronic lymphocytic leukemia (CLL) since classical
cytogenetic studies cannot yield results. FISH can reveal
aberrations in 80% of CLL patients. FISH probes help us to
show long arm deletions of chromosome 13, long arm
deletions of chromosome 11, short arm deletions of
chromosome 17, and presence or absence of trisomy 12, as
well as IGH (14932), BCL6(3g27), and rearrangements of
chromosome 6. It can also be used to determine (13).

Although the number of patients admitted to our study

with a pre-diagnosis of CLL was less than expected, it was
noted that mostly chromosomal anomaly was observed in

accordance with the literature.

Since spontaneous mitotic activity is low in myeloma cells in
Multiple Myeloma (MM) patients, classical cytogenetic
techniques may be insufficient. In these cases, FISH is an
effective screening tool. The most important chromosomal
abnormalities are chromosome 13 abnormalities and
immunoglobulin  chain  locus rearrangements on
chromosome 14q32. Different probe options are available
for the detection of chromosome 13 and IGH (14q32)
rearrangements, and diagnosis can be made with FISH.
Apart from this, FISH analysis can be performed to
determine numerical anomalies for chromosomes 9, 11,

15(16).

Unlike the literature, in our patient group, results were
obtained in 21 of the patients who applied with the pre-
diagnosis of multiple myeloma, but no results were
obtained in one sample.While chromosomal number and
structural anomalies were not observed in 15 of 21
patients, chromosomal anomalies were observed in at least

one sample type in the other 6 cases.

Genetic studies continue to occupy a large place in the
diagnosis, treatment and follow-up of prognosis of many
cancer types, especially in hematological malignancies. In
genetic studies, bone marrow cytogenetic examination is
more suitable for screening, and the FISH technique is a
complementary and alternative method for differential
diagnosis and prognosis in patients with pre-diagnosis. In
particular, the FISH method is a powerful technique to
reveal gene translocations, amplifications, chromosomal
aneuploidies and deletions. The main advantage of this
technique is that the FISH method also provides the
opportunity to work in interphase cells, because there is no
need to prepare metaphase cells as in the metaphase FISH
study. The main disadvantage of the FISH technique is that
it only makes an examination by suspecting a certain
abnormality, and the necessity of finding a specific probe
for each investigated abnormality is the limitation of this

technique.

CONCLUSION
In this study, we evaluated the results obtained using the
FISH method from bone marrow samples of our patients

with prediagnosis of ALL, AML, CLL, CML and M. Myeloma,
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which were analyzed retrospectively. Considering the
difficulty of obtaining cells from the bone marrow according
to the results of this study, we concluded that the FISH
method is a powerful and effective technique used in
cancer genetics, since it provides the opportunity to work

even in interphase cells.

As a result, according to both our study results and the
results of different study groups, it was concluded that the
FISH method is an effective and preferred technique in
investigating a specific chromosomal disorder, clarifying the
diagnosis of diseases and prognosis. We also use this
technique frequently in our clinic. We believe that studies

on these techniques and probes should be supported.
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Pediatrik Obezite ile lliskili Anahtar Genlerin ve Yolaklarin Tanimlanmasi
Identification of Key Genes and Pathways Associated With Pediatric Obesity
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OZ€eT

AMAC: Bu ¢alismada, pediatrik obezite ile iliskili olasi molekiiler mekanizmalari arastirmak icin obezite tanisi konmus ¢ocuklarda,
obezitede rol oynayan potansiyel anahtar genleri ve yolaklari belirlemek icin biyoinformatik analiz yapilmistir.

GEREC VE YONTEM: Biyoinformatik analiz icin GEO veri tabanindan pediatrik obezite verilerine ait GSE9624 ve GSE139400
erisim numarasina sahip ekspresyon verileri secilmistir. GSE9624 veri seti 14 obez ve 13 obez olmayan ¢ocuktan, GSE139400 veri
seti ise 5 Obez ve 5 normal kilolu ¢ocuklardan alinan adipoz doku ve kan oOrnekleri ornekler ile ¢alisilmistir. Obez ¢ocuklardan
alinan orneklerle normal kilolu ¢ocuklardan alinan Ornekler farkli sekilde ifade edilen genleri (DEG) bulmak icin GEOZR ile analiz
edildi. DEG'ler icin GO ve KEGG zenginlestirme analizleri gerceklestirilmistir. Cytoscape yazilimiyla bir protein-protein etkilesimi
(PPI) agi olusturuldu ve obezite ile iliskili onemli genler belirlendi.

BULGULAR: GEOZR ile analiz sonucunda P-degeri <0.05 ve log2FCZ0 veya <0 olan DEG'ler segildi. GSE9624 veri setinde obezite
grubunda kontrol grubuna gore 1933 genin ifadesi artarken 1462 genin ifadesi azalmistir. GSE139400 veri setinde ise obezite
grubunda kontrol grubuna gére 725 genin ifadesi artarken 1372 genin ifadesi azalmistir. Her iki veri setinde ortak olarak ifadesi
artan 89, ifadesi azalan 161 DEG tammlanmistir. [fadesi dedisen genlerin lipit ve ateroskleroz, Dogal éldiiriicii hiicre aracili
sitotoksisite, mTOR sinyal yolagi ve Paratiroid hormon sentezi, salgilanmasi ve etkisi yolaklarinda toplandigi goriilmiistiir. Ayrica,
ALB, RHOA, KRAS, CREB1, GNAQ, GATA3, CXCR3, EZR, SERPINA1, GNAO1 genleri en énemli genler arasinda ¢ikmigtir.

SONUC: Bu ¢alismanin sonuglari, ortaya ¢ikan yolak ve genlerin pediatrik obezitede 6nemli bir rolii olabilecegini gostermistir.

Anahtar Kelimeler: pediatrik obezite, gen ifadesi, biyoinformatik analiz, GEO, mikroarray

ABSTRACT

OBJECTIVE: In this study, it was aimed to identify potential key genes and pathways that play a role in obesity in children
diagnosed with obesity in order to investigate possible molecular mechanisms associated with childhood obesity.

MATERIALS AND METHODS: Expression data of pediatric obesity data with accession numbers GSE9624 and GSE139400 were
selected from the GEO database for bioinformatics analysis. The GSE9624 dataset was studied with samples from 14 obese and
13 non-obese children, and the GSE139400 dataset was studied with samples of adipose tissue and blood samples from 5 obese
and 5 normal-weight children. Samples from obese children and samples from normal-weight children were analyzed by GEOZR
to find differentially expressed genes (DEG). GO and KEGG enrichment analyzes were performed for DEGs. A protein-protein
interaction (PPI) network was created with the Cytoscape software and important genes associated with obesity were identified.

RESULTS: DEGs with a P-value <0.05 and log2FC20 or <0 as a result of analysis with GEOZR were selected. In the GSE9624
dataset, the expression of 1933 genes increased in the obesity group compared to the control group, while the expression of 1462
genes decreased. In the GSE139400 data set, while the expression of 725 genes increased in the obesity group compared to the
control group, the expression of 1372 genes decreased. In both data sets, 89 DEGs with increased expression and 161 DEGs with
decreased expression were identified. It has been observed that the genes whose expression changes are collected in Lipid and
atherosclerosis, Natural killer cell mediated cytotoxicity, mTOR signaling pathway and Parathyroid hormone synthesis, secretion
and effect pathways. In addition, ALB, RHOA, KRAS, CREB1, GNAQ, GATA3, CXCR3, EZR, SERPINA1, GNAO1 genes were among the
most important genes.

CONCLUSION: The results of this study showed that emerging pathways and genes may have an important role in childhood
obesity.

Keywords: pediatric obesity, gene expression, bioinformatics analysis, GEO, microarray

GiRiS ve saglik sorunlarinin arttig tibbi bir durumdur (1).
Obezite, asiri vucut yaginin belirli bir dereceye kadar Cocukluk c¢agl obezitesi gelismis ve gelismekte olan
biriktigi ve etkilenen bireylerin yasam beklentisinin kisaldig iilkelerde bir saglik sorunu haline gelmektedir (2, 3).

Yazisma Adresi/Address for Correspondence: Aynur Karadag Giirel, Usak Universitesi, Tip Fakiiltesi, Tibbi Biyoloji AD, Usak/ Tiirkiye
E-Posta/E-Mail: aynur.karadag@usak.edu.tr || Tel: +90 532 682 1113

Received/Gelis Tarihi: 04 08 2022 || Accepted/Kabul Tarihi: 28 08 2022
Bu Eser Creative Commons Atif-Gayriticari 4.0 Uluslararasi Lisansi ile Lisanslanmistir. This work is licensed under a Creative Commons l

Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).


https://orcid.org/0000-0002-5499-5168
https://orcid.org/0000-0001-5300-9795
https://orcid.org/0000-0002-5499-5168
https://orcid.org/0000-0001-5300-9795
https://orcid.org/0000-0002-5499-5168
https://orcid.org/0000-0001-5300-9795
https://orcid.org/0000-0002-5499-5168
https://orcid.org/0000-0001-5300-9795
https://orcid.org/0000-0002-5499-5168
https://orcid.org/0000-0001-5300-9795

Aegean J Med Sci
2022;2:51-57

Giirel ve Giirel
Pediatrik Oberite ile iliskili Molekiiler Yolaklar

Obezite, genetik, davranissal, sosyal, kultirel, metabolik ve
fizyolojik faktorlerin kombinasyonundan
kaynaklanmaktadir ve hiperlipidemi, insulin direnci ve
hipertansiyon gibi bazi hastaliklarin olasiligini artirmaktadir.
Obezite, adipoz dokularda bulunan veya bu dokular isgal
eden hem adipositlerde hem de makrofajlarda inflamatuvar
yolaklarin  kalici  aktivasyonu ile baglantili olan yag
dokusunda artis ile karakterize edilir (4, 5). Obezite ile iliskili
fizyolojik mekanizmalar derinlemesine arastiriimaktadir (6),
ancak obezite ile ilgili bazi anahtar molekuler mekanizmalar
tanimlanamamistir. Obezite yasamin erken dénemlerinde
gelistiginden, ¢ocuklarda bu bozukluga yol agan
mekanizmalari anlamak o6nemlidir. Sadece obezitenin
karmasik etiyolojisinin ve ilgili bozukluklarin daha iyi
anlasiimasi, etkin midahalelerinin yolunu agacaktir (7).
Obezite ile ilgili yeni bilgi ve teorilere ragmen, mevcut
arastirma yontemleri obez hastalar icin kisisellestirilmis
tedaviler saglamada yetersiz kalmaktadir. Bu nedenle,
sonugclari hafifletmek ve dinya capinda artan obez hasta
populasyonunu durdurmak icin obezite icin spesifik
terapotik hedeflere ihtiyag vardir. Molekdler teknolojinin ve
biyoinformatigin gelismesiyle birlikte, giderek daha yuksek
dluzeyde diferansiyel olarak ifade edilen aday genler
taranmaktadir.  Bu sayede Kkisisellestiriimis  tedavi
yontemleri gelistirmemize olanak saglayacaktir (8).

Obezite ile ilgili genlerin tanimlanmasi icin gugli araclar
olan DNA mikrodizileri ve RNA dizileme (RNA-seq)
teknolojileri, transkript seviyelerini 6lcerek diferansiyel gen
ekspresyonu profilini cikarmayi saglamaktadir. insan adipoz
dokusu Uzerindeki bu yaklasim, diferansiyel olarak eksprese
edilen genler (DEG'ler) acisindan zengin olan ve dolayisiyla
potansiyel olarak obezitenin patogenezinde yer alan
molekuler fonksiyonlarin ve yolaklarin belirlenmesine
yardimci olmustur. Gen ekspresyonu analizi, cesitli yag
dokusu veya hicrelerinden elde edilen ve gen
ekspresyonunun fonksiyonel genomik veri kimelerinin
arsivlenmesini, islenmesini ve alinmasini kolaylastiran genel
bir havuz olan Gene Expression Omnibus (GEO) veri
tabaninda depolanan nispeten buyuk bir veri koleksiyonuna
yol agmustir (9).

Bu calismada, GEO veri tabanindan obez ve saglikli
¢ocuklarda yapilan, 2 calismanin gen ekspresyon mikrodizin
veri setlerini kullanarak, biyolojik aglar, gen imzalar ve
obezite ile iliskili yolaklar baglaminda DEG'leri tanimlamak
icin biyoinformatik analiz gerceklestiriimistir. Obezitenin

altinda yatan molekiler mekanizmalari aydinlatmak icin

aday genleri ve obezite iliskili yolaklari tanimlayarak tedavi
icin yeni bilgiler saglanmasi amacglanmistir.  mRNA
dizenleyici ag sisteminin ortaya ¢kariimasi ile yeni
mekanizmalari daha fazla arastirmak icin yeni teorik
rehberlik saglayacak ve gen hedefli tedavinin altinda yatan
biyolojik suregleri anlamak icin yeni bir bakis agisi

saglayacaktir.

GEREC VE YONTEM

Mikrodizin verileri

Pediatrik obezite ile ilgili tim birincil gen ekspresyon
verilerini belirlemek i¢cin PubMed ve GEO veri tabanini
kullanarak bir literatlr arastirmasi yapilmistir. Gen ifadesi
veri kiimeleri, "pediatrik obezite" arama terimi kullanilarak
Gene Expression Omnibus (GEO;
http://www.ncbi.nlm.nih.gov/geo/) veri tabanindan ¢ocukluk
cagl obezite verilerine ait GSE9624 ve GSE139400 erisim
numarasina sahip ekspresyon verileri secilmistir. Dahil
etme kriterleri: (a) mikrodizi gen ekspresyon verilerini
iceren veri setleri, (b) calismalar hem obez hem de obez
olmayan denekleri icermekte ve (c) gen ekspresyon analizi

yapilan calisma olmasi, olarak belirlenmistir.

GSE9624 veri seti adipoz doku ve kan érnekleri, 14 obez ve
apendiks ameliyati geciren 13 obez olmayan cocuktan
alinmistir. GSE139400 veri seti 5 Obezite ve 5 normal kilolu
cocuklardan alinan rektus femoristen alinan 6rneklerle
cahsilmistir. Her iki calismada GPL570 [HG-U133_Plus_2]

Affymetrix insan Genomu U133 Plus 2.0 array kullaniimistir.

Mikrodizin veri isleme

Her iki veri setindeki vakalar ve kontroller arasindaki
diferansiyel olarak ifade edilen genler, GEO veri setindeki iki
numune grubunu karsilastiran c¢evrimici bir ara¢ olan
GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r) ile analiz
edilmistir. P-degeri <0.05 ve log2FC=0 veya <0 olan DEG'ler
istatistiksel olarak anlamli kabul edildi. istatistiksel olarak
anlamh genler venny programi
(https://bioinfogp.cnb.csic.es/tools/venny/) ile
karsilastirilarak ortak DEG'ler bulundu ve sonraki analizlere

bu genler ile devam edildi.

Farkli ifade edilen genlerin fonksiyonel analizleri

iki veri setinde ortak DEG'lerin rol oynadiklari molekiiler
yolaklart ve biyolojik sureclerin analizi icin DAVID
(https://david.ncifcrf.gov/) ¢evrimici araci kullanilmistir. Gen
Ontolojisi (GO) biyolojik islemler, hucresel komponentler ve

molekuler fonksiyonlarina gore belirlenmistir. Kyoto Genler
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ve Genomlar Ansiklopedisi (KEGG) ile biyolojik yolaklar
tespit edilmistir. Fonksiyon zenginlestirme analizinde goére
p<0.05 olan terimleri istatiksel olarak anlamli kabul

edilmistir.

Protein etkilesim ag network analizi ve hub genlerin
tanimlanmasi

ik olarak, ortak DEG'ler, protein-protein etkilesimlerini (PPE)
analiz etmek icin STRING veri tabanina (https://string-
db.org/) aktarildi ve glven sinirt > 0.4 secilerek protein
etkilesim agi olusturuldu. Ag gorsellestiriimesi ve agin
topolojik  6zelliklerinin  analizi Cytoscape yaziliminda
(Cytoscape v3.9.2) Cytohubba eklentisi kullanilarak
yapilarak hub genler tespit edildi. Segilen proteinler protein

etkilesim aginda en fazla etkilesime sahip hub genlerdir.

BULGULAR

DEG analizleri ve ortak DEG'lerin tanimlanmasi

GEO2R ile analiz sonucunda P-degeri <0.05 ve log2FC=0
veya <0 olan DEG'ler secildi. GSE9624 veri setinde obezite
grubunda kontrol grubuna gore 1933 genin ifadesi artarken
1462 genin ifadesi azalmistir. GSE139400 veri setinde
obezite grubunda kontrol grubuna gore 725 genin ifadesi
artarken 1372 genin ifadesi azalmistir. Her iki veri setinde
artan ve azalan DEG'ler karsilastirildiginda, ortak olarak
ifadesi artan 89, ifadesi azalan 161 DEG tanimlanmistir
(Sekil 1).

DEG’lerin Gen ontolojisi ve KEGG Yolak Analizi

Calismamizda her 2 veri setinde ortak ifade olan DEG'lerin
fonksiyonel ve yol zenginlestirme analizleri icin DAVID
yazihmi kullanilarak GO ve KEGG analizleri yapildi. GO
analizi ifadesi artan ve azalan DEG'lerin ‘molekuler
fonksiyon (MF), ‘biyolojik stre¢ (BP) ve ‘hicresel bilesen
(CCy gruplarinda cesitli acllardan fazla miktarda
zenginlestigi gérulmdustur (p < 0.05). Plazma zari (CC), DNA
baglama (MF) ve transkripsiyonun pozitif dizenlenmesi,
DNA template (BPYde en fazla genin degistigi gosterilmistir.
GO terimleri ve zenginlesen genlerin listesi Tablo 1 'te

gosterilmistir.

KEGG yolak analizlerinde ifadesi azalan genlerin lipit ve
ateroskleroz, dogal 6ldurlct (NK) hicre aracili sitotoksisite,
mTOR sinyal yolu, Kompleman ve pihtilasma kaskadlari,
Paratiroid hormon sentezi, salgilanmasi ve etkisi” basta
olmak Uzere 10 yolakta anlamli olarak zenginlestigi, ifadesi
artan genlerin ise 3 yolakta zenginlestigi gérulmustir (Tablo

2).

Sekil 1. GEO veri setlerine ait ortak DEG'lerin Ven diyagramlari

GSE9624 Up

GSE139400 Up

GSE2624 Down GSE139400 Down

Entegre Protein-Protein Etkilesim Agi (PPI)

Her 2 veri setinin karsilastirmasinda ortak olarak azalan ve
artan genlerin PPl ag yapisi STRING veri tabani kullanilarak
analiz edildi. STRING analizi sonucu, ifadesi degisen
genlerde gen etkilesim ag 219 dugum ve 282 kenar
icermektedir. DUgumler DEG'leri ve kenarlar DEG'ler
arasindaki etkilesimleri gostermektedir (p<0.05) (Sekil 2).
STRING analizi sonrasinda TIMP1-MMP14'nin en ylksek
glven araliginda etkilesim gosterdigi bulunmustur. Bu
genleri analiz etmek icin Cytoscape yazilimindaki Network
Analyzer kullanildi ve c¢ekirdek genler, tahmin edilen
puanlara goére siraland.. ilk 10 yiiksek dereceli hub dugimu
ALB (Albdmin), RHOA (Ras Homolog Family Member A),
KRAS (KRAS Proto-Oncogene, GTPase), CREB1 (CAMP
Responsive Element Binding Protein 1), GNAQ (G Protein
Subunit Alpha Q), GATA3 (GATA Binding Protein 3), CXCR3
(C-X-C Motif Chemokine Receptor 3), EZR (Ezrin), SERPINA1
(Serpin Family A Member 1), GNAO1 (G Protein Subunit
Alpha O1) genlerdir. Bu genler arasinda ALB, RHO ve KRAS
en ylUksek dugum derecesi olan genlerdir. Daha sonra, gen
etkilesim aginin  modullerini taramak i¢in Cytoscape
yazihminda cytoHubba analizi ile hub genler secildi. Sekil
2'de skoru en yuksek olan 20 gen gosterildi. Hub genler
mcc skoruna gore sirasiyla ALB, KRAS, RHOA, CREB1, GNAQ,
SERPINAT, EZR, CCL5, WNT1, GATA3, CR1, CFB, CD59, CD5,
TIMP1, F5, (CX3CL1, FGFR1, SDHC genleri olarak
siralanmistir. Sekil 2 de proteinlerin birbirleri ile baglantilari

gosterilmistir. Kirmizidan sariya skor azalmaktadir.
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Sekil 2. Ayrintili protein etkilesimlerini gosteren dizenleyici genlerin protein-protein etkilesimi (PPI) agi; PPl zenginlestirme p-degeri >0.05
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Tablo 1. ifadesi artan ve azalan genlerin GO analizi

W | ARNT

\ N\ MM

q

P\ MOVID
ADAMA \ ACLY
| 4
NFATC2 OGOH

ifadesi artan genlerin GO analizi

GOTERM_BP_DIRECT
G0:0006661~phosphatidylinositol biosynthetic process
G0:0007623~circadian rhythm
G0:0046856~phosphatidylinositol dephosphorylation
GOTERM_CC_DIRECT

G0:0005886~plasma membrane

G0:0000785~chromatin

G0:0090575~RNA polymerase Il transcription factor
complex

G0:0045177~apical part of cell
GOTERM_MF_DIRECT

G0:0046872~metal ion binding

G0:0003924~GTPase activity

G0:0061629~RNA polymerase Il sequence-specific DNA
binding transcription factor binding

Gen Sayisi
4
4
3

56

14

29

Genler

DGKE, MTMR3, OCRL, SYNJ2
CREB1, NONO, BHLHE40, TYMS
MTMR3, OCRL, SYNJ2

RAB3B, CLIC4, DGKE, ITSN1, AQP4, SLC4A4, RGS4, GPR173, LAMP1,
SLCO2B1, TGM2, CR1, DCC, PDE4D, OCRL, F5, ACLY, MMP14, FRMDS,
GPRIN1, RAB35, EZR, IL6ST, CFB, SLC29A2, PTGER4, SDC3, NAIF1,
SLC5A12, ACVR1B, CYTH3, CD79A, ARVCF, IRAK1, TMEM204, CXCR3,
KCNMB2, PLA2G2A, LSAMP, ATP2B4, SYNJ2, LYVE1, PTPRD, GNAOT1,
SLC6A6, CYP2C9, NEDD1, RIT1, VNN1, KCNS2, GNAQ, TDP1, APBA2,
NOX1, FGFR1, SNTB2

BNC2, ARNT, HMGA2, SMARCA?2, KLF3, TOX4, MTBP, CREB1, HOXBS,
BHLHEA40, TCF3, E2F5, SPDEF, TGM2
HOXB9, CREB1, NONO, ARNT, TCF3, E2F5

DYNC2LI1, NEDD1, CLIC4, EZR

ZNF551, DGKE, MTMR3, BNC2, SAR1B, ITSN1, PRDM15, ACVR1B, GNS, C2,
PHF21B, REPIN1, TGM2, ZNF286A, PDE4D, ATP2B4, CDKAL1, KLF3,
AGMAT, GNAO1, ACLY, GNAQ, OGDH, ADAMS9, PDE5A, ZMYND11, NOX1,
NAIP, RNF187

GNAO1, RAB3B, RGS4, RIT1, SAR1B, GNAQ, RAB35, TGM2

CREB1, BHLHE40, ARNT, HMGA2, TCF3

54




Aegean J Med Sci
2022;2:51-57

Giirel ve Giirel
Pediatrik Oberite ile iliskili Molekiiler Yolaklar

Tablo 1. ifadesi artan ve azalan genlerin GO analizi DEVAMI

ifadesi azalan genlerin GO analizi

GOTERM_BP_DIRECT Gen sayisi
G0:0045893~positive regulation of transcription, DNA- 9
templated

G0:0045165~cell fate commitment 4
G0:0071356~cellular response to tumor necrosis factor 4
G0:0048568~embryonic organ development 3
G0:0071347~cellular response to interleukin-1 3
GOTERM_CC_DIRECT

G0:0005886~plasma membrane 26
G0:0030424~axon 6
G0:0005874~microtubule 5
GOTERM_MF_DIRECT

G0:0003677~DNA binding 11
G0:0003700~transcription factor activity, sequence- 6

specific DNA binding

G0:0003779~actin binding

G0:0008134~transcription factor binding 4
G0:0019003~GDP binding

Genler
MSTN, RBPMS, MBD2, NFATC2, RFX3, GATA4, GATA3, WNT1, PHF8

SOX13, GATA4, GATA3, WNT1
CCL5, GATA3, GBP1, CX3CL1
MBD2, GATA3, ARID2

CCL5, GBP1, CX3CL1

GABRB3, STAU2, ABHD6, CX3CL1, CBARP, ATXN3, CD59, WNT1, ARID2,
GBP1, SPTAN1, KIR2DL5A, MAGI1, GABRAS, HIP1R, PTOV1, NPY1R,
TNFRSF10A, PARVB, RHOA, SLC7A4, ACE2, CD5, KRAS, MAPT, CNGB1

STAU2, TAOK2, FEZ2, KIF1C, MAPT, RHOA
KLC4, STAU2, KIF1C, MAPT, TPGS2

MBD2, ALB, SOX13, NFATC2, RFX3, CAMTA1, GATA4, GATA3, MAPT,
ARID2, SIM1
SOX13, NFATC2, RFX3, GATA4, GATAS3, SIM1

HIP1R, PARVB, MAPT, SPTAN1, GBP1
NFATC2, GATA4, TNFRSF10A, GATA3
KRAS, GBP1, RHOA

Tablo 2. [fadesi artan ve azalan genlerin KEGG yolaklari

Term Count

Genes

ifadesi artan genlerin KEGG Yolagi

hsa05417:Lipid and atherosclerosis

CCL5, NFATC2, KRAS, TNFRSF10A, RHOA
NFATC2, KRAS, TNFRSF10A, KIR2DL5A
CCL5, NFATC2, KRAS, RHOA, CX3CL1

KLC4, ATXN3, KRAS, SDHC, MAPT, AMBRA1, WNT1

KLC4, KRAS, SDHC, MAPT, AMBRA1, WNT1
RPS6KAG, KRAS, WNT1, RHOA

ifadesi azalan genlerin KEEG Yolagi

hsa04650:Natural killer cell mediated cytotoxicity 4
hsa05163:Human cytomegalovirus infection
hsa05022:Pathways of neurodegeneration - multiple 7
diseases
hsa05010:Alzheimer disease 6
hsa04150:mTOR signaling pathway 4
hsa04610:Complement and coagulation cascades 5
hsa04962:Vasopressin-regulated water reabsorption 4
hsa04928:Parathyroid hormone synthesis, secretion 5
and action
hsa05130:Pathogenic Escherichia coli infection 6

SERPINAT, CR1, CFB, F5, C2
DYNC2LIT, DCTN5, CREB1, AQP4

MMP14, CREB1, PDE4D, GNAQ, FGFR1

CYTH3, IRAK1, NCL, ARHGEF2, EZR, NAIP

TARTISMA

Cocukluk cagl obezitesi, potansiyel olarak yasami tehdit

eden sonuclarn olan ¢ok sistemli bir hastaliktir (10).

Cocukluk ¢agi obezitesinin patogenezini aydinlatmayi

amaglayan c¢ok sayida genetik calismaya ragmen, bu

hastaligin  gelisimi  ve ilerlemesindeki  molekuller
mekanizmalar belirsizligini koruyor. Bu calismada, belirgin
sekilde ifadesi artmis 3 gen ( ALB, KRAS ve RHOA) ve ifadesi
azalmis 3 gen ( CREB1, GNAQ ve CXCR3) tanimlanmistir.
ifadesi artan genlerin “Lipid ve ateroskleroz (CCL5, NFATC2,
KRAS, TNFRSF10A, RHOA), Dogal 6ldirici (NK) hiicre aracili

sitotoksisite (NFATC2, KRAS, TNFRSF10A, KIR2DL5A), mTOR

sinyal yolagi (RPS6KA6, KRAS, WNT1, RHOA) yolaklarinda,
ifadesi azalan genlerin ise Complement ve koagulasyon
kaskadi (SERPINA1, CR1, CFB, F5, C2), Parathyroid hormon
(MMP14, CREB1, PDE4D, GNAQ, FGFR1)
dahil

sentezi
dizenlenmesi

DEG'ler

yolaklarinda, olmak Uzere cesitli

fonksiyonlarin = bu tarafindan 6nemli dlglide

zenginlestirildigi gozlendi.

Cocukluk caginda lipit yonetimi, genetik lipit bozukluklari ve
artan obezite ile iliskili bulunmustur (11). Cocukluk cagi
obezitesi, tip 2 diyabet, hipertansiyon, ateroskleroz, koroner
arter hastalig| ve yetiskinlikte bazi kanser turleri gibi ytksek
metabolik ve kardiyovaskuler bozukluklar riski tasir (12).
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Bizimde sonuclarimiz arasinda ifadesi artan genlerin lipit ve
ateroskleroz yolaginda toplandig gosterilmistir. CCL5,
NFATC2, KRAS, TNFRSF10A ve RHOA genlerinin ise
calismamizda ilk defa o©nemli oldugu ve obezitenin

gelismesinde rol alabilecekleri gsterilmistir.

Obeziteye, sistemik kronik dusik dereceli inflamasyonun
yani sira gesitli dogustan gelen ve adaptif bagisiklik
hucrelerinin islev bozukluklari eslik eder. Son bulgular, obez
kosullar altinda dogal éldirtcd (NK) hacrelerin islevsellik ve
fenotipinin bozuldugunu vurgulamaktadir. in vitro olarak
incelenen NK hdcrelerinin alt kiimelerinde, dagiliminda,
fenotipinde, sitotoksisitesinde, sitokin salgilanmasinda ve
sinyallesme basamaklarinda obezite ile iliskili oldugu
gosterilmistir (13). Bizimde ¢alismamizda Dogal 6lduricu
hicre aracil sitotoksisite yolaginda rol alan NFATC2, KRAS,
TNFRSF10A ve KIR2DL5A genlerinin ifadesinin arttig artigi

bulunmustur.

Calismada 6ne c¢ikan ifadesi artan genlerin toplandig diger
bir yolak mTOR sinyal yolagidir. Yapilan ¢alismalarda mTOR
sinyal yolaginin aktivitesindeki bozulmalar, sayisiz malignite,
kardiyovaskuler  hastaliklar, obezite, nérodejeneratif
hastaliklar ve metabolik bozukluklarla iliskilendirilmistir
(14). Bizimde calismamizda RPS6KA6, KRAS, WNT1, RHOA

genleri ilk defa obezite ile iligkilendirilmistir.

Obez ve asiri kilolu ergenlerde D vitamini eksikliginin ylksek
oldugu bilinmektedir. Yapilan az sayida calisma, yliksek D
vitamini eksikligine ragmen obez ergenlerde daha dusuk
paratiroid hormon (PTH) duzeylerini gdstermistir (15).
Serum 25 hidroksivitamin D [25(0OH)D] ve PTH duzeylerinin
de ters orantili oldugu bilinmektedir (16). D vitamini eksikligi
olanlarda paratiroid hormonunun PTH sentezi ve
salgilanmasi daha yuksektir (17). Hem PTH hem de
25(0OH)D, kalsiyum homeostazinda ©6nemli roller oynar.
Calismamizda ifadesi azalan genler arasinda MMP14,
CREB1, PDE4D, GNAQ, FGFR1 genleri 6ne ¢ikmis ve PTH

yolagi ile iliskili bulunmustur.

Calismamizda 6ne c¢ikan bir diger yolak kompleman ve
koagulasyon kaskadi yolagl olmustur. Kompleman sistemi
baslangicta mikrobiyal istilacilara karsi destekleyici bir ilk
savunma sistemi olarak goérulUyordu. Fakat yapilan son
calismalarda kompleman sisteminin  aktivasyonunun
obezite, insulin direnci ve diabetes mellitus dahil olmak

Uzere metabolik bozukluklarin baslamasi ve ilerlemesin roll

oldugunu gostermistir (18). Caismamizda SERPINA1, CR1,
CFB, F5, C2 genlerinin ifadesinin obez cocuklarda azaldigi

gorulmustar.

SONUC

Sonug olarak, bu c¢alismanin sonuglari NFATC2, KRAS,
TNFRSF10A, RHOA genlerinin ¢ocukluk cagi obezitesi ile ilgili
olabilecegini ortaya koymustur. Mevcut c¢alismanin
gozlemlerinin, c¢ocukluk ¢agl obezitesi icin molekuler
mekanizmalarin anlasilmasi ve aday terapétik ajanlarin
tanimlanmasi icin etkileri olabilir. Bununla birlikte, bu
bilgilerin klinik bir ortamda kullanilmasi amaciyla aday
genleri dogrulamak icin daha fazla calismaya ihtiyag vardir.
Pediatrik obezitenin endise verici egilimi, blyumeyi ve
islevselligi etkileyen metabolik komplikasyonlarin erken
baglangicini engellemek icin en buyldk farkindahg hak
etmektedir. Su anda, cocukluk cagl obezitesinin molekuler
mekanizmalari ve iligkili metabolik komorbiditeler hakkinda
bilgi sinirlidir ve pediatrik obezite iliskili anahtar genler ve

yolaklar hakkinda daha fazla calismaya ihtiyag vardir

Etik: Etik kurul onayr tim veriler anonim oldugundan bu
calisma icin gecerli ve gerekli degildir..
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Farmasotiklerde Galantamin Miktarinin Belirlenmesi icin Alternatif Analitik Yontemler

Numan Taspinar “*/, ibrahim Bulduk?

1. Department of Medical Pharmacology, Usak University Medical Faculty, Usak/Turkey
2. Faculty of Health Sciences, Usak University, Usak/Turkey

OZeT

AMAC: Galantaminin yigin halinde ve farmasotik dozaj formunda miktar tayini icin, yeni segici, hizli, kesin ve dogru
spektrofotometrik ve kromatografik prosediirler gelistirildi ve dogrulandi.

GEREC VE YONTEM: Kromatografik ayirma, bir Agilent Extend C18 (250x4.6 mm, 5 um) kolonu iizerinde gerceklestirilmistir. %0.1
TFA iceren ultra saf su ve %0,1 TFA iceren asetonitril (85/15, v/v) 1,0 mL/dk akis hizinda mobil faz olarak kullanildi. Eluent tespiti,
bir UV detektorii kullanilarak 288 nm dalga boyunda gerceklestirilmistir. Galantamin ise 288 nm dalga boyunda ¢ozeltilerin
absorbansi élglilerek spektrofotometrik teknikle belirlendi.

BULGULAR: Galantamin icin Lambert-Beer grafikleri, 5-30 ug/mL konsantrasyon araliginda dogrusal iliskiler gosterdi. Her iki
teknik de Uluslararasi Uyumlastirma Konferansi (ICH) standartlarini karsilamak igin istatistiksel olarak degerlendirilmis ve
dogrulanmistir ve sonuglar spektrofotometrik ve sivi kromatografik yontemlerin dogrusal, hassas, dogru, saglam ve RSD
degerlerinin %1'den diisiik oldugunu gdsterdi ve geri kazanim yiizdesi standart sinirlar icindeydi (%98-102). Daha sonra bu
analitik yéntemlerin istatistiksel bir karsilastirmasi yapildi. Her iki yéntemin sonuclari da %95 giiven araliginda (p<0.05)
birbirlerine gére farklilik gostermedi ve istatistiksel olarak anlamli degildi.

SONUC: Gelistirilen analitik yontemlerin dogru, olduk¢a etkili, giivenilir, hizli, basit oldugu belirlendi ve farmasotik dozaj
formunun yani sira yigin halindeki galantaminin rutin analizi i¢in basariyla kullanilabilir. Kalite kontrol analizi ve temizlik
dogrulamasi sirasinda numune analizi icin bile kullanilabilirler.

Anahtar Kelimeler: galantamin, HPLC, UV, yontem, validasyon

ABSTRACT

OBJECTIVE: For the quantitafication of galantamine in bulk and pharmaceutical dosage form, new selective, quick, precise, and
accurate spectrophotometric and chromatographic procedures were developed and validated.

MATERIALS AND METHODS: Chromatographic separation was performed on an Agilent Extend C18 (250x4.6 mm, 5 um) column.
Ultrapure water containing 0.1% TFA and acetonitrile containing 0.1% TFA (85/15, v/v) were used as mobile phase at a flow rate
of 1.0 mL/min. Eluent detection was performed at a wavelength of 288 nm using a UV detector. On the other hand, galantamine
was determined by spectrophotometric technique by measuring the absorbance of the solutions at a wavelength of 288 nm.

RESULTS: Lambert-Beer plots for galantamine showed linear relationships in the concentration range of 5-30 ug/mL. Both
techniques have been statistically evaluated and validated in order to meet the standards of the International Conference on
Harmonisation (ICH) and the results showed that spectrophotometric and liquid chromatographic methods were linear, precise,
accurate, rugged and robust with RSD values less than 1.00%, and the recovery percentage was within standard limits (98-102%).
Then a statistical comparison of these analytical methods was performed. The results of both methods showed no difference and
not statistically significant with respect to each other in the 95% confidence interval (p<0.05).

CONCLUSION: The developed analytical methods were determined to be accurate, highly effective, reliable, fast, simple, and may
be employed successfully for routine analysis of galantamine in the bulk as well as pharmaceutical dosage form. They may even
be used for quality control analysis and for sample analysis during cleaning validation.

Keywords: galantamine, HPLC, UV, method, validation

INTRODUCTION the age of 60 worldwide. In addition, it ranks third among
Alzheimer's disease now affects more than 42 million the causes of death due to diseases worldwide, after heart
individuals worldwide (1). According to certain recent disease and cancer.

publications, it is seen in approximately 15% of women over
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Galantamine is an allosteric nicotinic receptor modulator
and reversible acetylcholinesterase inhibitor that reduces
cognitive and functional deterioration in mild to severe
Alzheimer's disease dementia. Although galantamine
cannot completely treat this condition, it can help to slow
its course. Furthermore, throughout the early to mid-stages
of the illness, it can improve symptoms by inhibiting
reversible and competitive acetylcholinesterase. It affects
just those parts of the brain with low acetylcholine levels
(2).

Several analytical techniques for galantamine amount
analysis have been reported using techniques such as
spectrophotometry (3, 4) capillary zone electrophoresis (5),
micellar electrokinetic chromatography (6, 7), high-
performance liquid chromatography UV (8, 9), high-
performance liquid chromatography photodiode-array
radiometric detection (10, 11), ion-exchange
chromatography (12, 13), high-performance liquid
chromatography tandem mass spectrometry (14-16), and
chiral liquid chromatography method (17). The monograph
of galantamine hydrobromide is available in both the
European (18) and the United States Pharmacopoeia (19). A
validated stability studies including structure elucidation
and bioactivity assessment of degradation products have
been reported for galantamine hydrobromide (20, 21). CE-
Electrospray ionization application has been reported for
the impurity profile of Galantamine hydrobromide (22).
Analysis procedures require expensive equipment, organic
solvents, and significant volumes of specialized reagents.
Some of these techniques are somewhat complicated. The
analysis process takes a lengthy time.

In our study covers the development and validation of new
spectrophotometric and liquid chromatographic methods
for galantamine assay, including the determination and
identification of galantamine in pharmaceutical products.
These analytical methods are precise, accurate, linear,
selective, and robust. Therefore, these newly developed
and validated methods would be suitable for quality control
laboratories for the analysis of galantamine in
pharmaceutical products. The analysis of variance (ANOVA)
was used to compare the results of these analytical
methods. In addition, their reliability was assessed by

concentrating on routine quality control analyses.

MATERIAL & METHODS

Reagents

Galantamine Hydrobromide United States Pharmacopeia
(USP) reference standard trifluoroacetic acid
(299.0percentage), methanol (299.9percentage), and
acetonitrile (=99.9percentage) was purchased from Sigma-
Aldrich Chemie GmbH (St Louis, MO, USA). Reminyl
(Cologno, Monzese, Italy) extended-release capsule (8 mg)
was bought from the local pharmacy. Ultrapure water was
produced using a Merck Millipore water purification system

(Bedford, MA, USA).

Analytical instruments and conditions

HPLC analyzes were performed with an Agilent 1260 system
(Palo Alto, CA, USA) consisting of a quaternary pump,
autosampler, UV detector, and ChemStation software. An
Agilent Extend-C18 (4.6 mm x 250 mm, 5.0 ym) column was
used, and maintained at 25 -C. Chromatographic detection
of eluents was performed at 288 nm using a UV detector.
The mobile phase consisted of ultrapure water containing
0.1% TFA and acetonitrile (85/15, v/v) containing 0.1% TFA at

a flow rate of 1.0 mL/min. The injection volume was 20pl.

Spectrophotometric analyses were performed on a
Shimadzu UV 1800 double beam (Shimadzu, Japan)
spectrophotometer, with UV-Probe software and 1 cm
quartz cuvette. The standard solutions were scanned in the
range of 200-800 nm on the UV spectrophotometer to
determine the value of Amax and the measurements were
obtained against methanol as a blank. The wavelength of
288 nm was selected for the quantitation of galantamine.
The absorbance values of the standard solution series at
the wavelength of 288 nm were recorded and it was shown
that the absorbance values were proportional to the

concentration of standard solutions.

Preparation of sample and standard solutions

Galantamine standard solutions: Galantamine
hydrobromide reference standard equivalent to 25 mg of
galantamine and 20 ml of methanol into a 50 ml volumetric
flask and the total volume was completed to 50 ml with
methanol. Thus, a stock standard solution was prepared at
a concentration of 500 pg/mL. By diluting the standard
stock solution with ultrapure water, six standard solutions

were prepared in the concentration range of 5-30 pg/mL.

Galantamine sample solutions: 10 capsule contents were
emptied and weighed and ground into fine powder by
grinding in a mortar. The powder equivalent to 25 mg of

galantamine was weighed accurately, taken into a 50 mL of
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volumetric flask. 20 mL of methanol was added to dissolve
the galantamine, the volume was diluted to 50 mL with
methanol when dissolution was complete. Finally, methanol
was added up to the marked line, and shaked
homogenously for 15 minutes. This supernatant was
filtered through membrane filter (0.45 pm pore size). To a
50 mL volumetric flask, 2 mL of transferred this solution
and was added methanol to obtain 20 pg/mL of

galantamine solution.

Validation

The optimized chromatographic and spectrophotometric
methods are fully validated according to the procedures
specified in ICH guidelines Q2(R1) for the validation of
analytical methods (23, 24). Validation parameters such as
sensitivity, linearity, accuracy, robustness, precision,
specificity, system suitability tests, stability studies have

been investigated.

Linearity: Stock standard solutions containing 500 pg/mL
of galantamine in methanol were prepared, in triplicate.
Stock standard solutions were diluted with methanol to six
different concentrations containing 5, 10, 15, 20, 25 and 30
pg/mL galantamine. Calibration curves were plotted
concentration versus peak area for the chromatographic
method, and concentration versus absorbance value for the
spectrophotometric method. The acquired data were

analyzed using the least squares method.

Precision: The intraday precision was assessed by
analyzing capsule samples (n = 6) at the test concentration
(20 pg mL-1) using spectrophotometric and high-
performance liquids chromatographic methods. Similarly,
the precision between days was assessed three days in a
row (n = 18). Galantamine contents were determined and

the relative standard deviations were calculated.

Accuracy: The accuracy of the methods was evaluated at
three levels (80, 100, and 120% of the test concentration)
with recovery studies. This was done by analyzing a sample
of known concentration and comparing the measured value
with the "real" value. A well-characterized sample solution
(20 pg/mL of galantamine) was used. Samples were
prepared in triplicate for each concentration, analyzed by
spectrophotometric  and  high-performance  liquids
chromatographic methods, and recovery percentages were
calculated.

Specificity: A sample solution (20 pg/mL of galantamine)

was prepared using the sample preparation procedure and
injected into the chromatographic system to assess the
possibility of interfering peaks. For spectrophotometric
analysis, the UV spectrum of this sample solution was
recorded in the wavelength range of 200-400 nm to assess
the existence of potentially interfering bands at 288 nm.
Furthermore, the UV spectra recorded by a UV detector
were used to assess the spectral purity of galantamine

peaks in chromatograms produced with sample solutions.

Detection and quantitation limits: Limit of detection (LOD)
and limit of quantification (LOQ) were used to evaluate the
sensitivity of the chromatographic and spectrophotometric
methods. They were calculated separately depending on
standard deviation of the slope and intercept of the
calibration curve by using the equations (1) and (2),

respectively.

LOD = 3.3x0/S (1) [ LOQ = 10x0/S (2)

S: calibration curve slope and o: standard deviation of y
intercept

Analysis of marketed formulations

Samples of galantamine raw material and Reminyl®
capsules were analyzed by the validated chromatographic
and spectrophotometric methods. Before analyzing, the
capsule contents were weighed and powdered. The sample
solutions for the chromatographic and spectrophotometric
analyses were prepared as explained in Section 2.3.
Galantamine contents were analyzed by both methods.
One Way ANOVA Tukey test was used for statistical results

and 0.05 was considered significant.

Comparative analysis
For commercial formulations, recovery percentages were
compared with the F test and t test using both analytical

methods.

Stability of solutions

Over a 24-hour period, the reference standard solutions
were evaluated for stability. During the stability research,
standard solutions were kept at room temperature (25 °C)

and shielded from light.

RESULTS

Method development
The tests of mobile phases were carried out with organic
solvents, ultrapure water and different pH range at

different flow rates (0.8-1.5 mL min-1). The best
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chromatographic conditions were achieved using an
isocratic mobile phase comprising ultra-pure water
containing 0.1% TFA (pH=1.5)-acetonitrile containing 0.1%
TFA (85/15, v/v) at a flow rate of 1.0 pg/mL on an Agilent
Extend-C18 (4.6 mm x 250 mm, 5.0 pm) that was kept at
25°C.

Eluent was measured using a UV detector at a wavelength
of 288 nm. In these chromatographic conditions, the
retention time for galantamine was determined to be 4.04

minutes as demonstrated in the chromatogram of Fig. 1.

Figure 1: Overlay chromatogram obtained for galantamine
standard solutions (5-30 ug/mL)

The UV spectrum of in the range of 200-400 nm was
evaluated (Fig. 2). Galantmaine has shown sufficient molar
absorptivity at a wavelength of 288 nm. The wavelength of
288 nm showed higher selectivity with respect to possible
interfering compounds in the samples. For all these

reasons, a wavelength of 288 nm was chosen for detection.

Analytical validation

A linear relationship was determined between galantamine
concentrations and the responses of both UV and HPLC
methods. Regression data analysis are given in Table 1. For
both methods, high regression coefficient (r2) values were
obtained (>0.999). There was no significant deviation in

linearity in the analysis range.

The precision data obtained from the analytical methods

are presented in Table 2. R.S.D.% values were less than 2.0

for both analytical methods. This provides good sensitivity

in both methods.

Figure 2: Overlay spectrum of galantamine standard solutions
(5-30 ug/mL)
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Accuracy was investigated by means of the standard
addition method. The results of the recovery test are
presented in Table 2. Both analytical methods exhibited
average recoveries close to 100% and showed sufficient

accuracy.

Table 1: The linearity data obtained for galantamine by both
methods

Regression parameters HPLC uv
Number of points 6 6
Corlcentratlon range (Mg 530 5.30
mL™)

Relative standard error (%) 1.2155 0.0026

14.4340+0.1300 0.0098+0.0003
-3.2667+0.080 0.2279+0.0040

Slope + standard error

Intercept + standard error

Regression coefficient (®) 0.9999 0.9993

Table 2: Validation parameters of the developed methods

Parameters HPLC uv
Intra-day precision, (R.S.D. %, n = 6) 0.34 0.45
Inter-day precision, (R.S.D. %, n = 18) 0.56 0.63
Accuracy, (mean recovery, %, n = 9) 99.78 99.25
LOD (ug mL™) / LOQ (ug mL™) 0.70/2.10 2.10/6.50

Analysis of marketed formulations

The validated chromatographic and spectrophotometric
methods were applied to the analysis of galantamine in raw
material and Reminyl tablets (Table 3). The ANOVA test
revealed that there was no statistically significant difference
at a confidence level of 0.05 between the results obtained
for the raw material and tablet samples from the different
methods. Tukey's multiple comparison test showed that the

means obtained by HPLC and UV for raw material analysis
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were statistically equivalent (p < 0.05). Tukey test for
analysis of tablets revealed statistical equivalence (p < 0.05)

between HPLC and UV averages.

Table 3: Galantamine contents in raw material and capsule
sample (n=6)

Galantamine content (%) + SD

Samples

HPLC uv
Raw material 99.82+0.32 99.57+0.46
Capsule (8 mg) 8.02+0.03 7.98+0.05
F-test F calculation/Ftable 0.32/0.54
t-test t calculation/ttable 1.45/2.78

SD: Standard Deviation

Statistical comparison of methods
Both methods were statistically compared using the F-test
and the t-test. Statistical analyzes have shown that there is

Table 4. Standard solution stability (n=3, 20 ug mL™")

no significant difference between the values obtained from

the analyzes performed by both methods.

F-value and t-value were calculated and these values were
found to be lower than the table values of both methods at
the 95% confidence interval. It is clear that both of the
proposed methods are applicable for the quantification of
galantamine in dosage forms. Table 3 shows the statistical

comparison results of both methods.

Stability of standard solutions

The stability of the reference standard solutions over a 24-
hour period was examined. Standard solutions were
injected into the HPLC system for 8 hours and peak area

and the retention time were recorded (Table 4).

Time period

Peak area
hours

Average Peak area sD

286.5

0 286.3
286.6

286.3

24 285.8
286.2

286.4

48 286.6
286.0

286.5 0.2

286.1

0.3

286.3 0.3

RSD

(%)

0.053

0.092

0.107

Retention time Average Retention time RSD
min. min. Sb (%)
4.006
4.008 4.010 0.005 0.118
4.015
4.016
4.009 4.014 0.005 0.118
4.018
4.016
4.007 4.014 0.006 0.146
4.018

R.S.D percentages at the end of the 48-hour period were
determined as 0.146% for the retention time and 0.107%
for the peak area. No significant change was observed in
the active metabolite concentration in the standard

solution.

DISCUSSION

Within the scope of the chromatographic method
development studies for the quantification of galantamine,
several preliminary studies have been carried out to
optimize the conditions. Various chromatographic methods
have been performed to optimize galantamine
quantification. In the study, firstly, only ultrapure water was
tested and long analysis times were obtained. Optimal
conditions were provided by investigating different
acetonitrile ratios. Containing 0.1% TFA ultrapure water and
acetonitrile (85/15, v/v) were used as the mobile phase to
obtain a good galantamine peak symmetry and shape.
Finally, this mobile phase provides more powerful

theoretical plates (>7.000) and a peak queuing factor (<1.0).

Analyzes at 25C° were not only economical, but also had
advantages in terms of low column pressure, column

efficiency and good chromatographic peak shape (3-6, 8).

To ensure results, tablet samples were analyzed for 60
minutes and no matrix components remained in the
column much longer in the specified conditions. However,
continuing the analysis for more than 10 minutes will
increase the analysis time and cost. No overlapping peaks
were observed in the samples injected into the system for
analysis for consecutive 10-minute periods. Therefore, the

analysis time was determined as 10 minutes.

In the studies of assessing the specificity of the HPLC
method, peak purities of more than 99.0% for galantamine
were obtained on chromatograms of sample solutions. This
showed that other compounds did not elute together with
the main peak. No interfering peaks were observed in the
retention time of galantamine in the chromatogram

obtained with a mixture of tablet excipients (20-22).
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No absorption bands were detected at 288 nm in the
spectrum obtained with a mixture of tablet excipients in
methanol for the UV method. Therefore, the method was
shown to be selective for quantifying galantamine at this

wavelength.

The LOD and LOQ values for the chromatographic method
were calculated as 0.70 and 2.10 yg mL-1, respectively. In
spectrophotometric analysis, the absorbance value of
galantamine standard solution at a concentration of 0.70 pg
mL-1 at a wavelength of 288 nm was measured as 0.2348.
Therefore, this concentration is set as the detection limit.
The absorbance value of galantamine standard solution at
a concentration of 2.10 yg mL-1 at a wavelength of 288 nm
was measured as 0.2485. Therefore, this concentration is

set as the quantitation limit.

The validation parameters of both analytical methods are
presented in Table 2. According to the results obtained, it is
proved that the HPLC method is a more sensitive method
that allows determining the amount of galantamine at

concentrations about four times lower than the UV method.

Potential interactions in raw material studies were not
identified in any of the evaluated methods, despite the fact
that spectrophotometric analysis assessed degradation
products or related chemicals with comparable chemical
structures. It was observed that the chromatographic
method is the most sensitive and selective method. This
method can be successfully applied for the determination
of the amount of galantamine. However, the time and
expense of analysis cannot be overlooked. The
spectrophotometric approach is clearly more cost-effective
and needs less analytical time while also being simple to
apply. Because galantamine is such a widely used
anticholinesterase drug, it is critical to develop and validate
simple and reliable procedures to verify the quality of raw
materials and pharmaceutical formulations on the market

today.

CONCLUSION

The UV spectrophotometric method has advantages over
the LC chromatographic method because the UV
spectrophotometric method generally does not require
detailed processes and procedures as in the LC
chromatographic method. UV spectrophotometric method
is more economical and consumes less time than LC

chromatographic method. However, statistical comparison

of both methods shows that the LC chromatographic
method is more precise and accurate than the UV
spectrophotometric method. HPLC and uv
spectrophotometric methods have shown that they are
both adequate methods to determine the amount of
galantamine in raw materials, tablets and injectable
solutions, and the most reliable results have been obtained.
No interfering peaks were observed during the retention
time of galantamine in the chromatographic method and
no interfering absorption bands were observed at 288 nm
in the spectrophotometric method. Because HPLC and UV
are simple and rapid methods, they can be successfully
applied to quality control analysis to quantify and
determine the amount of galantamine in marketed
formulations. Our study is complementary to the lack of
information in the literature to make a comparative
evaluation of HPLC and UV spectrophotometric methods in

galantamine.
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Successful transcatheter arterial embolization due to massive
hemoptysis in a metastatic lung cancer patient with tumoral blood
supply from the inferior phrenic artery: A case report
Masif hemoptizi nedeniyle basvuran timoral besleyici arteri inferior frenik arter olan metastatik akciger kanserli bir
hastada basarili transkateter arteriyel embolizasyon: Bir olgu sunumu
Adil Aytag?

Department of Radiology, Bolu Abant |zzet Baysal University Faculty of Medicine, Bolu/Turkey

Ozer

inferior frenik arter kanamasi ve buna sekonder masif hemoptizi komplikasyonuyla iliskili vakalar nadiren bildirilmistir. 17
yasinda erkek hasta hemoptizi, halsizlik, bilin¢ bulanikligi sikayetleri ile hastanemize basvurdu. Hastanin sinoviyal sarkom
nedeniyle ameliyat Oykiisti ve sag akcigerde metastatik kitlesi vardi. Yapilan BT Anjiyografi incelemesinde metastatik akciger
kitlesini besleyen inferior frenik arterde hemoraji saptandi. Trans-arteriyel embolizasyon (TAE) ile basarili bir sekilde tedavi edilen
ve embolizasyon sonrasi sikayetleri kaybolan frenik arter hasarinin neden oldugu nadir bir hemoptizi vakasini sunuyoruz.

Anahtar Kelimeler: inferior frenik arter, transkateter arteriyel embolizasyon, akciger metastazi, masif hemoptizi

ABSTRACT

Cases of inferior phrenic artery hemorrhage and those complicated by massive hemoptysis have been rarely reported. A 17-year-
old man presented to our hospital with a chief complaint of hemoptysis weakness and confusion. The patient had history of
surgery for synovial sarcoma. Additionally the patient has metastatic right lung mass. CT Angiography examination revealed
hemorrhage in the inferior phrenic artery feeding the metastatic lung mass. We present a rare case of right lower phrenic artery
rupture, which was successfully treated using TAE and the patient had no complaints after embolization.

Keywords: inferior phrenic artery, transcatheter arterial embolization, lung metastases, massive hemoptysis

INTRODUCTION
Massive hemoptysis may result from various causes, and

CASE

. . . A 17-year-old man admitted to our hospital with a chief
the frequency with which these causes occur differs greatly

complaint of hemoptysis, weakness and confusion. On
between the Western and the non-Western world. The

. o ) physical examination, the patient was tachypnea and
source of massive hemoptysis is usually the bronchial

. ) respiratory sounds were decreased in the right lung. The
circulation (90% of cases) rather than the pulmonary

. ) N . i patient had no history of trauma or smoking. In the
circulation . In a minority of cases (5%), massive hemoptysis

o ) o examinations performed during the patient's admission to
may originate with the aorta (e.g, aortobronchial fistula,

) ) ) the emergency department, the hemoglobin value was 7.4
ruptured aortic aneurysm) or the systemic arterial supply to

) ) . (gm/dL), the platelet value was 267,000 (mcL), the
the lungs (1). Hemorrhage due to the inferior phrenic artery

hematocrit value was 21.8, the creatinine value was 1.69

mg/dL , the ALT value was 158 (U/L), the AST value was 130

is a highly rare situation and may cause massive

hemothorax and hemoptysis. To the author’'s knowledge,

) . ) (U/L) and the CRP value was 301.5 (gm/L). The patient was
there are very few case in the literature that bleeding

. . . . . operated on 26 November 2019 for a dedifferentiated
inferior phrenic arteries (2-7). This case report describes an

- o ) . . synovial sarcoma mass located in the left paravertebral at
hemorrhage to the idiopathic right inferior phrenic artery,

. . ) the thoracolumbar level. The patient had a solitary
which was complicated by massive hemothorax and

) . ) metastatic mass in the lower lobe of the right lung
hemoptysis, and treated with transcatheter arterial

o diagnosed at the earlier of 2022. This metastatic mass was
embolization (TAE).

detected in the lower lobe of the right lung in positron

emission tomography (PET CT) performed in a different
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center ( Fig 1A). There were no metastatic lesions in either

lungs or other systems.

Figure 1A: PET CT image showing a mass with prominent f-18
fluorodeoxyglucose uptake in the lower lobe of the right lung.

In the pulmonary CT Angiography examination of the
patient, active extravasation lower lobe of the right lung
and intraparenchymal hematoma in the right hemithorax
were observed. In this examination, it was thought that the
metastatic mass in the lower lobe of the right lung was
bleeding and that its feeder was the right inferior phrenic

artery. (Fig 1B and 1Q).

Figure 1B and 1C: CT Angiography image showing massive
hemothorax, active extravasation originating inferior phrenic
arterial system and tumoral blood supply from the inferior
phrenic artery.

The patient was transferred to the interventional radiology
unit for embolization procedure. During the procedure, the
patient was intubated together with the anesthesia team.
After local asepsis and anesthesia, the right main femoral
artery was punctured with a Seldinger needle under US
guidance, and a 5F vascular sheath was advanced over a
guiding wire. A celiac angiogram was obtained with a cobra
catheter. The right phrenic artery was then catheterized. In

the angiogram taken, filling and extravasation were

detected in the tumoral area. Thereupon, the artery was
super selectively catheterized with the microsystem.
Embolization was done with Bead Block 300/500
microsphere. Then, since no extravasation was detected,
the embolization process was terminated (Fig 1D and 1E).
After this process with local asepsis and anesthesia, the
right main femoral vein was punctured with a Seldinger
needle under US guidance and a 5F vein sheath was
advanced. The pulmonary artery was catheterized.
Angiograms were obtained from the main pulmonary and
right pulmonary artery inferior segments. No active
extravasation was detected. Compression was applied by
removing the vessel sheaths in the groin. The process took
about 4 hours. There were no complications during the
procedure. After the procedure, the patient was followed
up in the intensive care unit for approximately 1 week. One
week after the procedure, the patient underwent right lung
lower lobectomy and partial diaphragm repair. Since the
operation was performed after the post-embolization
procedure, there was no major hemorrhage during the
operation. The pathology report of the right lung lower
lobectomy material was reported as synovial sarcoma
metastasis. A few weeks after the operation, the patient

recovered completely and was discharged.

Figure 1D and 1E: Angiography images showing extravasation

in the tumoral area and loss of extraluminal filling after post-

embolectomy
=T

DISCUSSION

In this case report , we present a rare case in which
successful transcatheter artery embolization due to
massive hemoptysis in a metastatic lung cancer patient
with tumoral blood supply from the inferior phrenic artery.
The patient with massive hemoptysis had no complaints

after embolization.
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inferior phrenic artery hemorrhage feeding the metastatic
mass has not been reported, although there are case
reports in the literature that caused massive hemoptysis
due to blunt trauma, fistula, aneurysm, pseudoaneurysm,
and opening of abscess cavitation to the arterial system (2-
7). In a series of only 11 cases, the role of the inferior
phrenic artery in the interventional treatment of metastatic

lung tumor was mentioned (8).

Non-bronchial systemic arteries can be a significant source
of massive hemoptysis, especially in patients with pleural
involvement caused by an underlying disease. Missing the
non-bronchial systemic arteries at initial angiography may
result in early recurrent bleeding after successful
embolization of the bronchial artery. It should be kept in
mind that non-bronchial arterial structures such as
intercostal branches of the axillary and subclavian arteries,
internal mammarian artery and phrenic artery may cause

massive hemoptysis, as in this case.

CONCLUSION

We reported a case in which due to massive hemoptysis in
a metastatic lung cancer patient with tumoral blood supply
from the inferior phrenic artery was treated using
transcatheter arterial embolization and in this case, we
considered that Non-bronchial systemic arteries can be a

significant source of massive hemoptysis was important.

Etik; Bu yazida sunulan olgu icin sunulan bilgilerin akademik
amagli kullanimi hakkinda detayli bilgileri de iceren imzali
"Bilgilendirilmis onam formu" alinmistir.

Ethics; For the case presented in this article, a signed
"informed consent form" was obtained, which includes
detailed information about the use of the information
presented for academic purposes.
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