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IN-VIVO SICAN AKUT DOKSORUBISIN MODELINDE
BUGDAY RUSEYM YAGI ETKIiSiNiN ARASTIRILMASI
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Tibbi Farmakoloji Anabilim Dah

OZET

Doksorubisin (Doks); meme, endometriyum, over ve akciger kanserlerinin tedavisinde
kullanilan etkili bir kemoterapétik ajandir. Doz ve siire bagimli olarak hastalarda 6nemli bir
yan etki olarak gelisen kardiyotoksisite, tedavinin kesilmesine yol acabilmekte ve hayati tehdit
edebilmektedir. Bu ¢alismada, Doks’a bagh gelisen akut kardiyotoksisite tedavisinde bugday
rliseym yaginin etkisinin aragtirilmasi amaglanmistir.

Bu ¢alisma randomize, kontrollii deneysel arastirmadir. Toplam 28 adet Wistar Albino
sican kullanilan ¢alisma, Dokuz Eyliil Universitesi (DEU) Deney Hayvanlar1 Laboratuvari,
DEU Tibbi Farmakoloji Laboratuvar1 ve DEU Histoloji ve Embriyoloji Laboratuvari’nda
gergeklestirildi. Sicanlar, randomize edilerek 4 gruba ayrilmistir. Kontrol (Grup 1) grubuna
Doks ile ayni miktarda serum fizyolojik (SF) giin asir1 i,p. olarak uygulandi, ardindan 3 mL/kg
SF gavaj yolu ile verildi. Grup 2, Grup 3 ve Grup 4’teki hayvanlara Doks’a bagl
kardiyotoksisite olusturmak i¢in 2.5 mg/kg dozunda, 6 kez, giin asir1 enjeksiyon yapildi. Bu
periyodda tedavi amactyla, her giin gavaj yolu ile Grup 2’ye 3 mL/kg SF, Grup 3’e 1.5 mg/kg
bugday ruseym yagi, Grup 4’e 3 mg/kg bugday ruseym yagi uygulandi. Tiim siganlar 12. giin
degerlendirmeye alind1. Uretan (500 mg/kg) + alfa kloraloz (50 mg/kg) ile anestezi uygulanan
hayvanlardan karotid arter kaniilasyonu araciligi ile arteriyel kan basinci (sistolik, diyastolik ve
ortalama) Olgiimleri yapildi. Ayrica D2 derivasyonda olgiilen elektrokardiogram (EKG)
parametreleri (PR, QRS, QT, QTc, kalp atim hizi) degerlendirildi. Deney protokoliiniin
sonunda ¢ikarilan kalp dokusu kuru agirligr 6l¢iildii ve histomorfolojik olarak incelendi.
Istatistiksel analizde kardiyovaskiiler parametrelerin degerlendirilmesinde varyans analizi
(ANOVA) ve Tukey-Kramer kullanildi, p<0.05 anlamli kabul edildi.

Doks uygulanan gruplarda (Grup 2, 3 ve 4’te) ikiser hayvan kaybedildi. Doks
uygulamasi, Kontrol grubuna kiyasla Grup 2’de sistolik (SAB), diyastolik (DAB) ve ortalama
(OAB) arter basinglarinda istatistiksel olarak anlamli azalma olustururken (p<0.05), Grup 3 ve
4’te anlamli degildi. Benzer sekilde Grup 2°’de PR mesafesi, QRS siiresi, QT intervali, QTc
intervali ve kalp atim hizinda (KAH) anlamli uzama meydana gelirken, Grup 3’te bu anlamlilik
sadece QTc intervalinde ve Grup 4’te QTc mesafesi ve KAH’ nda mevcut idi (p<0.05). Tiim
gruplarin yasam siirelerinde anlamli fark bulunamadi (p<0.05). Doks uygulanan gruplarin
tiimiinde, kontrol grubuna kiyasla histomorfolojik olarak kardiyotoksisite bulgular1 tespit
edildi.



Doks’a bagl akut kardiyomiyopati modeli olusturdugumuz siganlarda kardiyovaskiiler
parametrelerde bozulma ile birlikte kalp dokusunda histomorfolojik olarak hasar gelistigi ve
bugday ruseym yaginin tedavi edici etkisinin oldugu gosterilmistir.

Anahtar Kelimeler: doksorubusin, kardiyotosisite, bugday ruseym yagi

Tezin sayfa adedi: 109

Damisman: Prof. Dr. Nil HOCAOGLU AKSAY



INVESTIGATION OF THE EFFECT OF WHEAT GERM OIL IN THE
TREATMENT OF DOXORUBICIN MODEL

Doctoral Thesis
Gamze GOKALP
DOKUZ EYLUL UNIVERSITY INSTITUTE OF HEALH SCIENCES

Department of Medical Pharmacology

ABSTRACT

Doxorubicin (Dox) is an effective chemotherapeutic agent used in the treatment of
breast, endometrial, ovarian, and lung cancers. A significant dose- and time-dependent side
effect, cardiotoxicity, can occur in patients, potentially leading to the discontinuation of
treatment and even life-threatening conditions. This study aims to investigate the effect of wheat
germ oil in the treatment of acute cardiotoxicity induced by Dox.

This study is a randomized, controlled experimental investigation. A total of 28 Wistar
Albino rats were used in the study, which was conducted at the Experimental Animal
Laboratory, Medical Pharmacology Laboratory, and Histology and Embryology Laboratory of
Dokuz Eyliil University (DEU). The rats were randomly divided into four groups. The Control
Group (Group 1) received the same amount of normal saline (SF) as Dox, administered every
other day via intraperitoneal (i.p.) injection, followed by 3 mL/kg of SF via gavage. In Groups
2, 3, and 4, 2.5 mg/kg of Dox was administered every other day for six injections to induce
cardiotoxicity. During this period, the treatment was applied daily via gavage: 3 mL/kg of PS
for Group 2, 1.5 mg/kg of wheat germ oil for Group 3, and 3 mg/kg of wheat germ oil for Group
4. All rats were evaluated on day 12. Under anesthesia induced by urethane (500 mg/kg) and a-
chloralose (50 mg/kg), arterial blood pressure (systolic, diastolic, and mean) was measured
through carotid artery cannulation. Electrocardiogram (ECG) parameters (PR, QRS, QT, QTc,
heart rate) were assessed in D2 derivation. At the end of the experiment, the dry weight of heart
tissue was measured, and histomorphological examination was performed. Statistical analysis
of cardiovascular parameters was carried out using analysis of variance (ANOVA) and Tukey-
Kramer test, with p<0.05 considered statistically significant.

In the Dox-treated groups (Groups 2, 3, and 4), two animals were lost in each group.
Dox administration significantly reduced systolic arterial pressure (SAP), diastolic arterial
pressure (DAP), and mean arterial pressure (MAP) in Group 2 compared to the Control group
(p<0.05), whereas no significant changes were observed in Groups 3 and 4. Similarly, Group 2
showed significant prolongation in PR interval, QRS duration, QT interval, QTc interval, and
heart rate (HR), whereas only the QTc interval in Group 3 and the QTc interval and HR in
Group 4 showed significant changes (p<0.05). No significant difference was found in the
lifespan of the animals among the groups (p<0.05). Histomorphologically, all Dox-treated
groups showed signs of cardiotoxicity compared to the Control group.

Xi



In rats with Dox-induced acute cardiomyopathy, a deterioration in cardiovascular
parameters and histomorphological damage in heart tissue was observed. The results suggest
that wheat germ oil has a therapeutic effect in mitigating Dox-induced cardiotoxicity.

Keywords: Doxorubicin, cardiotoxicity, wheat germ oil
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1. GIRIS VE AMAC

Kanser, hayati tehdit edebilen bir saglik sorunudur. Uygulanan tedavilerin
genel amaci, hastalarin refahini arttirmak ve yasam siiresini uzatmaktir. Hangi
tedavinin segilecegi; hastanin tibbi durumu, timorun histolojik tlrl ve hastaligi evresi
ile yakindan ilgilidir. Kullanilan baglica tedavi modaliteleri; cerrahi miidahaleler,
radyoterapi se¢enekleri, hormonal tedaviler, immiinoterapiler ve kemoterapi rejimleri
olarak sayilabilir. Kemoterapi; “hastalik etkenlerinin, canli organizmasinda iken yok
edilmesi” olarak bilinir. Kanser tedavisi 6zelinde ise, kemoterapotik ilaglar kanser
hicrelerinin biyumesini ve ¢ogalmasimni durdurarak veya oldirerek kanserle miicadele

eden ilaclar olarak tanimlanabilir (1).

Doksorubisin (Doks); meme, endometriyum, over ve akciger kanserlerinin
tedavisinde kullanilan etkili bir kemoterapdtik ajandir. Doz ve siire bagimli olarak
hastalarda onemli bir yan etki olarak gelisen kardiyotoksisite, tedavinin kesilmesine

yol agabilmekte ve hayati tehdit edebilmektedir.

Calismamizi amact; gliclii bir antioksidan ajan olan bugday ruseym yaginin,

doksorubusine bagli gelisen akut kardiyotoksisiteye olan etkisinin incelenmesidir.



2. GENEL BILGILER
2.1. Kemoterapotik ilaglar

Kemoterapdtik ilaclarin kesfi ve gelistirilmesi, tibbi arastirmalarda 6nemli bir
doniim noktast olmustur. Ik kemoterapétik ilaglar, 20. yiizyiln baslarinda baslayan
bilimsel ¢aligmalarin {riiniidiir ve o zamandan beri siirekli olarak gelistirilmis ve

cesitlendirilmistir (1).

Bu ilaglarin temel mekanizmalari, kanser hicrelerinin hedeflenmesi ve bu
hiicrelerin 6ldiiriilmesi veya biiylimesinin durdurulmasidir. Bu mekanizmalar, DNA

sentezini engellemek, hicresel donglyl durdurmak veya kanser hiicresine zarar



vermek seklindedir (2). Ancak, kemoterapotik ajanlar kanserli hiicrelerin yaninda
saglikli hlicrelere de zararli olabilmektedir. Bu nedenle, kemoterap6tik ilaglarin dozaji
ve uygulama yontemleri titizlikle belirlenmeli ve hastanin genel saglik durumu g6z
oniinde bulundurulmalidir. Kemoterapoétik ilaglarla ilgili arastirmalar, yeni ve daha
etkili tedavi yontemlerinin gelistirilmesine olanak tanir. Bununla birlikte, bu ilaglarin
yan etkileri ve diren¢ mekanizmalar1 hastanin tedavisinin sonlanmasi veya
degistirilmesi sonucunu dogurabilmektedir. Bu nedenle, molekiiler diizeyde kanser
hicrelerinin yasam dongiisiiniin ¢alisilmasi ve tedaviye uygun hedeflerin belirlenmesi
onemlidir (3).

Antineoplastik ilaglarm yan etkileri 6zellikle hiicre dongisunin hizli oldugu

dokularda fazladir. En sik rastlanilan yan etkiler ve sonuglar1 su sekilde siralanilabilir:

1- Kemik iliginin baskilanmasi

2- Yuksek dozlarda bobrek hasari

3- Hepatik fonksiyonlarda degisiklikler
4- Pulmoner toksisite

5- Norolojik toksisite

6- Lenfotoksik etkiler

7- Terotojenik etkiler

8- Kanserojenik ve mutojenik etki

9- Gastrointestinal sisteme ait yan etkiler
10- Ureme sistemine ait yan etkileri

11- Alopesi

12- Alerjik reaksiyonlar

13- Bagisiklik sisteminin baskilanmasi (4)

2.1.1. Antineoplastik ilaclarin siniflandiriimast

Antineoplastik  ilaglar c¢esitli sekillerde smiflandirilabilir.  Bunlardan  biri
mekanizmalarmma gore smiflandirmaktir. Bazi ilaglar enzim inhibisyonu yaparak

etkilerini gosterirken, bazi ilaglar enzimatik reaksiyonlarda metabolit gibi davranirlar.



Asagidaki bir simiflandirmada antineoplastik ilaglarin etki mekanizmasina gore dagilimi

gortlmektedir (Tablol).

Tablo 1. Antineoplastik ilaglarin etki mekanizmasina gore smiflamasi

DNA kiriklar ile etki
gosteren kemoteropotik

Kemoterap6tik ajan

Etki gosterdikleri bolge

oksaliplatin

ilaglar
Nitrogen mustard Siklofosfamid, ifosfamid, Capraz baglantilar
melfalan, klorambusil,
bendamustin
Nitrozireler Karmustin Capraz baglantilar
Triazeneler Dakarbazin, temozolomid Capraz baglantilar
Antibiyotikler Bleomisin, mitomisin Capraz baglantilar
Platin bilesikleri Sisplatin, karboplatin, Capraz baglantilar

DNA ile iligkili proteinler

Antibiyotikler

Antrasiklinler: doksorubisin,
epirubisin, idarubisin,
mitoksantron

Serbest radikaller ve
Topoizomeraz Il inhibisyonu

Podofillotoksinler

Etoposid

Topoizomeraz Il inhibisyonu

Topoizomeraz | inhibitorleri

Topotekan, irinotekan,
rubitekan

Topoizomeraz | inhibisyonu

Antimetabolitler

Antifolatlar: metotreksat,
trimetreksat

Floropirimidinler (5-
flurourasil, ftorafur,
kapesitabin) ve raltitreksed

Pemekrekset

Sitarabin, fludarabin
Rekiirren/Resistan

Gemsitabin

Adenozin analoglari:
deoksikoformisin, kladribin

Ekteinasidin

Dihidrofolatrediktaz ve diger
enzimler yok

Timidilat Siklaz inhibisyonu

Dihidrofolatrediktaz, Timidilat
Siklaz, inhibisyonu

Formiltransferaz ribontikleotid
glisinamid inhibisyonu

DNA polimeraz ve ribonikleotid
rediiktaz inhibisyonu

Adenosin- deaminaz inhibisyonu

Transkripsiyon faktorleri

Tumor DNA'sina yonelik kemoterapi ilaglari (4,5)




2.1.2. Antrasiklinler

Antrasiklinler  (daunorubisin, doksorubisin, epirubisin, idarubisin ve
valrubisin), hematopoetik ve solid tiimorler (meme, endometriyum, over ve akciger
kanserleri) icin sik kullanilan bir grup antineoplastik ilagtir. Bir toprak basili olan
Aktinomices ve Streptomyces'ten turetilirler. Uzun suredir gicli bir antineoplastik
ajan olarak kabul edilen bu maddelerin, DNA ve RNA sentezinin inhibisyonu, DNA
transkripsiyonunu ve replikasyonunu bloke eden topoizomeraz Il enziminin
inhibisyonu, DNA ve hiicre zarlarina zarar verebilecek serbest oksijen radikallerinin

iretilmesi gibi bir¢ok etki mekanizmasi vardir (6).

2.2. Doksorubisin

Antrasiklin grubu ilaclardan doksorubisin; daunorubisin, doksorubisin,
zorubusin, epirubisin, idarubisin ve aklorubisin gibi Streptomyces tirlerinden elde
edilen bir antibiyotiktir (7).

2.2.1. Doksorubisin molekulinin gelistirilmesi

Amerika Birlesik Devletleri’de hiicre boliinmesi ile ilgili ve anti kanser etkisi
olan Aktinomiceslerin kesfinden sonra, 1950'li yillarda Halya'da Farmitalia tarafindan
calismalar baslatildi. Ardindan 1957 yilinda Halya'daki toprak orneklerinde kirmizi
pigment Ureten Streptomyces kolonisi gelistirildi (8). Bu mikroorganizmanin
“Daunomisin” adli bir antibiyotik iirettigi saptandi. Daunorubisinin antitiimor etkisi
1963'de Dimarko tarafindan gosterildi. Ardindan, Fransa’da Dubost & Rhone Poulenc
SA. firmasi “rubidomisin” adli bir ajan gelistirdi. Bu ajanin klinik incelemeler sonunda
akut miyeloid 16semideyararli oldugu ortaya ¢ikti. Zaman gegince, bu iki ajanin ayni
oldugu bulundu ve ikisi birden “daunorubisin” olarak isimlendirildi. Ardmndan,
Farmitalia grubu mavi-yesil renkli farkli bir Streptomyces neslini ortaya ¢ikardi. Bu
nesilden de “Adriamisin” olarak bilinen 14-hidroksidaunomisi tiretildi (9). Bu ilacin
hayvan sistemlerinde etkinligi 1968'de gosterildi ve “daunomisin”den daha aktif
oldugu bulundu. Yapisal olarak tek farklarmin bir OH-grubu olmasina karsin, anti

tumor aktiviteleri arasindagok buyik farklar vardi. Aralarindaki buyik etkinlik



farklarmin bulunmasi, orijinal olarak doksorubisin sentezleyen Streptomicesler’den

mutant nesiller, yeni tlirevler liretilmesi konusunu giindeme getirmistir (10,11).

2.2.2. Yapisi: Yapisinda, tetrasiklinlere benzer sekilde naftasen iceren dortli
halka sistemi mevcuttur. Bu sistemin ilk halkasi (A) doymus durumdadir ve amino
sekerlerle glikozidik baglar ile baghdir. Diger ii¢ halka (B, C ve D) 1,8-antrakinon
yapisini olusturur (Sekil 1)(12).

Sekil 1. Doksorubusin molekilinin yapisi (13)

2.2.3. Etki mekanizmast

En fazla olmak Uzere tumdérin “S” fazina etki eder. Hiicre DNA’sinda niikleik
asit sentezi ve topoisomeraz-D’yi inhibe eder. Heliks inhibisyonu yaparak ¢ift heliksin
olugsmasimi engeller, serbest radikal inhibisyonunu Onler ve hiicre membraninda
gecirgenligi artirir. Kardiyak toksik radikal olusumuna baglh olarak toksisite ortaya

¢ikar, bu nedenle kullanimi smirlanmistir (14).

2.2.4. Kanser tedavisinde kullanimi

Doksorubisin, meme kanseri, 16semi, lenfoma, yumusak doku sarkomu ve
diger bir¢ok kanser tiiriiniin tedavisinde kullanilmaktadir. Genellikle diger
kemoterapétik ilaclarla birlikte veya radyoterapiyle kombine halde kullanilir.
Doksorubisin, kanser hiicrelerine segici olarak etki eder ve tedaviye yanit oranini
artirabilir (15).



2.2.5. Yan etkileri ve kullanim kisitlamalart

Doksorubisinin kullanimi sirasinda goriilebilen en sikn yan etkiler arasinda
gastrointestinal bulgular, sa¢ dokiilmesi, kemik iligi baskilanmasi ve kardiyotoksisite
yer alir. Ozellikle kardiyotoksisite, uzun siireli kullanimda veya yiiksek dozlarda

doksorubisin kullaniminda ciddi olabilir ve kalp fonksiyonlarini bozabilir (16).

Yan etkileri doksorubisin kullanimini sinirlasa da, birgok kanser tiirtindeki
kanitlanmis  etkililigi, kullanilmasindan vazgecilemeyecek kadar oOnemlidir.
Doksorubisin'in akut kardiyak toksisitesi olmakla beraber asil problem, kiimiilatif,
doza bagl olan kronik kardiyak toksisitedir (17). Doksorubisin'in kardiyotoksik
etkileri, bir dizi kompleks molekiiler mekanizma tarafindan yonlendirilir. Bu
mekanizmalar arasinda oksidatif stres, mitokondriyal hasar, DNA hasari, kalsiyum
homeostazindaki bozulmalar ve apoptozis yolaklar: yer alir (18). Doksorubisin'in kalp
dokusunda serbest radikaller olusturarak oksidatif stresi arttirdigi bilinmektedir. Bu,
lipid peroksidasyonu, protein oksidasyonu ve DNA hasar1 gibi zararh etkilere yol
acabilir. Ayrica, doksorubisin mitokondriyal membran potansiyelini bozabilir ve
mitokondriyal fonksiyonu olumsuz etkileyebilir, bu da hicre ici kalsiyum birikimine

ve apoptoza yol acabilir (19).
2.2.6. Doksorubisinin toksisite mekanizmalart

Doksorubusinin metabolizmasi sirasinda ortaya ¢ikan serbest radikallerin bu
toksisiteye neden olabilecegi ileri siiriilmektedir (20). Doksorubisin'e kiyasla daha
hizl1 metabolize edilen ve daha kisa yar1 dmiiriinesahip olan epirubisin kullaniminda
kardiyak toksisitenin daha az olmasi bunu desteklemektedir (21). Yapilan diger
calismalarda hiicre iginde lipid membranlarin peroksidasyonu ve makromolekillerin
hasarma neden olan serbest radikal olusumuyla sonuglanan ve demirin katalizor olarak
rol oynadig1 enzimatik reaksiyonlarda bozulma goriiliir. Selenyum baghh GSH
peroksidaz, katalaz ve stiper oksit dismitaz gibi enzimler dzellikle kalp kasma toksik
etki olusturur. Bunun nedeni olarak; kalp kasinin zayif detoksifikasyon yeteneginin

olmasi gosterilmektedir (22). Ayrica olusan serbest radikallerin kalp kas1 hiicresindeki



DNA’ya da hasar verdigi ve intraseliiler kalsiyum artisina neden olup hiicreyi
apopitozise sevk ettigi in-vitro deneylerde gosterilmistir. Ilaveten doksorubisin
verildiginde kardiak L-tipi kalsiyum kanallarda bozulma olustugu, buna bagli gec
kalsiyum artis1 oldugu, bunun da metabolik olaylarda ATP'nin hizla harcanmasina
neden oldugu, sonu¢ olarak da hiicre i¢i kalsiyum homeostazini saglayan
mekanizmalarin bozularak geri doniissiiz hlicre hasar1 gelistigi rapor edilmektedir

(23). Toksisite mekanizmalar1 asagida 6zetlenmistir (Sekil 2).

2.2.7. Doksorubusin molekulintn kardiyotoksisite olusturma

mekanizmalari
2.2.7.1. Reaktif oksijen turlerinin (ROS) Uretimi

Doksorubisin, hem sitozolde hem de mitokondride reaktif oksijen tirlerinin
(ROS) gicli bir wreticisidir (24). Doksorubisinin metaboliti olan doksorubisin-
semiquinon, oksijenle hizlica reaksiyona girerek siiperoksit anyon radikali (O2")
olusturur. Bu Oz, nitrik oksit (NO) ile etkilesime girerek peroksinitrit (ONOO") Uretir.
Normalde, ROS birikimi endojen antioksidanlar (6rnegin SOD) veya flavonoidler gibi
ekzojen antioksidanlar tarafindan temizlenir; ancak mevcut demir (Fe?") varligi,
hidrojen peroksidi (H20:) dogrudan hidroksil radikali (OH) haline doniistiirerek

Fenton reaksiyonunu tetikler (25).

Doksorubisinin birikimli yiiksek dozlarinda, ROS {iretimi oldukga artar ve bu
durum hiicre zarmnda lipitlerin bozulmasina, ATP’nin azalmasina, mitokondri
gecirgenlik gecis gozeneklerinin (MPTP) acilmasina ve kalsiyum salinimmin
artmasina neden olur. Tim bu etkiler, kardiyomiyositlerin apopitozuna yol agar.
Antioksidan takviyeleri, doksorubisinin asir1 ROS Uretimini azaltmada faydali olabilir.
Flavonoidlerin in-vivo ve in-vitro modellerde ROS Uretimini azalttig1 pek ¢ok ¢alisma
tarafindan  dogrulanmistir, ancak mekanizma hala tam olarak agikliga

kavusturulamamistir (26).
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Sekil 2. Doksorubusinin kalp hiicresi yolaklarindaki etkileri (27 numarali kaynaktan

Tirkee’lestirilerek alint1 yapilmigtir)

2.2.7.2. Mitokondri hasart

Mitokondriler, kardiyomiyositlerin enerji kaynagidir ve kardiyomiyositlerdeki
mitokondri orani, viicuttaki diger hiicrelerin %60’indan daha fazladir.
Kardiyomiyositlerin ~ hacminin ~ %30-40'in1  mitokondriler ~ olusturur  (28).
Mitokondrilerdeki ROS  {iretiminin  mitokondri  hasarma neden oldugu
diistiniilmektedir. Doksorubisin, mitokondrinin i¢ zarindaki kardiyolipine gii¢lii bir
baglanma egilimine sahiptir ve bu durum elektron tasima zincirinin (ETZ)
bozulmasina neden olur, bu da ROS ve reaktif azot tlrlerinin (RNS) artisina yol acar
(29). Bu siireg, mitokondri zarinin gecirgenligini artirarak sitokrom C salinimina ve
apopitozun baslatilmasma neden olur. Ayrica, mitokondri hasari ve dis zarn yirtilmasi
gibi olaylar meydana gelir. Hem apopitoz hem de nekroz, gogunlukla ROS araciligiyla

kardiyomiyosit liimlerine yol acar (Sekil 3)(30).




Doksorubisin

DNA interkalasyonu

Topoisomeraz lla/B
interferansi

Doksorubisin
Oksidatif

DNA hasari stres

aspase 38,9 IS

Apopitoz
Apopitoz

Sekil 3. Doksorubusinin kardiyotoksisite mekanizmalar1 (31 numarali kaynaktan

Tiirkce’lestirilerek alint1 yapilmstir)

2.2.7.3. Topoizomeraz 2 (TOP2p) ’ye baglanma

Doksorubisinin temel kanser karsit1 mekanizmasi, tiimor hiicrelerinin ¢ekirdegindeki
topoisomeraz II ile baglanarak etkisini gdstermesidir. Topoisomerazin iki izoformu
vardir: 2a (TOP2a) ve 2B (TOP2B). Tiimor hiicresinde doksorubisin, TOP2a'ya
baglanarak DNA'nin par¢alanmasina ve hiicre Oliimiine yol agar. Ne yazik ki,
doksorubisin ayni1 zamanda yetigkin kardiyomiyositlerde baskin olarak bulunan
TOP2f'ya da baglanir (32). Bu doksorubisin-DNA-TOP2B kompleksi, ¢ift zincirli
DNA kirilmalarina yol acgarak apopitoza neden olur. Doksorubisinin kanser
hastalarinda daha fazla birikim gostermesi, kardiyotoksisite riskini artirir. Hastalarda
doz kontrolii saglamak, bu toksisiteyi 6nlemenin en énemli yoludur. Doksorubisinin
cekirdek stresiyle iliskili olarak, Nrf2’nin ¢ekirdege tasimnmasi Keapl-Nrf2 kompleksi
araciligiyla saglanir ve bu da hiicreyi koruyucu olan HO-1 uretimini baslatir. Bu sirada,
hiicresel oksidatif strese bagli olarak c-Jun N-terminal kinazlar1 (JNK’ler) ve p38-

MAPK'ler aktive olur, bu da kardiyak patofizyoloji ve apopitozla iliskilidir (33).
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2.2.7.4. Kalsiyum homeostazinin bozulmasi

Hicre igindeki kalsiyum seviyelerinin diizenlenmesi, kalsiyum homeostazinin
korunmasi i¢in kritik Oneme sahiptir. Ancak doksorubisin, hiicre i¢i kalsiyum
seviyelerini artirir. Doksorubisin, sarkoplazmik/endoplazmik retikulum Ca?*-ATPaz
(SERCA2a)’nin ekspresyonunu azaltarak sitozolde asir1 kalsiyum birikmesine neden
olur. SERCAZ2a, sitozoldeki asir1 kalsiyumu geri kazandirmada hayati bir rol oynar.
Kalsiyumun kontrolsiiz birikimi, kalp kaslarinin kasilma yetenegini bozarak kardiyak
disfonksiyona yol agar. Doksorubisin ayni1 zamanda Na*?/Ca?" degisimini de inhibe
eder ve ryanodin reseptor kanallarinin ekspresyonunu artirarak sitozolde asir1 miktarda

kalsiyum salinmasma yol acar (34).

Mitokondriler, salman kalsiyumun biyiik bir kismimi alir ve bu durum
mitokondri disfonksiyonuna neden olur. Asir1 kalsiyum yiiklenmesi, pro-apopitotik
olaylar1 tetikler ve mitokondri gecirgenlik gecis gozeneklerinin (MPTP) agilmasima

neden olur (35).

Sonug olarak, doksorubisinin elektrofilik 6zelligi dolayisiyla oksidasyon-
rediiksiyon reaksiyonlar1 oldugu, demirin bu reaksiyonlarda katalizor rol oynadigi,
olusan siiperoksitlerin hiicre i¢i makromolekiillerinde hasara yol agtig1 ve ayrica
doksorubisine bagli olarak kalsiyum homeostazinin bozuldugu, bunun da hiicre

Olimiine katk1 yaptig1 belirtilmektedir (36).

Ozetle doksorubusine bagli olusan kardiyotoksisite de pek ¢ok biyolojik yolak
rol oynamakta ve son derece kompleks mekanizmalar bu duruma istirak etmektedir.
Antrasiklinlere bagl kronik kardiyak toksisitenin onlenmesi konusunda birgok
calisma yapilmis ve onemli ilerlemeler saglanmistir (37). Bunlar arasinda yavas ve
stirekli infuzyonla doksorubisin kalp kasinda daha diisiik seviyelerde tutulmasi, bagka
antrasiklin analoglarmm gelistirilmesi N- Asetil sistein, katesin, E vitamini, glutatyon
gibi ajanlarla bu toksisitenin Onlenmesi, metal baglayici 6zelligi olan birtakim
ajanlarla demirin baglanarak serbest radikal olusum reaksiyonlarini katalize etmesinin

engellenmesi sayilabilir (38). Ayrica kalsiyum antagonistleri ile yapilan bazi
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caligmalarda doksorubisin kardiyak toksisitesini potansiyelize ettikleri ifade edilirken,
bazi ¢aligmalarda ise doksorubisinin kalp kasinda bulundugu 21 giin iginde, kalsiyum
antagonisti uygulamasi ile doksorubisin kalp kasini tamamen terk ettigi i¢in kardiyak
toksisiteyi ge¢ kalsiyum yiklenmesini 0nleyerek azaltabildikleri ifade edilmektedir
(39). Gerek Piccinini ve arkadaglarinin ¢alismasinda, gerekse Viiiani ve ark.nin
caligmasinda doksorubisinin kalp kasinda bulundugu dénemde (verilisinden itibaren
ozellikle ilk iki giin yiiksek konsantrasyondadir ve tamamen kalp kasi hiicresini terk
etmesi 21 gilin almaktadir) kalsiyum antagonistleri kullanimmin doksorubisin
toksisitesini arttirdigi, buna karsilik kalp kasini tamamen terk ettikten sonra verilmesi
halinde kardiyak toksisiteyi belirgin sekilde azalttigini bildirmektedirler (40-43).

2.2.8. Patofizyoloji

Miyosit hasarmnin birden fazla mekanizmasi tanimlanmis olmasima ragmen, en
yaygmn hipotezler arasinda serbest radikallerin olusumu ve hiicre i¢i kalsiyum
seviyelerini artiran hlicre ici riyanodin reseptorlerinin aktivasyonu yer alir. Bu teoride
dogrudan miyosit 6liimii olmaktadir (44). Siiperoksit ve hidrojen peroksitin, sigan
kalbindeki sarkoplazmik retikulum ve mitokondride, yani dogrudan hasara maruz
kalan iki alanda yiikseldigi bulunmustur (45). Ayrica in-vitro ¢aligmalar, siiperoksit
dismutaz ve tokoferol ilavesinin (bir serbest radikal temizleyici ilavesinin)
antrasiklinlere maruz kalan miyokard hicrelerinde serbest oksijen radikallerinin
dizeylerini azalttigini géstermistir (46).

Riyanodin reseptorleri sarkoplazmik retikulumda bulunur ve aktive
edildiklerinde kas kasilmasina katkida bulunan kalsiyum iyonlarini serbest birakirlar.
Doksorubusin uygulanmasinin, bu reseptorlerin aktivasyonunda rol oynadigi ve
kasilma elemanlarinin basarisizligina neden oldugu gosterilmistir. Cok sayida ¢alisma,
in-vitro deneyler sirasinda doksorubusine maruz kalmanin, riyanodin reseptoriiniin
aktivitesini arttirarak hiicre i¢i kalsiyumun arttigini1 bulmustur (47). Artan kalsiyum
salinimi, kalsiyum kullanilabilirliginde net bir azalmaya neden olarak kardiyak

kontraktil disfonksiyona neden olur (48).
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Disiiniilen diger mekanizmalar arasinda alfa-aktin, miyozin ve troponin
genlerinin ekspresyonunun degistirilmesi, disfonksiyonel miyokardiyal adrenerjik

ekspresyon ve antrasiklinlerden tiiretilen toksik metabolitler yer alir (49).

2.2.9. Patolojik bulgular

Isik mikroskobunda goriilen patolojik bulgular arasinda miyofibrillerde
vakuolizasyon, kas liflerinde kii¢lilme (her ikisi de miyofibril kaybini diislindiiriir),
interstisyel 6dem ve fibrozis yer alir (50). Endomiyokardiyal biyopside gorilen
morfolojik degisiklikler, miyosit hasarmin derecesine ve yayginligina bagli olarak
derecelendirilebilir (51-54). Elektron mikroskobu, miyofilamentlerin kaybini ve
sarkoplazmik retikulumda ve muhtemelen ayni1 zamanda transvers tibdil sisteminde de
belirgin dilatasyonunu gostermektedir (Sekil 4)(55-63).

Sekil 4. Meme karsinomu nedeniyle doksorubusin ile tedavi edilen bir olgudan ¢ikarilan kalp.
(Sekil A normal kasi; Sekil B doksorubusin toksisitesini gostermektedir H&E, x20).
Transmisyon elektron mikroskobu (E), miyofibrillerin kayb1 ve interstisyel kollajende (yildiz
isareti) H&E, x20; (E) x4600) (64)
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2.2.10. Klinik belirtiler

Doksorubisine bagli kardiyotoksisitenin klinik belirtileri siklikla tedavi
esnasinada ya da tedavinin ardindan ortaya ¢ikar. Bu belirtiler arasinda nefes darligi,
carpinti, gdgls agrisy, 6dem ve yorgunluk bulunur. EKG degisiklikleri, ventrikiiler
disfonksiyon ve kalp yetmezligi gibi kardiyak yan etkiler de gozlemlenebilir.
Hastalarin kardiyotoksisite agisindan izlenmesi Onemlidir, ¢iinkii erken tani ve
mudahale prognozu 6nemli dlgude etkileyebilir (65).

Doksorubisin kardiyotoksisitesi 40 yili askin bir stiredir bilinmektedir (9). En

cok karsilasilan klinik senaryolar kalp yetmezligi ve dismitrilerdir.

2.2.11. Kalp yetmezligi
Doksorubisin maruziyetine bagl sol ventrikil sistolik disfonksiyonunun klinik

belirtileri, diger kalp yetmezligi nedenleri olan hastalarda gézlenenlerle benzerdir.

2.2.12. Disritmiler
Hastalar, aralikli veya siirekli bir aritmi (ani 6lim bile olabilir) ile
basvurabilirler. Akut toksisitede, atriyal fibrilasyon, kalp yetmezligine goére daha

yaygin bir belirtidir.

2.2.13. Diger bulgular

Doksorubisin kardiyotoksisitesi olan hastalarda, ylksek troponin, yiiksek B-
tipi natritiretik peptid (BNP) veya azalmis sol ventrikiil sistolik veya diyastolik
fonksiyon gozlenebilir (66).

Doksorubisin kullanimina bagl (¢ tip kardiyotoksisite tamimlanmustir:

I- Tedavi sirasinda olan akut veya subakut kardiyotoksisite
Akut toksisite, doksorubisin uygulamasinin ilk 2-3 giinii i¢inde ortaya ¢ikabilir ve
vakalarm yaklagik %11'inde goriiliir. Klinik olarak hipotansiyon, tasikardi, ¢esitli
aritmiler, perikardit veya miyokardit olarak kendini gosterir, ancak uygun tedavi ile

geri dondurulebilir.
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II- Tedaviden itibaren bir yila kadar kardiyomiyopatiye neden olan kronik
kardiyotoksisite

Kronik toksisite ise, doksorubisin uygulamasindan 30 giin sonra gelisir ve akut
toksisiteye oranla daha az gorilir, yaklasik %1.7 oranindadir. Bu durum sol ventrikil
disfonksiyonuna yol agarak geri dondiiriilemez sekilde konjestif kalp yetmezligine

dontigebilir (67).

I11- Tedaviden itibaren 5 yil veya daha uzun siire sonra ortaya ¢ikabilen geg
baslangi¢ch kardiyotoksisite

Nadir de olsa, tek bir dozdan sonra akut veya subakut kardiyotoksisite ortaya
c¢ikabilir. Bu hastalarin elektrokardiyografilerinde (EKG) QT araliginda uzama ve
supraventrikiiler, ventrikiiler ve kavsaksal aritmilere yatkindirlar. Kronik
kardiyotoksisite (genellikle klasik kardiyomiyopati olarak adlandirilir), doza
bagimhdir ve ¢ogu durumda belirtilere ve semptomlara neden olur (67). Dilate
kardiyomiyopatiye sekonder konjestif kalp yetmezligi semptomlar1 ortaya cikar.
Semptomlar tipik olarak tedaviden 3 ay sonra ortaya ¢ikar ve genellikle tedaviden bir
yildan kisa siire sonra ortaya ¢ikar. Toksisite, alinan doz arttik¢a artar. Tedaviden sonra
en az 1 yil sonra baslayan kalp yetmezligi, ge¢ baslangicli kardiyotoksisite olarak
smiflandmrilir  (68). Doksorubisin kaynakli kardiyotoksisite, uygulanan dozun
blyiikligiine baghidir. Normalde 400 mg/m?'nin altindaki bir doz daha az toksiktir;
ancak bu dozun asilmasi toksisite olasiligmi artirir. Ornegin 550 mg/m? viicut yiizey
alan1 dozunda konjestif kalp yetmezligi insidans1 yaklasik %7 iken, 400 mg/m?*den
diisiik doz alan hastalarda bu oran %0.14'tir (69). Ayrica, hastanin tibbi gegmisi ve
yas1 da kardiyotoksisite riskini etkileyen faktorler arasindadir. Diyabet, hipertansiyon,
hiperlipidemi veya ateroskleroz gibi kardiyovaskiiler hastalik ge¢misi, bu
komplikasyonlarin gelisimine katkida bulunur. Bunun yani sira, 65 yas {istli veya 4
yasindan kii¢iik bireyler kardiyotoksisiteye karsi daha savunmasizdir. Tiitiin
kullanimi, kotii beslenme ve fiziksel aktivite eksikligi de kardiyotoksisite riskini

artiran diger faktorlerdir (70).
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2.2.14. Degerlendirme
Doksorubisin kardiyotoksisi su durumlarda akla gelmelidir:

1- Doksorubisin maruziyeti esnasinda veya sonrasinda Kalp yetmezligi bulgulart,
aritmi bulgusu veya bagka bir kardiyak anormallik.
2- Doksorubisin tedavisi esnasinda veya sonrasinda azalmis sistolik fonksiyonun

tespiti.

Ilk olarak doksorubisin tedavisi srrasinda veya sonrasinda kardiyotoksisite
belirtileri veya bulgular1 ile bagvuran hastalarda tam bir kardiyak degerlendirme

gereklidir (71).

Odakli oykii ve fizik muayene, doksorubisin maruziyeti Oykiisii, diger
kardiyotoksik kanser tedavileri maruziyeti, EKG ve ekokardiyografi her hastaya
uygulanmalidir. Ardindan eger, ilk degerlendirme sonuclar1 kesin degilse (6rnegin,
tanisal olmayan eckokardiyografi gorintileri) veya doksorubisin kaynakli
kardiyotoksisiteyi diger potansiyel kardiyak hastaliklardan (6rnegin, koroner arter
hastaligi, alkol kaynakli sol ventrikiil disfonksiyonu) aymrmak klinik olarak
gerekiyorsa, ek testler gereklidir (72).

Tanisal olmayan goriintiilerle siiphelenen sistolik disfonksiyon - Ekokardiyografi
sonuglart net olmayan doksorubisin toksisitesi siiphesi bulunan hastalarda,
kardiyovaskuler manyetik rezonans (KMR) goérlntileme veya ¢ok daha nadiren, sol

ventrikil ejeksiyon fraksiyonunun niikleer 6lgtimii kullanilabilir.

Sistolik disfonksiyonun belirsiz kanitlar1 olan hastalar- Sol ventrikil ejeksiyon
fraksiyonunda azalma, doksorubisin kardiyomiyopatisi tanist igin kriterleri
karsilamayan veya ejeksiyon fraksiyonunda azalma olmayan diger sol ventrikiil
sistolik disfonksiyonu belirtileri olan hastalarda, ekokardiyografi ile seri testler

yapilmalidir (73).
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2.2.15. Tam
2.2.15.1 Doksorubisin ile iliskili sol ventrikl disfonksiyonu

Doksorubisin  tedavisi almis hastada, sol ventrikil sistolik
disfonksiyonun, diger sol ventrikiil disfonksiyonuna yol acan nedenler digslandiktan
sonra, sol ventriikiil ejeksiyon fraksiyonunda bazalinden 10 mmHg’dan fazla ya da
ejeksiyon fraksiyonunun normalin alt smirinda olmasi tam1 koydurucudur. Cogu
durumda, doksorubisin ile iliskili sol ventrikil sistolik disfonksiyon tanisi bir dislama

tanisidir (6rnegin, koroner arter hastaligi, toksisiteler)(74).

Sol ventrikil ejeksiyon fraksiyonunda olan daha kiiglik azalmalar veya
baska bir sol ventrikiil fonksiyon 6lciitiinde (6rnegin, global longitudinal strain'de 15
puandan fazla azalma) belirgin degisiklik olan hastalarda, kardiyotoksisite mevcut
olabilir ve sol ventrikiil ejeksiyon fraksiyonundaki diistisii tespit etmek icin seri testler
onerilir. Diger anormal sol ventrikiil yap1 ve fonksiyon belirtileri olmadan (6rnegin,
sol ventriikiil dilatasyonu, fonksiyonel mitral yetmezlik, kalp yetmezligi belirtileri),
kanser tedavisi ile ilgili buyik kararlar verilmeden &nce ekokardiyografinin
tekrarlanmasi gerekli olacaktir. Ciinkii kiiclik sol ventriikiil fonksiyon diisiisleri

yaniltici olabilir (75).

Doksorubisin  kardiyotoksisitesinde, sol ventrikul kitlesinde bir
azalma ortaya ¢ikarabilir. Veriler, sol ventrikl ejeksiyon fraksiyonundaki bir azalma
olmadan bile 6nemli kalp hasar1 veya kardiyotoksisitenin meydana gelebilecegini
gostermektedir. Doksorubisin maruziyetini takiben diyastolik disfonksiyon, aritmiler
veya diger kardiyak anormallikler gelisen hastalarda, spesifik tami kriterleri yoktur;
doksorubisin kaynakli kardiyotoksisitenin gdstergeleri, doksorubisin maruziyeti ile

yeni baslayan kardiyak disfonksiyon belirtileri arasindaki kisa siire ile iliskidir (76).
2.2.15.2. Aywrict tam

Doksorubisin kaynakli kardiyomiyopati tanisinin kriterleri spesifik
olmadig1 igin, sol ventriikiil sistolik disfonksiyonun nedenleri diglanmalidir. Oykii,

Ozel belirtiler, EKG bulgulari, ekokardiyografik 6zellikler veya ek laboratuvar testleri,
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alternatif bir sol ventriikiil disfonksiyonu nedeninin varligini veya kardiyotoksisiteyi

diistindiirebilir (77).

2.2.16. Tedavi

2.2.16.1. Sistolik disfonksiyon yonetimi

Mevcut doksorubisin alan hastalar: Doksorubisin kaynakli sol
ventrikil sistolik disfonksiyonu tanis1 dogrulandiginda oncelikli olarak doksorubisin

tedavisini durdurmak gerekmektedir (78).

Sol ventrikul sistolik disfonksiyonun yonetimi: Doksorubisin kaynakli
sol ventrikiil sistolik disfonksiyonu olan hastalarin yonetimi, diger sol ventrikiil

sistolik disfonksiyonu nedenlerine sahip hastalarin yonetimine benzer.

2.2.16.2. Tibbi tedavi

Sol ventrikiil fonksiyonunun yeniden degerlendirilmesi: Doksorubisin
iliskili sol ventrikiil disfonksiyon tanis1 konmus hastalarda, doksorubisin kesilir ve
tibbi tedavi baslatilmasindan sonra goriintiilemeler tekrarlanir ve sol ventrikiil
fonksiyonunda herhangi bir iyilesme olup olmadigi degerlendirilir, bdylede

etkilenmenin doksorubisin baglanip baglanamayacagina kara verilebilir (79).

Doksorubisine devam edilmesinin risk ve yararmin degerlendirilmesi:
Gerekirse, devam eden doksorubisin uygulamasimnin olast oldugu durumlarda, bunun
uygunlugu, kardiyak toksisitenin derecesine, kanser evresine, doksorubisin olmayan
temelli rejimlerin mevcudiyetine ve etkinligine ve hasta tercihine baglidir. Genel
olarak, devam eden sistemik antikanser tedavisi gosteriliyorsa, doksorubisin

icermeyen bir rejim uygulamak tercih edilir (80).

Doksorubisin kardiyotoksisitesi gelismis hastalarin, kardiyotoksisite
riskinin diger kanser tedavileri ile iliskilendirilmis hastalardan daha yiiksek oldugunu

bilmeleri 6nemlidir. Doksorubisin kardiyotoksisitesi yasami tehdit edici olabilir ve
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kalicidir. Bu nedenle, belirgin bir kardiyotoksik reaksiyon meydana geldiginde
doksorubisin recete edilmesinin riskleri dikkate alinmalidir. Ayrica, kardiyak takip ve

erken miidahale i¢in hasta izleme protokolleri olusturulmalidir (81).
2.2.16.3. Doksorubisine bagl kardiyotoksisitede deneysel tedavi segenekleri

Doksorubisine  bagli  kardiak  toksisitenin ~ Onlenmesi  konusunda
flavonoidlerden bazilar1 antioksidan-serbest radikal siipiiriici ve metal iyonlar:
baglayic1 (selasyon) ozellikleri dolayisiyla tedavide bir segenek olusturabilirler.
Ozellikle karaciger iizerinde toksik tablolar olusturarak hazirlanan hayvan
modellerinde detoksifikasyona yardimci olduklar literatiirde yer almaktadir. Yapilan
in-vitro ve in-vivo bir¢ok deney bu maddelerin yukarida saydigimiz ozelliklerini

hayvan sistemlerinde gosterebilecegini ortaya koymustur (82).

Bu selasyon stratejileinden biri de doksorubisin kaynakli kardiyotoksisiteyi
onlemek i¢in FDA onayli kardiyoprotektif ilaglarla (6rnegin deksrazoksan) birlikte
uygulanmasidir. Deksrazoksan’in en guincel mekanizmalar1 arasinda demir selasyonu,
oksidatif stresi azaltma ve niikleusta topoisomeraz II ile dogrudan rekabet etme

ozellikleri bulunmaktadir (83).

Dogal iirlinler, beslenmede ve bircok hastaligin tedavisinde insanlar
tarafindan geleneksel olarak kullanilmaktadir. Flavonoidler, 6zellikle doksorubisin
kaynakli kardiyotoksisiteye karsi kardiyoprotektif onlemler agisindan genis capta
incelenmistir. Flavonoidler, antioksidan, anti-enflamatuar, anti-apopitoz ve demir

selasyonu gibi farmakolojik etkilere sahiptir (83).

2.3. Flavonoidler

Flavonoidler, dogal bilesikler grubunun 6nemli bir parcasidir ve birgok bitkide
bulunur. Ozellikle flavonoidlerin farmakolojik etkileri, hayvan modelleri, hiicre
modelleri ve insan klinik deneylerinde yogun bir sekilde test edilmistir. Flavonoidler;

antioksidan, anti-enflamatuar, anti-apopitoz ve demir selasyonu gibi birgok
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farmakolojik 6zellige sahiptir. Flavonoidler, yapisal olarak flavonoller (quercetin,
rutin), flavonlar (apigenin, luteolin), antosiyaninler (siyanidin), flavanonlar
(hesperedin, naringenin) ve izoflavonoidler (genistin, genistein) olarak smiflandirilir

(Sekil 5)(85).
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Sekil 5. Flavonoidlerin kimyasal yapis1 (84)

2.3.1 Luteolin

Luteolin, sebze ve meyveler gibi glnlik hayatta sikga tiiketilen dogal
kaynaklarda bulunan bir flavonoiddir. Luteolin, anti-kanser, anti-diyabetik, kolesterol
diistiriicti ve kardiyoprotektif 6zelliklere sahiptir. Ayrica, doksorubisinin metabolitine
doniisiimiinii 6nleyerek kardiyotoksisiteyi azaltir. Cin tibbinda zengin luteolin igeren
bitkiler, inflamasyonu, hipertansiyonu tedavi etmek icin kullanilmistir. Luteolin,
kardiyomiyopatiler, iskemik/reperfiizyon hasar1 ve ateroskleroz gibi kardiyovaskiiler

hastaliklarin tedavisinde olumlu etkiler gostermistir (86).

Bir ¢aligmada, doksorubisin uygulanan siganlarda luteolin ile tedavi
edilen gruplarda kardiyak biyomarkerlar (Troponin T, BNP ve LDH) anlamli derecede

azalmigtir. Luteolin, hiicre hayatta kalma oranmi artiran protein kinaz B proteininin

20



dizenlenmesini saglamistir. Hlicre modellerinde de luteolinin oksidatif stres Gretimini
azalttig1 ve apopitoz oranmi distirdigii goriilmiistiir. Luteolin ayrica kalsiyum
dengesini koruyarak kalp kast islev bozukluklarini 6nler ve SERCA2a ekspresyonunu
artirir (87).

2.3.2. Quercetin

Quercetin, genellikle meyveler (6rnegin, bogiirtlen), sogan, elma,
armut, 1spanak gibi bircok bitkide bulunan bir flavonoiddir. Insanlarda giinliik
quercetin aliminin 20-50 mg civarmda oldugu tahmin edilmektedir. Quercetin, kanser
karsit1, anti-diyabetik, analjezik, anti-inflamatuar gibi ¢ok sayida farmakolojik
etkisiyle bilinir ve kardiyoprotektif olarak da 6nemli bir rol oynar. Quercetinin,
doksorubisin kaynakli kardiyotoksisite, iskemik/reperflizyon hasari ve diyabetik
kardiyomiyopati gibi ¢esitli kalp rahatsizliklarina karsi koruyucu etkiler gosterdigi
bildirilmektedir (88).

Quercetin, hiicre sinyal yollarinin yukar1 ve asagi akisinda etkili olur
ve kardiyomiyositler i¢in yararli etkiler saglar. Quercetin'in ekstraselliler signal
regulating kinaz (ERK) ve Mitojen aktif protein (MAP) kinaz proteinlerini baskiladig:
ve hiicre hasarii azalttig1 gortilmiistiir. Bir gcalismada, quercetin ile tedavi edilen H9c2
hicrelerinde apopitoz oran1 6nemli 6l¢lide azalmstir; buna karsin sadece doksorubisin
verilen hiicrelerde apopitoz orani belirgin sekilde artmistir. Quercetin, mitokondri
islevini iyilestirir ve oksidatif stresi azaltir. Ozellikle, quercetin mitokondri gegirgenlik
gecis gozeneklerini (mPTP) onleyerek mitokondriyi asirt ROS iiretimine karsi korur
(89).

Bir bagka ¢alismada, 100 mg/kg quercetin ile tedavi edilen sicanlarin
kalp biyobelirtecleri (kreatin kinaz (CK), laktat dehidrogenaz (LDH), Troponin)
onemli 6lgiide azalmig ve kalp histolojisi iyilesmistir. Quercetin, anti-inflamatuvar
etkiler gdstererek tumor nekrozis faktor (TNF)-alfa ve nikleer faktor-kappa B (NF-
kB) ekspresyonunu baskilar. Quercetin, doksorubisin kaynakli toksisiteye karsi bu
proteinleri baskilayarak kalp dokusunu korur. Ayrica, quercetin ve diger bilesiklerle

birlikte (6rnegin resveratrol ile) kullanildiginda, oksidatif stres ve kalp hasarina karsi
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daha giiclii etkiler gostermistir. Quercetin'in siiper oksid dismutaz (SOD), katalaz ve
glutatyon peroksidaz gibi antioksidan enzimlerin ekspresyonunu artirdigi ve ROS
iretimini azalttigi pek c¢ok calismada dogrulanmistir. Bu ozellikleri, quercetini
doksorubisin kaynakli kardiyotoksisiteye karsi giiclii bir kardiyoprotektif ajan haline
getirmektedir (90).

2.3.3. Apigenin

Apigenin, flavonlar grubuna ait bir bilesiktir ve bir¢ok bitki dokusunda
dogal olarak bulunur. Apigenin; antioksidan, anti-inflamatuvar, anti-apopitotik ve
antidiyabetik etkiler gibi g¢esitli farmakolojik o©zelliklere sahiptir. Apigenin'in
PI3K/Akt sinyal yolunu yukari regiile ettigi ve NF-xB ekspresyonunu baskiladigi
bilinmektedir. Ayrica, siklooksijenaz (COX)-2 ekspresyonunu azaltarak iltihabi
hafifletir. Apigenin, antioksidan enzimlerin (SOD, katalaz, glutatyon) ekspresyonunu

artirir ve boylece hiicresel oksidanlarla savagir (91).

Apigenin, hem hayvan hem de hiicre modellerinde doksorubisin
kaynakli kardiyotoksisiteye karst koruyucu etkiler gostermistir. Bir calismada,
apigenin ile tedavi edilen siganlarda kalp biyobelirtgleri (CK-MB, LDH, troponin T)
belirgin sekilde azalmis ve kardiyak fibr6z doku orani diigsmiistiir. Apigenin ayrica
mitokondri disfonksiyonunu hafifleterek apoptozu azaltmistir. Diger calismalarda,
apigenin PI3K/Akt/mTOR yolunu aktive etmis ve hiicrelerin hayatta kalma oranini

artirmistir (92).

2.3.4. Rutin

Rutin, flavonoidlerin flavonol alt sinifina ait bir bilesiktir ve bir¢ok
bitki tiirlinde bulunur. Rutin, kardiyak yeniden sekillenmeyi (remodeling) azaltan
etkiler gosterir ve ROS iiretimini inhibe eder. Doksorubisinin yol actig1 sol ventrikiil
genislemesi ve kardiyak fonksiyon bozuklugu etkilerini hafifletir. Rutin, ROS
iretimini ve apopitozu azaltarak kardiyomiyositleri korur. Bir ¢aligmada, rutin ile
tedavi edilen H9c2 hiicrelerinde apoptoz orani belirgin sekilde azalmis ve anti-

apopitotik protein olan B cell lenfoma 2’nin (Bcl-2) ekspresyonu artmustir (93).
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Hayvan modellerinde yapilan baska bir ¢aligmada, rutin ile tedavi
edilen farelerde sol ventrikul ejeksiyon fraksiyonu ve kalp dokusundaki fibroz

alanlarin 6nemli dl¢lide iyilestigi gdzlenmistir (93).
2.3.5. Hesperidin

Hesperidin, narenciye meyvelerinde (6rnegin portakal, limon) bulunan
bir flavanon grubuna ait flavonoiddir. Antioksidan, anti-inflamatuar, anti-apopitoz ve
anti-kanser ozellikleri ile tanman hesperidin, 6zellikle kardiyovaskiiler hastaliklar
uzerine olumlu etkiler gostermektedir. Doksorubisin kaynakli kardiyotoksisiteye karsi
hesperidinin koruyucu etkileri iizerine yapilan c¢alismalarda, bu bilesigin kalp
biyobelirteglerini azalttig1, antioksidan enzim seviyelerini artirdigi ve ROS {iretimini

inhibe ettigi gosterilmistir (94).

Bir ¢alismada, doksorubisin ile tedavi edilen siganlarda hesperidin
uygulamasi, serumda CK-MB, LDH, AST ve ALT seviyelerinin belirgin bir sekilde
azalmasma neden olmustur. Ayrica, hesperidin doksorubisinin yol agtig1 kalp kasi
hasarmi azaltmis ve antioksidan enzimlerin (SOD, katalaz, GSH) aktivitelerini
artrrmistir.  Mitokondriyal —disfonksiyonu Onleyerek kalsiyum homeostazini
diizenlemis ve apoptoz seviyesini azaltmistir. Hesperidin ayrica, hiicre i¢i demir
seviyelerini azaltarak Fenton reaksiyonunu engeller ve oksidatif stresin siddetini
hafifletir (95).

2.3.6. Siyanidin

Siyanidin, antosiyaninler smifina ait bir flavonoiddir ve ozellikle
meyve ve sebzelerde (6rnegin bogiirtlen, kiraz, siyah havug) bol miktarda bulunur.
Siyanidin; antioksidan, anti-inflamatuvar ve kardiyoprotektif etkileri ile bilinir.
Ozellikle ROS dretimini azaltarak ve lipid peroksidasyonunu onleyerek

kardiyotoksisiteyi hafifletir.

Siyanidin, mitokondriyal fonksiyonlarin iyilesmesine yardimci olur ve

doksorubisin ile indlklenen apopitozu engeller. Bir ¢calismada, siyanidin uygulamasi
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yapilan si¢anlarda, doksorubisin ile tetiklenen kalp biyobelirteclerinin (Troponin, CK-
MB, LDH) seviyelerinin anlamli 6l¢iide azaldigi goriilmiistiir. Ayn1 zamanda
siyanidin, mitokondri zarindaki gegirgenlik gozeneklerinin kapanmasma katkida

bulunarak mitokondriyi korur ve apopitoz oranini diisiiriir (96).
2.3.7. Naringenin

Naringenin, narenciye meyvelerinde (6zellikle greyfurt ve portakalda)
bulunan bir flavanon tiridir. Naringenin'in kardiyovaskuler sistem tzerinde gucli
antioksidan ve anti-inflamatuar etkileri oldugu bilinmektedir. Doksorubisin kaynakl
kardiyotoksisiteye karsi koruyucu etkileri iizerine yapilan arastirmalarda, naringenin

ROS iiretimini azaltmis ve lipid peroksidasyonunu dnlemistir (97).

Naringenin, kardiyomiyositlerde Ca** homeostazin1 diizenleyerek
doksorubisinin neden oldugu hiicre i¢i kalsiyum dengesizliklerini diizeltir. Bu,
hlcrelerin apopitoza karsi korunmasini saglar. Ayrica, TNF-a ve interlokin (IL)-6 gibi
pro-inflamatuar sitokinlerin seviyelerini diisiirerek inflamasyonu onler. Yapilan bir
caligmada, doksorubisinle tedavi edilen siganlara naringenin verildiginde, sol ventrikl
fonksiyonlarmin iyilestigi ve oksidatif stres belirteclerinin azaldig: goriilmiistiir (Sekil
6)(98).

Bu flavonoidlerin, doksorubisin kaynakli kardiyotoksisiteyi dnlemede
etkili oldugunu gdésteren bir¢ok arastirma bulunmaktadir. Caligmalardan elde edilen
bulgular, bu dogal bilesiklerin ROS, inflamasyon ve apopitoz lzerinde olumlu etkiler

yaparak kalbi korudugunu ortaya koymaktadir (99).
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Kaspaz 3

Sekil 6. Flavonoidlerin hiicre i¢i etkileri (100 numarali kaynaktan Tiirkge’lestirilerek alinti

yapilmustir)

Yukarida da bahsedildigi gibi ¢alismalarda doksarubusine bagli gelisen
kardiyotoksisitetede N- Asetil sistein, katesin, E vitamini, glutatyon, kalsiyum
antagonistleri, flavonoidler gibi ajanlar denenmis ancak hasar1 tamamen geri
dondiirebilen yiiz giildiiriicii sonuclar elde edilememistir. Kardiyotoksisitenin temel
mekanimas1 olan serbest oksijen radikallerinin olugsmasi ya da olusan radikallerin
uzaklastirilmas: mimkin olur ise kardiyotoksisite de minimalize edilmis olacaktir. Bu
noktadan yola ¢ikarak kuvvetli bir anti-oksidan ajan oldugunu bildigimiz bugday
ruseym yagmin doksorubusine bagli olusan kardiyotoksisiteye olan etkisini

incelemeyi diistindiik.
2.4. Bugday ruseym yagi

Bugday ruseym yagi, bugday tanesinin i¢inde bulunan ve zengin besin 6geleri
iceren bir bitkisel bir yagdir. Hem geleneksel hem de modern tipta gesitli yararlar

oldugu 6ne siirtilmstiir (101).

Diinya genelinde bugdaymn 6giitiilmesi sirasinda iiretilen bugday tohum zari
cogunlukla hayvan yemi formilasyonunda diyet takviyesi olarak kullanilmaktadir

(101). Ancak, bugday tohum zari, proteinler, lipidler, sekerler ve mineraller gibi
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yiiksek konsantreli besin maddeleri yaninda tokoferoller (E vitamini), B grubu vitaminleri,
karotenoidler, flavonoidler, fitosteroller ve polikosanol gibi 6zel bir kaynaktir. Bu
nedenle, bugday tohum zar1 potansiyel olarak besleyici bir gida takviyesi olmasinin yani
sira ekmek, kurabiye kek gibi gidalarin hazirlanmasinda kullanilan bir hammadde
kaynagidir (101). Ayrica, bugday tohumundan elde edilen yag, ilac ve kozmetik
endiistrisinde (6rnegin, alfa-tokoferol) vitamin iiretimi i¢in yaygin olarak kullanilmakta
olup, ayn1 zamanda gida, yem ve biyolojik bocek kontrol ajani olarak da kullanilmaktadir
(102). Yagsiz bugday tohumu zar1 ve bugday tohumu proteinleri, islenmis et, tahillar ve
firin trtinleri, ekstriide edilmis yiiksek proteinli gidalar ve igecekler gibi gesitli gida
urtinleri igin faydali iceriklerdir. Bugday tohumu ve tirevlerine atfedilen faydalar arasinda
plazma ve karaciger kolesteroliiniin diisiiriilmesi, kolesterol emiliminin azaltilmasi,
trombosit agregasyonunun inhibe edilmesi, fiziksel dayamikliligin artirilmasi,
yaslanmanin geciktirilmesi, dogurganligin artirilmasi ve kanserojen etkinin nlenmesi ve

tedavisi bulunmaktadir (103).

Bugday tohumunun insan tiiketimi, rafinoz, fitik asit ve bugday tohumu
agliitininleri gibi bazi antiniitrisyonel molekiillerin varlig1 tarafindan genellikle
sinirlanmaktadir, ancak pisirme, hafif termal islemler ve mayalanma gibi islemler
sindirilebilirligini artirabilir (104). Ogiitme endustrisi icin 'bugday tohumu', bugday tohum
organinin embriyo kismidir. Bununla birlikte, morfolojik olarak tohum, bugday tanesinin
hem embriyo hem de skutellum fraksiyonlarmi igerir. Degirmenciler genellikle
skutellumu etkili bir sekilde ¢ikaramazlar ve bu fraksiyon normalde kepek ile birlikte
tasmir. Ekonomik olarak, skutellum, embriyo fraksiyonundan daha degerlidir, ¢iinkl daha
yiikksek vitamin ve toplam yag igerigine sahiptir (105). Her durumda, mevcut tohum
ayrrma teknolojisi, embriyonik tohumun yaklagik %0.4-0.5'lik bir verimini verirken,
tohumun tamami tohum agirhgmin %?2.5-3.8"ini temsil eder (106). Ayrilma mevcut
teknolojiye iliskin kapsamli, ancak biraz eski bir inceleme, Posner tarafindan sunulmustur.
Ticari degirmenlerde iki yaklasim 6ne ¢ikmaktadir. En yaygin yontemde, bugday tohumu
pargaciklarini igeren ara iriinler, tohumun sikilmasma izin veren yiiksek yag igerigi
nedeniyle sikistirilmis (yassilasmis) ve sizme yoluyla ayrilir. Ancak, sikistirma sirasinda
bazi, una transfer edilebilir, bu da yag kaybina ve unun kontaminasyonuna neden olabilir.
Ikinci yontem, bugday tohumunu &zel olarak tasarlanmis bir tohum ayiriciyla bir kirma

sisteminde ayirir, ancak, bu sistem sofistike ekipmana biiylik yatirim ve yiiksek isletme

26



maliyetleri gerektirir. Posner ve Li tarafindan Onerilen bir 6giitme siirecinin bir pargasi
olarak bugdaym hem embriyo hem de skutellum fraksiyonlarinin ¢ikarilmasi i¢in adim
admm bir prosedur 6nerilmistir. Ydntemleri, bugdaym embriyo kismimi maksimum etkiyle
ayirmaya izin veren toplam nem icerigine (yaklasik 9%13.5) kadar bugdayin
yumusatilmasini gerektirir, ardindan, yumusatilmis bugday mekanik etki kuvvetlerine
maruz birakilarak embriyo bugdaydan ayrilir. Bu adimlardan sonra, deembriyonize
edilmis bugday, ardisik ¢iftlerin kirilma silindirleriyle skutellum ayirmasi i¢in ikinci bir
yumusatma adimina (yaklasik %16'ya kadar) tabi tutulur. Embriyo ve skutellum bu sekilde
bugdaydan ayrilirken, endosperma fraksiyonu yalnizca minimum miktarda tohum
kaynakli kontaminant iceren yiiksek kaliteli bir un haline getirilir. Bu yontem, embriyonik
eksenin ve skutellumun % 50-100'Gntn kurtarilmasina izin verir, bugday cesidine / turiine
bagh olarak geleneksel tekniklerle elde edilen %15-20'ye kiyasla ¢ok daha verimlidir.
Tohumun kompozisyonu, yaklasik %10-15 yag, %26-35 protein, %17 seker, % 1.5-4.5 lif
ve yaklasik %4 mineral icerir (107). Ozellikle fitosteroller (24-50 mg/kg), polikozanol (10
mg/kg), karotenoidler (4-38 mg/kg), tiamin (15-23 mg/kg) ve riboflavin (6-10 mg/kg) gibi
onemli miktarda biyoaktif bilesiklerin bulunmasidir. Bugday tohumu, embriyonik
dogasinda sayisiz enzim icerir. Ogiitme siirecinden elde edilen tohum fraksiyonunda,
karbonhidratlar toplamin yaklasik %45'ini temsil eder (108). Ancak, bunlar genellikle
diger kontaminasyon fraksiyonlarindan gelir. Nisasta endospermden, ¢ogu seliiloz ve
hemiselluloz kepekten gelir. Bugday tohumu yaklasik %10-15 yag igerir. Yag geri
kazanimi, mekanik presleme veya ¢oziicii ekstraksiyon ile gergeklestirilir; bu iglemler
sirasiyla toplam lipidin yaklasik %50'sini veya %90'dan fazlasini geri kazanir (109).
Avyrica, yag igerigi, diisiik yag icerigine sahip olan kepek ve endosperm ile kirlenmenin
derecesi ve yassilagsma sirasinda yag kaybi tarafindan etkilenir. Ham bugday tohumu yagi
genellikle koyu renkli olup, oksidatif kosullara bagli olarak guclu bir koku ve tat olabilir.
Yiksek Kkaliteli, stabil yaglar iiretmek igin, istenmeyen bilesiklerin eliminasyonu ve
mimkiin oldugunca ¢ok miktarda tokoferol ve diger besin maddelerinin korunmasi
gerekmektedir Geleneksel rafine islemleri sirasinda, 6nemli bir besin bilesenlerinin
kismen kaybedildigi bilinmektedir 6rnegin, deodorizasyon tokoferol igerigini onemli
oOl¢lide azaltmaktadir. Bu nedenle, stiperkritik akiskan fraksiyonlama gibi alternatif yag

rafinasyon yollar1 onerilmistir (110).
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Bugday tohumu lipidleri buyik 6lcude yag asitlerinden (YA) olusur. Ham yagin
serbest yag asidi (SYA) igerigi genellikle yiiksektir (%5-25) ve tohumun
kokusmusluguna, ayrilma yontemine, depolama ve yag ¢ikarma kosullarina bagl olarak
degisir. Yiyeceklerdeki aci ve sabunlu tat genellikle SYA'ye baghdir. Serbest yag
asitlerinin ¢ogunlugu trigliseridlerdir (%57) ve en bol olani linoleik asittir (18:2). Bu,
toplam trigliseridlerin %42-59'unu olusturur, onu palmitik asit (16:0) ve oleik asit (16:1)
izler. Doymamis asitler, trigliseridlerin yaklagik %80'ini olusturur. Bildirilen ylzde
kompozisyonlar1 arasindaki farklilik, bugday c¢esitleri, biliylime kosullari, tohumun
depolanmasi ve lipidlerin ¢ikarilma yontemindeki farkliliklara baglanabilir (111). Daha
yiiksek monounsaturate yag asidi konsantrasyonlar1 i¢in farkli YA profilleri, spelt ve
einkorn bugdaylar: i¢in bildirilmektedir. Kiigiik miktarlarda polar lipitler de bulunur.
Hargin ve ark. ¢alismalarinda ve Morrison ve ark. ¢aligmalarinda %14-17 veya daha az

miktarda fosfolipidler /glikolipid bildirmislerdir.

Bugday yag1 ayrica, hastalik 6nlemede 6nemli bir rol oynayan iki iyi bilinen
antioksidan olan tokofenol (1300-2700 mg/kg) ve karotenoid de igerir. Ayrica, bugday
yag1 i¢inde bulunan iki alkol grubu, kolesterolil diisiiriicli etkilere sahiptir; polikosanol

(yuksek molekul agirlikli alifatik primer alkol karigimi) ve fitosteroller (steroid alkol).

Yagin ¢ikarilma surecinin ana yan triind, yagsiz bugday tohumu unudur (112).
Bu fraksiyon yiiksek protein igerigine sahiptir (yaklasik %35; 6zellikle albiimin (toplam
proteinin %34.5'i) ve globilin (15.6%). Dengeli bir amino asit profiline sahiptir, esansiyel
amino asitler agisindan zengindir (6zellikle lizin) ve sebze proteinlerinin en cazip ve umut
verici kaynaklarindan biri olarak gosterilir. Yagsiz bugday tohumu ayrica sekerler
(yaklasik %20), bunlarin %58.5'i sukroz ve %41.5'1 rafinoz; lif, pentozanlar ve nisasta

ayrica karotenoidler ve flavonoidler) de igerir (113).

Temel mineral bilesenleri potasyum, magnezyum, kalsiyum, g¢inko ve
manganezdir, Yagsiz bugday tohumunun total fenolik bileseninden antioksidan aktivitesi
yiiksektir ve bu, oksidatif stres seviyelerini azaltmak i¢in 6nemlidir. Dahasi, bugdaya
dayali gidalarin zenginlestirilmesinde kullanimi, birgok gelismekte olan iilkede
beslenme iyilestirmesi i¢in degerli bir takviye araci sunar. Yagsiz bugday tohumu unu
proteinleri, bovine serum albuminlerinin emiilsifiye 6zelliklerine ve kararliligina, iyi

kopiirme kapasitesine ve miikemmel su tutma 6zelligine sahiptir (114).

28



2.4.1. Saghk Uzerine etkileri

Antioksidan bilesikler icermesi nedeniyle, oksidatif stresi azaltabilir ve
inflamasyonu 6nleyebilir. Bu, kalp hastalig1 riskini azaltabilir ve metabolik sendrom
gibi durumlarin gelisimini dnleyebilir. Bugday ruseym yagi ayrica, sindirim saglhigini
destekleyebilir, bagigiklik sistemini gii¢lendirebilir ve cilt saghigmni iyilestirebilir
(115).

Bugday ruseym yagimin saglik izerine etkileri genellikle antioksidan ve
anti-inflamatuar &zelliklerine baglanmustir. Ornegin, bugday ruseym yagindaki
vitamin E gibi antioksidanlar, serbest radikalleri temizleyebilir ve hiicresel hasarini
azaltabilir. Ayrica, icindeki omega-3 yag asitleri, inflamasyonu inhibe edebilir ve

kardiyovaskiiler saglik iizerinde olumlu etkiler gosterebilir (116).

Bugday ruseym yagi iizerine yapilan klinik calismalar, cesitli saglk
yararlarini destekleyebilecek olumlu sonuglar sunmustur. Kan lipid profili iizerinde
olumlu etkileri oldugu gosterilmistir. Ayrica, cilt saghgi {izerine olumlu etkileri de

gozlemlenmistir (117).

Bugday ruseym yagi, beslenme ve saglik tizerine olumlu etkileri
olduguna inanilan bir bitkisel yagdir. Antioksidan ve anti-inflamatuar Ozellikleri

nedeniyle, kalp sagligimi, metabolik sagligi ve genel sagligi destekleyebilir (118).

2.5. Deneysel doksorubisine bagh kardiyotoksisite modelleri
2.5.1. Antrasikline bagh kardiyomiyopati modelleri

Baslangicta antrasiklin antibiyotiklerinin zarar verici etkilerini simiile etmek
icin hem biiyiik hem de kiiciik laboratuvar hayvanlar1 kullanilmistir. Tavsanlar, kronik
doksorubusin kardiyotoksisite etkilerini yasayan ilk hayvanlar olmustur. Maral ve ark.,
daha sonra Jaenke, tavsanlara 3-4 ay boyunca doksorubusin uygulandiktan sonra

miyokardda histolojik ve ultrastrukturel degisiklikleri tanimlamiglardir (119,120). Bu
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aragtirmacilar, kardiyomiyopatik lezyonlarin sikliginin ve siddetinin en yiiksek oranda
sol ventrikiil duvar1 ve interventrikiiler septumda oldugunu, orta diizeyde atriyumlarda

ve en diislik diizeyde sag ventrikiil duvarinda oldugunu bildirmistir.

Biiyiik laboratuvar hayvanlarmin (domuzlar, maymunlar, kopekler gibi)
basglica avantajlari, kardiyovaskdler sistemlerinin anatomik yapisinin insanla benzerligi,
antrasiklinlerin uygulanmasi sirasinda meydana gelen miyokarddaki benzer patolojik
degisiklikler ve kalp fonksiyonlarni karakterize eden genis bir yelpazedeki islevsel
calismalarin yapilabilmesidir (121). Ancak, biiyiikk hayvan modelinin 6nemli
dezavantajlar1 arasinda, gerekli ilag miktarinin fazlalig1 ve kan drneklemesi yapilmasi
ile doksorubusinin (stiperior vena kava) ¢oklu intravendz enjeksiyonlarmnin
gerceklestirilmesi sirasinda ortaya ¢ikan teknik zorluklar yer alir (121,122). Ayrica,
kardiyotoksik etkilerin elde edilmesi i¢in daha fazla miktarda kanser ilact ve
kardiyotoksisite belirtilerinin gelismesi i¢in daha uzun streler gerekmektedir (123). Bu
dezavantajlar, biliylik modeller iizerinde yapilan deneyleri daha az verimli ve ¢ok daha

maliyetli hale getirir.

Antrasiklin analoglarinin toksik o6zelliklerini incelemek gerektiginde kiigiik
laboratuvar hayvanlar1 modellerine ihtiya¢ duyulmustur. Kisa bir siire i¢inde nispeten
biiyiik bir hayvan 6rnekleminde ilaglarin incelenmesine olanak taniyan, ayni zamanda
miyokard hasarint  ve potansiyel kardiyoprotektif tedavilerin  etkinligini
degerlendirmeye olanak taniyan bir model gerekliydi. Bu kriterleri karsilayan en yaygin

kullanilan modeller laboratuvar fareleri ve sicanlardir (124).

2.5.2. Sican modelleri

1977 yilinda Mettler ve arkadaslari, Fisher siganlarinin 10-14 hafta boyunca
haftada 1-2 mg/kg doksorubusin uygulandiktan sonra konjestif kalp yetmezligi
belirtileri gosterdigini bildirmistir. Bu hayvanlarda histolojik degisiklikler arasinda
miyositlerde vakuolizasyon ve dejenerasyon, interstisyel ddem ve hafif fibrozis
gozlemlenmistir (125). En iyi sigan modelini bulma arayisinda olan Herman ve

arkadaglari, 1985 yilinda spontan hipertansiyonu olan yetiskin erkek siganlarda ve
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genetik olarak iliskili normotansif Wistar-Kyoto siganlarinda kronik doksorubusin
kardiyotoksisitesinin siddetini karsilastirmiglardir (126). Her iki sigan tiiriinde de kalp
lezyonlar1 gézlemlenmistir. Ancak, 12 hafta boyunca haftada 0.25-1 mg/kg doz
seviyesinde, spontan hipertansiyonu olan siganlar, normotansif sicanlara gore
doksorubusinin kardiyotoksik etkilerine kars1 nemli 6l¢iide daha hassas bulunmustur.
Bu asir1 hassasiyetin mekanizmasi belirlenememistir. Duyarhiliklart ve kalp
lezyonlarmin yiiksek derecede tekrarlanabilirligi nedeniyle, spontan hipertansiyonu
olan sicanlar, antrasiklin kardiyotoksisitesini incelemek i¢in diger sigan tiirlerine gore
daha uygundur (121). Ancak, bu model sadece kemoterapi gérmiis siddetli arteriyel

hipertansiyonu olan dar bir hasta grubunu yansitmaktadir.

Genel olarak, modeller enjeksiyon protokollerine bagli olarak kisa siireli ve
uzun sureli olarak ikiye ayrilabilir (121,127). Kisa sureli sigan modellerinde, hayvanlara
tek bir dozda intravendz olarak (10-30 mg/kg) doksorubusin verilir (128). Diger kisa
streli modellerde ise, 2-3.4 mg/kg doksorubusin her iki giinde bir, alt1 kez
intraperitoneal olarak uygulanir (toplam doz 12-20 mg/kg)(128-135). Uzun sireli sican
modelleri genellikle 2-12 hafta boyunca haftada 1-5 mg/kg ile toplamda 3-25 mg/kg
dozlarmda uygulanir (136-147).

Son zamanlarda daha ¢ok kabul goren ¢alismalarda, 6 kez giin asir1 2.5 mg/kg
doksorubusin uygulanan modeller arastirilmaktadir (148-152). Histolojik inceleme, bu
enjeksiyon protokoliiniin diizensiz aralikli miyokardiyal liflere, inflamasyon, 6dem ve

16kosit hiicre infiltrasyonuna yol actigimi gostermistir.

Kalbin elektron mikroskopik incelemesi, doksorubusinin miyofibrillerin
dejenerasyonu ve/veya kaybi ile karakterize edilen ve kardiyomiyositlerin sitoplazmik
vakuolizasyonu gibi heterojen subhiicresel degisiklikler indiikledigini gdstermistir. Bu
degisiklikler, doksorubusin kardiyotoksisitesinin yapisal belirtegleri olarak bilinir.
Ayrica, kalbin hiicre dig1 alaninda da yapisal bir diizensizlik gozlenmistir, ve bu, hlicre
dis1 matriks proteinlerinin yogunlugunda bir artigla kendini gosterir. Ayn1 zamanda,
ultrastrukttrel analiz, hasar gormiis kapiller endotelyal hicrelerin varligini géstermistir.

Hasar, plazmalemal biitiinligiin diizensiz olarak bozulmasi, mitokondri hasari,
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sitoplazmik yogunlukta degisiklikler, ribozom sayisi, pinositoz vezikulleri ve kromatin
organizasyonunun rastgele dagilmasi ile karakterize edilir; bu, endotelyal hiicrelerin
aktivasyonunu ve disfonksiyonunu gosterir (153). Ayrica, doksorubusin ile tedavi
edilen sicanlarin kalplerinde sunlar gdzlenmistir: interstisyel kollajen liflerinin artan
birikimi; makrofajlarin, biiyiikk zarla bagli alanlar olusturan vakuollerin, Kajal hiicre
uzantilarinin ve proliferatif fibroblastlarin varligi. Tiim bu degisiklikler, doksorubusin
uygulamasinin bitiminden dort hafta sonra ortaya ¢ikar ve sekizinci hafta boyunca

kottlesir (154).

Sicanlarda doksorubusinin kronik kardiyotoksisitesini olusturan tek bir

evrensel model heniiz gelistirilememistir.

32



3. GEREC VE YONTEM

Bu c¢alisma randomize, kontrollii deneysel arastirmadir. Calismanin
gerceklestigi yer Dokuz Eylil Universitesi T1ip Fakiiltesi Tibbi Farmakoloji Anabilim
Dali ve Dokuz Eyliil Universitesi Tip Fakiiltesi Deney Hayvanlar1 Laboratuvar ve
Dokuz Eyliil Universitesi Tip Fakiiltesi Tibbi Histoloji ve Embiriyoloji Anabilim
Dal’dir. Calismaya Dokuz Eylil Universitesi Hayvan Deneyleri Yerel Etik
Kurulu’nun 01.04.2023 ve 12/2023 sayili onaymm ardindan baglandi.

Calismada, 180-250 gram agirliginda, 34 adet, erkek Wistar albino cinsi sigan
kullanildi. Sicanlar Dokuz Eyliil Universitesi Tip Fakiiltesi Deney Hayvanlari
Laboratuvar’ndan temin edildi ve aym1 merkezde bakimlar1 saglandi (Resim 1).
Sicanlar ¢alisma boyu normal diyet ile ad libitum beslendi. Girisimsel standardizasyon
acisindan intraperitoneal enjeksiyondan once 16 saat a¢ birakilarak sadece su
icmelerine izin verildi. Calisma siiresi 12 giin olarak tasarlandi. Hayvanlarin tiimii 11
giin, glin asir1 enjeksiyona tabii tutuldu. Enjeksiyon periyodundan 24 saat sonra (12.
giin) deneysel caligmalar i¢in laboratuvara getirildi. Sicanlar deney 6ncesi 12 saat ag

brrakild1 ve sadece su i¢cmelerine izin verildi.
3.1. Deneyde kullanilan ilaglar

Uretan (Sigma-Aldrich, MO, USA), 300 mg/mL olacak sekilde distile suda
cozuldu.
Alfa-kloraloz (Sigma-Aldrich, MO, USA), 300 mg/mL olacak sekilde distile

suda ¢ozuldu.

Doksorubisin (Saba ilag, Adrimisin, 50 mg flakon25 ml enjeksiyonluk
distile su ile ¢oziilerek hazirlandi.)

Bugday ruseym yag (TABIA Dogal Destek Uriinleri Arastirma Sanayi ve
Ticaret A.S. Tiirkiye) (Igeriginde %53.44 linoleik asit, %19.97 palmitik
asit, %17.3 oleik asit, %7.56 linolenik asit ve %1.71 eikosenoik asit

bulunmaktadir. Yogunlugu 0.92 gr/mL’dir.)
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3.2. Deney gruplar

Siganlar, kura yontemiyle randomize edilerek 4 gruba (her grupta n=7) ayrildi.

Grup 1 (Kontrol grubu): Siganlara, kardiyotoksiste olusturulan gruplar ile
standardizasyonu saglamak i¢in 0.5 mL serum fizyolojik (SF) i.p. olarak, giin asir1 6
kez enjekte edildi. SF enjeksiyonun birinci gliniinden baslayarak son giine kadar her
gun 3 mg/kg (yiiksek doz bugday ruseym yagi ile ayni hacimde) SF gavaj yoluyla
verildi (Sekil 7, Tablo 2).

Grup 2 (DOKS+SF grubu): Akut kardiyotoksisite olusturmak amaciyla
doksorubisin (DOKS) 2.5 mg/kg dozunda 1.p. olarak giin asir1 6 kez enjekte edildi.
DOKS enjeksiyonunun birinci giiniinden baslayarak son giine kadar her giin 3 mg/kg
(yiiksek doz bugday ruseym yagi ile ayni1 hacimde) SF gavaj yoluyla verildi (Sekil 7,
Tablo 2)(155).

Grup 3 (DOKS+Diisiik doz bugday ruseym yag: tedavi grubu): Akut
kardiyotoksisite olusturmak amaciyla DOKS 2.5 mg/kg dozunda i.p. olarak giin asir1
6 kez enjekte edildi. DOKS enjeksiyonunun birinci giinlinden baslayarak son giine
kadar her giin 1.5 mg/kg (diistik doz=DD) bugday ruseym yagi gavaj yoluyla verildi
(Sekil 7, Tablo 2)(156).

Grup 4 (DOKS+Ylksek doz bugday ruseym yagi tedavi grubu): Akut
kardiyotoksisite olusturmak amaciyla DOKS 2.5 mg/kg dozunda i.p. olarak giin asir1
6 kez enjekte edildi. DOKS enjeksiyonunun birinci giinlinden baslayarak son giine
kadar her giin 3 mg/kg (yiikksek doz=YD) bugday ruseym yag1 gavaj yoluyla verildi
(Sekil 7, Tablo 2).
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K (D -
| — \ " : AGRUP”

A r\/ 1,5 me/kg [ :)A GRUP 1l

~ )\ :

DOKS 2.5 MG/XG A GRUP IV
I [ o>

 —
)\ "
\ Y J l
_,| HER GON GAVAI YOLU 12. GON: DENEYSEL
ILE UYGULANAN
iLK 11 GUN BOYUNCA UYGULANAN TEDAVILER PROSEDOR

GUN ASIRI IP ENJEXSIYONLAR

Sekil 7. Deney gruplarmin sematik gosterimi

(SF: Serum fizyolojik, DOKS: Doksorubisin, RY: Ruseym yagi, IP: intraperitoneal)
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Resim 1. Dokuz Eylul Universitesi Tip Fakiltesi Deney Hayvanlar1 Laboratuvari'nda

barindirilan hayvanlar

Siganlarin baslangi¢ ve deney sonuna kadar giin asir1 vicut agirliklar: ve ayrica deney

sonunda sagkalimlar1 degerlendirilmistir.

3.3. Deney protokoli

Sicanlar randomize olarak gruplara ayrildiktan sonra, baglangicta ve ip.

enjeksiyonlarin yapildigi giinlerde (giin asir1) viicut agirliklar: dlciilerek kaydedildi.

Akut doksorubisin kardiyotoksisite modeli olusturmak i¢in doksorubisin 2,5
mg/kg dozunda, giin asir1, 6 kez (toplam 15 mg/kg) intraperitoneal olarak enjekte
edildi (155). Oral gavaj (SF veya bugday ruseym yagi) uygulamalari, yine ayni
laboratuvarda gerceklestirildi. Caligmanin ilk giiniinden itibaren ilgili gruplara 11.

giine kadar her giin SF veya bugday ruseym yag1 P.O. gavaj yoluyla uygulandi.
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Tablo 2. Deney gruplarinin dagilimi ve deneye hazirlik asamalarinin 0zeti

Grup 1l Grup 2 Grup 3 Grup4
Kontrol grubu (Doks+SF grubu) (Doks+Diisiik doz | (Doks+Y liksek doz
bugday ruseym bugday ruseym
yagi tedavi grubu) | yagi tedavi grubu)
e 0.5mlISF e Doks25 e Doks2.5 o Doks2.5
i.p. mg/kg i.p. mag/kg mg/kg
e Giinasir e Giinagir e 1p. o ip.
o 6kez o 6Gkez o Gin agir1 e  Gin agir1
enjeksiyon enjeksiyon e 6kez e 6kez
enjeksiyon enjeksiyon
e Hergln e Hergln e Hergin e Hergin
e 3 mg/kg o 3 mg/kg o 1.5mg/kg o 3 mg/kg
(yuksek doz (yuksek doz bugday bugday
bugday bugday ruseym yagi ruseym yagi
ruseym yagi ruseym yagi e Gavaj e Gavaj
ile ayni ile ayn1 yoluyla yoluyla
hacimde) hacimde)
e SF e SF
e Gavaj o (Gavaj
yoluyla yoluyla
KONTROL MODEL DUSUK DOZ YUKSEK DOZ

(SF: Serum fizyolojik, Doks: Doksorubisin, IP: Intraperitoneal)
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Sicanlar son enjeksiyon glinlinden 24 saat sonra (12. giinde) Farmakoloji Ana
Bilim Dali laboratuvarma getiridi. Intraperitoneal olarak uygulanan iiretan (500
mg/kg) + alfa kloraloz (50 mg/kg) ile anestezi uygulandi (Resim 2). Anestezi derinligi
pence sikma yontemi ile test edildi. Anestezinin basarili oldugu tespit edildikten sonra

sicanlar elektrokardiografi (EKG) kayd i¢cin ameliyat masasinin iizerine yerlestirildi.

Resim 2. Ameliyat masasina tespit edilen sigan

Hayvanin tiiyleri tiras edilmis 6n ve arka bacaklarinin palmar ylizeylerine D2
derivasyonda subkutandz igne elektrodlar (AD Instruments MLA 1204 Needle
Elektrod, New South Wales, Australia) yerlestirildi. Her hayvanin bes dakika boyunca
EKG kayitlar1 alind1 (Resim 3). EKG parametreleri (PR araligi, RR araligi, QRS
stiresi, QT intervali) ve kalp atim hiz1 (KAH) parametreleri Data Acquisition Sistem
(Powerlab/8SP, MP30B-CE, 206B1564; USA) ile kayit edildi (Resim 4). Verilerin
analizleri i¢in Chart 5.0 yazilimi (AD Instruments, New South Wales, Australia)
kullanildi. EKG parametreleri milisaniye (msn) ve kalp atim hiz1 ise atim/dakika
olarak belirtildi. QT siireleri 6lciildiikten sonar Bazett formiiliine (QTc = QT/(RR)*?)
gore diizeltilmis QT siireleri hesaplandi (157).
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Resim 3. EKG kaydi alinan sigan

Resim 4. EKG kaydmin alindig: bilgisayar sistemi
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3.4. Cerrahi islem

Anestezi altindaki hayvanlarin tiimiine spontan solunumu ve hava yolu
giivenligini saglamak ic¢in trakeostomi ag¢ildi (Resim 5). Trakea, larinks kaudaline
yerlestirilen 8 gauge’hik nazogastrik sonda ile kaniile edildi (Resim 6). Islemin
ardindan tiim sicanlara 15 dakikalik stabilizasyon periyodu uygulandi. Trakeostomi
acildiktan sonra anestezi altindaki hayvanlarm sag karotid arterleri arteriyel kan
basinci izlemi i¢in heparinize salin (100 U/mL) igeren polietilen kantl (PE 50, dis ¢ap1
0.97 [0.038] mm, i¢ ¢ap1 0.58 [0.023] mm olan) araciligi ile kaniile edildi (Resim 7).
Kaniilasyon sonrasi bir transdiiser (MLT844 Physiological Pressure Transducer,
Interlab LTD, Istanbul, Turkey) aracilig1 ile arteriyel kan basinci (sistolik, diyastolik
ve ortalama) dlcimleri yapildi. Karotis arterden kan alinmasi suretiyle “kansizlastirma
yontemi” ile sakrifiye edilen siganlarm torakslar1 agilarak histomorfolojik incelemeler
icin kalpleri ¢ikarildi. Kalplerinin kuru agirlig: tartildi. Alinan kalp dokular1 %10°luk
formaldehitte 24-48 saat bekletilerek fikse edildi.

Resim 5. Trakeostomi islemi
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Resim 7. Karotis arter kanulasyonu yapilmis olan sigan
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3.5. Histomorfolojik incelemeler

Dokuz Eyliil Universitesi Tip Fakiiltesi Histoloji ve Embriyoloji

laboratuvarinda gerceklestirildi.
3.5.1. Histokimyasal inceleme

%10’luk formaldehit i¢inde bekletilerek fikse edilen kalp dokular1 daha sonra
fiksatifin uzaklastirilmasi i¢in bir gece akarsu altinda yikandi. Dehidratasyon amaciyla
strastyla %70, %80 ve %96’lik etil alkol serilerinde 20’ser dakika; ardindan 4 farkli
aseton serisinde 20’ser dakika tutuldu. Seffaflastirma amaciyla 30’ar dakika iki farkli
ksilene tabi tutuldu. Birer saatlik 2 kez yumusak parafin ile immersiyonu saglanarak
dokular parafin bloklar icerisine gomildi. Rotary mikrotom (RM 2255, Leica)

araciligi ile 5 p kalinliginda kesitler alinda.

3.5.2. Hematoksilen eozin boyama prosedtirt

Alinan kesitler deparafinizasyon islemi i¢in bir gece 60°C’lik etiivde tutuldu.
Ardmdan ilki etlivde diger ikisi oda sicakliginda 20’ser dakikalik (¢ farkli ksilole tabi
tutuldu. Daha sonra dehidratasyon islemi i¢cin 5 degisik azalan alkol serilerinden
(absolii, %96, %80, %70) gecirilip, kesitler distile su ile c¢alkalandiktan sonra 10
dakika hematoksilen (05- 06002L, Bio-Optica, Milano, italya) ile nukleuslarmn
boyanmasi saglandi. Boyamanin ardindan, boyanin fazlasinin dokudan
uzaklastirilmasi i¢in 10 dakika akarsuda yikanacak kesitler, 2 dakika eozin (05-
10003L, Bio-Optica, Milano, Italya) boyasi ile boyandi ve bdylece hiicre
sitoplazmasinin boyanmasi saglandi. Boyamadan sonra sirasiyla %70, %80, %96 ve 2
seri absolu alkolden gecirilecek kesitler seffaflastirma amaciyla 20°ser dakika ii¢
degisim ksilolde tutularak entellan (UN 1866, Merck, Darmstadt, Germany) ile
kapatildi

3.5.3. Masson trikrom boyama proseduri

Deparafinizasyon i¢in bir gece 60°C’lik etiivde bekletilen kesitler biri etiivde

olmak Uzere ug¢ farkli ksilolde tutuldu. Daha sonra azalan alkol serilerinden gecirildi.
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Distile suda calkalandiktan sonra Masson Trikrom boyama seti (5022, GBL, Istanbul,
Turkiye) icerisinden dokular Uzerine 5 damla Weigert demirli hematoksilen A
soliisyonu ile bes damla Weigert demirli hematoksilen B soliisyonu damlatilarak
nukleuslarin boyanabilmesi i¢in on dakika bekletildi. Yikama islemi yapilmadan
preparatlar bes dakika kurutulduktan sonra Pikrik asit alkolik ¢ozeltisi C solusyondan
on damla damlatilarak dort dakika bekletildi ve eritrositlerin boyanmasi saglandi.
Distile su ile hemen (lig-dort saniye) yikandiktan sonra kesitlere uygulanan on damla
Gelincik kizili fuksin ¢6zeltisi D soliisyonu dort dakika bekletilerek hiicre
sitoplazmalarinin boyanmas1 saglandi. Sonra preparatlar distile su ile yikandiktan
sonra Fosfomolibdik asit ¢6zeltisi E soliisyonundan on damla damlatilarak on dakika
bekletildi. Yikama yapilmadan preparatlar bes dakika kurutuldu. Masson anilin mavisi
cozeltisi F soliisyonundan on damla Trisu ile yikanan kesitler artan alkol serilerinden
gecirildi. Ksilol ile seffaflastirma yapildiktan sonra entellan (UN 1866, Merck,
Darmstadt, Germany) ile kapatild1.

3.5.4. Kalp dokusunun histomorfolojik degerlendirilmesi

Boyamalar1 yapilan kalp doku kesitleri iki kor histolog tarafindan
degerlendirildi. Isik mikroskobu ile her kalp kesiti i¢in en az 5 farkli alan
degerlendirildi ve yiiksek ¢oziliniirlikli fotograflar alindi (DP-71, Olympus, Japan).
Hematoksilen eozin boyamalarinda kalp dokusundaki yapisal degisiklikler, miyofibril
dizenlemesindeki bozukluklar, miyokardiyumda, konjesyon-hemoraji, intersitisiyel
6dem, miyositlerde vakuolizasyon, mononikleer hiicre infiltrasyonu, vazodilatasyon,
dejenere kardiyomiyosit (yogun eozinofilik sitoplazma, piknotik niikleus) varligi

incelendi. Masson Trikrom boyama ile ise bag doku artis1 degerlendirildi.
Degerlendirmeler semikantitatif skor ile skorlands;

0: “Hig hasar yok”,
1: “Az derecede hasar”,
2: “Orta derecede hasar,

3: “Siddetli hasar”.
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Ozetle, deney boyunca degerlendirilen parametreler;

Vicut agirlig

Kan basinci (sistolik, diyastolik ve ortalama)

EKG parametreleri (PR, RR, QT intervalleri, QRS suresi)
Kalp agirhig:

Kalp dokusunun histomorfolojik incelemesi

Sagkalim oramidir.

3.6. istatistiksel analiz

Kardiyovaskiiler parametrelerin grup i¢i karsilastirmasinda tekrarlayan

Olcimlerde varyans analizi (ANOVA) takiben Tukey-Kramer ¢oklu karsilastirma

testleri, gruplararasi farkin degerlendirilmesinde ise varyans analizi (ANOVA) takiben

Tukey-Kramer ¢oklu karsilastirma testleri kullanildi (Graphad Instat V2.05a 1994).

Biyokimyasal analizde gruplararasi karsilastirmalarda varyans analizi (ANOVA) ve

takiben Tukey-Kramer ¢oklu karsilastirma testleri uygulandi (Graphad Instat V2.05a

1994). Histolojik verilerin gruplararasi karsilastirmada Kruskal Wallis testi, ikili

gruplarar asindaki farkin degerlendirilmesinde ise Mann Whitney U post hoc testi
kullanild1 (Graphad Instat V2.05a 1994). Tiim veriler ortalama + standart hata olarak

gosterildi ve p<0.05 istatistiksel olarak anlamli kabul edildi.
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4. BULGULAR

Calismamiza toplam 28 tane Wistar Albino si¢an ile baslandi. Ancak deney

protokolii siirecinde toplam 6 hayvan kaybedildi ve 22’si ¢alismay1 tamamlayabildi.

Calismay1 tamamlayabilen hayvanlarin gruplara dagilimi ve kayip oranlar1 soyle idi;
Grup 1 (Kontrol, n=7, %0.0), Grup 2 (Doks+SF, n=5, %28.57), Grup 3 (Doks+DDR,
n=5, %28.57), Grup 4 (Doks+YDR, n=5, %28.57). Kaybedilen hayvanlarin timi

doksorubisin uygulanan gruplarda idi.

4.1. Vicut agirhg:

Baslangicta Grup 1’deki (Kontrol grubundaki) sicanlarin viicut agirligi
ortalamast 213.14+19.59 gr iken, Grup 2’deki si¢anlarmki 237.40+£77.26 gr, Grup
3’deki sicanlarinki 198.00+40.94 gr ve Grup 4’teki sigcanlarinki 209.01+21.07 gr

olarak saptandi. Gruplarin ortalama viicut agirhiklar1 arasinda istatistiksel olarak

anlamli fark saptanmadi (p>0.05, Tablo 3).

Tablo 3. Deney gruplarina gore vicut agirligi degisimi

GRUPLAR Grup 1 Grup 2 Grup 3 Grup 4
(Kontrol, n=7) n=5 n=>5 n=>5

Baslangi¢ vicut 213.14+19.59 237.40+77.26 | 198.00+40.94 | 209.01+ 21.07

agirhig (gr)

Deney sonu viicut 262.85+16.02 186.71+61.80 | 175.01+139.67 | 155.0+16.60

agirhigi (gr)

Agirlik fark: (gr) +32.28+£12.43 | -43.60£30.41 | -35.41+65.03 | - 75.41+£15.82

Baslangic agirhigina +%14.1 - %17.8 - %11.3 - %32.1

gore degisiklik oram

(%)
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Deney sonunda 6lgtlen viicut agirliklar: karsilastirildiginda gruplar arasinda
istatistiksel olarak anlamli fark yoktu (Tablo 3, p>0.05). Deney sonunda 6l¢iilen vicut
agirliklart degerlendirildiginde; Grup 1°deki hayvanlarda ortalama 32.3+12,4 gr vicut
agirlik artis1 oldugu, Grup 2’deki hayvanlarin ise ortalama 43.6+30.4 gr, Grup 3’deki
hayvanlarmn ortalama 35.4+65.0 gr ve Grup 4’teki hayvanlarin ise 75.4+15.8 gr agirlik
kaybina ugradigi saptandi. Bunlar sirasiyla énceki vicut agrliklarinin +%14.12si, -
%17.87s1, -%11.3"1 ve -%32.11’1 idi (Tablo 3, Grafik 1).

Vucut agirhg farka

S 20
1o
S 10
E .
t
& 0
O
= -10
8
= -20
>
S ~
SESEE
-40

Grup 1 (Kontrol) Grup 2 Grup 3 Grup 4

Grafik 1. Gruplara gore vicut agirlig: yizde degisim orani

4.2. Kan basinci:

Karotid arter kaniilasyonu araciligi ile Olgililen arteriyel sistolik (SAB),

diyastolik (DAB) ve ortalama (OAB) kan basinci 6lgiimleri degerlendirildi.

4.2.1. Sistolik arter basinct

Doksorubisin ve/veya farkli dozlardaki bugday ruseym yagi uygulamalarmin
sistolik arter basmnci (SAB) lizerine etkilerini karsilastrmak {izere gruplar arasi
degerlendirme yapildi. SAB degerleri Grup 1°de (kontrol) ortalama 183.4+13.11
mmHg, doksorubisin kardiyotoksisitesi olusturulan ve ardindan SF uygulanan Grup
2’de ortalama 112.2+18.15 mmHg, doksorubisin ardindan diisiik doz bugday ruseym
yag1 uygulanan Grup 3’te 131.2+9.99 mmHg, doksorubisin uygulamamnin ardindan
yuksek doz bugday ruseym yagi uygulanan Grup 4’te ise 128.6+24.07 mmHg olarak
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saptand1. Gruplar arasi karsilagtirmada doksorubisin ve SF uygulanan Grup 2’deki
SAB degerlerinin, kontrol grubuna kiyasla istatistiksel olarak anlamli sekilde diistik
oldugu tespit edildi (p<0.05, %95 GA 4.785-137.7), diger gruplar arasi istatistiksel
olarak anlamli fark bulunmadi (p>0.05, Tablo 4, Grafik 2).

Sistolik arter basinci
250

200

150 *
100
50
0

Kontrol Grup 2 Grup 3 Grup 4

Sistolik arter basiner (mmHg)

Grafik 2. Ortalama sistolik arter basinci degerleri
(SAB: Sistolik arter basinci, DDR: Diisiik doz ruseym, YDR: Yuksek doz ruseym)
* p<0.05; Kontrol grubuna kiyasla

Tablo 4. Sistolik arter basinci ortalamasmin gruplara gore degisimi

SAB
GRUPLAR (ortalama, mmHg)
Grup 1 (Kontrol) 183.4+13.11
Grup 2 (Doks+SF) 112.2+18.15*
Grup 3 (Doks+DDR) 131.2+9.99
Grup 4 (Doks+YDR) 128.6+24.07

(SAB: Sistolik arter basinci, Doks: Doksorubisin, SF: Serum fizyolojik, DDR: Diisiik doz ruseym,
YDR: Yiiksek doz ruseym)

* p<0.05; Kontrol grubuna kiyasla
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4.2.2. Diyastolik arter basinct

Diyastolik arter basinglari, Grup 1 kontrol grubunda ortalama 174.2+11.90
mmHg, Grup 2’de 108.2+18.39 mmHg, Grup 3’te 123.6+10.93 mmHg ve Grup 4’te
124.3+23.93 mmHg olarak saptandi. Gruplar aras1 fark degerlendirildiginde, Grup 2 DAB
degerlerinin, kontrol grubuna gore istatistiksel olarak anlamli sekilde diisiik oldugu
saptand1 (p<0.05, %95 GA 0.2621-131.9). Diger gruplar arasinda istatistiksel olarak
anlamli fark bulunmadi (p>0.05, Tablo 5, Grafik 3).

Diyastolik arter basinci
200

150 *
100
50

Kontrol Grup 2 Grup 3 Grup 4

Diyastolik arter basinc1 (mmHg)

Grafik 3. Ortalama diyastolik arter basinc1 degerleri
(DAB: Diyastolik arter basinci, DDR: Diisiik doz ruseym, YDR: Yiksek doz ruseym)
* p<0.05; Kontrol grubuna kiyasla

Tablo 5. Diyastolik arter basinci ortalamasinin gruplara gore degisimi

DAB
GRUPLAR (ortalama, mmHg)
Grup 1 (Kontrol) 174.2+¢11.9
Grup 2 (Doks+SF) 108.2+18.39 *
Grup 3 (Doks+DDR) 123.6+£10.93
Grup 4 (Doks+YDR) 124.3+23.93

(DAB: Diastolik arter basinci, Doks: Doksorubisin, SF: Serum fizyolojik, DDR: Diisiik doz rugeym,
YDR: Yiiksek doz ruseym)

* p<0.05; Kontrol grubuna kiyasla
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4.2.3. Ortalama Arter Basinci

Grup 1 yani kontrol grubunda OAB ortalama 177.3+12.27 mmHg, Grup 2°de
ortalama 109.5+18.32 mmHg, Grup 3’te ortalama 126.2+10.57 mmHg ve Grup 4’te
ortalama 125.7+2.97 mmHg olarak saptandi. Grup 2’deki hayvanlarin OAB degeri,
kontrol grubuna gore istatistiksel olarak anlamli sekilde diistik idi (p<0.05, %95 GA
1.846-33.7). Diger gruplar arasinda istatistiksel olarak anlamli fark saptanmadi
(p>0.05, Tablo 6, Grafik 4).

= Ortalama arter basinci
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S Kontrol Grup 2 Grup3 Grup 4

Grafik 4. Ortalama arter basmnc1 degerleri
(OAB: Diyastolik arter basinci, DDR: Diisiik doz ruseym, YDR: Yiksek doz ruseym)

* p<0.05; Kontrol grubuna kiyasla

Tablo 6. Ortalama arter basinci ortalamasinin gruplara gore degisimi

Ortalama Arter Basinci
(ortalama, mmHg)
GRUPLAR
Grup 1 (Kontrol) 177.3¥12.27
Grup 2 (Doks+SF) 109.5+18.32 *
Grup 3 (Doks+DDR) 126.2+10.57
Grup 4 (Doks+YDR) 125.7+£23.97

(OAB: Ortalama arter basinci, Doks: Doksorubisin, SF: Serum fizyolojik, DDR: Diisiik doz ruseym,
YDR: Yiksek doz ruseym)

* p<0.05; Kontrol grubuna kiyasla
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4.3. EKG bulgulan

Anestezi altindaki siganlarin elektrokardiografik (EKG) parametreleri. (PR
araligi, QRS siiresi, QT intervali) elde edildi (Resim 8). Daha sonra QT intervali
verilerinden Bazett formiilii kullanilarak diizeltilmis QT (QTc) hesaplandi. Ayrica,
kalp atim hiz1 (atim/dk) 6l¢iildii.

Resim 8. Veri kayit 6rnegi

4.3.1. PR mesafesi

Kontrol grubundaki sicanlarin PR mesafesi ortalamasi 38.51£2.96 msn
olarak ol¢iiliir iken, Grup 2’de 27.02+1.72 msn, Grup 3’te 30.50+£2.09 msn ve Grup
4’te 30.88+£2.03msn olarak bulundu. Gruplar arasi karsilastirma yapildiginda,
doksorubisin ardindan SF uygulanan Grup 2’de PR mesafesinin Kontrol grubuna gore
istatistiksel anlamli sekilde kisaldigi tespit edildi (p<0.05, %95 GA 1.962-2.103).
Diger gruplar arasinda istatistiksel olarak anlamli bir fark saptanmadi (p>0.05, Tablo
7, Grafik 5).
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PR mesafesi
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Grafik 5. PR mesafesi dagilimi

* p<0.05; Kontrol grubuna kiyasla

4.3.2. QRS siresi

QRS stiresi, Kontrol grubunda ortalama 32.47+£1.03 msn, Grup 2’de
54.48+7.208 msn, Grup 3’te 39.04+0.82 msn ve Grup 4’te 41.70+1.20 msn olarak
saptandi. Gruplar aras1 karsilastirma yapildiginda; doksorubisin uygulamasinin ardindan
SF tedavisi alan grupta (Grup 2) Kontrol grubuna kiyasla QRS stresinin istatistiksel olarak
anlamli sekilde uzadig: tespit edildi (p<0.001, %95 GA -35.10-8.918). Ayrica, diisiik doz
bugday riiseym yag1 tedavisi alan grup (Grup 3) ile doksorubinin ardindan SF alan grup
(Grup 2) arasinda da istatistiksel olarak anlamli fark vardi (p<0.05, %95 GA 1.300-29.58).
Diger gruplar arasinda istatistiksel olarak anlamli bir fark saptanmadi (p>0.05, Tablo 7,

Grafik 6).
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Grafik 6. QRS suresi dagilim
* p<0.05; Kontrol grubuna kiyasla, # p<0.05; Grup 2’ye (Doks+SF grubuna) kiyasla
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4.3.3. QT intervali

Gruplar aras1 fark olup olmadigi degerlendirildiginde; Grup 2’deki ortalama
QT intervali Kontrol grubuna gore istatistiksel olarak anlaml sekilde uzamis olarak
bulundu (sirasiyla Grup 2 ve Kontrol grubu i¢in; 66.04+£3.99 ve 49.71+3.13 msn,
p<0.05, %95 GA -31.98- -0.675). Doksorubisinin ardindan bugday riseym yagi
tedavisi alan Grup 3 ve Grup 4’te de QT intervalinde uzama saptanmasina ragmen
diger gruplar ile aralarinda istatistiksel olarak fark bulunmadi (sirasiyla 64.94+5.29 ve
63.92+4.01 msn, p>0.05, Tablo 7, Grafik 7).
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Grafik 7. QT intervali dagilimi
* p<0.05; Kontrol grubuna kiyasla

4.3.4. QTc intervali

QT degerleri Bazett formiilii ile diizeltildiginde (QTc intervali); Kontrol
grubunda 2.73+0.21, Grup 2’de 3.95+0.22, Grup 3’de 3.76+0.31 ve Grup 4’te
3.77+0.25 olarak hesaplandi. Kontrol grubuna kiyasla Grup 2, Grup 3 ve Grup 4’iin
tiimiinde istatistiksel olarak anlamli uzama saptandi (p<0.05). Diger gruplar arasinda

istatistiksel olarak anlamli fark yoktu (p>0.05, Tablo 7, Grafik 8).
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Grafik 8. Bazett formuli ile diizeltilmis QTc intervali dagilimi

* p<0.05; Kontrol grubuna kiyasla

4.4. Kalp atim iz

EKG kayitlarindan hesaplanan kalp atim hizi (KAH) degerlendirildiginde,
doksorubisinin ardindan SF uygulanan Grup 2’de Kontrol grubuna gore istatistiksel
olarak anlaml1 bir azalma saptandi (sirasiyla Kontrol grubu ve Grup 2 igin 338.3+15.64
ve 279.6%3.37, p<0.05, %95 GA 9.94-107.4). Kontrol grubu ile karsilastirildiginda;
diistik doz bugday riiseym tedavisi alan grupta (Grup 3) istatistiksel olarak anlamli bir
fark yok iken, yiiksek doz bugday ruseym yagi tedavisi uygulanan Grup 4’te anlamli
fark saptandi (swrasiyla Kontrol grubu, Grup 3 ve Grup 4 icin 338.3+15.64,
300.4+14.13 ve 288.8+7.49, p<0.05, %95 GA 0.737-98.23). Diger gruplar arasinda
istatistiksel olarak anlamli fark yoktu (p>0.05, Tablo 7, Grafik 9).
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Grafik 9. Kalp atim hizi dagilinu

* p<0.05; Kontrol grubuna kiyasla

Tablo 7. Elektrokardiyografi parametrelerinin gruplara gére dagilini

GRUPLAR PR mesafesi QRS suresi QT intervali QTc intervali KAH
(ortalama, (ortalama, (ortalama,
(ortalama, (ortalama,atim/dk)
msn) msn) msn)
msn)
Grup 1 38.51+2.959 32.47+£1.032 49.71+3.13 2.73+0.21 338.3+15.64
(Kontrol)
Grup 2 27.02+1.723* | 54.48+7.208 * | 66.04+3.99 * 3.95+0.22 * 279.6+3.37 *
(Doks+SF)
Grup 3 30.50+2.095 | 39.04+7.208* 64.94+5.29 3.7610.31 * 300.4+14.13
(Doks+DDR)
Grup 4 30.88+2.030 41.7041.203 63.92+4.01 3.7740.25 * 288.8+7.49 *
(Doks+YDR)

(SF: Serum fizyolojik, DDR: Diisiik doz ruseym, YDR: Yiuksek doz ruseym, KAH: Kalp atim
hizi)

*, p<0.05, Kontrol grubu ile kiyaslandiginda
*, p<0.05, Grup 1 ile kiyaslandiginda
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4.5. Kalp dokusu agiliklari

Deney protokolii sona erdikten sonra hayvanlarin torakslari agilarak kalp
dokular1 etraf dokudan serbestlestirilerek ¢ikartildi. Cikarillan kalp dokularinin
agirliklar1 hassas tartida 6lcildii. Olgiilen agirliklarin ortalamalar1 Kontrol grubunda
9.71+0.69 gr, Grup 2’de 7.04+0.59 gr, Grup 3’te 7.20+0.66 gr ve Grup 4’te 6.46+0.24
gr idi. Gruplar arasinda fark olup olmadigi degerlendirildiginde Kontrol grubuna
kiyasla Grup 2, Grup 3 ve Grup 4’teki kalp agirligi ortalamalarinin istatistiksel olarak
anlamli sekilde diisiik oldugu tespit edildi (sirasiyla p<0.05 %95 GA 0.29-5.06, p<0.05
%95 GA 0.13-4.89 ve p<0.01 %95 GA 0.87-5.64). Diger gruplar arasinda istatistiksel
olarak anlamli fark yoktu (p>0.05, Grafik 10).
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Grafik 10. Kalp dokusu kuru agirliklarinin gruplara gore degisimi
* p<0.05; Kontrol grubuna kiyasla
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4.6. Histomorfolojik degerlendirme

Deney protokolii tamamlandiktan sonra ¢ikarilan kalp dokular1 kesitler

alinarak Hematoksilen & Eozin (H&E) ve Masson’s Trichrome (MT) ile boyandi.

Histomorfolojik degerlendirme sonucunda; Kontrol grubuna (Grup 1) ait
kalp dokularinda normal kardiyomiyosit morfolojisinde gozlendi. Kardiyomiyosit

sitoplazmasidaki miyofibrillerin diizenli yerlesim gosterdigi goriildii (Resim 9).

Doksorubisinin ardindan SF uygulanan Grup 2’ye ait kalp dokular1
incelendiginde ise daha soluk boyanan, bozulmus miyofibriler dizilim gosteren
kardiyomiyositler izlendi. Ayrica yer yer hiicre sitoplazmalarinda vakuolizasyon
varlig1 goriildii. Miyokardiyum igindeki kan damarlarinin duvarlarmin kalinlastigi ve
kollajen miktarinin 6zellikle damar g¢evrelerinde belirgin sekilde arttigi gézlendi.
Kardiyomiyositler arasinda hyalen birikimi, hiperemi ve konjesyon alanlar1 izlendi

(Resim 10-15).

Doksorubisinin ardindan bugday riiseym yagi uygulanan Grup 3 ve Grup 4’¢
ait kalp dokularinda, Kontol grubunun kalp dokularina benzer morfolojik 6zellikler
gozlendi. Grup 3 ve Grup 4 arasinda belirgin bir farklilik goriilmedi.
Kardiyomiyositler belirgin smirlar1 olan, nukleuslar1 merkezi yerlesimli sekilde
normal morfolojiye uyumlu idi. Damar dokusu cevresindeki ve doku igerisindeki

fibroz alanda da Grup 1’e gore anlamli bir azalma gozlendi (Resim 16-18).
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MASSON’S TRICHROME

DOX+DD DOX+SF SF+SF

DOX+YD

Resim 9. Kardiyomiyosit morfolojilerinin gruplara gore degisimi (X40)

Kesitlerde on farkli kalp alani incelendi ve miyokardiyum ve
kardiyomiyositlerdeki  yapisal degisiklikler (dalgali fibriller, sitoplazmik
vakuolizasyon, miyofibril kaybi, interstisyal fibrozis) degerlendirildi (Resim10-15).

Elde edilen veriler semikantitatif olarak miyokardiyal hasar yoniinden skorlandi.
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Resim 10. Grup 2 (Doks+SF) Hemotoksilen ve Eozin boyamada gorilen hiperemik
alanlar (X10)

Resim 11. Grup 2 (Doks+SF) Hemotoksilen ve Eozin boyamada gorulen hyalen
birikimi (Siyah ok) (X40)
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Resim 12. Grup 2 (Doks+SF) Hemotoksilen ve Eozin boyamada gorilen dizilimi

bozulmus miyofibriler dizilim ve sitoplazmik vakuoller (Siyah ok)(X40)

Resim 13. Grup 2 (Doks+SF) Masson’s Trichrom boyamada gorilen damar

cevresinde ve doku icerisinde belirgin kollajen birikimi (X40)
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’s Trichrom boyamada gorilen damar

Resim 14. Grup 2 (Doks+SF) Masson

cevresinde ve doku icerisinde belirgin kollajen birikimi (X20)

Resim 15. Grup 2 (Doks+SF) Masson’s Trichrom boyamada gorilen damar

cevresinde ve doku icerisinde belirgin kollajen birikimi (X10)
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Resim 16. Grup 3’de (Doks+Diisiik doz bugday ruseym yagi) Masson’s Trichrom

boyamada goriilen damar ¢evresinde azalmis kollajen birikimi (X40)

Resim 17. Grup 4’te (Doks+Yiiksek doz bugday riiseym yagi) Masson’s Trichrom

boyamada goriilen damar ¢evresinde azalmis kollajen birikimi (X20)
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Resim 18. Grup 3’te (Doks+Diisiik doz bugday riiseym yagi) Masson’s Trichrom

boyamada goriilen damar ¢evresinde azalmis kollajen birikimi (X40)

Elde edilen veriler semikantitatif skor (0: Hasar yok, 1: Hafif hasarli, 2: Orta
derecede hasarli ve 3: Ciddi hasarli) ile degerlendirildiginde; Genel morfoloji skorlar1
ortalamalar1 Kontrol (Grup 1) grubunda 0.32+0.05, Grup 2’de 2.34+0.10, Grup 3’te
0.50+£0.07 ve Grup 4’te 0.48+0.08 olarak saptandi. Interstisiyel fibrozis skoru
ortalamalar1 ise; Kontrol (Grup 1) grubunda 0.42+0.05, Grup 2’de 2.18+0.10, Grup
3’te 0.56+0.07 ve Grup 4’te 0.40+0.08 idi. Gruplar aras1 karsilastirma yapildiginda;
hem genel morfoloji skorlar1 hem de interstisiyel fibrozis skorlarm Kontrol grubuna
kiyasla Doks+SF grubunda (Grup 2) istatistiksel olarak anlamli sekilde yuksek oldugu
tespit edildi (p<0.0001, Resim 10-15) Bugday riiseym yag1 uygulanan gruplarin (Grup
3 ve Grup 4) her iki skorlarmim ise Doks+SF grubuna (Grup 2) kiyasla istatistiksel
olarak anlamli sekilde diisiik idi (p<0.0001, Grafik 11 ve 12).
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4.7. Yasam analizi

Kaplan Meier ile yapilan 12 giinliik yasam analizinde sag kalim orani
Kontrol grubu (Grup 1) i¢in %100 (7/7), Grup 2 i¢in %71.43 (5/7), Grup 3 igin %71.43
(5/7) ve Grup 4 icin %71.43 (5/7) olarak tespit edildi. Gruplar arasi sag kalim oranlar1
arasinda istatistiksel olarak anlamli fark bulunamadi (p>0.05, Grafik 13). Kontrol
grubunda tim hayvanlar yasarken, Grup 2°de 6. ve 7. glinlerde birer hayvan, Grup 3’te
7. ve 8. gilinlerde birer hayvan, Grup 4’te ise 11. giinde iki hayvan 61dii. Siganlarin
ortalama yasam stireleri degerlendirildiginde Kontrol grubu (Grup 1)’nda 12 giin,
Grup 2’de 10.63+0.91 giin, Grup 3’te 10.88+0.74 giin ve Grup 4’te 11.75+0.16 giin
idi. Gruplar arasi ortalama yasam siireleri arasinda istatistiksel olarak anlamli fark

saptanmadi (p>0.05, Grafik 13).

Yasam analizi
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Grafik 13. Kaplan-Meier yasam analizi

(Grup 1: SF+SF, Grup 2: Doksorubisin+SF, Grup 3: Doksorubisin+Diisiik doz bugday
ruseym yagi1, Grup 4: Doksorubisin+Yiiksek doz bugday ruseym yagi)
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5. TARTISMA

Calismamizda Wistar Albino tipi erkek sicanlarda doksorubisin ile
olusturulan kardiyotoksisite modelinde bugday ruseym yagmin etkisi arastirildi.
Diisiik doz ve yiiksek doz olarak uygulanan bugday ruseym yagmin degerlendirilen
kardiyovaskiiler (kan basinci, EKG parametreleri) ve histomorfolojik parametrelerde

yaptig1 degisiklikler degerlendirildi.

Doksorubisin (Doks), antrasiklin grubu antikanser 6zellikte bir antibiyotik
olup en yaygin sitotoksik ilaglardan biridir. Sik goriilen yan etkileri sa¢ kaybi, kemik
iligi baskilanmasi, bulanti, kusma, ciltte kizariklik ve agiz i¢inde inflamasyon olsa da
kullanimini smirlayan, ciddi bir komplikasyon olarak ortaya ¢ikan “kardiyomiyopati”,
tedavinin basarisiz olmasina yol agabilmekte ve hatta 6liim ile sonuglanabilmektedir
(158-160). Doksorubisine bagli gelisen kardiyomiyopati, oOzellikle sistolik ve
diyastolik fonksiyon bozuklugu ile seyreden, kalp yetmezligi ile sonuglanabilen dilate
kardiyomiyopati ile kendini gosterir (161). Doza bagh gelistigi bilinen
kardiyotoksisite, =~ Doks tedavisinin = baslangicinda ve  hatta  tedavinin
tamamlanmasindan yillar sonra ortaya ¢ikabilmektedir (162). Doks’a bagi
kardiyomiyopati sagaltimi icin semptomatik destek tedavi uygulanmakta ancak etkin,
Ozgiil bir tedavi bulunmamaktadir. Olusan dilate kardiyomiyopati ve konjestif kalp
yetmezligi tedavisi i¢in digoksin, beta blokerler (metoprolol, labetolol, praktolol),
anjiotensin doniistiiriici enzim (ADE) inhibitorleri (enalapril, kaptopril) denenmis,
ancak yliz giildiiriicii sonuglar alimamamustir (163-164). Ayrica destek tedavi ile
birlikte demir selatorii olan “deksrazoksanm kullanilabilecegi belirtilse de, Doks’a
bagli gelisen kalp hasarini tersine cevirebilecek veya Onleyebilecek yeni ilaglarin
arastirilmasina ihtiya¢ bulunmaktadir (165). Bu baglamda biz bu ¢alismada; Doks’a
bagli gelisen akut kardiyomiyopatide bugday ruseym yaginin etkisini arastirdik.

Hayvanlarda Doks’a bagli gelisen akut kardiyomiyopati modellerinde
uygulanan dozlar ve siireleri degiskenlik gdstermektedir. Wistar albino sigan
kullanilan ¢aligmalarda modelin olusturulmast icin tek veya tekrarlayan, farkl
dozlarda (2,5 mg/kg giin asir1 6 doz i.p., 15 mg/kg tek doz i.p., 15 mg/kg giin asir1 7
gun i.p., 18 mg/kg 3 gln i.p., 3.4 mg/kg gln asir1 6 doz i.p., 25 mg/kg tek doz i.p.)
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Doks kullanildig1 goriilmektedir (155,166). Ancak, denenen Doks uygulamalarmin
bazilarinda hayvanlarda 61iim oraninin yiiksek oldugu belirtilmektedir. Podyacheva E.
ve arkadaglarinin ¢aligmasinda ip. tek doz 25 mg/kg Doks uygulamasi sonucu
hayvanlarin tiimiiniin kaybedildigi, 3,4 mg/kg giin asir1 6 doz ip. uygulanan
hayvanlarda bu oranin %30’a indigi, bizim tercih ettigimiz i.p. 2,5 mg/kg, giin asir1 6
doz uygulanan hayvanlarda ise 6lim goriilmedigi belirtilmektedir (155). Biz de
literatlr incelemelerimiz sonucunda ¢alismamizda; daha giivenli kabul edilen, PR, QT,
QTc araliklar1 ve ST segmentinde uzama, QRS kompleksinin amplitudiinde azalma ve
stiresinde artig, bradikardi ve sistolik kan basincinda azalma gibi 6nemli EKG
degisiklikleri goriilen, ayrica histomorfolojik incelemede siddetli fibrozis seklinde
miyokardiyal hasar goriildiigii bildirilen Doks dozunu (2 hafta, giin asir1 2,5 mg/kg,
toplam 15 mg/kg) kullandik (152,155). Bu dozda uyguladigimiz Doks’in,
kardiyovaskiiler parametrelerde (kan basinci, kalp atim hizi, EKG parametreleri)
istatistiksel olarak anlamli degisikliklere, ayrica histomorfolojik incelemelerde kalp
dokusunda ciddi hasara yol agtig1 tespit edildi ve kardiyomiyopati modeli basari ile
gergeklestirildi. Farkli arastirmalarda ayni dozda Doks uygulanan siganlarda 6liim
goriildiigii de rapor edilmektedir. Bizim ¢alismamizda da, Doks uygulanan gruplarin
tumunde en erken 6. en gec 11. glinde olacak sekilde ikiser hayvan kaybedildi. Ayrica
farkli dozlarda Doks kullanilan ¢alismalarda; si¢anlarin vicut agirhginda ortalama
56.3-68.0 gr arasinda kayip oldugu bildirilmektedir (155,167). Benzer sekilde bizim
aragtirmamizda da Doks uygulanan hayvanlarin agirliklarinin ortalama %?211.3-
%32.1171ni (37.4-75.4 gr) kaybettigi saptandi.

Oksidatif stres, inflamasyon ve apoptozis; Doks kaynakl1 kardiyomiyopatide
birincil rol oynar. Antrasiklinlerin neden oldugu kardiyotoksisite mekanizmalari,
antitimor etkinliklerine aracilik edenlerden farklidir [6rnegin, kardiyomiyositlerdeki
nikleer faktor kappa B (NF-xB) aktivasyonunun proapoptotik etkilerine karsi; seramid
ile micadele eden kanser hiicrelerinde stres geni aktive edici transkripsiyon faktori
3 (JNK-ATF3) aktivasyonunun belirli kalp hiicre hatlarinda antiapoptotik etkileri
gibi]. Ancak su anda kardiyomiyositlerin Doks hasarina kars1 segici olarak korunmasi
acisindan bu tiir farkhiliklardan yararlanacak 6zel bir tedavi yontemi yoktur. Bu

nedenle, kardiyomiyopatiye karsi koruyucu tedavi stratejilerinin biyik ¢ogunlugu,
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kardiyomiyositlerin antrasiklin tiirevi serbest oksijen radikalleri (ROS)'a kars1
antioksidan savunmasini gelistiren ilaglarin veya dogal bilesiklerin uygulanmasina
odaklanmustir. Bu yaklasim, mitokondriyal manganez stiperoksid dismutaz (MnSOD)
veya sistein agisindan zengin metalotiyoneinleri asir1 eksprese eden farelerde akut
veya kronik Doks kardiyotoksisitenin azaldiginin gozlemlenmesiyle kavramsal olarak
giiclenmistir (168). En sik kullanilan antioksidanlar probukol, piperidin nitroksitler,
melatonin, A, E ve C vitaminleri ile tiyol igeren indirgeyici ajanlardir [glutatyon
(GSH), N-asetilsistein, S-alilsistein, amifostin](163,168-170). Ancak, E vitamini veya
N-asetilsistein gibi antioksidanlarin kardiyoprotektif etkinligi kopek veya domuz gibi
blyilk boyutlu hayvanlarda oldukga sinirlidir. Benzer sekilde klinik ¢aligmalarda da;
yuksek dozlarda E vitamini veya N-asetilsistein verilen hastalarda kardiyomiyopatinin
tedavisi acisindan yiiz giildiiriicii sonuglar alinamamustir. Laboratuvar hayvanlarinda
Doks’a bagl kardiyomiyopati tedavisinde rutosid (yapisinda flavonolik quersetin ve
disakkarit rutinoz) tipi flavonoidlerin kullanimi iimit vaat etmektedir. Bazi
calismalarda bu flavonoidlerin dogrudan pozitif inotropik etki gosterdigi rapor
edilmektedir (171). Ancak daha yaygin olarak, Doks ve demirin selatlanmasi sonucu
ortaya ¢ikan serbest radikallerin temizlenmesi (siipiiriilmesi) ile etki gdsterebilecegi

hipotezi de kabul gérmektedir (171).

Bugday ruseym yagi hiicre membrani ve diger lipid ortamlardaki serbest
radikalleri azaltarak antioksidan 6zellik gdsteren bir madde olup bu etkisini
icerigindeki tokoferol, karoten, fenolik bilesikler ve yag asitlerinden de linolenik asit
araciligi ile gostermektedir (172). Bugday ruseym yaginin hayvanlarda gesitli hastalik
modellerinde oksidatif stresi azalttigina dair ¢alismalar mevcuttur. Siganlarda yapilan
bir ¢aligmada; bugday ruseym yaginin 21 giin oral gavaj ile uygulanmasi, siklosporin
ile indiiklenmis hepatotoksisitede bozulmus olan glutatyon (GSH), siiperoksid
dismutaz (SOD) ve katalaz (CAT) parametrelerini iyilestirdigi bildirilmektedir (173).
Yine bagka bir ¢aligmada, bugday ruseym yagmin siganlara 3 giin ardisik olarak 1
mL/kg and 3 mL/kg dozunda oral gavaj ile verilmesi, radyasyonla indiklenen
biyokimyasal bozulmalar1 doza bagli bir sekilde onledigi bildirilmektedir (174).
Subkronik kumafos maruziyeti olan Balb/c erkek farelerde yapilan bir ¢aliymada ise

malonildialdehit (MDA), CAT, SOD ve GSH-peroksidaz aktiviteleri 61¢iilmiis, 45 gun
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gavaj yoluyla uygulanan bugday ruseym yaginin oksidatif stres parametrelerinde
diizelme yaptig1 bildirilmektedir (175). Alfa linolenik asidin, CD40 ligandi
(aktiflestirilmis T hiicrelerinde eksprese edilen ve TNF siiper ailesine iiye protein,
CD40L) ekspresyonu aracili olan oksidatif stres inhibisyonun aterosklerotik
hastaliklara karsi koruyuculugunu arastirmak igin yapilan 32 kisilik bir klinik
caligmada da; alfa linolenik asidi yiiksek oranda iceren ruseym yagmin kullanimi
oksidatif stres ve trombosit CD40L ekspresyonunda azalmayla iliskilendirilmistir
(176). Biz de ¢aligmamizda; Doks kullanimima bagli kardiyotoksisite gelisiminde
kabul goren oksidan mekanizmalar ile hasar olusumu hipotezine istinaden, bugday
ruseym yagmin giiclii antioksidan 6zelliginden yararlanilarak tedavi edici etkisini
arastirdik. Ancak, oksidan ve antioksidan parametrelerin biitge sikintisi yliziinden
Olciilememis olmasi, projemizin sonuglarimi kisitlamis ve Doks’un hangi
mekanizma/mekanizmalar araciligi ile etki gosterdigi sorusunu yanitlamamiza imkan
vermemistir. Bu  parametrelerin  Olglimlerine ve  farkli  mekanizmalarin
aydimlatilmasina yonelik yeni projeler planlanmalidir.

Doksorubisin ~ kullannmina  bagli  gelisen kardiyak disfonksiyonun
mekanizmalarmin aydmlatilmasina yonelik pekcok aragtirma bulunmaktadir. Ancak
akut Doks maruziyetinin 6zellikle potasyum (K*) akimlar1 {izerindeki etkileri ve
aksiyon potansiyeli degisiklikleri agisindan sonuglar1 tartismalidir. Bu tartismali
sonuclarda; arastirmalardaki farkli insan/hayvan turiine, doza, hiicre icerisinde biriken
Doks konsantrasyonuna ve maruziyetin akut veya kronik olusuna gore onemli
degisiklikler olusabildigi gerekce gosterilmektedir. Wang ve arkadaslar1 6zellikle Ik
inhibisyonunu sorumlu tutarken, Ducroq ve arkadaslar1 Doks’un Ik, nin aksine Iks’yi
inhibe ettigini savunmaktadir (177,178). Bosch ve ark. ile Lu ve ark.’nin yaptigi
arastrmalarda da akut Doks maruziyetine bagli insan ve tavsan ventrikiil
miyositlerinde aksiyon potansiyeli siiresinde (APD) uzama bulunmustur. Ancak bu
aragtirmalar sonucunda; buna hangi kanalin inhibisyonunun yol agtigmin
aciklanamayacagi belirtilmektedir. Tiim bu sonuclara ek olarak, kanitlanmis
sarkoplazmik retikulumdan sizmnt1 sonucunda hiigre ici Ca*? konsantrasyonunun artis

destek goren hipotezlerdendir (179,180). Biz arastirmamizda, hiicre ici molekiler
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mekanizmalara yonelik bir yontem uygulamadik. Ancak henuiz netlik kazanmamis bu
mekanizmalarin aydinlatilmasina yonelik yeni arastirmalar planlanmalidir.
Literaturlerde bildirilen Doks’a bagli kardiyomiyopati hayvan modellerinde
sistolik, diyastolik ve ortalama kan basinci degerlerinin azaldig1 rapor edilmektedir
(23,167,183). Doksorubisine bagli kardiyotoksisite gelisiminde kabul géren oksidan
mekanizmalarin disinda, altta yatan mekanizmalardan birinin de otonomik (sempatik
sinir sistemi) disfonksiyon oldugu ve bunun kan basincinda diisiise neden oldugu ileri
stiriilmiistir. Ancak, Doks'un sempatik sinir sistemi Uzerindeki etkilerinin; doz, tedavi
stiresi ve uygulanan organizmaya gore degiskenlik gibi faktorlere bagli olarak karisik,
cok faktorli oldugu ve yeterince kanitlanamadigini belirten yayinlar da bulunmaktadir
(23,167,183). Mekanizmaya yonelik yontem vyer almamakla birlikte bizim
calismamizda da; Doks uygulamasinin ardindan her ii¢ parametrede (sistolik,

diyastolik ve ortalama arter basinci) de anlamli azalma tespit edildi.

Hiicre i¢ci mekanizmalardaki belirsizlige benzer sekilde; goriilen birincil
elektrofizyolojik islev bozukluklarmin da, Doks’un akut veya kronik kullanimia gore
degisiklik gosterdigi belirtilmektedir. Akut maruziyette; atipik ST segmenti ve T
dalgasi anormallikleri, azalmis QRS voltajlari, sinis tasikardisi, QT araligi uzamasi ve
ventrikiiler/ atriyal aritmi goriilebildigi belirtilmektedir (26,184). Kronik maruziyette
ise; ilerleyici hipotansiyon, QRS voltajinda karakteristik bir azalma ile birlikte
tasikardi, kardiyak dilatasyon ve ventrikiiler yetmezlik ortaya c¢iktig1 rapor
edilmektedir (182). Birlikte gorilen elektriksel ve mekanik disfonksiyonun, hiicresel
elektrofiyolojik ve wuyarilma-kasilma dongiisiindeki bozulmadan kaynaklandigi
belirtilmektedir. Bizim ¢alismamizda da literatiirler ile uyumlu sekilde; akut Doks
uygulamasi sonrast PR mesafesi, QRS siiresi, QT ve QTc intervallerinde anlamli
uzama tespit edildi. Ardindan uygulanan diisiik doz ruseym yagmmn QRS siiresini
anlaml1 sekilde geri dondiirdiigii, diger parametrelerde de istatistiksel olarak anlamli

olmayan sekilde az da olsa diizelme yaptig1 tespit edildi.

Doksorubisine bagl kalp agirligindaki degisimlere iligkin yapilmis ¢aligma
sayist kisithdir. Siganlara intraperitoneal olarak dort doz seklinde toplam 15 mg/kg

Doks uygulanan bir arastirmada, kalp kuru agirhgmm kontrol grubu ile
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karsilastirildiginda farkli olmadigi, bunun gelisen kardiyak konjesyon nedeniyle
olabilecegi belirtilmektedir (167). Ancak farkli dozlarda Doks uygulanan sicanlarda
kalp kuru agirhiginda azalma oldugunu sdyleyen ¢alismalar da vardir (126,155). Bizim
arastrmamizda benzer sekilde, Doks uygulanan gruplarda kalp dokusu kuru

agirliklari, uygulanmayan kontrol grubuna kiyasla azalmig olarak bulundu.

Doksorubisine bagli kardiyomiyopatinin gerek hasta endomiyokardiyal
biyopsi, gerekse ¢esitli hayvan ¢aligmalarindaki kalp dokusu Orneklerinin
histomorfolojik inceleme sonucunda karakterize edilen 6zellikleri arasinda; miyofibril
kaybi, sarkoplazmik retikulumda dilatasyon, sitoplazmik vakualizasyon, mitokondride
sisme Ve lizozom sayisinda artis sayilmaktadir. Biz de arastirmamizda kalp dokusunda
benzer sekilde; bozulmus miyofibriler dizilim, vakuolizasyon, kollajen artisi, hyalen
birikimi, hiperemi ve konjesyon tespit ettik. Literatirde kalp dokusundaki bu
degisikliklerin 6zellikle insan ve hayvan tiirlerinde benzer sekilde ortaya ¢iktigia
dikkat cekilmektedir (155,186,187). Morfolojik hasarm ciddiyetini belirleyen en
onemli faktoriin; Doks dozuna bagimli olarak kalp dokusundaki ila¢ akiimiilasyonu

oldugu ve hasar ile dogru orantili oldugu belirtilmektedir (167).

Ozetle; yapmis oldugumuz bu ¢alismada toplamda 15 mg/kg doksorubusin
uygulanmasi ile akut kardiyotoksisite basarili sekilde olusturuldu. Tedavi amaciyla
verilen bugday ruseym yagmm hem diisiik, hem yiiksek dozunun bozulmus olan
kardiyak etkilerin pek¢ogunu diizelttigi saptandi. Bu etkiler hem EKG
parametrelerinde, hem de histomorfolojik diizelme olarak gosterildi. Ancak yuksek

doz tedavi ile diisiik doz tedavinin birbirlerine iistiinliigii saptanamadi.
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6. SONUC VE ONERILER

Sonug olarak bu c¢alismada Doks’a bagli akut kardiyomiyopati modeli
olusturdugumuz sicanlarda kardiyovaskiiler parametrelerde bozulma ile birlikte kalp
dokusunda histomorfolojik olarak hasar gelistigi ve bugday ruseym yaginin tedavi
edici etkisinin oldugu gosterilmistir. Ancak ¢alismamizda bugday ruseym yaginin
kardiyovaskiiler parametrelerde sagladigi iyilesme, antioksidan Ozelligi ile

iliskilendirilememis ve mekanizmasi aydinlatilamamistir. Bu nedenle Doks’a baglh
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gelisen kardiyomiyopati patogenezindeki olast mekanizmalar ve bugday ruseym

yagmin bu patolojiler iizerine etkileri ile ilgili ileri arastirmalara ihtiyag vardir.
6.1. Kisithhklar

Calismamiz doksorubusin kardiyotosisite modelinde antioksidan olarak
bugday ruseym yagi kullanilan alaninda ilk ¢aligma olmasi agisindan 6nemlidir, bu
yoniliyle literature katki saglayacaktir. Bundan sonraki calismalarda molekiiler
diizeyde antioksidan parametrelerin de c¢alisilmasi, immunhistokimyasal
degerlendirmelerin daha genis serilerde yapilmasi hem caligma verilerimizi gézden

gecgirecek hem de konunun ayrmtilandirilmasini saglayacaktir.
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Bu arastirma destegi icin Dokuz Eyliil Universitesi Bilimsel Arastirma Projeleri
Midiirligi’ne bagvurulmus ancak olumlu sonu¢ almamamistir. Bu yiizden proje,

biit¢esi 0zkaynaklarimizdan karsilanarak gergeklestirilmistir.
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Saglik Bilimleri -- Tip -- Dahili Tip Bilimleri -- Farmakoloji ve Klinik Farmakoloji --
Tibbi Farmakoloji ve Toksikoloji

Cocuk Acil
Klinik Toksikoloji

Cocuk Sagligi ve Hastaliklar

G. GOKALP, Mantar Zehirlenmeleri, D. YILMAZ [Editérler], . Cocukluk Cag
Zehirlenmelerine Acil Yaklasim(86 - 91), ISBN: 978-625-401-417-8, TURKIYE:
Turkiye Klinikleri, 11 Haziran 2021, Kitapta Bolum.

G. GOKALP, Methemoglobinemi, M. ANIL [Editérler], Kritik Cocuk Hasta
Algoritmalar(527 - 529), ISBN: 9786057578693, TURKIYE: Ankara Nobel Tip
Kitabevleri, 04 Kasim 2020, Kitapta Bolum.

G. GOKALP, Zehirlenmeler, M. ANIL [Editorler], Kritik Cocuk Hasta
Algoritmalari(699 - 741), ISBN: 978-605-7578-69-3, TURKIYE: Ankara Nobel Tip
Kitabevleri, 04 Kasim 2020, Kitapta Bolim.

G. GOKALP, Solunum Sikintisi Olan Yenidogana Yaklasim, M. ANIL [Editorler], Kritik
Cocuk Hasta Algoritmalar(617 - 621), ISBN: 978-605-7578-69-3, TURKIYE:
Ankara Nobel Tip Kitabevleri, 04 Kasim 2020, Kitapta Bolim.

G. GOKALP, Pediyatrik Travma olgularinda Acil Servis Triyaji, M. ANIL [Editorler],
Pediatrik Travma (14 - 17), ISBN: 978-625-401-095-8, TURKIYE: Tiirkiye
Klinikleri, 22 Eylil 2020, Kitapta Bolim.

G. GOKALP, Cocukluk Cagl Kafa Travmasina Yaklasim, C. YAKINCI [Editorler],
Giincel Cocuk Saglg Ve Hastalklar Calsmalar(139 - 153), TURKIYE: Akademisyen
Kitap Evi, 05 Mart 2019, Kitapta Bolim.

G. GOKALP, Cocukluk Cagi Zehirlenmelerine Yaklasim, C. YAKINCI [Editérler],
Giincel Cocuk Saglg Ve Hastalklar Calsmalar(89 - 107), TURKIYE: Akademisyen
Kitap Evi, 01 Mart 2019, Kitapta Bolim.
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Makaleler

G. GOKALP, American Academy Of Pediatrics: Emergency Physicians Advancing
Emergency Care, H. L. YILMAZ [Editorler], American Academy Of Pediatrics:
Emergency Physicians Advancing Emergency Care: Istanbul Tip Kitapevi, 06 Nisan
2016, Kitapta Bolim.

G. GOKALP, T. NALBANT & Y. BICILIOGLU, The Insidious Enemy of the Liver: The
Situation in Childhood Acetaminophen Poisoning and Early N-AC Treatment,
PEDIATRIC EMERGENCY CARE, 2024, 0749-5161, 40, 7, 5.

G. GOKALP, T. NALBANT, Y. BICILIOGLU, S. BARDAK, G. DEMIR, A. CICEK, E.
BERKSOY & G. GOKALP, Hayati Tehdit Eden Bir Cevresel Acil: Cocukluk Cag
Bogulmalari, Forbes tip dergisi (Online), 2024, 2717-9443, 5, 2, 135-143.

S. BARDAK, E. BERKSQY, A. CICEK, G. DEMIR, Y. PEKCEVIK, P. ELIBOL, G. G??KALP,
T. NALBANT & B. EMIR et al., Variability of the optic nerve sheath diameter on
brain computed tomography in Turkish children based on sex and age, CHILDS
NERVOUS SYSTEM, 2023, 0256-7040, 39, 12, 10.

E. K. ONCEL, S. DEMIR, S. B. YILMAZ, G. DEMIR, A. CICEK, N. YILMAZ, G. GOKALP, M.
ANIL & D. Y. CIFTDOGAN et al, True Bacteremia or Contamination? Predictive
Factors for Contamination in Blood Cultures Obtained in the Pediatric Emergency
Room, EURASIAN JOURNAL OF EMERGENCY MEDICINE, 2023, 2149-5807, 22, 1,
7.

G. GOKALP, E. BERKSOY, T. NALBANT, A. CICEK, P. ELIBOL, G. DEMIR, Y.
BICILIOGLU, S. DEMIR, S. BARDAK & G. GOKALP, In which cases of beta-blocker
intoxication in childhood,

does hypoglycemia develop more easily?, Cardiovascular surgery and
interventions, 2022, 2148-9211, 9, 1, 43-50.

G. GOKALP, T. NALBANT, E. BERKSQY, S. BARDAK, G. DEMIR, S. DEMIR, O. SAHIN
& N. HOCAOGLU, Is hypoglycemia really observed in pediatric beta-blocker
intoxications? A case-control study, ARCHIVES DE PEDIATRIE, 2022, 0929-693X,
29,1, 5.

P. ELI?BOL, G. DEMIR, A. CICEK, G. GOKALP & E. BERKSQY, lleus and Late-onset
Traumatic Diaphragmatic Hernia Presenting with Vomiting and Dyspnea: A Case
Report, J Pediatr Emerg Intensive Care Med, 2022, 2717-9206, 9, 9, 51-54.

S. DEMIR, G. YALCIN, S. BARDAK, G. DEMIR, E. BERKSQY, G. GOKALP, F. KAMIT, S.
B. YILMAZ & A. B. ANIL et al., Early predictors of high-flow nasal cannula oxygen
treatment failure in patients with respiratory distress admitted to the pediatric
emergency department, TURKISH JOURNAL OF PEDIATRICS, 2022, 0041-4301,
64, 4, 10.

C. TURAN, M. ANIL, A. BAL, G. GOKALP, S. S. GOKAY, T. CELIK, S. OGUZ, T. CELIK &
A. G. KESER et al., The first national data of Turkish pre-hospital emergency care
for children: Epidemiology, clinical characteristics, and outcomes, HONG KONG
JOURNAL OF EMERGENCY MEDICINE, 2022, 1024-9079, 29, 5, 7.

A. CICEK, P. ELI?BOL, S. BARDAK, G. DEMIR, T. NALBANT, G. GOKALP & E.
BERKSOQY, Delirium due to Anticholinergic Intoxication and Use of Physostigmine
in Pediatric Emergency Room, ] Pediatr Emerg Intensive Care Med, 2022, 2587-
0998, 9, 51, 4.

G. DEMIR, E. BERKSOQY, S. BARDAK, P. ELI?BOL, A. CICEK, T. NALBANT & G.
GOKALP, The Effects of the COVID-19 Pandemic on Emergency Patient Profiles: A
Case Study of a Turkish Tertiary Care Pediatric Emergency and Trauma Center,
Southern Clinics of Istanbul Eurasia, 2022, 2587-0998, 2, 33, 150-155.
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G. DEMIR, E. BERKSQY, S. BARDAK, P. ELIBOL, A. CICEK, A. OZON, T. NALBANT & G.
GOKALP, Use of the pleth variability index in children with obstructive respiratory
disease, AMERICAN JOURNAL OF EMERGENCY MEDICINE, 2022, 0735-6757, 56,
5.

S. BARDAK, G. DEMIR, A. CIiCEK, E. BERKSQY, G. GOKALP, P. ELIBOL, B. ASCI, T.
NALBANT & G. GOKALP, Akrep Sokmasi Vakalarinda Prognozu Ongoren Belirtecler:
Uclincii Basamak Cocuk Acil Servis Kesitsel Calismasi, Tiirkiye Klinikleri Pediatri
Dergisi, 2021, 1300-0381, 30, 3, 177-183.

S. BARDAK, T. NALBANT, G. DEMIR, G. GOKALP, M. ANIL, S. DEMIR, A. INAN, E.
BERKSOY & G. GOKALP, Cocuk Acil Servisinde Sosyal Hizmet Uzmani
DestegininAnalizi: Tek Merkezli Tanimlayici Calisma, izmir Tepecik Egitim
Hastanesi Dergisi, 2021, 1305-7073, 31, 2, 203-208.

N. HOCAOGLU, S. KALKAN, O. SAHIN, G. GOKALP, E. YILDIZTEPE & G. GOKALP,
EVALUATION OF CARDIOVASCULAR DRUG POISONINGS REPORTED TO THE
DOKUZ EYLUL UNIVERSITY DRUG AND POISON INFORMATION CENTER
BETWEEN 2014 AND 2017, Journal of Basic and Clinical Health Sciences, 2021,
2458-8938, 5, 2, 156-161.

0. TOLU KENDIR, M. ANIL, S. DEMIR, E. BERKSOY, G. GOKALP, G. DEMIR & S.
BARDAK, Effects of regional differences on the outcome of cardiopulmonary
resuscitation in children: How much different is Gaziantep from Izmir?, Turk J
Emerg Med, 2021, 2452-2473, 2, 5, 156-161.

E. BERKSOQY, A. KANIK, A. CICEK, P. ELIBOL, G. DEMIR, N. YILMAZ, T. NALBANT, G.
GOKALP & D. Y. CIFTDOGAN et al., Clinical and laboratory characteristics of
children with SARS-CoV-2 infection, PEDIATRIC PULMONOLOGY, 2021, 8755-
6863, 56, 12, 8.

N. HOCAOGLU, 0. SAHIN, G. GOKALP, S. KALKAN & G. GOKALP, Evaluation of
pregnant women admitted to Dokuz Eylil University Teratogenicity

Information Service due to use of medications affecting the cardiovascular
system, Cardiovascular surgery and interventions, 2021, 2148-9211, 8, 1, 20-27.

B. EYGI, O. GOKALP, M. KIRAY, G. GOKALP, N. YESILKAYA, H. INER, M. S. GUR, L.
YILIK & A. GURBUZ et al., Direct kidney injury or lower extremity ischemia induced
indirect kidney injury: Which one is more harmful for kidneys?, VASCULAR, 2021,
1708-5381, 29, 3, 7.

0. GOKALP, G. GOKALP, M. KIRAY, Y. BESIR, S. ISCAN, G. GUVENDI, N. K.
YESILKAYA, L. YILIK & A. GURBUZ et al., Which Distant Organ is Most Affected by
Lower Extremity Ischemia-Reperfusion?, ANNALS OF VASCULAR SURGERY, 2020,
0890-5096, 65, 11.

G. INCE, M. ANIL, A. R. BAKILER, E. BERKSQY, Y. BICILIOGLU, G. GOKALP & G.
GOKALP, Cocuk Acil Serviste Supraventrikiiler Tasikardi Tedavisi: Adenozin Dozu
ve Tedaviye Yanitin Degerlendirilmesi, Cocuk Acil ve Yogun Bakim Dergisi, 2020,
2146-2399, 7, 1, 13-18.

F. KAMIT, M. ANIL, A. B. ANIL, E. BERKSOY & G. GOKALP, Preemptive high-flow
nasal cannula treatment in severe bronchiolitis: Results from a high-volume,
resource-limited pediatric emergency department, PEDIATRICS INTERNATIONAL,
2020, 1328-8067, 62, 12, 7.

M. OZTAN, G. GOKALP, M. ANIL, E. BERKSOY & G. GOKALP, Sik Karsilasilan bir
Toksikolojik Acil: Cocuk Acil Servise Basvuran Korozif ve Kostik Madde Alan
Cocuklar, Cocuk Acil ve Yogun Bakim Dergisi, 2020, 2146-2399, 7, 1, 6-12.
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G. GOKALP, M. KIRAY, B. ACIKGOZ, E. BERKSOY, Y. BICILIOGLU, N. ZENGIN, S.
ISCAN, O. GOKALP & A. GURBUZ et al., How important is the damage to the liver
after lower limb ischemia-reperfusion? An experimental study in a rat model,
TURK GOGUS KALP DAMAR CERRAHISI DERGISI-TURKISH JOURNAL OF
THORACIC AND CARDIOVASCULAR SURGERY, 2020, 1301-5680, 28, 1, 7.
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adolescents, ANNALS OF CLINICAL PSYCHIATRY, 2020, 1040-1237, 32, 2, 8.

G. GOKALP, E. BERKSOY, S. BARDAK, G. DEMIR, S. DEMIR & M. ANIL, Is there a
relationship between thyroid hormone levels and suicide attempt in adolescents?,
ARCHIVES OF CLINICAL PSYCHIATRY, 2020, 0101-6083, 47, 5, 5.

G. GOKALP, Evaluation of poisoning cases admitted to pediatric emergency
departmenT, International Journal of Pediatrics and Adolescent Medicine, 2019,
2587-0998, 6, 6, 109-114.

G. YALCIN, M. ANIL, G. GOKALP, E. BERKSOQY, S. BOZKAYA YILMAZ & S. DEMIR,
Isolated Head Injury Caused by Cathode Ray Tube Television Tip-over: Three
Children Cases, J Pediatr Emerg Intensive Care Med, 2019, 2717-9206, 6, 6, 164-
167.
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Olgu-Kontrol Calismasi, Ege Klinikleri Tip Dergisi, 2019, 2148-0990, 57, 3, 193-
198.

G. GOKALP, Cocuk Acil Servisine Basvuran Trakeostomi Nedeniyle Teknoloji
Bagimli Hale Gelen Cocuklarin Degerlendirilmesi, Adiyaman Uni. Saglik Bilimleri
Derg, 2019, 2458-9179, 5, 1, 1342-1350.

H. GUVEN, S. KALKAN, N. HOCAOGLU AKSAY, E. YILDIZTEPE & G. GOKALP,
Evaluation of the knowledge level and usage attitudes of the medical students on
the medicinal herbs and herbal products: a project of special study module in the
first three years of the school of medicine, International Journal of Basic & Clinical
Pharmacology, 2019, 2279-0780, 3, 8, 394-401.

Y. BICILIOGLU, E. BERKSQY, G. GOKALP, A. BAL, T. OZDEMIR & M. ANIL, Late
Presenting Congenital Diaphragmatic Hernia:case Report, | Pediatr Emerg
Intensive Care Med, 2018, 2146-2399, 6, 1, 44-47.

H. INER, 0. GOKALP, Y. BESIR, G. GOKALP, L. YILIK & A. GURBUZ, Inflammation
Triggered By The Use Of Blood Products, Anestesia and Algologia, 2018, 0003-
2999, 126, 5, 1793.

E. BERKSQY, M. ANIL, Y. BICILIOGLU, G. GOKALP & A. BAL, Comparison Of Infrared
Tympanic, Non-contact Infrared Skin, And Axillary Thermometer To Rectal
Temperature Measurements In A Pediatric Emergency Observation Unit, Int J Clin
Exp Med, 2018, 1940-5901, 11, 2, 567-573.

G. GOKALP, M. ANIL & E. BERKSQY, Caustic Burns Affecting Multiple Systems, |
Pediatr Emerg Intensive Care Med, , 2018, 2146-2399, 6, 1, 35-37.

G. GOKALP, E. BERKSQY, M. ANIL, Y. BICILIOGLU, N. ZENGIN, F. KAMIT CAN & A. B.
ANIL, A Rare Cardiotoxicity: Butane Inhalation, J Pediatr Emerg Intensive Care Med,
2018, 2146-2399, 5, 1, 132-133.

Y. BICILIOGLU, M. ANIL, I. YILMAZ, A. BAL, G. GOKALP, F. KAMIT CAN, N. ZENGIN, F.
DURAK & A. B. ANIL, Clinical And Laboratory Characterstics Of Unintentional
Carbon Monoxide Poisoning Due To Coal Stove In Children, TOXIN REVIEWS, 2017,
1556-9543, 36, 1, 33-38.
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F. KAMIT CAN, A. B. ANIL, M. ANIL, N. ZENGIN, A. BAL, Y. BICILIOGLU, G. GOKALP, F.
DURAK & G. INCE, Impact Of High Flow Nasal Canulla Therapy In Quality
Improvement And Clinical Outcomes In A Non-invasive Ventilation Device Free
Pediatric Intensive Care Unit, INDIAN PEDIATRICS, 2017, 0019-6061, 54, 15, 835-
841.

M. ANIL, S. SARITAS, Y. BICILIOGLU, G. GOKALP, F. KAMIT CAN & A. B. ANIL, The
Performance Of The Pediatric Trauma Score In A Pediatric Emergency Department
A Prospective Study, J Pediatr Emerg Intensive Care Med, 2017, 2146-2399, 4, 1,
1-7.

F. K. CAN, A. B. ANIL, M. ANIL, N. ZENGIN, A. BAL, Y. BICILIOGLU, G. GOKALP, F.
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Improvement and Clinical Outcomes in a Non-invasive Ventilation Device-free
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M. ANIL, Z. GOC, R. AVCI, G. GOKALP, Y. BICILIOGLU, F. KAMIT CAN, F. DURAK, A.
BAL, N. ZENGIN & A. B. ANIL, B-type Natriuretic Peptide Is A Useful Biomarker
Predicting Disease Severity In Children With Isolated Bronchiolitis In The
Emergency Department, The Turkish Journal Of Pediatrics,, 2017, 0041-4301, 59,
1, 561-5609.

Y. BESIR, O. GOKALP, B. EYGI, B. LAFCI, G. GOKALP, L. YILIK, H. INER & A. GURBUZ,
A Surgical Approach To latrogenic Vascular Injuries In Pediatric Cases, Ulus Travma
Acil Cerrahi Derg, 2017, 1306-696X, 23, 3, 217-222.

0. G@KALP, N. K. YESILKAYA, Y. BESIR, G. GOKALP, M. BALKANAY, L. YILIK, Y.
GOKKURT & A. GURBUZ, What Kind Of Incision Should Be Used In Thoracic Trauma
Patients In Emergent Cases?, World J Surg, 2016, 0364-2313, 40, 8, 2062.

G. GOKALP, M. ANIL, A. BAL, Y. BICILIOGLU, F. KAMIT CAN & A. B. ANIL, Factors
Affecting The Decision To Hospitalise Children Admitted To The Emergency
Department Due To Nan-fatal Suicide Attempts By Pills, Pak ] Med Sci, 2016,
1682-024X, 32, 3, 731-735.

G. GOKALP, Y. BICILIOGLU, A. BAL, N. ZENGIN, 0. GOKALP & I. YAPRAK, Prematiire
Bebeklerin Yenidogan Yogun Bakim Unitesinden Taburculuklar Sonrasinda
Yeniden Hastaneye Yatis Nedenleri, izmir Egitim ve Arastirma Hastanesi Tip
Dergisi, 2016, 305-5151, 20, 4, 109-116.

N. ZENGIN, M. ANIL, A. B. ANIL, F. KAMIT CAN, A. BAL, Y. BICILIOGLU, F. DURAK &
G. GOKALP, Clinical Characteristics Of Pediatric Scorpion Envenomation In The
Aegean Region: An Experience Of A Training And Research Hospital, | Pediatr
Emerg Intens Care Med, 2016, 2146-2399, 3, 1, 69-75.

Z. SAHBUDAK BAL, F. KAMIT CAN, A. B. ANIL, A. BAL, M. ANIL, G. GOKALP, O.
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A. BAL, M. ANIL, G. GOKALP, Y. BICILIOGLU, A. B. ANIL, F. KAMIT CAN, N. ZENGIN &
M. HELVACI, Comparison Of The Eosinophil Count To C ? Reactive Protein,
Leukocyte Count, And Neutrophil Count For The Detection Of Bacterial Infection In
llleppearing Children With Fever Admitted To The Emergency Department, SIGNA
VITAE, 2015, 1334-5605, 10, 2, 163-176.

G. GOKALP, A. BAL, Y. BICILIOGLU, F. KAMIT CAN, N. ZENGIN, M. ANIL & A. B. ANIL,
The Efectiveness Of Laboratory Tests For Predicting Acute Bacterial Meningitis In
Pediatric Emergency Department, ] Pediatr Emerg Intens Care Med, 2015, 2146-
2399, 2, 1, 19-24.
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Background: Beta-blocker (BB) intoxications are common in both childhood and adulthood. In the case of poi-
soning, bradycardia, hypotension, ventricular dysrhythmias, mental status changes, seizures, hypoglycemia,
and bronchospasm may occur. Effects on the cardiovascular system are commonly seen, but hypoglycemia is
not frequently observed in clinical practice. In this study, we aimed to answer the question, “Is hypoglycemia
more commonly observed in BB intoxications than in other intoxications?”
Method: This was a case—control study conducted in a pediatric emergency department of a university hospi-
tal. The case group (Group 1) consisted of cases with BB poisonings and the control group (Group 2) consisted
of cases with selective serotonin receptor inhibitor (SSRI) poisonings. Data were obtained from patient files.
We recorded the blood glucose levels (BGLs) of all patients on admission to the emergency department and
at the 1-, 6-, and 24-h follow-up. The amounts of BBs received by the cases were compared with the specific
toxic doses of each drug. The data obtained were analyzed using the Statistical Package for the Social Sciences
22 (SPSS.22) program. Mean and standard deviation for numerical values and frequency for categorical data
are reported; at test, chi-square test, and ANOVA tests were used for the analysis.
Results: The study comprised 40 patients (Group 1) and 40 controls (Group 2). The mean serum BGLs of
patients in Group 1 at admission and at the 1-, 6-, and 24-h follow-up were 107.2 + 46.3 mg/d],
86.3 £+ 20.1 mg/dl, 88.6 + 28.4 mg/dl, and 86.5 £ 23.7 mg/dl, respectively. The mean values of Group 2 cases
were 100 £ 39.5 mg/dl, 92.1 & 30 mg/dl, 91+£28 mg/dl, and 127.8 £ 60.7 mg/dl, respectively, at admission
and at the 1-, 6-, and 24-h follow-up (p = 0.4, p < 0.001, p = 0.7, and p < 0.001, respectively). The mean BGLs
of patients who were exposed to propranolol at admission and at the 1-, 6-, and 24-h follow-up were signifi-
cantly lower than those of the patients who had taken different BBs in Group 1. No linear correlation was
found between the percentage of exposure to BB toxic doses and BGLs.
Conclusion: Our study showed that the BGLs of patients receiving BBs could be lower, but they were not at a
level that would have serious consequences. Nevertheless, the BGLs of all cases of intoxication should be
monitored closely.

© 2021 French Society of Pediatrics. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction many studies conducted in Turkey, the most common poisoning

agent in childhood is drugs [1,2]. Central nervous system drugs con-

Poisoning is one of the preventable causes of death in childhood.
In the United States, approximately 1.5 million children are admitted
to emergency services each year due to poisoning. [1] Drugs and cor-
rosive substances are the primary cause of poisoning worldwide. In
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stitute the largest group of drug poisonings. The second most com-
mon cause is medication affecting the cardiovascular system, with
the largest component of this group being beta-blockers (BBs) [3].
According to the 2004 Toxic Exposure Surveillance System, 37% of
life-threatening poisonings were caused by calcium channel blockers
and BBs. [4| The reason for this frequency is that BBs are used to treat
numerous diseases, including hypertension, thyrotoxicosis, migraine,
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tremor, arrhythmia, and heart failure, and therefore they are also eas-
ily accessible [5]. According to the report of the American Association
of Poison Control Centers (AAPCC), in the last 20 years, BB intoxica-
tions have increased fivefold. In the United States between 1983 and
2001, 37,066 patients under the age of six were diagnosed with BB
intoxication [6]. According to the United States Poison Control
Report, 9014 single BB intoxications were reported in 2006, 614 of
which were evaluated as serious and four cases of which resulted in
exitus [7].

To understand the clinical picture of BB poisoning, it is necessary
to know the pharmacological properties of these drugs. BBs are com-
petitive antagonists of catecholamines at beta-adrenergic receptors
and are classified differently depending on the receptors they affect
[8,9]. Beta 1 (1) receptors can be used to increase cardiac contractil-
ity in the myocardium, beta 2 (82) receptors can relax vascular and
bronchial smooth muscles, and beta 3 (83) receptors can reduce cate-
cholamine-induced thermogenesis and cardiac contractility in the
heart [10]. Drugs in therapeutic doses specifically block only 1 or 82
receptors, but in high doses, they block all receptors because they
lose this selectivity [9]. The prognosis depends on their effects on the
heart [11].

Hypoglycemia is identified in the presence of symptoms such as
sweating, tremor, and tachycardia with blood glucose levels (BGLs)
below 60 mg/dl, and in the absence of such symptoms, BGLs below
50 mg/dl. When the BGL falls below 55—60 mg/dl, neurogenic (auto-
nomic) symptoms such as sweating, tremor, tachycardia, and feelings
of hunger may occur due to hypoglycemia. Neuroglycopenic symp-
toms such as lethargy, confusion, irritability, seizure, and even death
usually occur when the BGL falls below 50 mg/dl [12]. Therefore,
early detection and treatment of hypoglycemia save lives.

BBs show their effects on glucose metabolism by inhibiting glyco-
genolysis and gluconeogenesis, thereby reducing glucose production
[13]. Beta 2 selective agents are safer for preventing hypoglycemia
[14]. Also, BBs block the alpha receptors and suppress the tachycardia
response that occurs due to hypoglycemia and delay awareness [15].
Therefore, BGL monitoring is vital in cases of BB poisoning.

Theoretically, bradycardia, hypotension, ventricular dysrhyth-
mias, mental status changes, seizures, hypoglycemia, and broncho-
spasm may occur in cases of BB poisonings [16,17]. Effects on the
cardiovascular system are more commonly seen, but metabolic com-
plications such as hypoglycemia are not frequently observed in clini-
cal practice. The data in the literature on the development of
hypoglycemia due to poisoning are based on old case reports. Consid-
ering this gap in the literature, we aimed to answer the question, “Is
hypoglycemia more commonly observed in BB intoxications than in
other intoxications?”

2. Method

This study was conducted in a pediatric emergency department of
a university hospital after approval from the regional ethics commit-
tee.

The study was designed as a case—control study. All patients
admitted to the pediatric emergency department with BB poisoning
were included in the study. These patients were classified as the case
group (Group 1). Patients in the control group (Group 2) presented to
the emergency department with selective serotonin receptor inhibi-
tor (SSRI) poisoning. (Hypoglycemia is not an expected finding in
SSRI poisonings.) Information about the cases was obtained from
patient files. Patients with other concomitant medications, patients
with known carbohydrate metabolism disorder, diabetes or similar
endocrine disease, those who were pregnant, and those who did not
complete the 24-h follow-up in the pediatric emergency department
were excluded from the study.

The independent variable of the study was exposure to BB. Depen-
dent variables were age, sex, type of intoxication, how much the BB
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Table 1

Toxic doses and half-lives for beta-blocker agents for

children [39].
Beta-blocker  Toxic dose Half-life (h)
Metoprolol 2.5-5 mg/kg 4-20
Propranolol 4 mg/kg 3-4
Atenolol 2 mg/kg 6-9
Bisoprolol 10 mg/kg 9-12
Betaxolol 20 mg (for adults) 14-24
Acebutolol 12 mg/kg 3-4
Sotalol 4—-10 mg/kg 12

dose exceeded the toxic dose, and serum glucose levels. In our clinic,
hourly blood glucose level (BGL) testing is routinely performed for
patients who present with severe poisoning. From these current
data, we recorded the BGLs of all patients on admission to the emer-
gency department and at the 1-, 6-, and 24-h follow-up. For both
groups, BGLs were measured from the inner surface of the left fourth
finger. The amount of BB received by patients in the case group was
rated with the specific toxic dose of each drug. The percentage of
exposure was calculated for each case according to how much of the
toxic dose the individual was exposed to. This value is called the “per-
centage of toxic dose.” Table 1 lists the accepted toxic doses of the
drugs.

In our study, hypoglycemia was defined as when BGL was less
than or equal to 50 mg/dl and as hyperglycemia when BGL was
higher than or equal to 200 mg/dl [18—-20].

The data were analyzed using the Statistical Package for the Social
Sciences 22 (SPSS.22) program. Mean and standard deviation for
numerical values and frequency for categorical data were derived. In
the comparison of the two groups, a t-test was used for numerical
values, and chi-squared analysis was used for categorical data. Fish-
er’s exact test was used when the chi-squared assumption was not
achieved. Pearson’s correlation analysis was used to determine the
correlation between continuous variables. ANOVA test and post hoc
Bonferroni tests were used for the distribution of continuous varia-
bles.

3. Results

The study included 80 patients: 40 cases (Group 1) and 40 con-
trols (Group 2). In all, 47 (58.8%) of the cases were female, and the
mean age was 10.8 &+ 6 (2—17) years. It was noted that 40% of the
cases were accidental poisoning and 60% were poisoning as suicide.
There was a balanced distribution in terms of age, sex, and intoxica-
tion mechanisms among the cases (Table 2).

In Group 1, the BB agents involved in the poisoning were meto-
prolol (35%), propranolol (35%), atenolol (7.5%), bisoprolol (7.5%),
betaxolol (7.5%), acebutolol (5%), and sotalol (2.5%) (Table 2). The
amounts of BBs were rated according to the specific toxic doses of
each drug. The mean toxic dose percentage of the cases receiving BBs
was 164.5 + 56.2% (100—320%) (Table 2). The mean values of toxic
dose percentages were 179 + 92.8% for bisoprolol, 170 + 53.6% for
betaxolol, 156.5 + 56.2% for metoprolol, 145 4 24.8% for atenolol,
and 142 + 58.7% for propranolol (Table 3).

In Group 2, the SSRI agents that were involved in the poisoning
were paroxetine (22.5%), citalopram (20%), fluoxetine (20%), sertra-
line (20%), and escitalopram (17.5%) (Table 4).

The means values of serum BGLs in Group 1 cases at the time of
admission to the emergency department and at the 1-, 6-, and 24-h
follow-up were 107.2 + 463 mg/dl, 863 + 20.1 mg/dl,
88.6 + 28.4 mg/dl, and 86.5 £ 23.7 mg/dl, respectively. The mean
serum BGLs in Group 2 cases were 100 £ 39.5 mg/dl, 92.1 £+ 30 mg/
dl, 91 4+ 28 mg/dl, and 127.8 &+ 60.7 mg/dl, respectively, at the same
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Table 2
Characteristics of study groups.
AllcasesN=80 % Group 1(case)N=40 % Group 2 (control) N=40 % p
Gender 0.5
Female 47 588 25 625 22 55
Male 33 413 15 375 18 45
Type of poisoning 0.6
Accidental 32 40 17 425 15 37.5
Suicidal 48 60 23 575 25 62.5
Age (years) 10.8 +6,2-17 10.5+3.1,2-14 11.2+1.7,5-17 0.14

Mean=SD, min—max

Table 3
Beta-blocker agents and percentage of toxic dose in Group 1.

Beta-blocker N % Percentage of toxic dose (mean+SD)
Metoprolol 14 35 156.5 + 56.2
Propranolol 14 35 142 + 58.7
Atenolol 3 7.5 145 +24.8
Bisoprolol 3 7.5 179 +£92.8
Betaxolol 3 7.5 170 + 53.6
Acebutolol 2 5 151+ 24
Sotalol 1 2.5 110
Total 40 100 164.5 + 56.2
Table 4
Selective  serotonin  receptor

inhibitor (SSRI) agents in Group 2.

N %
Citalopram 8 20
Escitalopram 7 17.5
Fluoxetine 8 20
Paroxetine 9 225
Sertraline 8 20
Total 40 100

time intervals (p = 0.4, p < 0.001, p= 0.7, p < 0.001, respectively; t-test
results) (Table 5).

Hypoglycemia was detected in 17 cases (11 cases + six controls).
Hypoglycemia was detected on admission in two cases (one case in
Group 1 + one case in Group 2), at the 1-h follow-up in five cases
(three cases in Group 1 + two cases in Group 2), at the 6-h follow-up
in six cases (four cases in Group 1+ two cases in Group 2), and at the
24-h follow-up in four cases (three cases in Group 1+ one case in
Group 2),(p=0.4,p=0.3,p =1, p = 0.6, respectively). The hypoglyce-
mia values obtained at these different hours all represent different
cases. That is, when hypoglycemia was detected at one evaluation, an
appropriate intervention was performed, and at the next follow-up,
the BGL was normal. Table 6 lists the drugs used in these cases. Hypo-
glycemia was not found after appropriate treatment when it was
detected during an evaluation. None of the patients had neuroglyco-
penic symptoms or exitus due to hypoglycemia.

A hyperglycemia limit of 200 mg/dl was detected only in three
cases (two cases in Group 1 + one case in Group 2) at 0 min (p = 0.5,
chi-squared analysis) (Table 7).

The mean BGLs of patients who were exposed to propranolol at
0 h, 1 h, 6 h, and 24 h were significantly lower than those of all

patients who had taken different BBs in Group 1 (ANOVA, Bonferroni
test: p=0.01,p=0.9, p = 0.08, p = 0.2, respectively) (Table 8). Signifi-
cance was detected only at 0 min and this significance was due to the
propranolol group.

No linear negative correlation was found between the percentage
of BB toxic doses and the BGLs measured at 0 h, 1 h, 6 h, and 24 h
(p=02,r=01;p=06,r=0.08; p=0.2,r=0.1; p=0.2,r=0.2; respec-
tively) (Table 9).

4. Discussion

Our study aimed to determine whether the BGLs of patients with
BB poisoning were lower than the BGLs of patients who were poi-
soned with an agent without a known hypoglycemic effect. We found
that there was no difference between the means of the BGLs at the
time of admission. BGLs were lower in the case group at 1 h, 6 h, and
24 h (only values at 1 h and 24 h are significant). However, when
evaluated in terms of hypoglycemia limits, the number of cases with
hypoglycemia at 1 h and 24 h was higher than in the control group,
but these values were not significant. Besides, no negative correlation
was found between the increase in the percentage of toxic dose and
the decrease in BGLs.

In this study, we aimed to select a control group without any
known hypoglycemic effect. In SSRI intoxications, gastrointestinal
symptoms, central nervous system suppression symptoms, cardio-
toxicity (by some agents), and serotonin syndrome findings are gen-
erally seen, but glucose metabolism disorders are not very common.
In the literature, we did not find hypoglycemic cases who had taken
SSRIs except the cases of a diabetic patient receiving fluoxetine, a
patient receiving sertraline and other medications, and a patient
receiving citalopram and alcohol. In these reports, it was stated that
the hypoglycemia in these three cases may have been related to con-
comitant diseases and medications [21-23].

The metabolism of BBs and therefore their half-lives are different
for each drug. The half-life of propranolol is the shortest at 3—h h,
while that of betaxolol is 14—24 h [24]. Therefore, in our study, it
would not be sufficient to obtain baseline BGLs of patients on their
first admission. Hence, we thought that obtaining BGLs at the 1-, 6-,
and 24-h follow-up would also contribute data to our study.

The literature on the development of hypoglycemia in childhood
intoxications is mainly composed of older studies and case reports.
For example, Calvey et al. showed that BGL declined by 6—15% for 3 h
after propranolol injection into rabbits in their experimental study
published in 1968 [25]. Kotler et al. reported on two adult cases of
hypoglycemia after 40 and 80 mg of propranolol in 1966 [26]. In case

Table 5
Mean blood glucose levels according to time (t-test).
All cases N =80 Group 1(case)N=40  Group2 (control) N=40 t p
0h 103.6 + 43 mg/dl 107.2 £ 46.3 mg/dl 100 + 39.5 mg/dl 07 04
1h  892+255mg/dl 863 20.1 mg/dl 92.1 + 30 mg/dl 102 <0.001
6h  89.8+28mg/dl 88.6 + 28.4 mg/dl 91 + 28 mg/dl 03 07
24h  107.2+503mg/dl  86.5 + 23.7 mg/dl 127.8 + 60.7 mg/dl 4 <0.001
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Table 6
Distribution of cases with hypoglycemic levels in Group1 according to beta-blocker agents.
Metoprolol N=2 (%)  PropranololN=6 (%)  Acebutolol N=1 (%) BisoprololN=1 (%) SotalolN=1(%) Total N (%)
Oh - 1(100%) - - - 1(100%)
1h 1(33.3%) 1(33.3%) 1(33.3%) - - 3(100%)
6h 1(25%) 2 (50%) - 1(25%) - 4(100%)
24h - 2 (66.6%) - - 1(33.3%) 3(100%)
Table 7
Glycemic status of the groups (chi-square analysis).
Hypoglycemia All casesN=17,100%  Group 1(Case)N=11,100%  Group 2 (control) N=6,100% p
Oh 2,11.7% 1,9% 1,16.7% 0.4
1h 5,29.4% 3,27.3% 2,33.3% 0.3
6h 6,35.3% 4,36.4% 2,33.3% 1
24h 4,23.5% 3,27.3% 1,16.7% 0.6
Hyperglycemia  N=3,100% N=2,100% N=1,100%
Oh 3,100% 2,100% 1,100% 0.5
1h - - -
6h - - -
24 h - - -
Table 8
Blood glucose levels in Group 1 according to beta-blocker agents: mean values (ANOVA).
Glucose levels (mg/dl)  Metoprolol Propranolol  Atenolol Bisoprolol Betaxolo Acebutolol Sotalol F p
Oh 107.1 £ 36 90.1+38 200 + 69.3 114.7 £ 34 95.7 +27.1 92 +57.1 115 327 001
1h 885+ 144 832+244 87.7+11 81+£15 943 +£20 85+39.5 90 0.1 09
6h 964 +31.7 76.6+18.8 776+185  80.1 £33.1 126.7+102 100.5+473 66 2.05 0.08
24 h 9534219 764204 92.7+36.1 963+342 823+133 96.5 + 26.1 56 13 0.2
Table 9

Correlation between blood glucose levels and percent-
age of toxic doses (Pearson correlation).

Glucose levels (mg/dl)  Percentages of toxic doses

r p
Oh 0.1 0.2
1h 0.08 0.6
6h 0.1 0.2
24h 0.2 0.2

reports published in 1966, 1967, and 1971, the authors also men-
tioned hypoglycemia secondary to propranolol intake [27—29]. How-
ever, Brown et al. found no hypoglycemia even in the case of hunger
in a propranolol intoxication rat model in their experimental study
published in 1968 [30]. Similarly, in pediatric case reports, hypogly-
cemia was shown after BB intoxication. For example, a child with
Down syndrome whose BGL was 0 mg/dl after propranolol and
hydrochlorothiazide intake developed hypotension and did not
respond to resuscitation [8]. In another case report, a 20-month-old
infant (12 kg) and the 3-year-old sister (14.5 kg) without a previously
known carbohydrate metabolism disorder similarly received a total
of 150 mg propranolol, and their BGL measured 14 mg/dl and 50 mg/
dl, respectively [31]. In another case report, a 4-year-old boy with
renovascular hypertension and hypoplastic abdominal aorta was
given long-term hydrochlorothiazide and propranolol (180 mg/day)
treatment, and his BGL was 34 mg/dl on admission for hypoglycemic
seizure. Belson et al. evaluated 378 cases of BB intoxication in
patients under 7 years old. They reported that the majority of the
patients were discharged without any problem at the end of the fol-
low-up. In a few cases, bradycardia and low blood pressure occurred,
but these resolved with supportive treatment. No cases of hypoglyce-
mia or permanent sequelae were reported [32]. In another study that

examined the effects of BBs, by Gillette et al. found no case of hypo-
glycemia in 64 children [33].

Lionte et al. investigated the risk of hypoglycemia in different
intoxication scenarios. In the retrospective part of the study, they
found 4005 cases with a possible hypoglycemia risk, and they
reported that 23% of these cases had BB intoxication. In the prospec-
tive part of the study, they reported that 11.79% of 1034 cases had BB
intoxication. They found that hypoglycemia developed in 23 patients
in the retrospective study and six patients in the prospective study,
but there was only one case of death due to hypoglycemia [34].

In our study, hypoglycemia developed in 11 (27.5%) out of 40
patients receiving BB. However, this hypoglycemia was not resistant
to treatment, and there was no case of exitus. The hypoglycemia rate
was higher than in the control group. The small number of cases may
have prevented a statistically significant result. Hypoglycemia was
observed in six (15%) of 40 patients in Group 2. We did not expect
hypoglycemia in SSRI intoxications. Hypoglycemia in these cases
may be caused by another underlying condition. For example, these
hospitalized patients may be inadequately nourished. Even if they
are fed enough, treatments used in the intoxications such as gastric
lavage or activated charcoal may have reduced the absorption of
food. Perhaps in these cases, there may be a metabolic disease that
has not been diagnosed yet. In brief, there may be another etiologic
factor causing hypoglycemia.

Each of the BB drugs corresponds to a different value in milligrams
of toxic dose. Besides, the toxic effect will increase as the dose
increases [2,3]. Therefore, the term “toxic dose percentage” as we
define it shows the quantity of exposed drug taken in relation to the
determined toxic dose. For example, 1 mg/kg of propranolol has no
toxic effects, but 20 mg/kg of the same drug can cause cardiovascular
collapse [35,36]. We questioned whether there is a relationship
between the increase in percentage of toxic doses and the decrease
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in BGLs. However, we could not detect such a relationship from the
results of our study.

Most of the cases of hypoglycemia in the literature involved poi-
soning with propranolol. The reason for this is that propranolol is
more lipophilic, and thus it can pass easily through membranes and
affect more receptors due to non-selective receptor blockage [8]. In
our study, propanol accounted for 54.5% of hypoglycemic cases in
Group 1 and ranked sixth in terms of toxic dose percentages. Besides,
when we compared the drug groups and the means of BGLs, the low-
est mean BGL was seen in patients receiving propranolol at all time
intervals in Group 1 (the difference was only significant at 0 h). How-
ever, these values did not reach the level of hypoglycemia. When we
examined the cases of hypoglycemia developing according to the
time intervals, the highest number of cases with hypoglycemia in
each period was among patients who had taken propranolol. This
result supports the findings in the literature that hypoglycemia occurs
mostly in poisonings with propranolol. In our study, the lipophilicity
of other BBs was not as great, supporting the same result. Besides, in
many publications, hypoglycemia is observed more frequently in
patients taking therapeutic doses of BB due to chronic diseases, except
for cases of poisoning. Malnutrition and growth retardation result
from low-calorie intake and facilitate hypoglycemia [15,37,38]. Our
study group consisted of healthy individuals who did not have chronic
diseases, and thus hypoglycemia may have been observed to a lesser
extent because they had normal nutritional status.

5. Conclusion

Our study showed that the BGLs of the patients receiving BB may
be lower, but these values were not statistically significant. However,
all cases of intoxication should be monitored closely for BGLs. The
limitation of our study was that we obtained BGLs at the time of the
first presentation. However, after each poisoning, the time taken to
access the emergency department varies. To ensure standardization,
we accepted the moment of access as the zero hour. In addition,
patient factors in both the case group and the control group (last
feeding time, gastric lavage and/or activated charcoal treatments in
the emergency room) may affect the BGLs. This is another limiting
factor of this study. We believe that repeating our study in a wider
patient population using pre-hospital values and a more diverse drug
group will contribute to the literature; nevertheless, our study is still
unique in the field of childhood beta-blocker intoxications.
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ABSTRACT

Objectives: In this study, we aimed to investigate factors which could facilitate the identification of hypoglycemia in beta-blocker (BB)
intoxication cases.

Patients and methods: Between November 2020 and November 2021, a total of 136 patients (53 males, 83 females; mean age: 11.6+5.7
years; range, 2 to 17 years) who were admitted to the emergency department with BB poisoning were included in the study. The data on
the cases were taken from the hospital’s automation system.

Results: The mean systolic blood pressure (SBP) was 86.2+12 mmHg, the mean heart rate (HR) was 72.9212.2 bpm, and the mean blood
glucose level (BGL) was 104.4+42.8 mg/dL. When the relationship between the HR, SBP, and BGL of the cases was examined, there was
a poor positive correlation between BGL and HR (r=0.32, p<0.01). No linear correlation was detected between BGL and SBP or between
BGL and toxic dose percentage (r=0.23, p=0.06 and r=0.16, p=0.05). A very strong negative correlation was found between the percentage
of toxic dose and SBP, and between the toxic dose percentage and HR (r=-0.90, p<0.01 and r=-0.76, p=0.04). There was a weak positive
correlation between HR and SBP (r=0.42, p=0.09).

Conclusion: We found a correlation between the decrease in HR and the decrease in BGL. Younger age, female sex, and high dose of the

drug facilitated the development of hypoglycemia.

Keywords: Beta-blocker poisoning, hypoglycemia, pediatric emergency.

Poisoning is one of the most preventable causes
of child fatalities, and in the United States (US),
approximately 1.5 million children are admitted to
emergency departments each year due to poisoning.!
Drugs and corrosive substances are the two largest
causes of poisoning worldwide, drugs that affect the
central nervous system and cardiovascular system
(CVS) constitute the largest number of poisoning
cases, and poisoning with beta-blockers (BBs) is
particularly common." According to the 2004 Toxic
Exposure Surveillance System Report, in the US,
there were 4,077 BB intoxication case admissions
among children under the age of six years old.™

In BB poisoning cases, cardiovascular effects
(bradycardia, hypotension, myocardial depression, and
cardiogenic shock), mental status change, seizure,
hypoglycemia, and bronchospasm may occur.57
Beta-blocker poisoning have become more common due
to overuse of BBs. These medications are used to treat
many diseases, including hypertension, ischemic heart

Cardiovascular Surgery and Interventions, an open access journal

disease, thyrotoxicosis, tremors, portal hypertension,
migraine headaches, aortic dissection, arrhythmia,
and heart failure. Therefore, this situation makes
them easily accessible for children.®! Cardiovascular
effects determine the prognosis.®'? The development
of hypoglycemia is another clinical condition that
is commonly associated with BB intoxication. The
development of hypoglycemia is frequently mentioned
in the literature; however, this information is mostly
based on old case reports and is not very common in
daily practice. The mechanisms associated with the
development of hypoglycemia depend on inhibiting
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glycogenolysis and gluconeogenesis, which reduces
glucose production.'3 Therefore, blood glucose level
(BGL) monitoring is vital in BB poisoning cases.

Hypoglycemia is typically defined as a BGL below
60 mg/dL in the presence of symptoms (e.g., sweating,
tremor, tachycardia, hunger, lethargy, confusion,
irritability, and seizure) or a BGL below 50 mg/dL in
the absence of symptoms.

In the literature, there is no study indicating which
BB poisoning cases develop into hypoglycemia more
frequently. The primary objective of this study was
to investigate which characteristics in patients with
BB intoxication might be predictive factors for the
development of hypoglycemia. The secondary objective
was to determine how cardiovascular findings (e.g.,
heart rate [HR] and systolic blood pressure [SBP]),
the main determinants of mortality, were affected in
BB poisoning cases.

PATIENTS AND METHODS

This single-center, retrospective, cross-sectional,
observational study was conducted at Pediatric
Emergency Clinic of Izmir Tepecik Training and
Research Hospital Pediatric Poisoning Center
between November 2020 and November 2021.
Patients aged between 0 and 18 years who were
admitted to the emergency department with BB
poisoning were included in the study. Patients with
a disease affecting the CVS or altering glucose
metabolism and those who used drugs that affect
these systems were excluded from the study. Finally, a
total of 136 patients (53 males, 83 females; mean age:
11.6+5.7 years; range, 2 to 17 years) were included.
A written informed consent was obtained from
all parents and/or legal guardians of the patients.

Cardiovasc Surg Int

The study protocol was approved by the Izmir
Katip Celebi University Non-Interventional Clinical
Studies Instutional Review Board Ethics Committee
(date/no: 2020-GOKAE-0062). The study was
conducted in accordance with the principles of the
Declaration of Helsinki. The data were obtained
from the hospital’s automation system. After
examining the characteristics of each case, such as
age, sex, and the type of drug that they ingested, the
HR, SBP, and BGL measurements of the cases were
noted. While the independent variable of this study
was BGL, its dependent variables were age, sex, HR,
and SBP. Cases were categorized as normocardic
and bradycardic, considering normal values of HR
according to age.'>1 Cases were also categorized as
normotensive or hypotensive, considering the normal
values of SBP according to age.!>1% Cases were
evaluated as hypoglycemic when BGLs were below
60 mg/dL and normoglycemic when BGLs were
60 mg/dL or higher.'”] The amount of BB received
by the cases was rated according to the specific toxic
dose of each drug. The percentage of exposure was
calculated one by one according to how much of
the toxic dose was exposed. This value is termed as
the “percentage of toxic dose” (PTD), and the table
below lists the accepted toxic doses of the drugs
(Table 1).

Statistical analysis

When the acceptable margin of error was set
at 1.5%, a minimal sample size at 80% power was
determined to be 108 cases. Statistical analysis
was performed using the IBM SPSS version
22.0 software (IBM Corp., Armonk, NY, USA).
Continuous variables were expressed in mean *
standard deviation (SD) or median (min-max), while
categorical variables were expressed in number and

Table 1
Toxic doses and half-lives of some beta-blocker agents for childhood?”)

Beta-blockers Toxic dose Half-life (hours)
Metoprolol (mg/kg) 2.5 4-20
Propranolol (mg/kg) 3-4
Atenolol (mg/kg) 6-9
Bisoprolol (mg/kg) 10 9-12
Betaksolol (mg) (for adults) 20 14-24
Acebutolol (mg/kg) 12 3-4
Sotalol (mg/kg) 4-10 12
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Table 2

Age and sex characteristics of groups and beta-blocker
drugs to which they were exposed

n % Mean+SD  Min-Max

Age (year) 11.6£5.7 2-17
Sex

Female 83 61

Male 53 39
Drugs exposed to

Metoprolol 39 287

Propranolol 49 36

Atenolol 11 8.1

Bisoprolol 12 8.8

Betaxolol 13 9.6

Acebutolol 8 5.9

Sotalol 4 29
SD: Standard deviation.

frequency. The chi-square test was used to compare
categorical data, and the Fisher exact test was
used when the chi-square assumptions could not
be provided. The t-test was applied to compare
numerical variables. The Pearson correlation analysis
was carried out to investigate the relationships
between numerical variables. Logistic regression
modelling was performed to predict the risk factors
for the development of hypoglycemia; the forward
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stepwise technique was used. A p value of <0.05 was
considered statistically significant.

RESULTS

The BB drug patients were exposed to were
propranolol (36%), metoprolol (28.7%), betaxolol
(9.6%), bisoprolol (8.1%), acebutolol (5.9%), and
sotalol (2.9%). The mean SBP was 86.2+12 (range, 57
to 140) mmHg, the mean HR was 72.9+12.2 (range,
56 to 110) bpm, and the mean BGL was 104.4+42.8
(range, 42 to 200) mg/dL (Table 2).

Based on the mean values of the SBP, HR, and
BGL of female and male cases at the time of admission,
the mean SBP of females was 85.3£8.6 mmHg, the
mean HR was 75.5+13.1 bpm, and the mean BGL
was 89.7+20.4 mg/dL. Among males, the mean SBP
was 87.7+15 mmHg, the mean HR was 68.5+8.9
bpm, and the mean BGL was 127.5£56.7 mg/dL
(p=0.03, p=0.04, p<0.01, respectively) (Table 3). The
calculated PTD in male cases was significantly higher
than in female cases (p=0.01).

Considering the normal values of the patients
according to their age, their blood pressure values
were hypotensive or not one by one. Accordingly,
57 (41.9%) cases were hypotensive and 79 (58.1%)
cases were normotensive. Seven (12.3%) cases in the

Table 3
Distribution of heart rate, systolic blood pressure, and blood sugar levels by age and sex

Female (n=83) Male (n=53)
Mean+SD Mean+SD ? t
Systolic blood pressure (mmHg) 85.3+8.6 87.7+15 0.03 1.6
Heart rate (/min) 75.5+13.1 68.5+8.9 0.01 4.2
Blood glucose level (mg/dL) 89.7+20.4 127.5£56.7 <0.01 5.5
Percentage of toxic dose (%) 161.9+47 171.1+67.3 0.01 -0.9

<6 years (n=48)

>6 years (n=88)

Mean+SD Mean+SD Min-Max p t
Systolic blood pressure (mmHg) 84.6+8.6 87.1+13.4 0.04 1.1
Heart rate (/min) 78.6x14 69.849.1 <0.01 4.8
Blood glucose level (mg/dL) 79.3+18.4 118.2+46 <0.01 5.6
Percentage of toxic dose (%) 155.1+2.1 171.1£32 0.7 -1.6
Blood glucose level (mg/dL) (whole group) 104.4+42.8 49-200
Heart rate (/min) (whole group) 72.9+12.2 56-110
Sistolik blood pressure- (mmHg) (whole group) 86.2+12 57-140

SD: Standard deviation.
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Table 4
Distribution of bradycardia and hypotension status of cases in groups by age and sex
Hypotensive cases Normotensive cases Bradycardic cases Normocardic cases
(n=57), (100%) (n=79), (100%) (n=41), (100%) (n=95), (100%)
n % n % ? n % n % P
<6 years (n=48) 7 12.3 41 51.9 24 58.5 24 25.2
<0.01 <0.01
>6 years (n=88) 50 87.7 38 48.1 17 41.5 71 74.7
Female (n=83) 26 45.6 57 72.2 08 25 61 58 61.1 05
Male (n=53) 31 54.4 22 27.8 ' 16 39 37 38.9 '

hypotensive group were under the age of six, and 26
(45.6%) cases in the hypotensive group were female.
Forty-one (51.9%) cases in the normotensive group
were under the age of six, and 57 (72.2%) cases in
the normotensive group were girls. Although the
mean SBP was higher in the cases over six years
old, the number and rate of individuals exceeding
the hypotension limit were found to be significantly
higher in the cases over six years old (Table 4). The
mean of the PTD was determined to be higher in the
cases older than six years than in the younger cases

(p=0.7).

The cases were evaluated according to the normal
values for their ages, whether the patients were
bradycardic or not. Accordingly, bradycardia was
detected in 41 (30%) cases. Twenty-four (58.5%) of
these 41 cases were under the age of 6 and 25 (61%)
cases were girls. While the mean HR value was
higher in patients younger than six years, the rate of
bradycardia was significantly lower. No relationship
was found between bradycardia and sex (Table 4).

When bradycardia status and hypotensive status
were compared, normal SBP (78%) was found to
be significantly higher in the bradycardic group.
Hypotension was detected in 51.6% of those with
normal HR. Eight cases were found to be both

bradycardic and hypotensive (5.8% of the whole group).
The rate of normal HR (86%) was significantly higher
in the hypotensive group (p=0.01) (Table 5).

When the relationship between the HRs, SBPs,
and BGLs of the cases was examined, a positive
poor correlation was found between BGL and HR
(r=0.32, p<0.01). No linear correlation was found
between BGL and SBP or between BGL and PTD
(r=0.23, p=0.06 and r=0.16, p=0.05). A very strong
negative correlation was found between PTD-SBP
and PTD-HR (r=-0.90, p<0.01 and r=-0.76, p=0.04).
A positive poor correlation was found between HR

and SBP (r=0.42, p=0.09) (Table 6).

Hypoglycemia was detected in 11 cases (8.1%
of the whole group). Five of these cases received
acebutolol, three received metoprolol, and three
received propranolol. When these cases were
examined, the rate of bradycardia in hypoglycemic
cases was found to be significantly lower (9.8%)
than the rate of bradycardia in normoglycemics
(p=0.01). The hypotension rate in hypoglycemic
cases was found to be significantly lower (7%) than

in normoglycemics (p=0.03) (Table 7).

We used the parameters of age, sex, PTD, SBP,
and HR levels that had significant values in the binary
analyses for the logistic regression model to examine

Table 5

Relationship between bradycardia and hypotension status of the cases in the group

Normocardic cases Bradycardic cases
n % n % ?
Normotensive cases 46 48.2 33 78
Hypotensive cases 49 51.6 8 22 0.01
Total 95 100 41 100
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Table 6
Correlation analysis between heart rate, systolic blood
pressure, and blood sugar levels
R ?

BGL-HR 0.32 <0.01
BGL-SBP 0.23 0.06
BGL-PTD 0.16 0.05
PTD-SBP -0.90 <0.01
PTD-HR -0.76 0.04
HR-SBP -0.42 0.09
BGL: Blood glucose level; HR: Heart rate; SBP: Systolic blood pressure;
PTD: Percentage of toxic dose.

the factors that may cause hypoglycemia. According
to the results of this model, being younger than six
years increased the development of hypoglycemia
by 2.99 folds, by 3.6 folds, and an increase in PTD
increased the development of hypoglycemia by 1.04
folds (Table 8).

In our study, none of the cases died due to either
cardiovascular causes or hypoglycemia.

47

DISCUSSION

The primary objective of our study was to
determine the predictive factors for the development
of hypoglycemia in cases with BB intoxication. We
found a correlation between decreased HR and
decreased BGL. In addition, younger age, female sex,
and a higher dose of the drug taken facilitated the
development of hypoglycemia. However, bradycardia
and hypotension were not seen more frequently in
cases with hypoglycemia.

The secondary objective of our study was to
determine how HR and SBP were affected in cases
with BB intoxication. In male cases, while the mean
HR was lower, the mean SBP was higher than the
female cases. Additionally, the mean HR was lower
in those older than six years, while the mean SBP was

higher. As the amount of medication taken increased,
the mean HR and SBP decreased.

Among the consequences that occur in cases of BB
intoxication, those related to the CVS are the most
important. Morbidity is dependent on bradycardia

Table 7

Relationship between hypoglycemia-bradycardia and hypoglycemia-hypotension

Normoglicemic cases Hypoglicemic cases
n % % P

Normocardic cases 88 70.4 63.6
Bradycardic cases 37 29.6 36.4 0.01
Total 125 100 11 100
Normotensive cases 72 57.6 63.6
Hypotensive cases 53 42.4 36.4 0.03
Total 125 100 11 100

Table 8
Logistic regression model created for the development of hypoglycemia

B S.E. OR 95% Cl for Exp B ?

Age 1.09 0.36 2.99 1.4-6.06 0.02
Sex 12.7 4.3 3.6 7.06-18.5 0.03
Percentage of toxic dose 0.04 0.19 1.04 1.02-1.08 0.04
Systolic blood pressure -0.5 0.92 0.55 0.09-3.4 0.5
Heart rate 0.8 1.1 2.33 0.2-20 0.4
Constant -19.9 6.1 0.1 0.2-20 0.01
-2 loglikehood=44,496.
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and/or hypotension. One of the studies on this subject
was conducted by Love et al.l% In this study, 280 BB
poisoning cases were examined, and cardiotoxicity
was found in 41 (15%) cases. Four (1.4%) of these 41
cases died, and these cases were additionally exposed
to a different drug. In our study, no exitus cases were
detected. The reason for this may be that those who
used another drug were excluded from our study.
Similarly, in a study conducted by Belson et al.,!®
BB-linked cardiotoxicity was found in 1.6% of the
cases. This low rate of cardiotoxicity can be explained
by how, in this study, 83% of the cases came from
exposure to only a single tablet. In this study group,
272 of 280 patients were discharged without any
problems, four were reported to have minor and four
to have moderate effects. In childhood, BB agents are
considered toxic, even for those taking a single tablet. It
is undeniable that the toxicity potential increases if the
number of drugs increases. In a study by Langemeijer et
al.,™ myocardial depression increased as the dose of BB
increased. In our study, the term PTD was developed
to calculate how much the drug taken exceeds the
determined dose, how much the HR increases, and
how much the SBP decreases at that rate.

In our previous study, our team compared the
BGLs of patients who received BB with those of
patients who took a selective serotonin receptor
inhibitor (SSRI).?” The purpose of using SSRIs was
that these drugs usually do not cause hypoglycemia.
It was shown that BB intoxication decreased BGLs
compared to other poisoning instances, but these
values were not serious hypoglycemic events. Based
on this result, in the current study, we attempted to
examine which characteristics of patients with BB
poisoning might be risk factors for the development
of hypoglycemia. We found a correlation between
the decrease in HR and BGL. In addition, we
found that younger age, female sex, and a high
dose of the drug used facilitated the development of
hypoglycemia. However, since there is no similar study
in the literature, we could not find an opportunity to
compare our results.

According to BB poisoning cases in terms of age
and sex, in a study conducted by Love et al.,¥ 208
children with BB poisoning were examined and they
found that 57% of the cases were under four years old
and 57% of them were males.

In many studies about poisoning, boys are exposed
to toxic agents at a younger age and girls in the

Cardiovascular Surgery and Interventions, an open access journal
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adolescent ages.”” According to a study conducted
by Lauterbach et al.,?? 59% of 2,967 cases with BB
poisoning were found to be female in the adult age
group. In our study, 64.7% of the cases were over six
years old and 61% of them were females. We believe
that the reason for identifying such a high number
of female cases is that we included adolescents in our
study group.

According to the relationship between age and
cardiac function, at younger ages, toxins are more
destructive to cardiac functions.”s In our study,
although the mean HR value was higher in patients
younger than six years old, the rate of bradycardia was
higher. This may be due to the increased sensitivity to
bradycardia when the age gets younger. This is also
why SBP is lower in those younger than six years old.
However, the fact that the number of cases exceeding
the hypotension limit is higher in those over six years
of age can be explained by the higher amount of drugs
taken in the older age group (where the percentage
of the toxic dose is higher than in the younger ones).
Besides, BB agents show their cardiac effects through
R1-receptors first and they show vascular effects
later.l?¥

When we investigated which BBs were seen most
frequently in cases of BB poisoning, the most common
three BBs were atenolol, metoprolol, and propranolol
in Love et als studies.*® Similarly, in our study, the
most common poisoning agents were propranolol and
metoprolol. Even in Love et al’s!" study conducted in
2000, propranolol (43.2%) was found to be the most
common BB, as in this study.

When we examine the pathological conditions
that occur in cases poisoned with BB, Love et al.l¥
found that bradycardia was detected only in a two-
year-old patient who received 50 mg of atenolol out
of 208 children who were followed in their study, and
this case was resolved without any treatment. In the
same study, in one case, BGL was determined to be
55 mg/dL, and in other cases, hypoglycemia was not
observed. In a study by Litovitz et al.,® a seven-year-
old girl presented with hypotension, hypoglycemia,
aspiration, and asystole after propranolol intake.

In a study conducted by Eibs et al.,*®! out of
49 children who received BBs, 30 (61.2%) had
bradycardia and/or hypotension as CVS effects.
In addition to CVS effects, hypoglycemia was
observed in 12 children. Most of the cases that
developed hypoglycemia received propranolol.
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Similarly, 90 (66.1%) patients had cardiovascular
effects (hypotension and/or bradycardia) in our study.
There are publications in the literature showing
that children who develop hypoglycemia are mostly
exposed to agents with high lipophilicity, such as
propranolol, or high membrane-stabilizing activity
(MSA), such as acebutolol.’! In our study, cases
who developed hypoglycemia were exposed to either
high-MSA or high-liposolubility drugs, such as
acebutolol, metoprolol, and propranolol.

In the literature, hypoglycemia associated with BB
intoxication has been linked to prolonged fasting in
non-diabetic cases.”! In our previous study, our team
compared the BGLs of 40 cases who received BBs and
40 cases who received SSRIs. There was no low BGL
at the time of the first admission in the BB group, but
BGL was significantly lower at 1 and 24 h of follow-
up than in the SSRI group.?® However, based on the
cases that exceeded the hypoglycemia limit, there was
no significant difference. These data suggest that, as
in the literature, the low BGL might have been due to
prolonged fasting, not drugs.

Based on the mortality of BB intoxication, Love et
al.l’! examined 10-year poison control service reports
and did not see any deaths under the age of six in
19,388 cases of BB intoxication. In Langemeijer et
al’s?” study, they did not observe any exitus in the
same age group. Similarly, there was no mortality in
our study.

The limitation of our study is that the number
of cases, particularly the number of cases developing
hypoglycemia, is low. If there were more cases of
hypoglycemia, it would be easier to evaluate risk
factors. Our study was established with a retrospective
design, as it aimed to investigate the risk factors of a
result. However, in light of these data, in a prospective
study in which patients with BB poisoning may have
been monitored for a longer period, the late effects of
BB may have been detected. Moreover, knowing the
nutritional status of the cases and body mass indexes
would contribute to eliminating the confounding
factors that may cause hypoglycemia. However, our
study would still contribute to the literature, since it is
the first study of this subject focusing on childhood.

In conclusion, in our study, patients who were
younger, who took a large amount of drugs, and whose
HRs were lower were at a greater risk of developing
hypoglycemia. Therefore, cases of BB poisoning with
these characteristics should be monitored more closely

for BGL.
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ABSTRACT

Objectives: This study aims to evaluate the demographic characteristics, maternal and neonatal outcomes of pregnant women receiving
cardiovascular medications (CVMs) during pregnancy and admitted to the Teratogenicity Information Service (TIS).

Patients and methods: In this descriptive, cross-sectional, retrospective study, a total of 47 pregnant women (mean age: 34.0£5.5 years;
range, 19 to 41 years) who were admitted to the TIS of Dokuz Eylul University were included between January 2014 and December 2016.
Demographic characteristics, types of the CVMs, concomitant medication and/or substance use, medical and obstetric histories of cases,
and maternal and neonatal outcomes were evaluated.

Results: The most commonly used drugs were beta-receptor antagonists. The mean gestational age at the time of delivery was 35.9+8.2
weeks and 42 infants (89.4%) were healthy. Five pregnancies (10.6%) ended in miscarriage or elective termination. No malformation was
found in healthy live newborns.

Conclusion: The use of CVMs during pregnancy remains as a challenging issue, as their potential effects on the developing fetus are not
fully known. Based on these study results, it is difficult to determine safety of CVMs during pregnancy and establish a causal relationship

between maternal/neonatal outcomes and CVMs exposure.

Keywords: Cardiovascular system medicines, maternal and neonatal outcomes, pregnancy.

The use of medications during pregnancy is
a common problem across the globe. In 80% of
all pregnancies, prescription or non-prescription
medications are used. It has been estimated that
malformation affects one to three in every hundred
babies, and teratogenic drugs/substances can be
only held responsible for less than 10% of these
malformations.

In developed countries, cardiac diseases are the
most common causes of maternal mortality during
pregnancy. According to the epidemiological studies,
approximately every year 0.2% of all pregnant women
die from cardiac reasons."* Additionally, in the United
States, 11% of the maternal deaths during pregnancy
are caused by cardiac diseases.”! Physiological changes
in pregnancy may adversely affect the prognosis of an
existing cardiovascular disease and may alter the effects
of medications which affect the cardiovascular system.
Also, the effects of the cardiovascular medications
(CVMs) on the fetus are not fully known. It is also
an undeniable fact that ethical concerns limit the
controlled studies on this subject. Thus, the data

Cardiovascular Surgery and Interventions, an open access journal

regarding the use of CVMs during pregnancy and
their effect on pregnancy outcomes are limited in

Turkey.

In the present study, we aimed to evaluate the
demographic characteristics of pregnant women
referred to the Teratogenicity Information Service (T1S)
during pregnancy and to identify the characteristics of
the CVMs exposures and the pregnancy outcomes.

PATIENTS AND METHODS

This descriptive, cross-sectional, retrospective
study was conducted at Dokuz Eylul University, TIS
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between January 2014 and December 2016. Initially,
a total of 491 pregnant women were admitted
to the TIS for teratogenicity risk evaluation and
62 (12.6%) of these admissions were due to the use
of CVMs during pregnancy. Fifteen cases with
missing data were excluded from the study. Finally,
a total of 47 pregnant women (mean age: 34.0%5.5
years; range, 19 to 41 years) were included in the
study. Participants who exposed to CVMs alone and
together with the other medicines and/or substances
were also evaluated. A written informed consent was
obtained from each participant. The study protocol
was approved by the Dokuz Eylul University, Faculty
of Medicine, Non-Interventional Research Ethics
Committee (No: 3494-GOA/2017). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.
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The data of the pregnant women included in
the study were obtained from the registration forms
filled out during the initial admission to TIS. The
data collected from the registration forms were as
follows: demographic data (age, educational status,
presence of consanguineous marriage), medical,
family and obstetric history (gestational week, last
menstrual period, number of pregnancies, number
of live/stillbirths in previous pregnancies, presence
of anomalies in previous pregnancies), and CVMs
and exposure characteristics (name, content, dose,
total amount, and duration). The gestational week
was calculated according to the ultrasound data
or the last menstrual period. To obtain the verbal
consent and investigate the pregnancy outcomes and
confirm the data, a phone interview was conducted
with each mother. In addition, data related to the

Table 1
Maternal demographic and obstetric characteristics

n % Mean+SD

Gestational age at admission (week) 9.2+4.7
Age (year)

<35 21 44.7

>35 26 55.3
Consanguineous marriage

2" degree 2 4.3

3 degree 1 2.1

None 44 93.6
Maternal education status

None 3 6.4

Primary/secondary school 25 53.2

High school/university 19 40.4
Substance/illicit drug use

Smoking 10 21.3

Alcohol 4 8.5

None 33 70.2
Radiation exposure

Direct graph 10 21.3

CT 1 2.1

None 35 76.6
Gravidities/parities

1 9/11 19.1/23.4

2 18/32 38.3/68.1

3 and more 20/4 42.6/8.5
Previous miscarriages/elective terminations

0 30 63.8

1-2 15 31.9

3 and more 2 4.3
SD: Standard deviation; CT: Computed tomography.
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pregnancy outcomes (term birth, preterm delivery,
miscarriage, elective termination, stillbirth, baby
healthy, presence/absence of anomaly) and possible
complications during pregnancy were obtained
by phone interviews. Pregnant women who did
not give a verbal consent were excluded from the
study. Pregnancy outcomes were classified using the
International Classification of Diseases 10 revision
(ICD 10) definitions of World Health Organization
(WHO).[?' Elective termination was defined as
the voluntary abortion, miscarriage as a pregnancy
loss before 22 completed weeks of gestational age,
stillbirth as the birth with no signs of life after 22
completed weeks of gestational age, and preterm
birth was defined as the birth before 37 completed
weeks of gestational age.!®

Cardiovasc Surg Int

Statistical analysis

Statistical analysis was performed using the IBM
SPSS for Windows version 22.0 software (IBM
Corp., Armonk, NY, USA). Descriptive data were
expressed in mean * standard deviation (SD) or
median (min-max) for continuous variables and in
number and frequency for categorical variables. In the
comparison of the two groups, the chi-square ()?) test
was used for categorical data. The Fisher’s exact test
was used, when the %? assumption was not met. A p
value of <0.05 was considered statistically significant.

RESULTS

Of the patients, the mean gestational age at the time
of admission to the TIS was 9.2+4.7 (range, 5 to 25)

Table 2
The association between some properties of pregnants and pregnancy outcomes

Pregnancy outcomes
Healthy birth Abortus Total
n % n % n % ?

Having a baby with anomalies in previous pregnancies

No 40 90.9 4 9.1 44 100

Yes 2 66.7 1 33.3 3 0o P
Maternal age (year)

<35 20 95 1 5 21 100

>35 22 84.6 4 15.4 26 100 03
Consanguineous marriage status

No 40 90.9 4 9.1 44

20 degree 2 100 - - 2 100 070

3 degree - - 1 100 100
Substance use

No 28 84.8 5 15.2 33 100

Cigarette 10 100 = = 10 100 0.16

Alcohol 4 100 = = 4 100
Radiological examination

No 30 85.7 5 14.3 35 100

Direct graph 10 100 = = 10 100 e

Computed tomography 1 100 = = 1 100

Magnetic resonance imaging 1 100 = = 1 100
Education status

None 1 100 = = 1 100

Primary/secondary school 25 92.6 2 7.4 27 100 0.62

High school/above 16 84.2 3 15.8 19 100

Cardiovascular Surgery and Interventions, an open access journal
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weeks. The rate of consanguineous marriage was 6.4%
(n=3). The maternal and obstetric characteristics are
summarized in Table 1.

There was no significant relationship between the
presence of consanguineous marriage and pregnancy

outcomes (}?=0.199, p=0.655) (Table 2).

When the presence of chronic disease was evaluated,
it was found that 89.4% (n=42) of pregnant women had
an existed chronic disease and the most commons were
hypertension (HT, 28%), diabetes mellitus (DM) and
hypothyroidism (11.9%, Figure 1). No statistically
significant relationship between presence of a chronic
disease and pregnancy outcomes was found (y*=0.032,
p=0.858) (Table 2). The characteristics of illicit
drug/alcohol use, radiation exposure or smoking are
presented in Table 1.

Approximately one third of pregnant women
(29.8%, n=14) used CVMs alone and 70.2% (n=33)
reported concomitant medicine exposures (Table 3).
The most frequently exposed concomitant medicines
were central nervous system drugs (30.3%) and
analgesics (18.2%). The proportion of the mothers
who used only one group of CVMs and more than
one group CVMs were 76.6% (n=36) and 23.4%
(n=11), respectively (Table 3). There was no significant
difference between using one or more than one group

of CVMs and pregnancy outcomes (x?=2.787, p=0.095).

14
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The most frequently exposed CVMs were beta
adrenergic receptor antagonists (beta-blockers),
diuretics, angiotensin converting enzyme (ACE)
inhibitors, channel blockers (CCB),
angiotensin receptor blockers (ARB), antiaggregants,
antilipidemics and antiarrhythmics (Table 2). There
was no statistically significant difference between
groups of CVMs exposed during pregnancy and the
termination of pregnancies (p>0.05).

calcium

When gestational outcomes were examined, the
mean gestational week at delivery was 35.9£8.2 weeks.
Of all 47 pregnancies with CVMs exposure, 42 (89.4%)
pregnancies resulted in live births. Three (6.4%)
pregnancies ended in elective termination and two
(4.3%) pregnancies ended in miscarriage (Table 4). No
malformation was detected in any of the live births.
Neonatal jaundice developed in four (9.8%) infants and
one (2.1%) infant needed incubator care.

There was no statistically significant difference
between pregnancy outcome and educational status,
substance use of radiation exposure during pregnancy
(p>0.05). It is stated that while the 21 (44.7%)
pregnant women’s age was under 35 years, the
26 (55.3%) pregnant women’s age was over 35 years.
There was no significant difference between
maternal age and the termination of pregnancies

(%*=0.140, p=0.308) (Table 2).

12 A

10

8

Number

6 -

Figure 1. Chronic diseases of the pregnants.
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Table 3
Distribution of the medication exposures

Groups of the medicines n %
Cardiovascular system medicines (CVSMs)* 55 100.0
Beta blockers 24 43.6
Diuretics 7 12.7
Angiotensin converting enzyme (ACE) inhibitors 6 10.9
Calcium channel blockers 5 9.0
Angiotensin receptor blockers (ARBs) 4 7.3
Antiarrhythmic 3 5.5
Antiaggregants 3 5.5
Hypolipidemics 3 5.5
Only one group CVSM exposure™* 36 76.6
More than one group CVSM exposure™ 11 23.4
Concomitant medicines*** 33 100.0
Central nervous system medicines 10 30.3
Analgesics 6 18.2
Antidiabetics 5 15.2
Antibiotics 3 9.1
Others 9 27.2
CVMs: Cardiovascular medications; * Percentages are based on the total number (55) of CVMs;
** Percentages are based on the total number (47) of pregnants; *** Percentages are based on the total
number (33) of concomitant medicines.

Properties of the cases ended in miscarriage or elective termination

Cardiovasc Surg Int

Case 11 Case 17 Case 24 Case 36 Case 41
Age (year) 39 36 40 36 31
Gestational week 7 8 6 5 8
Chronic disease Yes Yes None Yes None
(Hypothyroidism) (DM) (Hyperthyroidism)
Presence of birth None None None None Yes
defect in recent
pregnancies
Consanguineous None Yes None None None
marriage (3 degree)
Substance/illicit None None None None None
drug use
Radiation exposure None None None None None
Miscarriage or Miscarriage Elective Elective Elective Miscarriage
elective termination termination termination
termination
Used CVSMs Metoprolol, Fosinopril Metoprolol Metoprolol, Nebivolol
spironolakton, sodium diltiazem
amiodarone
Concomitant None Metformin Hydroxyzine Benzathine Duloxetine
medications hydrochloride, hydrochloride benzylpenicillin,  hydrochloride
noretisterone acetylsalicylic acid
DM: Diabetes mellitus; CVSMs: Cardiovascular system medicines.

Cardiovascular Surgery and Interventions, an open access journal
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DISCUSSION

In this study, the demographic characteristics of
the pregnant women and pregnancy outcomes who
exposed to CVMs during their pregnancies were
examined. Although most of the pregnancies resulted
healthy live births, two (4.3%) pregnancies ended
in miscarriage and three (6.4%) pregnancies were
terminated electively. The rates of miscarriage and
elective termination in this study are similar to the
general population.”¥

Cardiac diseases are complicated by approximately
1% of all pregnancies.”’ Pregnant women with or
without underlying cardiovascular disease may need
to use CVMs due to the physiological changes during
pregnancy. This need may be caused by worsening of
an existing disease or by a newly developing condition.
In general, medications used to treat cardiovascular
conditions are antihypertensives, diuretics,
antiarrhythmics, anticoagulants and antilipidemics.
Moreover, CVMs are preferred in other indications
such as migraine, tremor, hyperthyroidism, and
anxiety disorders.”) However, the effects of CVMs on
the developing fetus have not been fully understood,
yet. Pregnant women need a careful assessment and
counselling for CVMs use and their maternal/fetal
effects, as well as expert cardiac care in pregnancy.
Teratogenicity Information Services are specialized
units providing information on the use of medication/
substance during pregnancy and lactation period.
The TIS of Dokuz Eylul University is a regional unit
dedicated to provide information about medication/
substance use during pregnancy and/or lactation period
since 2011.

Epidemiological data on CVMs exposures during
pregnancy are limited. In a study carried out in
Germany on drug prescriptions in pregnancy, CVMs
accounted for 17% of the medicines prescribed during
pregnancy.!” In another study conducted by Demir et
al.,l CVMs were responsible for 9.5% of all exposures
among the pregnant women admitted to TIS. Goker
et al.'? also reported that the use of CVM ratios
were 1.14% and 8.17% in a study evaluating pregnants
admitted to two reference hospital in our country. In
this study, this rate was 12.6% of the patients applied
to the TIS of our institution.

The increasing prevalence of women with adverse
pregnancy outcomes (stillbirth, fetal malformations
or abortus) due to the increasing maternal age of first

Cardiovascular Surgery and Interventions, an open access journal
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pregnancy remains as a challenging issue. Advanced
maternal age, particularly over 35 years of age, poses
a greater risk of pregnancy complications.'s) Almost
7% of stillbirths are attributed to advanced maternal
age (>35 years) worldwide. Also, adolescent pregnancy
(<16 years) is associated with an increased risk of adverse
pregnancy outcomes.!¥ In this study, the mean age of
pregnant women was 34.0+5.5 years. Additionally, it is
noteworthy that four (80%) of five pregnancies ended
in miscarriage or elective termination were older than
35 years old (31 to 40 years).

The pregnancy termination rates in
consanguineous marriages may be higher due to the
increased risk for recessively inherited congenital
diseases." In a study carried out in our country, the
rate of consanguineous marriage was found to be
12.7%.0% In this study, the rate of consanguineous
marriage was found as 6.4% and all pregnancies
with consanguineous marriages resulted in a healthy
infant.

On the other hand, the presence of chronic
diseases during pregnancy also poses a risk for
adverse pregnancy outcomes. The most common
chronic diseases in pregnant women are epilepsy,
hypertension, diabetes mellitus, psychiatric
diseases, and thyroid dysfunctions.!'™ In this study,
approximately 90% of the mothers had a chronic
disease, consistent with the previous reports, and
hypertension, diabetes mellitus, and hypothyroidism
were the most common diseases. Furthermore,
60% of the mothers whose pregnancies ended
in miscarriage or terminated electively had an
underlying maternal chronic disease such as
hypothyroidism, hypertension, or diabetes mellitus.

Beta-blockers are the most commonly used
drugs in the treatment of hypertension in pregnancy
and are also frequently used in the management
of conditions, such as thyrotoxicosis, hypertrophic
cardiomyopathy, and mitral stenosis.''? In this
study, in line with the previous reports, the most
commonly used CVMs during pregnancy were beta-
blockers, diuretics, angiotensin-converting enzyme
inhibitors, calcium channel blockers, and angiotensin
receptor blockers, respectively. In addition, 80% of the
mothers whose pregnancies ended in miscarriage or
elective termination used beta-blockers. Beta-blockers
can cross the placenta and may cause potential
physiological changes in the fetus.?”! Although there
are inconsistent data about the relationship between

WWW.e-Cvsi .org
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the use of beta-blockers in pregnancy and the risk
of fetal growth restriction, preterm birth, cardiac
malformations, and perinatal mortality, there are
some reports indicating that direct relationship could
not be established due to methodological limitations
in the interpretation of available data and presence
of confounding factors. However, it is also reported
that uncontrolled hypertension during pregnancy may
increase the risk of maternal and fetal adverse events
such as preeclampsia, premature birth, gestational

diabetes, fetal growth restriction, and intrauterine
demise.?2s]

In the current study, amiodarone with concomitant
medications was used in a pregnancy ended in
miscarriage. Amiodarone and desethylamiodarone,
its major metabolite, can cross the placenta and
reach 9 to 14% of maternal serum concentrations
in fetus.’”) The available data are limited to
identify the fetal risk related to amiodarone use in
pregnancy. Amiodarone use during pregnancy may
also increase the risk of neonatal hypothyroidism
with or without goiter and predisposes to neonatal
hyperthyroxinemia. It may be also associated with
fetal bradycardia, long QT syndrome, ventricular
septal defect, prematurity, and death. Amiodarone
can be used during pregnancy, if the potential benefit
to the mother justifies the possible risk to the fetus.
Neonatal electrocardiogram and thyroid functions
monitoring are also recommended.?!

To the best of our knowledge, previous reports
are usually limited to the use of CVMs alone
during pregnancy, and are lacking the information
regarding pregnancy outcomes related to their use
with concomitant medications. Furthermore, other
confounding factors that may affect pregnancy
outcomes such as maternal age, smoking or alcohol
use, radiation exposure, and chronic disease should
be considered. Our relatively low sample size is the
main limitation of this study. Although the number
of the cases in this study is limited, our results may
contribute to the literature. To achieve more accurate
results, further large-scale, prospective studies are
needed investigating specific CVMs groups.

In conclusion, based on our study results, it is not
possible to establish a definite causality relationship
between pregnancy outcomes and CVMs exposure.
Nevertheless, we believe that the results of this study
can contribute to the existing body of knowledge in
this field and provide additional information to the

Cardiovascular Surgery and Interventions, an open access journal
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physicians regarding the teratogenic risks of CVMs
exposures during pregnancy.
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ABSTRACT

Purpose: The purpose of our study is to reveal the demographic features, exposure routes and reasons
for exposure, clinical effects and outcomes of cardiovascular drug poisonings reported to the Dokuz Eylul
University Drug and Poison Information Center (DEUDPIC) between January 2014 and December 2017.
Methods: This retrospective, descriptive, and cross-sectional study was approved by the Noninvasive
Research Ethics Committee of Dokuz Eylil University School of Medicine. All data were recorded on
standard data forms and then transferred to a software (Ruber, written by Engin Yildiztepe, 2007) for data
analysis.

Results: There were 43 poisonings cases were reported with cardiovascular drugs. Female cases were
common (60.47%). Half of the poisoning cases were toxic (51.16%). The most common reason of
poisonings was intentional (81.40%). All of cases between 13-49 age group were intentional exposures.
Only single substance intakes were responsible for the most of the drug exposures (62.79%). The most
common agents were beta-blockers (29.85%), medicines that affect the renin-angiotensin system (23.88
%), calcium channel blockers (11.94%) and cardiac therapy drugs such as digoxin (11.94%). Clinical
signs and symptoms were classified as asymptomatic (37.21%), mild (23.26%), moderate (23.26%), and
severe (4.65%). Recommended treatments were observation and supportive care (46.67%),
decontamination methods (44.00%) and antidote therapy (2.67%). One fatality was reported.
Conclusions: We suggest that determination of the epidemiological characteristics of cardiovascular
drug exposures in our country through prospectively multi-centered studies may provide significant
contributions to prevent poisonings and decrease the mortality and morbidity of the cases.

Keywords: Cardiovascular drugs, Drug and Poison Information Center, Poisoning and Toxicity.
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INTRODUCTION

Cardiovascular drugs (CVDs) are widely used to treat
various cardiovascular diseases such as hypertension,
arrhythmia, angina, heart failure, hyperlipidemia, and
others (1). Among the most commonly used drug
groups in cardiovascular disease management are
calcium channel blockers, beta-blockers, ACE
inhibitors, diuretics, and lipid-lowering drugs (1-3).
Turkey Health Statistics 2016 has reported that the
digestive system and metabolism drugs are the first
drugs in pharmaceutical consumption per 1.000
population by years. The second one is the
cardiovascular system drugs (4). The widespread use
and prescription of these drugs may lead to drug-
related problems such as drug interaction, adverse
reactions, and acute or chronic poisonings. The
various clinical effects seen in overdose with these
drugs are cardiac (hypotension, bradycardia, AV block,
fatal dysrhythmias, cardiogenic shock) and noncardiac
(syncope, lethargy, metabolic acidosis, seizures,
coma) manifestations and death (5).

The American Association of Poison Control Centers
(AAPCC) reports that cardiovascular drug poisonings
were involved seventh with 4.14% among human
exposures. It was also reported that cardiovascular
poisonings were placed fourth among the most
significant rate of exposure increase. Of the 1196
pharmaceutical poisonings that resulted in death, 216
(17.9%) were reported to be related to cardiovascular
drugs (6). In Turkey, according to Dokuz Eylul
University Drug and Poison Information Center

Sahin O et al Evaluation of Cardiovascular Drug Poisonings

(DEUDPIC), CVD related poisonings accounted for
4.4% of consulted patients between 1993 to 2006 (7).
Between 2009 and 2014, in a study evaluating suicidal
intoxications with cardiovascular drugs at the
emergency department of two state hospitals in Turkey,
cardiovascular drugs were reported to be responsible
for 81 (5.9%) out of a total of 1399 suicide attempts (8).
Beta-blockers and calcium channel blockers (CCBs) are
responsible for acute and fatal cardiovascular drug
poisonings in many countries (6-9). There is no recent
epidemiological study on cardiovascular drug
poisonings in Turkey.

The purpose of our study is to reveal the demographic
features, exposure routes and reason for exposure,
clinical effects, and outcomes of cardiovascular drug
poisonings reported to Dokuz Eylul University Drug and
Poison Information Center (DEUDPIC) between
January 2014 and December 2017. We believe that the
determination of the epidemiological characteristics of
CVD exposures in our country through prospectively
multi-centered studies may provide significant
contributions to prevent poisonings and decrease the
mortality and morbidity of the cases.

METHODS

This study started upon the Dokuz Eylul University's
approval, School of Medicine Noninvasive Ethics
Committee (protocol number: 3632-GOA). A cross-
sectional, retrospective, and descriptive review of all
cases exposed to cardiovascular drugs (CVDs)

Table 1. The distribution of cases by the cause of exposure and age

Intentional Unintentional Unknown Total

Age groups,year n % n % n % n %

0-5 0 0.00 1 100.00 0 0.00 1 100.00
6-12 0 0.00 0 0.00 0 0.00 0 100.00
13-18 4 100.00 0 0.00 0 0.00 4 100.00
19-29 12 100.00 0 0.00 0 0.00 12 100.00
30-39 2 100.00 0 0.00 0 0.00 2 100.00
40-49 11 100.00 0 0.00 0 0.00 11 100.00
50-59 50.00 1 50.00 0 0.00 100.00
60-69 4 57.14 2 28.57 1 14.29 100.00
70- 25.00 3 75.00 0 0.00 100.00
Total 35 81.40 7 16.28 1 2.32 43 100.00
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reported to the DEUDPIC in Izmir from January 2014
and December 2017 was evaluated.

In our study, we considered all cases of' exposure,
whether accidentally or intentionally. The data
collected from the standard data forms via phone
interviews and then entered into a software (Ruber,
written by Engin Yildiztepe, 2007) were as follows:
demographic data, CVDs type, exposure routes and
reason for the exposure, time, clinical effects,
treatment methods, length of hospital stay and
outcomes (complete recovery or death). Cases age
was classified as 0 to 18 for children,19 and more for
adults. The CVDs are classified into eight groups: Beta
blocking agents, medicines that affect the renin-
angiotensin system, calcium channel blockers,
diuretics, lipid-modifying agents, vasoprotectives,
antihypertensives, and cardiac therapy (such as
digoxin).

The clinical signs and symptoms were categorized as
asymptomatic, mild, moderate, or severe using
the International Programme on Chemical Safety, the
European Union Commission, and the European
Association of Poison Centres and Clinical
Toxicologists (IPCS/EC/EAPCCT).

Statistical Analyses

The data were recorded in the “Statistical Package for
Social Sciences for Windows 22.0” program (IBM
SPSS; Armonk, NY, USA). The Pearson Chi-Square
test was used for data analysis. Data were presented
as mean * standard error and percentage (%). P<0.05
values were considered as significant.

RESULTS

Between 2014 and 2017, 448 poisonings were
reported to the DEUDPIC, and 43 (9.60%) of them
were CVDs exposures. Most of the cases were adult.
The adults' percentage was 88.37% (38 cases), and
children were 11.63% (5 cases). The female-to-male
ratio was 1.53/1 (60.47%, 26 females, and 39.53%,

Table 2. Distribution of cause exposure by sex

Sahin O et al Evaluation of Cardiovascular Drug Poisonings

17 males). The mean age was 41.44+3.17 years
(14.60+£3.16 and 44.97+3.14 years for children and
adults, respectively).

Most of the cases were reported in summer and autumn
(60.46%, 26). The average passing time until the
consulting to (DEUDPIC) by telephone after exposure to
CVDs was 10.12 + 3.54 hours (3.5 + 1.82 and 11.12
4.05 hours for children and adults, respectively). Most of
the calls were detected within the first 4 hours (48.84%).
The primary type of CVDs exposure was acute (69.77%
of the cases). Chronic exposures were 9.30% of all
cases, and acute exposures depend on chronic
exposures were 18.60%. The type of CVDs exposure in
2.33 % of the cases was unknown.

In all cases, the route of the exposure was ingestion.
Intentional exposure was the most common reason for
poisonings (81.40%, 35). Compared to poisonings in
adults and children, intentional exposures were more
common in adults (88.57%, 31 and 11.43%, 4,
respectively). Accidental exposures were 16.28%, and
unknown reasons were 2.32% of all cases.

Accidental poisonings occurred mainly in the 0-6 age
group (100.0%,1) and over 69 ages (75.0%, 3). Suicidal
attempts were predominant in the 13-49 age group
(82.86%, 29). In all intentional exposures, females were
predominant (65.71%, 23). When we compared the
causes of poisoning and age groups, there was no
significant difference between children and adults
(p=1.000,x2=0,045, Table1). When we compared the
causes of poisoning and sex differences, there was no
significant difference between females and males
(p=0.477,x2=1,292, Table 2).

Only single substance ingestions were responsible for
most of the drug exposures (62.79%). Multiple
substance intakes were 37.21% of all cases. The most
common drugs were beta-blockers (29.85%), agents
acting on the renin-angiotensin system (23.88 %) and
calcium channel blockers (11.94%), and cardiac therapy
drugs such as digoxin (11.94%

Female Male Total
Cause n % n % n %
Intentional 23 65.71 12 34.29 35 100.00
Unintentional 42.86 4 57.14 7 100.00
Unknown 0.00 100.00 1 100.00
Total 26 60.47 17 39.53 43 | 100.00
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(Table 3). The three most common agents are
metoprolol with 9 cases, propranolol with 5 cases, and
ramipril with 5 cases.

When categorized according to the amounts of
substances, toxic, non-toxic, and unknown were
accounted for 51.16% (34.88% female and 16.28%
male), 13.95 % (9.30% female and 4.65% male), and
34.88% (16.28% female and 18.60% male),
respectively. When we compared to amounts of
substances and sex differences, there was no
significant difference between females and males
(p=0.399,x2=1.839, Table 4).

The clinical signs were graded as asymptomatic
(37.21%), mild (23.26%), moderate (23.26%), and
severe (4.65%). In an asymptomatic group, 32.56%
were intentional intakes, and 4.65% were unintentional
intakes. These rates were 20.93% and 2.33 % in the
mild symptomatic group,13.95% and 9.30% in the
moderate symptomatic group, and 2.33% and 0.00%
in the severe symptomatic group. Cardiovascular
system manifestations (39.47%, 15)

Sahin O et al Evaluation of Cardiovascular Drug Poisonings

were predominant, followed by the central nervous
system (36.84%, 14) and gastrointestinal manifestations
(7.89%, 3). Hypotension was the most common
cardiovascular sign (40.0%,6). There was no significant
difference between clinical signs and the causes of
poisoning (p=0.655,x2=0.757).

Observation and supportive care procedures were
recommended in 46.67% of cases by DEUDPIC. The rate
of recommended decontamination methods was 44.00%.
Specific antidote treatment was recommended in two
cases exposed to propranolol and amlodipine (2.67%).
One fatality was reported with digoxin exposure.

DISCUSSION
In this study, we analyzed cardiovascular drugs (CVDs)
exposures reported to the DEUDPIC in Izmir. During four
years, 448 poisonings were consulted, and 43 (9.60%)
were CVDs exposures. According to the American
Association of

Table 3. Cardiovascular drugs responsible for poisoning exposures

Cardiovascular drugs types

Cardiovascular drugs subgrups n %*

Beta blocking agents

Metoprolol (9)
Propranolol (5)
Nebivolol (3)
Carvedilol (2)
Bisoprolol (1) 20 | 29.85

Agents acting on the renin-angiotensin system

Ramipril (5)
Valsartan (4)
Captopril (2)
Perindopril (2)
Telmisartan (2)
Irbesartan (1) 16 | 23.88

Cardiac therapy

Digoxine (3)

Trimetazidine cyclandelate (3)
Amiodarone (1)

Metoxamine (1) 8 11.94

Calcium channel blockers

Amlodipine (4)
Nifedipine (2)
Verapamil (1)
Diltiazem (1) 8 11.94

Hydrochlorothiazide (3)
Furosemide (3)

Diuretics Indapamide (1) 7 10.45
Atorvastatin (3)

Lipid modifying agents Rosuvastatin (1) 4 5.97

Vasoprotectives Diosmin (3) 3 | 448

Antihypertensives Metildopa (1) 1 1.49

Total 67 | 100.00

*Percentages are based on the total number (67) of medications.
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Table 4. Distribution of the amount of CVDs exposures by sex

Female Male Total
Amount n % n % n %
Toxic 15 34.88 7 16.28 22 |16
Non-toxic 4 9.30 4.65 6 13.95

* Percentages are based on the total number (43) of poisoning cases

Poison Control Centers (AAPCC), CVDs were the
cause of 4.14% of the drug poisonings and 8.6% in a
study from Yekaterinburg, Russia (6,10). In a study
from Turkey between 1993-2006, Kalkan et al.
reported that this ratio was 4.4%. The other study
evaluated suicidal intoxications with cardiovascular
drugs at the emergency department from Turkey
between 2009-2014; this ratio was 5.9% (7,8).
Compared to these rates, our percentage (9.60%) was
similar to a study from Yekaterinburg, Russia but was
lower than from the 2016 Annual Report of AAPCC
(6,10). Compared to the data from previous years, we
found an increased rate of exposure to CVDs in
Turkey.

In our study, only single substance ingestions were
responsible for most drug exposures (62.79%).
Differently, in a study by Ayhan et al., they found that
most of the patients (71.6%) was multidrug ingestions
(8). The most common cardiovascular drugs were
beta-blockers (29.85%), agents acting on the renin-
angiotensin system (23.88 %), and calcium channel
blockers (CCBs) (11.94%), and cardiac therapy drugs
(digoxin, etc.) in our study. Similarly, in another study
conducted by AAPCC, the most frequently exposed
CVDs (106.572 cases) were beta-blocker agents
(26.267 cases), agents acting on the renin-angiotensin
system (25.186 cases), and CCBs (13.350 cases) (6).
In a previous study by Kalkan et al., during 14 years,
CCBs and beta-blockers were the most common
CVDs in poisonings (19.7% and 17.3%, respectively)
(7). In another study from Turkey, the most common
cardiovascular drugs were angiotensin-converting
enzyme inhibitors (39.5%) and beta-blockers (37.0 %)
(8). In many countries, CCBs and beta-blockers are the
most responsible for cardiovascular drug poisonings
(9,10). In this respect, beta-blockers were still one of
the most common reasons for poisoning by CVDs. In
this study,

160

compared to data from our previous study (3.9%), it is
seen that there has been an increase in the number of
agents acting on the renin-angiotensin system
exposures (23.88%) (7). A study from Bangladesh
investigated cardiovascular disease prevalence and
prescription patterns at a tertiary level hospital. One of
the most frequently used antihypertensive drug classes
was agents acting on the renin-angiotensin system
(ACE inhibitors:30.13% and angiotensin receptor
blockers:13.95%) (2). Turkey's study reported that
angiotensin-converting enzyme (ACE) inhibitors were
the fifth most preferred antihypertensive drug class.
Renin-angiotensin system blockers have been reported
as the most preferred antihypertensive drugs in patients
with diabetic and chronic renal diseases. Also, they
reported that the most common dual therapy was an
ARB and a diuretic, followed by an ACE inhibitor and a
diuretic (11). In our study, an increase in the number of
agents acting on the renin-angiotensin system
exposures can be explained by the information that
these drugs were the most common in dual therapy and
patients with comorbidities.

In our study, females were predominant, and our reports
confirm the previous studies (7-9). Also, we found that
the most common CVDs exposures were intentional.
We observed that suicidal attempts were predominant
in adolescents and young adults. Mostly, between 15
and 49 ages were the most vulnerable. In the previous
studies from our country, similar findings were reported
(7,8).

In this study, most of the poisoning cases (51.16%)
were graded as toxic. This ratio is similar to our previous
results (54.3%) (7). Although half of all exposures were
toxic, most cases were asymptomatic (37.21%) or had
mild symptoms (23.26%). In this study, supportive care
and decontamination methods were recommended in
most cases (46.67% and
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44.00%, respectively). We only reported death in one
case due to digoxin exposure. In a study by Ayhan et
al., one death was reported due to beta-blocker (8).
According to the AAPCC, 215 fatalities were reported
due to CVDs (56 amlodipine, 26 diltiazem, 20
metoprolol, 17 verapamil, 14 digoxin, 14 propranolol,
10 carvedilol, 9 diltiazem [extended release], 8 beta-
blocker) (6). Our mortality rate was lower than the
AAPCC because of our service as a local poison
counseling center.

Limitations
Because of retrospective data, we could not reach
some data. All information on the substance taken was
self-reported. There may be a lack of some
information.

CONCLUSION

Our study shows an increase in exposures with CVDs
in Turkey. On the other hand, there is a significant
increase in the number of agents acting on the renin-

angiotensin system exposures. At the same time, beta-
blockers are still the most common reason for
poisoning by CVDs. Turkey Health Statistics reported
that the second commonly consumed drugs are
cardiovascular drugs in our country. We have known
that most patients with suicidal attempts tend to
commit suicide with their drugs. The widespread use
of these drugs can explain the increase in the
frequency of poisoning with cardiovascular drugs.
Therefore, rational cardiovascular drug therapy is
important for reducing exposure to cardiovascular
drugs. We believe that the determination of the
epidemiological characteristics of CVDs exposures in
our country through prospectively multi-centered
studies may provide significant contributions to prevent
poisonings and decrease the mortality and morbidity of
the cases.
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