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Dr. o
Talip EMIROGLU

Mutevelli Heyeti Bagkani

Chairman of the Board of Trustees

Merhaba,

Kocaeli Saglik ve Teknoloji Universitesi olarak, saglik
ve teknoloji alanindaki bilgi birikimimizi daha genis
bir platformda paylasma amaciyla bu dergiyi
sunmanin mutlulugunu yastyoruz. Toplumumuzun
daha saglikli olmasi igin yeni imkanlar gelistirmek,
teknolojik yenilikleri yakindan takip ederek bunlari
saglik alanina entegre etmek misyonumuzdur.

Bu dergi, bilimsel arastirmalarin, yenilikgi fikirlerin
ve sektorel gelismelerin yaymlandigi bir platform
olacaktir. Saglik ve teknoloji alamindaki disiplinler
aras! is birligine vurgu yaparak, saglik hizmetlerini
dontistiirmeye yonelik gabalara katkida bulunmay:
hedefliyoruz.

Universitemizin ~ akademisyenleri ~ ve  sektor
profesyonelleri bu derginin zengin igerigini
olusturacaktir. Bilimin ve teknolojinin 1s1ginda

sekillenen saglik alanindaki ilerlemeleri bu dergi ile
yakindan takip etme firsat1 bulacaksiniz.

Dergimizin, saglhik ve teknoloji alaninda bilgi
paylasimini artirarak yiiksekogretimimizin ve saglik
sektoriimiiziin gelisimine katki saglamasii umut
ediyoruz. Ayrica buradan insanlifa hizmet edecek
fikirlerin ¢ikmasi en biiytik mutlulugumuz olacaktir.

Destekleriniz i¢in tesekkiir eder, saglikli ve tiretken
okumalar dileriz.

Dr. Talip Emiroglu
KOSTU Miitevelli Heyeti Bagkant

Greetings,

As Kocaeli University of Health and Technology, we
are delighted to present this journal with the aim of
sharing our knowledge in the fields of health and
technology on a broader platform. Developing new
opportunities for a healthier society and integrating
technological innovations into the field of health by
closely monitoring them is our mission.

This journal will serve as a platform for the publication
of scientific research, innovative ideas, and sectoral
developments. Emphasizing interdisciplinary
collaboration in the fields of health and technology, our
goal is to contribute to efforts to transform healthcare
services.

The works of many contributors, including academics
from our university and industry professionals, will
shape the rich content of this magazine. You will have
the opportunity to closely follow the advancements in
the field of health shaped by the light of science and
technology.

We hope that our journal will contribute to the
development of higher education and the health sector
by enhancing the sharing of knowledge in the fields of
health and technology. Additionally, our greatest
joy would be to see ideas emerge that will serve
humanity.

We thank you for your support and wish you healthy
and productive readings.

Talip Emiroglu, Ph.D.
Chairman of the Board of Trustees




Prof. Dr.
Muzaffer ElImas

Bas Editér / Editor-in-Chief

Editorden,

Kocaeli Saglik ve Teknoloji Universitesi (KOSTU) olarak,

gururla Journal of Kocaeli Health and Technology
University’'nin ~ ilk  sayistm1  sizlerle  bulusturmanin
mutlulugunu yasiyoruz. Dergimiz, saghik bilimleri,

miihendislik ve doga bilimleri ile sosyal ve beseri bilimler
alanlarindaki ¢alismalara yer vererek, bu alanlara katki
sunmay1 amaglamaktadir. Ayrica Journal of Kocaeli Health
and Technology University, disiplinler arasindaki etkilesimi
gliclendirecek, bilgi paylasimimi tesvik edecek ve
sektordeki yenilikleri takip etmemizi saglayacaktir.

Journal of Kocaeli Health and Technology University nin
tiniversitemizin saglik, sosyal ve miihendislik alanindaki
basarilarini daha da genis bir kitleyle paylasmamiza olanak
saglayacagina inantyorum. Bu dergi, bilgi ve deneyimlerin
paylasilmasi, yeni is birliklerinin olusturulmas: ve
alanimizdaki yeniliklerin takip edilmesi adina 6nemli bir
platform olacaktir.

Derginin bagarili bir sekilde ilerlemesi ve stirekli olarak
bilgi paylasimma katki saglamasi icin calisma
arkadaslarimizla birlikte elimizden geleni yapacagiz. Bu
vesileyle, derginin ilk sayisinin hazirlanmasinda emegi
gecen tim calisma arkadaslarima ve yazarlarimiza icten
tesekkiirlerimi sunmak istiyorum. Onlarin Kkatkilar
sayesinde dergimizi sizlerle bulusturmanin heyecanin
yastyoruz.

KOSTU olarak, dergimizin ilk sayisin1 sunarken, sizleri de
saglik, sosyal ve mithendislik alanindaki yolculugumuza
davet ediyoruz.

Dergimizin sizlere ilham, bilgi ve yenilik sunacagina
inantyor, ilgi ve desteginizi bekliyoruz. Basarilarimizin
artarak devam etmesi temennisiyle, keyifli okumalar
diliyoruz.

Prof. Dr. Muzaffer Elmas
Bas Editor

From the Editor,

As Kocaeli University of Health and Technology (KOSTU), it
is our pride and joy to introduce to you the inaugural issue of
the Journal of Kocaeli Health and Technology University. Our
journal aims to contribute to the fields of health sciences,
engineering, natural sciences, social sciences, and humanities
by showcasing research in these areas. Furthermore, the
Journal of Kocaeli Health and Technology University will
strengthen  interdisciplinary  interactions,  encourage
knowledge sharing, and enable us to keep up with
innovations in the industry.

I believe that the Journal of Kocaeli Health and Technology
University will provide us with the opportunity to share our
university's successes in the fields of health, social sciences,
and engineering with a wider audience. This journal will
serve as an important platform for sharing knowledge and
experiences, creating new collaborations, and staying updated
on innovations in our field.

We will do our best, alongside our colleagues, to ensure the
magazine's successful progress and continuous contribution
to knowledge sharing. On this occasion, I would like to
extend my heartfelt gratitude to all colleagues and authors
who have contributed to the preparation of the first issue of
the magazine. Thanks to their contributions, we are excited to
present our magazine to you.

As KOSTU, while presenting the first issue of our magazine,
we also invite you to join us on our journey in the fields of
health, social sciences, and engineering. We believe that our
magazine will inspire you, provide you with knowledge and
innovations, and we eagerly anticipate your interest and
support. Wishing you continued success and enjoyable
readings.

Prof. Dr. Muzaffer Elmas
Editor-in-Chief
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A Review of Medicinal Properties of Ginkgo biloba L.

Ginkgo biloba L.'nin Tibbi Ozelliklerinin incelenmesi
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ABSTRACT

The history of the Ginkgo biloba L. species’ history dates back to very ancient times. It can live
for approximately a thousand years and it is quite resistant to adverse conditions. Its leaves
contain important components that make them useful for medicinal purposes. In addition, its
seeds have also been used as a therapeutic agent in traditional Chinese medicine. G. biloba
extracts are usually used in standardized dosage forms in medicinal preparations. Today, the
preffered form is a standardized extract of G. biloba called Tebonin Egh761.

Studies have shown that G. biloba leaf extract is effective in treating symptomatic relief of
mild to moderate cerebral insufficiency in humans. It provides effective treatment in both
Alzheimer's and vascular dementia patients. The herbal extract can also have positive effects
on the quality of life in healthy individuals. G. biloba is effective against inner ear disorders
and provides protection against endothelial damage. Besides, scientific studies have
demonstrated that it has antioxidant, anti-inflammatory, antiviral, antibacterial, antidiabetic,
anticancer, neuroprotective, cardioprotective, and many other effects. G. biloba is considered
an important nutraceutical due to its scientifically proven effects. There is a growing interest
in the scientific community regarding this plant.

In this study, a review was made by compiling the data obtained from the literature on the

"botanical characteristics", "history", "bioactive components", and "biological activities" of
the G. biloba species.

Keywords: Ginkgo Biloba, Ethnobotany, Biological Activity
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ABSTRACT

Ginkgo biloba L. tirinin gecmisi cok eskilere dayanmaktadir. Yaklasik bin yil yasayabilmekte
olup, olumsuz kosullara karsi oldukg¢a dayaniklidir. Yapraklari bitkiyi tibbi agidan faydali kilan 6nemli
bilesenler tasimaktadir. Ayrica tohumlari geleneksel Cin tibbinda terapotik bir ajan olarak da
kullanilmistir.  G. biloba ekstraktlari genellikle tibbi mistahzarlarda standartlastirilmis dozaj
formlarinda kullanilir. Ginimuizde, G. biloba tirinin standartlastiriimis bir 6zt olan Tebonin Egb761
tercih edilmektedir.

Calismalar, G. biloba yapragl ekstraktinin insanlarda hafif ila orta dereceli serebral
yetmezligin semptomatik tedavisinde etkili oldugunu gostermistir. Alzheimer ve vaskiler demans
hastalarinda da etkin tedavi saglamaktadir. Bitki ekstresi ayrica saglikli bireylerde yasam kalitesi
Uzerinde olumlu etkilere sahip olabilir. G. biloba, i¢ kulak rahatsizliklarina karsi etkilidir ve endotel
hasarina karsi koruma saglar. Ayrica bilimsel calismalar antioksidan, antienflamatuar, antiviral,
antibakteriyel, antidiyabetik, antikanser, néroprotektif, kalp koruyucu ve daha bircok etkiye sahip
oldugunu gostermistir. G. biloba, bilimsel olarak kanitlanmis etkileri nedeniyle 6nemli bir nutrasotik
olarak kabul edilir. Bilim camiasinda bitkiye artan bir ilgi vardir.

Bu calismada G. biloba tiriinin "botanik ozellikleri", "tarihcesi", "biyoaktif bilesenleri" ve
"biyolojik aktiviteleri" ile ilgili literatiirden elde edilen veriler derlenerek bir inceleme yapilmistir.

Anahtar Kelimeler: Ginkgo Biloba, Etnobotanik, Biyolojik Aktivite
Introduction

All living things in nature are in balance. In mythology, plants are seen as the most precious
gift given to man by the gods. Plants have been an integral part of human existence since the
beginning of time, with a longstanding relationship between humans and plants. According to
archeological findings from ancient times, people benefited from plants to obtain food and to
eliminate health problems (Balkaya & Yanmaz, 2001; Faydaoglu & Surtclioglu, 2011; Gezgin, 2006;
Kogyigit, 2005). G. biloba L. has gained the attention of researchers due to its medicinal importance.

G. biloba is called 'Tapinak agaci, Fosil agag, Cin yelpazesi, Fil kulagi, Kiz sa¢l, Mabet agaci,
GUmus kayisi' in Turkish and 'Maidenhair tree, Living fossil, Temple balm, Duck foot tree, Silver
apricot, Ginkgo balm, Kew tree' in English (Barnes et al., 2007; Demirezer et al., 2012; WHO, 1999).

G. biloba has been used by humans for various benefits since ancient times. It was mainly
used in traditional Chinese medicine for asthma, cardiovascular disorders, cough, and expectorant
remedies (Barnes et al., 2007).

G. biloba is widely used worldwide for age-related memory impairment and dementia, due to
its effects on cerebral blood vessels, thanks to its components such as flavonoids and terpenic
lactones (Bikram et al., 2008; Escop & Phytotherapy, 2003; Fei et al., 2008). It is also used as a
therapeutic agent for memory loss, concentration problems, depression, dizziness, tinnitus,
headache, Raynaud's disease, peripheral arterial occlusive disease such as post-phlebitic syndrome,
improving pain-free walking distance, and treating cardiovascular disorders (WHO, 1999).

This study compiles information from the literature on the "botanical characteristics,"
"historical use," "bioactive components," and "biological activities" of G. biloba species.




A Review of Medicinal Properties of Ginkgo biloba L.

1. General Information About the Plant
1.1. The Distribution of Ginkgo biloba L.

G. biloba belongs to the family Ginkgoaceae and is the only genus in this family. The only species
in this genus is G. biloba. It is native to China and grows in a temperate coastal climate. Also, it grows
naturally in Japan, Asia, Europe, and America (Barnes et al.,, 2007; Demirezer et al., 2012; WHO,
1999). It has no natural distribution in Turkey. It is grown for landscaping in parks and gardens.

1.2. Botanical Features

G. biloba trees can reach heights of approximately 30-40 meters, can extend up to 70 m and their
branches can spread up to 8 meters. The stem up to 500 cm wide in diameter (Lin et al. 2022). Its
leaves are fan shaped, feathery and have a soft texture G. biloba is named after its two-lobed leaves
(Figure 1). It is a deciduous tree with long-stalked, bilobed, 6-9 cm wide leaves that turn yellow in
autumn (Barnes et al., 2007). The bark of trees appears in shades of light grey or greyish brown, with
a distinctive longitudinal fissured texture, particularly noticeable on mature trees. When young, the
long shoots of trees have a pale brownish-yellow color that gradually transforms into a grey hue as
they mature. The internodes of these shoots range from 1.5 to 4 cm in length. The short shoots of
trees are characterized by a blackish-grey coloration and feature dense, irregularly shaped leaf scars
that are elliptic in form. Additionally, certain branches of the Ginkgo tree have a unique growth
pattern resembling stalactites, which are commonly referred to as 'chichi' (Lin et al., 2022). The tree
exhibits a dioecious nature, meaning that it has separate male and female individuals. The male
cones of the tree are ivory-colored and measure approximately 1.2 to 2.2 cm in length. Within these
cones, the pollen sacs take the shape of boats and have widely gaping slits, allowing for the release
of pollen (Zhou et al., 2020).

Figure 1: G. biloba tree (a) and leaves (b) (Iriti et al., 2010).

1.3. Registered Pharmacopoeias and Monographs

e American Herbal Pharmacopoeia
e British Herbal Pharmacopoeia

e Martindale 35th edition

e European Pharmacopoeia

e WHO Monographs
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e Commission E Monographs

e ESCOP Monographs

e British Pharmacopoeia

e German Pharmacopoeia

e United States Pharmacopeia (Barnes et al., 2007; Demirezer et al., 2012).

1.4. The Distribution of Ginkgo biloba L.

The traditional use of G. biloba for medicinal purposes dates back to 2800 BC. In traditional
Chinese medicine, the seeds and leaves are used for therapeutic purposes. The seeds of G. biloba
have been used in traditional Chinese medicine as a cough suppressant, expectorant, and for asthma
and bladder inflammation. The leaves have been used for asthma and cardiovascular disorders. Also,
Materia Medica contains information that the seeds of G. biloba are used to treat fungal infection
wounds (Barnes et al., 2007; Liu et al., 2022).

1.5. Chemical Composition

The chemical structures of the major compounds contained in the plant are shown in Figure 2.
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Figure 2. Representative structures of the major and characteristic components of G. biloba (WHO, 1999)

Major compounds found in the seeds of the plant:

e Alkaloids: Ginkgotoxin.
e Aminoacids: Cyanogenic glycosides, ginkgolic acids, ginkbilobin.

Major compounds found in the leaves of the plant:

e Amino acids: 6-Hydroxykynurenic acid, a tryptophan metabolite.
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e Flavonoids: Dimeric flavones (e.g. amentoflavone, bilobetin, ginkgetin, isoginkgetin,
sciadopitysin); Flavonols (e.g. quercetin, kaempferol) and their glycosides and coumaroyl
esters.

e Proanthocyanidins: Terpenoids Sesquiterpenes (e.g. Bilobalide), diterpenes (e.g. Ginkgolides
A, B, C, J, M) and triterpenes (e.g. Sterols).

e Other compounds: Benzoic acid, ginkgolic acids, 2-hexenal, polyprenols (e.g. di-trans-poly-
cis-octadecaprenol), sugars, waxes, peptides (Barnes et al., 2007, Demirezer et al., 2012;
WHO, 1999).

1.6. Effects and Medical Uses

According to investigations, G. biloba has effects on cerebral circulation disorders, lack of
concentration, memory problems, energy deficiency, fatigue, anxiety, depressive symptoms,
headaches, and dizziness. Additionally, it is also used for the treatment of degenerative or multi-
infarct dementia. G. biloba is also used in the treatment of tinnitus due to its vasodilator and blood

viscosity-reducing effects (Blumenthal et al., 2000; Cekkayan et al., 1996; Celik & MB, 2002; Escop &
Phytotherapy, 2003; Le Bars et al., 1997; Schulz, 2003; Singh et al., 2008).

Tebonin Egh761 (G. biloba extract) is also used in vertebrobasilar insufficiency due to its
ability to reduce vertigo symptoms. It is known that G. biloba also has effects on vascular structures,
blood elements, and body fluids. G. biloba can regulate blood flow and viscosity, leading to
vasoregulatory effects. Ginkgolide B, one of the components of G. biloba, acts as an anti-aggregant
especially by antagonizing the platelet-activating factor (PAF). Additionally, Ginkgo has high
antioxidant activity (Demirezer et al., 2012; Kizkin et al., 2003; Kleijnen & Knipschild, 1992; McKenna
et al.,, 2001; WHO, 1999). Also, observations have shown that the plant extract used for a short
period of time has positive effects in improving the quality of life on healthy individuals. It has been
determined that it leads to an increase in both motor functions and emotional development. It also
improves painless walking distance in individuals with peripheral artery occlusive diseases such as
intermittent claudication, Raynaud's disease, acrocyanosis, and post-phlebitic syndrome. Clinical
studies have confirmed the effectiveness of Ginkgo in treating patients with Alzheimer's and vascular
dementia (WHO, 1999).

1.7. General information: Preparations Containing G. biloba Extract

Film-coated tablets and oral drops containing G. biloba extract are commonly used for
cerebral performance disorders, memory loss, tinnitus, and concentration disorders (Demirezer et
al., 2012; WHO, 1999)

1.7.1. Contraindication

G. biloba extract should not be used in cases of hypersensitivity to any of the ingredients
present in the extract (Blumenthal et al., 1998; Demirezer et al., 2012).

1.7.2. Warnings and Precautions.

Children under the age of 12 are not recommended to use it because there is a lack of
sufficient clinical studies for this age group. The underlying cause of the cerebral symptoms should
be identified before using G. biloba for treatment. (Demirezer et al., 2012; Escop & Phytotherapy,
2003). The use of G. biloba is not recommended in pregnant and lactating women due to limited
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clinical studies (Demirezer et al., 2012; WHO, 1999). It should be discontinued at least 3 days before
surgical and dental procedures in case of postoperative bleeding (Demirezer et al., 2012). If side
effects occur, dosage should be reduced or use should be stopped directly (Blumenthal et al., 1998;
Demirezer et al., 2012).

1.7.3. Side Effects

G. biloba should not be used in individuals taking blood clotting-inhibiting drugs at high doses
due to the increased risk of bleeding (WHO, 1999). It can cause allergic reactions. When administered
intravenously, it can cause allergy to the skin and irritation in the veins (Bressler, 2005). If G. biloba
seeds are consumed excessively, tonic-clonic seizures and loss of consciousness may occur due to the
ginkgotoxin present only in the seeds. There is a possibility of experiencing side effects such as
nausea, diarrhea, vomiting, restlessness, and headache (Blumenthal et al., 1998; Bressler, 2005).

1.7.4. Dosage, Usage Form, and Duration of Use

Standardized extracts are generally used as dosage forms. It contains 22-27% flavone
glycosides and 5-7% terpene lactones. These compounds comprise approximately 2.8-3.4%
ginkgolides A, B, C, and 2.6-3.2% bilobalide. The level of ginkgolic acid is below 5 mg/kg. It is
recommended to use the patented standard extract, Tebonin Egb761, in most preparations (WHO,
1999).

G. biloba dry extract can be used orally, 1 tablet (120-240 mg) 2-3 times a day. G. biloba
liquid extract can be taken in oral drop form, 0.5 mL (1 mL approximately 20 drops, equivalent to
120-240 mg extract 1:1) 3 times a day. The duration of treatment with G. biloba depends on the
severity of symptoms and should be used for a minimum of 6-8 weeks in chronic patients (Demirezer
etal., 2012; WHO, 1999).

In case of cognitive impairment: 120-240 mg dry extract of the leaf extract is given orally in
two or three divided doses. Clinical trials of standardized extracts of G. biloba leaves have
used oral doses ranging from 120-240 mg per day, usually for 8-12 weeks, although some
studies have continued treatment for up to 24 or 52 weeks.

In case of peripheral arterial occlusive disease and vertigo/tinnitus: The recommended oral
dosage of the dried leaf extract is divided into two or three doses, with each dose containing
120-160 mg of the extract. It has been determined that in clinical studies related to
peripheral artery occlusive disease, 120-160 mg of extract has been used in oral doses for 3-6
months.

The effect on the central nervous system: The decrease in membrane fluidity in synaptic
cells occurs through neural membrane peroxidation, which leads to a decrease in the
efficiency of the dopamine transporter. The reduction in membrane fluidity can be prevented
by the application of GBE (G. biloba extract) at doses ranging from 2 to 16 mg/mL
(Ramassamy et al., 1993).

Effect of apoptosis on cancer cells: Treatment with GBE at a dose of 10 pug/mL for 30-60
minutes on cancer cells reduced apoptosis by 20% (Ergun et al., 2005).
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2. Biological Activities of G. biloba
2.1. Antioxidant Activity

In a study by Dong et al. the effects of G. biloba extract on EPC (Endothelial Progenitor Cell),
aging was investigated. The results suggest that G. biloba extract may increase Akt (protein kinase B)
phosphorylation in EPCs which could lead to increased TERT (Telomerase Reverse Transcriptase)
phosphorylation. It has been demonstrated that increased phosphorylation of TERT can prevent the
onset of EPC aging by increasing telomerase activity (Dong et al., 2007).

A study by Chen et al. investigated the effects of G. biloba extract on EPC aging.
As a result, Chen et al. demonstrated that G. biloba extracts increased EPC numbers in a dose- and
time-dependent manner, as seen in the study by Dong et al. They also found that the extract
increased cell proliferation, migration, and in vitro angiogenesis capacity (Chen et al., 2004).

In a study by Ren et al., crude GBPS (G. biloba polysaccharides) were obtained from GBL (G.
biloba leaves) using various methods. When examining their ability to scavenge superoxide and ABTS
radicals, it was found that they exhibited significant antioxidant activity. Additionally, it has been
found that GBPSs stimulate the production of nitric oxide, tumor necrosis factor (TNF)-a, interleukin
(IL)-1B, and IL-6 (Ren et al., 2019).

In a study by Ellnain-Wojtaszek et al., different antioxidant compounds were extracted from
G. biloba leaves using various solvents such as flavonoids, proanthocyanidins, and flavonoid
derivatives. The most effective phenolic compound among these is quercetin. On the other hand,
catechin has the longest radical scavenging time.
The different groups and bonds on the compounds affect their antioxidant properties (Ellnain-
Wojtaszek et al., 2003).

Di Meo et al. conducted an analysis to identify the molecules responsible for the antioxidant
effects of Tebonin Egb761 by examining its ability to protect SK-N-BE cells against apoptosis induced
by oxidative stress. Neurons have a limited capacity for renewal, so they are very sensitive to
oxidative stress. Therefore, reducing oxidative stress and preventing apoptosis are thought to
potentially prevent neurodegeneration. (Di Meo et al., 2020).

Chao et al. investigated the effects of G. biloba extract on cytoprotective factors in rats with
duodenal ulcers. As a result, G. biloba extract improved the repair of the duodenal mucosa in
duodenal ulcer rats. It increased PGE2 levels and SOD activity through cytoprotective and antioxidant
actions. Thus, the antioxidant and free radical scavenging activity of G. biloba has been
demonstrated once again (Chao et al., 2004).

In a study by Sadowska et al., they aimed to test the effects of a six-week supplementation of
a standardized G. biloba extract at 160 mg/day with a placebo on aerobic performance, blood
antioxidant capacity, and brain-derived neurotrophic factor (BDNF) level. Six weeks of GBE
supplementation may improve endurance performance and offer slight neuroprotection through
exercise-induced BDNF production and increased blood antioxidant capacity. (Sadowska-Krepa et al.,
2017).

Naik et al. investigated the antioxidant activity of G. biloba pyrosomes in rat brains through a
study. G. biloba phytosomes were administered to Wistar rats at 50 mg/kg and 100 mg/kg for 7 and
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14 days respectively. The G. biloba phytosome treatment increased the activities of superoxide
dismutase, catalase, glutathione peroxidase, and glutathione reductase in all brain regions. Thus, it
has been determined that it exhibits antioxidant activity (Naik et al., 2006).

2.2. Anti-inflammatory Activity

In a study by Chu et al., the anti-inflammatory activity of the G. biloba plant was investigated,
and it was found that Ginkgolide B is a potent anti-inflammatory agent. It is also known to inhibit
thromboxane A2, an important factor in the pathogenesis of asthma. Treatment with ginkgolide B
leads to a significant decrease in eosinophil count. As a result, treatment with ginkgolide B leads to a
significant decrease in eosinophil count, which effectively inhibits the increase of T-helper 2
cytokines such as interleukin (IL)-5 and IL-13 in bronchoalveolar lavage fluid. Furthermore, Ginkgolide
B has significantly inhibited ovalbumin-induced eosinophils in lung tissue and excessive mucus
secretion by goblet cells in the respiratory tract. These results suggest that Ginkgolide B may be
beneficial for asthma treatment (Chu et al., 2011).

Yao et al. conducted a study to examine the preventive effects of G. biloba extract on LPS-
induced ALI in mice. Pre-treatment with G. biloba extract in these mice significantly reduced MPO
activity and neutrophil infiltration. In addition, G. biloba extracts successfully prevented lung tissue
damage. It is known that pro-inflammatory cytokines, especially TNF-a, IL-1B, and IL-6, contribute to
the early development of inflammation.
LPS (lipase) induces a significant increase in their levels. G. biloba extract down-regulated the
secretion of TNF-a, IL-1B, and IL-6. In the LPS-induced group, increased NF-kB p65 activity was
subjected to pretreatment with G. biloba extract. As a result, it was observed that NF-kB p65
expression was inhibited. In addition, COX-2 plays a role in lung damage. G. biloba extract also
prevented the increase in COX-2 activity caused by LPS in the mouse ALl model. These results
demonstrate that G. biloba extract has a protective effect on LPS-induced ALI (Xin et al., 2015).

Tao et al. conducted studies to evaluate the anti-inflammatory active compounds in G. biloba
and elucidate the associated molecular mechanisms. The biological effects of different G. biloba
extracts were evaluated in an ovalbumin-induced allergic mouse model. It has been observed that
anti-inflammatory compounds are present in the ethyl acetate phase of the extract analyzed by
HPLC-MS. The biflavonoids suppressed abnormal expression of the Akt and p38 pathways in HNE-
stimulated A549 cells. They reduced inflammatory cells and cytokines. The results indicate that
biflavones contained in G. biloba can inhibit leukocyte elastase activity. This indicates that G. biloba
may be a functional food for the treatment of respiratory inflammation (Tao et al., 2019).

2.3. Antiviral Activity

In a study by Haruyama & Nagata, the infectivity of influenza viruses was investigated in
Madin-Darby canine kidney (MDCK) cells treated with G. biloba leaf extract (Egb). Egb was applied to
the cells before exposure to viruses, and their infectivity was significantly reduced. Egb inhibited viral
infection in a dose-dependent manner. The inhibitory effect of Egb has been observed against
influenza A (HIN1 and H3N2) and influenza B viruses. These findings indicate that Egb inhibits the
initial stage of influenza virus infection before the virus enters the cytoplasm. According to all these
findings, Egb contains an anti-influenza virus substance that directly affects influenza virus particles
and disrupts the hemagglutinin function in adsorption to host cells (Haruyama & Nagata, 2013).
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In a study by Liu et al. EGb 50, an herbal agent, possesses potential anti-inflammatory
properties by inhibiting the activation of microglia induced by the NLRP3 inflammasome. Therefore,
EGb has the potential to contribute to the reduction of inflammatory and oxidative stress disorders
caused by SARS-CoV-2, while also helping to mitigate the deregulation of the renin-angiotensin
system (RAS) (Liu et al., 2018). The peptides derived from EGb can inhibit the ACE activity effectively,
and the extract can lower blood pressure by reducing the vasoconstrictive effects of Ang Il levels.
This discovery provides evidence for the beneficial effect of EGb in protecting against acute lung
injury (ALl) mediated by Ang Il during COVID-19 (Liskova et al, 2021).

2.4. Activity on Antidepressant-Induced Sexual Dysfunction

Cohen et al. investigated the activity of G. biloba on antidepressant-induced sexual
dysfunction. Sexual dysfunction is a significant problem for patients taking antidepressant drugs,
particularly SSRIs. This study found that G. biloba was 84% effective in alleviating antidepressant-
induced sexual dysfunction. This study showed that G. biloba was 84% effective in alleviating
antidepressant-induced sexual dysfunction. The sensitivity of women to the sexually enhancing
effects of G. biloba was found to be higher than that of men. This rate is 76% in men and 91% in
women. G. biloba has been shown to have a positive effect on all four stages of the sexual response
cycle: excitement, plateau, orgasm, and resolution. No side effects have been reported with the use
of G. biloba and it appears to be compatible with antidepressant treatment. In addition, many
patients have reported an improvement in their mental clarity and memory with the use of G. biloba
(Cohen & Bartlik, 1998).

2.5. Antibacterial Activity

The antibacterial activity of G. biloba methanol, ethanol, chloroform, and hexane extracts
against microorganisms was investigated by Sati et al. According to the results, the methanol extract
showed the highest activity among all tested extracts and inhibited the growth of all bacterial strains.
Furthermore, it was observed that there was no uniform response among bacterial species in terms
of sensitivity in different extracts. It is observed that small amounts of crude extracts of G. biloba
leaves have inhibitory activity against Gram-positive and Gram-negative bacteria (Sati & Joshi, 2011).

2.6. Antidiabetic Activity

The effect of GBE on hyperglycemia, lipid profile, enzymatic and non-enzymatic antioxidants
in STZ-induced diabetic rats was studied by Cheng et al. According to the results, GBE has the
potential to prevent insulin resistance and is a promising antidiabetic drug was also supported.
Diabetes is often accompanied by dyslipidemia, which is characterized by elevated levels of
hyperglycemia, TC, LDL, VLDL, and TG, and decreased levels of HDL. The altered serum lipid profile
had returned to normal after treatment with GBE. Additionally, hyperglycemia is the main cause of
high levels of free radicals. Tissue MDA content is the final product of lipid breakdown caused by
oxidative stress. After GBE treatment, the decreased MDA level also demonstrated the antioxidant
activity of GBE (Cheng et al., 2013). In another study conducted by Wang et al., the effectiveness of
G. biloba was assessed in patients with early-stage DN. It has been proven that G. biloba can reverse
the increase in fasting blood glucose, 24-hour urine protein, blood urea nitrogen, and creatinine, and
improve the changes in kidney histology in rats with DN. Furthermore, G. biloba can reduce the
expression of E-cadherin, alpha smooth muscle actin, and snail in diabetic renal cortex and decrease
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the phosphorylation levels of AKT, mTOR, and p70S6K. Blocking the Akt/mTOR signaling pathway can
prevent renal fibrosis in rats with DN. It has been found that G. biloba can also alleviate albuminuria
impairment in type 2 diabetes patients. Thus, it has been demonstrated that G. biloba is promising
for the early stage of DN. Zhou et al. investigated the effect of G. biloba extract (GBE) on glucose
intolerance caused by hyperinsulinism in hepatocytes. In this study, a control group treated with
thiazolidinedione (TZD), specifically rosiglitazone, was also included to better understand the
effectiveness. The data showed that GBE suppressed glucose uptake under normal conditions, but
significantly improved glucose tolerance under insulin-resistant conditions. Additionally, after gene
expression analysis, it was found that the effects of GBE were mainly manifested by stimulating the
transcription of IRS-2. It has been suggested that GBE treatment can prevent drug-induced obesity.
Because TZDs can cause weight gain. According to the data, it has been demonstrated that GBE has
the potential to prevent insulin resistance and is a promising anti-diabetic drug (Zhou et al., 2011).

2.7. Neurological Activity

A study to confirm whether the alpha-2 adrenergic activity is involved in the facilitating
effects of G. biloba extract on prefrontal cognitive function by Zhang et al. The data demonstrate that
a single dose of Egb reverses yohimbine-induced working memory impairment, and this effect is
associated with the stimulation of prefrontal postsynaptic alpha-2 adrenoceptors. Age-related
deficits in working memory are associated with decreased activation of these adrenoceptors.
Therefore, using G. biloba extract may improve working memory performance in elderly animals and
patients with Alzheimer's disease (Zhang & Cai, 2005).

Spiegel et al. evaluated the effects of Tebonin Egb761 at a daily dose of 240 mg on tinnitus
and vertigo associated with dementia. It has been demonstrated that Tebonin Egh761 is clearly
superior to a placebo in reducing both tinnitus and dizziness. As a result of using Tebonin Egb761, a
significant decrease in tinnitus severity, ranging from 27% to 40% above the placebo effect, was
observed. The effects of dizziness are less pronounced. In conclusion, it has been proven that
Tebonin Egb761 in daily doses of 240 mg can reduce both tinnitus and dizziness in dementia patients
through various mechanisms (Spiegel et al., 2018).

Zheng et al. investigated the activity of G. biloba extract for tardive dyskinesia. According to
the data, Egb is a potent antioxidant with neuroprotective effects mediated by increasing BDNF
levels. Possible mechanisms of G. biloba in treating TD may include direct scavenging of free radicals
and indirect inhibition of free radical formation. Thus, it can reduce oxidative stress. Also It can
increase BDNF levels and reduce the possibility of neurotoxicity. In conclusion, it has been shown
that 240 mg/day of G. biloba may be effective and safe in improving TD symptoms in patients with
schizophrenia (Zheng et al., 2016).

In a randomized controlled trial involving 157 patients with TD, a standardized G. biloba leaf
extract known as Egb-761 has been found to be effective in the treatment of TD. Compared to the
placebo, treatment with Egb-761 at week 12 significantly reduced the involuntary movement score
(Liang et al.).

Two separate studies conducted by Rabiei et al. and Tanaka et al. examined the effects of G.
biloba extract on Parkinson's disease. The positive effect of Tebonin Egb761 on PD may be attributed
to its ability to inhibit MAO activity, which is a potential mechanism for this effect. This MAO enzyme
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triggers the formation of free radicals that damage nigrostriatal neurons by metabolizing DA. Pre-
treated with Tebonin Egb761, preventive effect was also observed against MPP+ that increases MAO
activity in mice. As a result, G. biloba demonstrates its effect on PD by preventing oxidative stress
and mitochondrial dysfunction (Rabiei et al., 2019; Tanaka et al., 2013).

When examining the studies of Zhang, Liu, DeKosky, and Singh related to Alzheimer's disease
in 4 separate ways, some contradictory results have been reached. Treatment with GBEs in
combination with drug therapy has shown improvement in cognitive and daily activities, and the
effect has been dose-dependent. Significant efficacy has only been observed when high daily doses
(240 mg) are used. In patients treated with GBE, adverse effects related to dizziness, tinnitus,
headache, and angina pectoris symptoms were reduced compared to placebo. G. biloba extracts
have been reported to improve cognitive function and quality of life, but some studies have also
reported that they cannot prevent the progression of Alzheimer's disease. According to various
studies, the results are variable. Most of the studies that resulted in positive outcomes in Alzheimer's
disease have used GBE doses above 240 mg/day and a long-term treatment period of 22-24 weeks.
Negative results have generally been observed with a dose of 120 mg/day or shorter treatment
duration in studies (DeKosky et al., 2008; Liu et al., 2022; Singh et al., 2019; Zhang et al., 2016).

Beck et al. investigated the effects of Tebonin Egb761 on prefrontal dopamine-dependent
cognitive functions. In addition to cognitive control, it is assumed that stress responsivity is related to
prefrontal dopamine and decreases with age. In conclusion, according to this study, Tebonin Egb761
enhances cognitive flexibility and processing efficiency without causing changes in brain activation.
These effects are consistent with a mild increase in prefrontal dopamine (Beck et al., 2016).

Cho et al. aimed to investigate the neuroprotective effect of GBE against hypoxic damage in
retinal ganglion cells (RGC). Oxidative stress due to hypoxia and impaired microvascular circulation is
associated with the pathogenesis of glaucoma. The results have shown that GBE has a
neuroprotective effect on retina ganglion cells against both in vitro and in vivo hypoxic damage (Cho
et al., 2019).

Yang et al. investigated the neuroprotective effects of GBE and one of its important
components, Ginkgolide B (GB), against oxygen-glucose deprivation and glucose damage. The results
showed that GBE has preventive effects on neuronal cell death and improves the function of brain
capillary endothelial monolayers after in vitro OGD/R (oxygen-glucose deprivation/reoxygenation)
injury. Therefore, GBE can be used as an effective neuroprotective agent for acute ischemic stroke
(Yang et al., 2018).

An et al. aimed to investigate the changes in Bax and Bcl-2 expression levels in brain regions
associated with TD and the effects of Tebonin Egh761 on Bax and Bcl-2 levels in their study. Teeth
grinding disorder (TD) is found to be associated with increased empty chewing movements (VCM),
increased proapoptotic Bax protein expression, decreased antiapoptotic Bcl-2 protein expression,
and increased Bax/Bcl-2 ratio. Tebonin Egh761 treatment reversed the increase in empty chewing
movements, reduced Bax expression, increased Bcl-2 expression, and decreased the Bax/Bcl-2 ratio.
These results indicate that long-term haloperidol administration may affect Bcl-2 expression and
promote neuronal apoptosis in the basal ganglia. The antiapoptotic effects of Tebonin Egb761
through Bcl-2 pathway can explain the symptom improvement observed in rats with haloperidol-
induced TD (An et al., 2016).
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Yuan et al. investigated the effectiveness of G. biloba extract in the treatment of dementia.
According to current evidence, GbE at doses higher than 200 mg/day (mostly 240 mg/day)
administered for 22 weeks or longer, may have potentially beneficial effects on cognitive
performance and activities of daily living in dementia treatment compared to placebo. There is
insufficient evidence to support the positive effects of GbE administered for less than 22 weeks.
Current evidence shows that consistently using a GbE dose lower than 200 mg/day may not be
sufficient to provide clinically significant effects in the treatment of dementia. In conclusion, GbE has
potentially beneficial effects for individuals with dementia when administered at doses higher than
200 mg/day for at least 5 months (Yuan et al., 2017).

Hilton et al. investigated the effectiveness of G. biloba in patients with tinnitus. There is no
evidence to support the effectiveness of G. biloba in patients with primary tinnitus. In patients with
vascular dementia and Alzheimer's disease who received G. biloba, a small but statistically significant
reduction of 1.5 and 0.7 points was observed, respectively. In conclusion, G. biloba has been found
effective for tinnitus in people with vascular dementia and Alzheimer's disease (Hilton et al., 2013).

2.8. Anticancer Activity

Bai et al. has investigated the effects of G. biloba extract on cell apoptosis and GO/G1 cycle in
gastric cancer cells. The anticancer activity of Tebonin Egh761 is widely used in the treatment of
various cancers. According to this study, after 48 hours of treatment, the data revealed that Tebonin
Egb761 significantly suppressed the proliferation of human gastric cancer AGS cells in a dose-
dependent manner. Tebonin Egb761 at a concentration of 80 mg/L increased the number of cells in
the GO/G1 phase and decreased the cells in the G2/M and S phases. In addition, Tebonin Egb761
treatment significantly increased the apoptosis rate of AGS cells. In conclusion, Tebonin Egh761 can
induce apoptosis in human gastric cancer cells through various mechanisms and exhibit anticancer
activity by causing cells to remain in GO/G1 phase (Bai et al., 2015).

Cao et al. investigated the activity of G. biloba exocarp extracts on inducing apoptosis in
Lewis Lung Cancer Cells (LLC) involving MAPK signaling pathways. This study has shown that GBEE
(50-200 mg/kg) has dose-dependent inhibitory effects on the growth of LLC-transplanted tumors. As
a result, GBEE induces apoptosis in LLC cells through the mitochondrial-mediated intrinsic pathway
and the death receptor-mediated extrinsic pathway, which may be closely related to the regulation
of MAPK signaling pathways by various mechanisms (Cao et al., 2017).

Wang et al. have investigated the anticancer effect of Tebonin Egh761 on hepatocellular
carcinoma (HCC) cell lines in their study. They found that Tebonin Egb761 inhibited cancer cell
growth, reduced cell viability, and supported apoptosis in hepatocellular carcinoma cells.
Additionally, Tebonin Egb761 dose-dependently reduced the proliferation of human hepatocellular
carcinoma (HepG2) cells and increased their apoptosis.
In addition, it has been observed that Tebonin Egh761 exerts an anticancer effect on HepG2 cells by
activating p53 and inhibiting nuclear factor (NF)-kB signaling pathways. In conclusion, Wang et al.
determined that Tebonin Egb761 inhibited the proliferation and induced apoptosis of hepatocellular
carcinoma cells through the NF-kB/p53 signaling pathway (Wang et al., 2020).

DeFeudis et al. investigate the activity of G. biloba extracts on cancer in their study. In this
study, ginkgolide B inhibited the growth of a highly aggressive human breast cancer cell line in mice.
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In addition, exposure of bladder cancer cells to a Ginkgo extract has elicited an adaptive
transcriptional response that prevents DNA damage. In humans, Ginkgo extracts also inhibit the
formation of oxidative stress effects caused by radiation-induced clastogenic factors and ultraviolet
light, which may be associated with anticancer activity (DeFeudis et al., 2003).

Liu et al. investigated the anti-metastatic effect of Tebonin Egb761 on colorectal cancer cells
in their study. The treatment of colorectal cancer cells with Tebonin Egb761 has been shown to
induce inhibition of cell migration and invasion ability in a concentration-dependent manner. As a
result, Tebonin Egh761 has been shown to upregulate LincRNA-p21 expression in a dose- and time-
dependent manner. Therefore, Tebonin Egb 761 may be a promising treatment regimen for
colorectal cancer (Liu et al., 2017).

Pretner et al. aimed to determine the role of PBR in cancer and the possible anticancer
effects of Tebonin Egb761 against it in their study. Treatment with Tebonin Egb761 reduced PBR
MRNA levels and inhibited the proliferation of breast, glioma, and hepatocarcinoma cell lines. As a
result, treatment with Tebonin Egb761 is believed to be beneficial in preventing or treating cancer
metastasis by reducing PBR overexpression (Pretner et al., 2006).

Park et al. investigated the anti-cancer effects of G. biloba extract in estrogen-independent
breast cancer in their study. According to the results, it was shown that the cytotoxic effects of GBE
in MDA-MB-231 led to DNA fragmentation at high concentrations (500 and 1000 pg/ml). It has been
shown that GBE has chemopreventive effects in estrogen-independent breast cancer through anti-
proliferative and apoptotic- inducing activities (Park et al., 2013)

Jiang et al. investigated whether G. biloba is an effective agent for reducing the risk of
ovarian cancer associated with BRCA1 in their study. GB treatment has shown anti-cancer activities in
BRCA1 mutant cells through numerous mechanisms. The results showed that GB found in G. biloba
may have cancer preventive activities in BRCA1-mutant ovarian epithelial cells (Jiang et al., 2011).

2.9. Cardiovascular Activity

In a study by Koltermann et al., an activity analysis was performed on the effect of G. biloba
extract on endothelial nitric oxide production. G. biloba extract caused acute relaxation of isolated
aortic rings and a decrease in in vivo blood pressure dependent on NO in rats. These effects on eNOS
are evidence for Tebonin Egb761's protective cardiovascular properties (Koltermann et al., 2007).

2.10. Other Activities

In this study by Cho et al., the effects of Tebonin Eghb761 on basal and glutamate-induced
activity, as well as tPA (Tissue plasminogen activator) expression in primary cortical neurons of rats
were investigated. Given the neurotoxic role of excessive tPA during excitotoxic conditions, Tebonin
Egb761 has been shown to provide protective roles in such neural insult situations (Cho et al., 2016).

Al-Attar et al. investigated the effect of G. biloba leaf extract on thioacetamide (TAA)-induced
experimental liver fibrosis in male albino rats. This study showed that Ginkgo biloba leaf extract has a
potential activity against TAA-induced liver fibrosis in male albino rats, and the chemical components
of G. biloba are effective in modulating oxidative stress induced by TAA (Al-Attar, 2012).
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Zhang et al. investigated the efficacy of G. biloba in vitiligo patients. It has been found that
the antioxidant effect of Tebonin Egb761 on melanocytes is achieved by activating Nrf2. In
conclusion, Tebonin Egh761 is able to protect melanocytes against oxidative stress damage by
activating the Nrf2-ARE signaling pathway (Zhang et al., 2019).

The effects of G. biloba leaf extract on the human red blood cells in the presence of amyloid
peptide (Abeta25-35), peroxide and hypotonic stress were investigated by He et al. The results show
that G. biloba leaf extract has a dual effect on red blood cells, both protective and destructive,
depending on whether exogenous stress is present (He et al., 2009).

Logani et al. investigated the potential beneficial actions of G. biloba in the treatment of
conditions involving cerebral hypoxia. Rats pretreated with Tebonin Egh761 before microinfarction
had better cerebral blood flow, higher brain glucose, and higher brain lactate levels than saline-
injected controls before microinfarction (Logani et al., 2000).

Ran et al. examined the protective effects of G. biloba extract on myocardial ischemia-
reperfusion injury in rabbits. In conclusion, this study demonstrated that G. biloba extract has
myocardial protective effects by reducing the formation of oxygen-free radicals and increasing the
antioxidant capacity of myocardial cells (Ran et al., 2014).

Huang et al. investigated the effects of GBE on aortic dilation and rupture rate of Angll-
induced AAAs (abdominal aortic aneurysms). As a result, GBE prevented aortic rupture in
hypercholesterolemic mice inoculated with Angll, but this effectiveness was observed only in the
early stage of disease development (Huang et al., 2019).

Omidkhoda et al. conducted a comprehensive study to investigate the protective effects of
G. biloba against natural toxins, chemical toxicity, and radiation. In conclusion, they examined the
protective effects of G. biloba against natural toxins, chemical toxicities, and radiation. The
protective activity of G. biloba leaves was found to be effective against some natural toxins such as
LPS, LPC, scorpion venom, lantadenes, manyok, gossypol, and aflatoxinB1. It was also found to be
significantly effective against the harmful consequences of substances such as metals, ethanol,
pesticides, carbon tetrachloride, cigarette smoke, naphthalene, and monosodium glutamate
(Omidkhoda et al., 2019).

In the study by Huang et al., the effect of Tebonin Egb761 on cisplatin-induced ototoxicity in
rats was investigated. It was found that Tebonin Egb761 provided protection against cisplatin-
induced ototoxicity in a rat model (Huang et al., 2007).

Discussion

G. biloba is a unique and entirely distinctive tree that continues to exist today without any
close relatives or similar species. G. biloba is known to be effective in concentration problems,
memory problems, lack of energy, anxiety, headaches, vertigo, tinnitus, depressive symptoms,
dementia, Alzheimer's disease, cardiovascular distress, intermittent claudication, Raynaud's disease,
as well as improving painless walking distance in people with peripheral artery occlusive disease.
Furthermore, positive effects of short-term use of the plant extract to improve the quality of life in
healthy individuals have also been observed. Clinical studies have shown that G. biloba has very high
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antioxidant activity and various effects such as anti-inflammatory, antiviral, antibacterial,
antidiabetic, anticancer, neuroprotective, cardioprotective, and many others.

Although only the leaf extract is used medicinally nowadays, in ancient Chinese medicine, the
seeds of G. biloba were also used due to their antitussive, expectorant, asthma-preventative, and
bladder inflammation-reducing effects.

As seen, the G. biloba plant is an important herb with many biological activities, versatile,
with a relatively good side effect profile, and is highly demanded in the pharmaceutical industry due
to its effects. The G. biloba plant has been researched for years and has been utilized for various
effects since ancient times. The main components found in this plant are flavonoids and terpenic
lactones, and its usage is becoming increasingly widespread, particularly in cases of age-related
memory loss and dementia, due to its effects on brain blood vessels. Modern medicine places great
emphasis on the use of herbal supplements such as G. biloba to improve the quality of life for
individuals struggling with neurological disorders like Alzheimer's and dementia. Additionally, it is
believed in the scientific community that G. biloba, which is one of the longest-living tree species in
the world, has other biological activities waiting to be discovered.
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ABSTRACT

In this review article, the electrochemical and fluorescence properties of Schiff bases are
discussed. Schif bases are structures that contain primary amines as a result of the
condensation of aldehydes or ketones. They become radical with the excitation of
electrons from the amine groups in their structures and show fluorescence properties.
Likewise, radicalized electrons are an important container in electrochemical
applications, especially in sensor applications, and Schiff bases such as ferrocene have
shown significant sensitivity in suitable buffer solutions. This review article is informative
for electrochemical and fluorescence applications with Schiff bases.
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ABSTRACT

Bu derleme yazisinda Schiff bazlarinin elektrokimyasal ve floresans ozellikleri tartisiimistir.
Schif bazlari, aldehitlerin veya ketonlarin yogunlasmasi sonucu birincil aminler iceren yapilardir.
Yapilarindaki amin gruplarindan elektronlarin uyariimasi ile radikallesirler ve floresans o6zelligi
gosterirler. Ayni sekilde, radikallesmis elektronlar, elektrokimyasal uygulamalarda, 6zellikle sensor
uygulamalarinda onemli bir kaptir ve ferrosen gibi Schiff bazlari, uygun tampon c¢ézeltilerde 6nemli
bir hassasiyet gostermistir. Bu derleme makalesi, Schiff bazlari ile elektrokimyasal ve floresan
uygulamalari igin bilgilendiricidir.

Anahtar Kelimeler: Elektrokimya, Floresans, Metal Kompleksler, Schiff Bazi
1. Introduction

Compounds that are formed as a result of the condensation of aldehydes and ketones with
primary amines under appropriate reaction conditions and that have C=N in their structures are
called "Schiff bases" (Subasi & Subasi, 2022). Generally, compounds with C = N in their structure are
called "azomethine or imine compounds" and the functional group consisting of C = N bonds is called
the "Azomethine group" (figure 1) (Talukder, 2005). Aldehydes and ketones undergo addition and
elimination (condensation) reactions with amines and Schiff base are synthesized by this reaction
(Burinsky et al., 1984).

R
%
C=N—R,
R
R4,R2,R3=Alkyl or Aryl
Figure 1: Skeleton of schiff bases (1)

“Reprinted (adapted) with permission from (1) Copyright (2023) IntechOpen- Schiff Base in Organic,
Inorganic and Physical Chemistry”

The reaction of aldehydes from Schiff bases is quite easy. But this process is not easy for
ketones (Friedman, 2004; Layer, 1963). The reason for this is the selection of the appropriate pH
range, the suitable catalyst for production of Schiff base form ketones, and the choice of solvent that
will from an azeotrope mixture with the water to be formed in the reaction, making the reaction
more specific (Gomez et al., n.d.). As a result of the reaction of primary amines with aldehydes, the
carbon-nitrogen double bond in Schiff bases is called aldimine or azomethine, and the bond formed
as a result of the reaction with ketone is called ketamine or imine (Subasi & Subasi, 2022). Reactions
are very easy to synthesize using semicarbazide or thiosemicarbazide.

Semi carbazides and thiosemicarbazides are also widely used with carbonyl compounds
(Dolman et al., 2006). Semicarbazones generally hydrolyze more readily than the correspnding
oximes or hydrazones. The formation of semicarbazones from ketones and semicarbazides is
catalyzed by aniline (More et al., 2019). Therefore, the mechanism differs from the normal general
acid catalysis of semicarbazones. It is formed after the exchange of an aniline with a semicarbazide

(1).
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The reaction rate of Schiff bases and semicarbazides is faster than the reaction of
semicarbazides with free carbonyl groups (Cordes & Jencks, 1962). This is most likely because it is
more basic than the parent carbonyl groups from which the azomethine groups are derived. The
reactions of aldehydes and ketones with 2,4-dinitrophenylhydrazine, semicarbazide, and
hydroxylamine have generally been used to identify aldehydes and ketones (Feuell & Skellon, 1953).
Their compounds, 2,4-dinitrophenylhydrazones, semicarbazones, and oximes, are solids with sharp
characteristic melting points. The use of Schiff bases with metal complexes by researchers has
become quite common.

Metal complexes of Schiff bases have been known since the middle of the 19th century
(Kaczmarek et al., 2018). N,N-ethylene bis (salicylideniminato) (Salen) is a prime example of this.
Cationic, bridging, and dimeric complexes are seen in several Schiff bases (Gheller et al., 1981). The
donor atoms in the molecule are taken into account when classifying metal complexes of Schiff bases
(Raczuk et al., 2022). As a result, the most prevalent metal complexes are those with donor atom
systems, such as N-O, 0O-N-O, O-N-S, N-N-O, O-N-N-O, and N-N-N-N (Radanovi¢ et al.,, 2022).
Scientists have developed a wide range of complexes after becoming interested in schiff bases, which
are used as ligands in the production of coordination compounds (Radanovi¢ et al., 2022). The metal
complexes made from Schiff bases are employed as dyestuff in the dye business, particularly in the
textile industry, since the groups in their structures give them color. The importance of Schiff base
complexes in the medical world is increasing due to their anticancer activity and their use as a
reagent in the fight against cancer is being investigated (Malik et al., 2018), (Liu et al., 2014). Some
transition metals are known to have nucleolytic activities. Buredox active compounds break the
phosphodiesteroskeleton of DNA molecules at physiological pH and temperature. Cu(ll) complexes
are very important in terms of biological activity and are known as antitumor, antiviral and anti-
inflammatory agents (Liu et al., 2014; Subasi & Subasi, 2022). Especially Cu(ll) complexes formed
from Schiff base ligands have become important model compounds in the study of the physical and
chemical behavior of biological copper systems. The Cu(ll) complex of 1,10-Phenanthroline is the first
synthetic transition metal complex to show effective nucleolytic activity. Copper complexes of some
ligands such as bleomycin, pyrrole, thioether, oxime, peptide, and imidazole show DNA-clearing
activity.

It is a known fact that Schiff bases show fluorescence properties. The color change of Schiff
bases in fluorescence studies is important in terms of playing a decisive role in colorimetric sensor
studies. It also affects the conductivity of the catalysts in the surface modification of the electrodes in
electrochemical studies. Therefore, in this review article, the role of Schiff bases in the application
areas, the application methods and applications in the electrochemical and fluorescence areas and
how Schiff bases will advance in these areas in today's technology, this review has been created by
scanning the literature reports in detail and citing these reports. The congress of this article was also
presented at the ICON Data congress in 2021.

Fluorescence

The light emitted during the transition from an excited singlet system to a ground-state
singlet system is called fluorescence (Beer & Longuet-Higgins, 2004). In the case of fluorescence and
phosphorescence; an electron in a chromophore group of matter absorbs the short wavelength
beam sent on the molecule in a very short time, like 10-14 seconds, and rises to an upper (sometimes
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two or three higher) energy level. From here, it returns to the basic state through various
mechanisms (Westermayr & Marquetand, 2021). The state of the electron, when it goes up one or
two levels without changing its spin, is called the excited singlet state (Hanson et al., 2007). A
molecule in an excited singlet state is still diamagnetic as it is in its ground state, diamagnetic
materials are also called electron-paired materials. A molecule changes from its basic electronic and
vibrational state to its excited state by absorption (Myers et al., 1998). When the molecule is in its
excited state, excess vibrational energy is dissipated by intermolecular collisions. The molecule then
emits a beam to the ground energy level, creating fluorescence (Lichtman & Conchello, 2005).

Qualitative and quantitative analyzes of many organic and inorganic substances can be done
by fluorescence spectroscopy of molecules. The most important feature of this method is that it is
sensitive, that is, it can be analyzed in much smaller quantities. For organic molecules, the term
fluorescence usually refers to the light energy emitted during a transition from the lowest excited
singlet level to the fundamental singlet level (Y. Yu et al., 2021).

Stokes Shift

Transitions in molecular fluorescence bands always contain longer wavelengths or less
energy than transitions in the absorbed radiation band that cause their excitation (Vincett et al.,
2003). This change towards longer wavelengths is sometimes called the stokes shift (Y. Yu et al.,
2021).

Fluorescence the Effect of Molecular Structure

Fluorescence efficiency is typically increased by planarity, rotational inhibition, conjugation,
and an increase in the number of rings (H. Yu & Ji, 2021). Compounds with aromatic rings that permit
low energy * transitions in their structure emit the strongest fluorescence rays (Wachter et al., 1998).
Additionally, aromatic rings with numerous conjugated double bonds in their structure, such as those
found in aliphatic and alicyclic rings, exhibit fluorescence. However, their number is very low
compared to the number of aromatic compounds. Apart from these, aliphatic and alicyclic
compounds containing carbonyl groups and conjugated systems containing many double bonds also
show fluorescence (H. Yu & Ji, 2021). These properties are further enhanced by the condensation of
the aromatic rings. Heterocyclic rings such as pyridine, thiophene, pyrrole, and furan do not show
fluorescence, substances excited as a result of the n = n* transition easily become triplet and show
only phosphorescence (Wachter et al.,, 1998). Simple nitrogen-containing heterocyclic rings are
characterized by n* low energy electronic transitions, which facilitate the transition between excited
singlet and excited triplet states. Phosphorescence emission is used to transition from the triplet
state to the ground state; in these situations, fluorescence is reduced or eliminated (Lower & El-
Sayed, 1966).

Conjugation Effect on Fluorescence

In aromatic compounds, the electrons of the conjugated double bonds are delocalized. The
greater the number of rings, the greater the delocalization. As a result, as the number of rings
increases, the fluorescence intensity increases (Lower & El-Sayed, 1966; Wachter et al., 1998). In
benzene, fluorescence occurs with high-energy photons, while in pentacene, it occurs with low-
energy photons. While the fluorescence in benzene is in the UV region with higher energy, the
fluorescence in pentacene is in the visible region (Lower & El-Sayed, 1966).

R —
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The Effect of The Rigidity and Planarity of the Molecule

The fluorescence property of a molecule is enhanced by the stiffness of its structure. A
chelating complexing ligand's stiffness rises as it combines with a cation, which also raises
fluorescence emission (26). Fluorescence with low energy transitions is exhibited in compounds with
aromatic functional groups and is the strongest and most advantageous. A smaller number of
compounds than aromatic systems can fluoresce, including those with a lot of conjugated double-
bonded structures or aliphatic and alicyclic carbonyl groups (Lower & El-Sayed, 1966; Wachter et al.,
1998).

Effect Of Substituents in the Molecule

A potential light transition between the excited singlet state and the ground state is typically
increased by substituents in a luminous compound that can delocalize the substance's electrons
(Wachter et al., 1998). Fluorescence also rises as a result of this. Ordinarily, substituents in the ortho-
para position give the ring electrons, perhaps enhancing the fluorescence that will take place. The
potential for fluorescence is decreased by the substituents at the meta-position, which take electrons
away from the ring (Lower & El-Sayed, 1966).

Temperature and Solvent Effect

The fluorescence emission decreases as the temperature rises, increasing collision and
facilitating conversion. Increasing the polarity of the solvent also affects the fluorescence [25].
Because polar solvents generally increase the energy difference in n - nt* transitions and decrease
the fluorescence glow. In some cases, the energy of the m->m* transition even falls below that of the
n—>m* transition. Solvents containing heavy atoms, such as carbon tetrachloride and ethyliodide,
reduce the intensity of fluorescence radiation (Lower & El-Sayed, 1966).

Viscosity Effect

Increasing the temperature and decreasing the viscosity of the solvent increase the
probability of collision between the excited molecule and other molecules, and also inter-system
transitions. In low temperature and high viscosity medium, the resting time is longer than the
lifetime of the excited state and fluorescence increases (Lower & El-Sayed, 1966).

The Effect of Wavelength and Intensity of the Incident Beam

Luminescence efficiency may be reduced not only by physical events such as internal
transformation, transition between systems and energy transfer, but also due to events such as bond
breakage and product formation that may occur at stimulated levels. In addition, increasing the
intensity of the incident beam increases the fluorescence. The lower limit of wavelengths that
produce fluorescence is 250 nm (Talukder, 2005; Tuna Subasi, 2023). Therefore, fluorescences
corresponding to the o*->0 transition are rarely encountered. Rays up to the aforementioned
wavelength can only produce n-=>m* and n—»n transitions (Tuna Subasi, 2023).

2. Investigation of Fluorescence Properties of Some Sciff Bases and Metal Complexes
2.1. Study of the silver(l) ion Complex

At wavelengths where ligands fluoresced brightly following complex formation, a change was
observed. The emission wavelength of 460 nm to 470 nm has been moved from the excitation

R —
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wavelength of 385 nm of 375 nm (Talukder, 2005b; Tuna Subasi, 2023). In contrast to other silver
compounds developed in this investigation, complex has comparatively modest fluorescence
intensity (Wachter et al., 1998). The rigid conformational shape of the ligand upon complexation or
the strong coordination with the Ag(l) metal center are likely the causes of the rise in fluorescence
intensity of complexes. The silver electron density was found to reduce the fluorescence band's
intensity in the complexes (ex = 320 nm, em = 395 nm em = 469 and, ex = 406 nm) (Lower & El-
Sayed, 1966).
2.2. Examination of Cu/Mn Complexes

The four schiff bases [Cu(L1)z]n (1), [Mn(L1)2]n (2), [Cu(L2)2]n (3), [Mn(L2),]n (4, HL1 = 2-
(((4H-1,2,4-triazol-4-yl)imino)methyl)-4,6-dichlorophenol; HL2 = 2-(((4H-1,2,4-triazol-4
yl)imino)methyl)-4,6-dibromophenol) was synthesized.

The luminescence compounds’ properties free and 1-4 HL1 by using DMF [24]. A wavelength
of 438 nm was used to stimulate the luminescence of the HL1, 1 and 2 series. Upon photoexcitation at
438 nm, a luminescence band of free HL1 ligand was observed at 470 nm with maximal weighted n—
1* transition fluorescence (25). At the same 438 nm photoexcitation, and also observed emission
bands and lower fluorescence intensity at 527 and 514 nm, redshifting the wavelength to 57 nm and
44 nm, respectively, compared to the HL1 ligand. This could be caused by the paramagnetic action of

the corresponding d9 and d5 ions, Cu(ll) or Mn(ll) (1).

2.3. Investigation of Sc3*, Pd?*, Sr%, Bi3*, Ag*, Co%*, Cd?*, Ni?*, Cr¥*, Zn?*, K*, Ca%,
Fe3*, Li*, Be?*, Mn?, Cu (1), Mg?*, Na* and AI** Complexes

It was created using 4-(1-(4-hydroxy-3-methoxybenzyl)-1H-benzo[d]imidazol-2-yl)-2-
methoxyphenol (L). Spectra of the ligand acetonitrile:water (1:1) in terms of emission and absorption
We looked at the ligand's fluorescence spectrum in the medium. The maximum fluorescence spectra
showed emission at 360 nm when the ligand was stimulated with 300 nm (1). Investigated are the
ligand's fluorescence spectra in acetonitrile water (1:1) with 10 equivalents of excess metal ions.
Under the effect of ions such as these title ions, the ligand's fluorescence spectra did not significantly
alter. However, the Cu® ion effectively quenches fluorescent light (Carlson, 2015). At 360 nm, it
displayed the degree of fluorescence of the unbound ligand and the ligand solution with metal ions.
Cu?* ion is preferred by the ligand over other metal ions. This outcome is in line with findings in the
literature (1), (Lower & El-Sayed, 1966; Wachter et al., 1998).

2.4. Investigation of Zn(l11)/Ln(Ill) Complexes

2,3,Dihydroxynaphthalene-1,4-dicarbaldehyde and 2-[0-(1-ethyloxyamide)] are Schiff bases.
As well as [Zn;(L)Ho(m2-0OAc)2(OAc)(MeOH)] and oxime-6-methoxyphenol. Complexes of [Zn,(L) Er
(m2-0OAc);] and [CH,Cl,] OAc were created. Recently, it has been discovered that several lanthanide
compounds of the Salamo type show exceptional fluorescence characteristics. Components of Znll
were used as sensitizers for lanthanide fluorescent lighting (Tuna Subasi, 2023). In-depth
measurements were made of the emission spectra of H4L in CH3OH:CHCl; (v/v=1:1) solution and the
corresponding metallic complexes 1 and 2 in methanol solution. H4L has a wavelength of 442 nm and
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a 350 nm intra-ligand “* transition. Complexes 1 and 2 displayed rather significant emission peaks at
447 and 448 nm, respectively, at a wavelength of roughly 350 nanometers. These bathochromically
shifted, comparatively strong emission peaks can be attributed to ligand-to-metal charge transfer
(LMCT) transitions (Stépnicka et al., 1999).

3. Electrochemical Methods

Scientists like Galvani, Volta, and Cavendish recognized that electricity had intriguing and
significant interactions with mammalian tissues as early as the experimental sciences era. For
instance, electrical demands cause the muscles to stretch and contract. Physiological electricity is
produced by some creatures, like the torpedo, which is considerably more problematic (Figure 2).
Over 50 billion nerve endings on flat, wing-like structures on the left and right of the torpedo
abruptly exude acetylcholin compound to the membranes on the underside of the wings (Gary D &
Purnendu K, 2013). Acetylcholine induces the sodium ions (Na*) membranes to suddenly travel
through membranes, perhaps differentiating this from a quick load separation (Altuner, Ozalp,
Yilmaz, Sudagidan, et al., 2022; Dunant & lIsrael, 1985). The sea water surrounding the torpedo
experiences a current of several amps as a result of this potential differential.

Gymnotus

o
w Weak electric organ

Electrophorus

Electrocyte
+ n +
+ - - +
+ p +
+ + +

Figure 2.: Potential distinction of the torpedo fish on the right and left wings (Carlson, 2015).

Current Biology

“Reprinted (adapted) with permission from (29) Copyright (2023) Elsevier — Current Biology”
3.1. Comparison of Redox Reactions with Acid-Base Reactions

The notion of Bronsted-Lowry is used to compare redox reactions to acid-base reactions.
Both involve the transfer of one or more laden particles from the transmitter to the recipient
(Altuner, Ozalp, Yilmaz, Sudagidan, et al., 2022). In general, the Bronted-Lowry reaction occurs as in
equation 1 (Eq.1):
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Acid (1) + Base (ll) ¢ Acid (Il) + Base (I) (Eq.1) (30).

A conjugated acid-base pair is reacting, as seen by the reaction of Eq.1. Electrons in redox
processes and protons that neutralize are examples of loaded particles. An acid becomes a conjugate
base that can accept protons when it gives a proton. Similar to this, when a base electron offers, it
transforms into an electron-accepting amplifier (Altuner, Ozalp, Yilmaz, Sudagidan, et al., 2022).

3.2. Electrochemical Cells

Two conductors, referred to as "electrodes," each submerged in electrolyte solution, make
up an electrochemical cell. A salt bridge is inserted into the solutions to stop mixing. Thus, the
migration of potassium ions and chloride ions in one direction from the salt bridge is what transmits
the electrical solution from one electrolyte solution to the other electrolyte solution. The direct
interaction of copper metal and silver ions is nevertheless avoided (Altuner, Ozalp, Yilmaz,
Sudagidan, et al., 2022). Electrochemical cathode and anode reaction samples resemble equality 2
(Eq.2) and equality 3 (Eq.4), respectively.

Ag'+e & Ag(k)
Fe¥* + e ¢ Fe?
NOs + 10H* +8e <> NH4*+ 3 H,0 (Eq.2) (30)

By applying the proper voltage to an inert electrode, such as platinum, these reactions are
created.

Cu(k) > Cu* +2 e
2 CI & Cly(k) + 2e
Fe2* ¢ Fe* +e [Eq.3] (30).

The cathode irtiary environment is also used to solve the problems in Eq 3. The literature is
replete with accounts of electrochemical research (Alizadeh et al.,, 2022; Altuner, Ozalp, Yilmaz,
Bekmezci, et al., 2022; Altuner, Ozalp, Yilmaz, Sudagidan, et al., 2022).

3.3. Electrochemical applications for Schiff Bases

Ferrocene and its derivatives have been extensively researched in organometallic chemistry
ever since their discovery (Scottwell et al., 2014; Ye et al., 2005). Particularly intriguing is the iron
core redox chemistry (Woo Rhee et al., 2000) and structure (Frantz et al., 2004; Wong et al., 2001).
Ferrocene/ferrocenium (Fc/Fc*) is a one-electron redox pair that is strictly reversible in nature.
However, substituents on the ferrocene moiety would affect the redox behavior by altering the
HOMO's energy level (Szarka et al., 2001), which may drastically slow down reversibility (Stépnicka et
al., 1999). Arylamines and carbonyl compounds condense to form schiff bases, which are extremely
stable and used as adaptable intermediates in the synthesis of a number of important molecules.
Ferrocene moiety incorporation into Schiff bases provides the chemical and physical characteristics
that are missing or hardly noticeable in the parent material.

Conclusion

The investigations and significance of Schiff bases in electrochemical and fluorescence
studies, particularly sensors, are discussed in this review article. Aldehydes or ketones condense with
primary amines to form Schiff bases. Since Schiff bases form solid complexes with many metals,

R —
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particularly transition metals, they are preferred as a suitable ligand in the identification of these
metals. The chemical characteristics of Schiff bases and metal complexes, which are used in many
different fields, must be determined. When molecules' fluorescence characteristics are looked at,
flatness, inhibition of rotation, conjugation, and an increase in the number of rings all tend to boost
fluorescence effectiveness. Compounds with aromatic rings are given by the strongest fluorescence
rays, enabling the transition. Therefore, the color change of Schiff bases under fluorescence rays is
important for use in colorimetric fluorospectrometric sensors. This colorimetric color change is also
used in electrochemistry, affecting the rate of electron transition in electrochemical sensors. Electron
transition of catalysts in the system coated with Schiff bases is related to the condensation of
aromatic rings, and therefore, Schiff bases form complexes with various metals, giving an insight to
new studies.
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Stoma kolorektal kanserlerin cerrahi tedavisinde sikga basvurulan bir yéntemdir.
Hastalarin yasam sirelerini uzatmak; tani 6ncesi sahip olduklari yasam standartlarina
donmelerine yardimci olabilmek; yasam kalitelerini arttirmak ve altta yatan patolojiyi
iyilestirmek igin olusturulan stoma, ayni zamanda bireyin yasaminda fiziksel, sosyal,
bilissel ve duygusal agidan bircok soruna neden olabilmektedir. Saghk profesyoneli
hemsireler, hastalarin karsilastigl sorunlara yonelik etkili ve bilimsel egitim ile hastalarin
gereksinimlerinin karsilanip yasam doyumu ve stoma uyumunun yikseltilmesinde blytk
Onem tasimaktadirlar. Sonug olarak stomali hastalarin karsilastigl sorunlarin giderilmesi
acisindan cerrahi hemsirelerinin hastalara uygun bicimde hazirlanmis bakim, danismanhk
ve egitim vermelerinin hastalar icin blylk 6nem arz ettigi unutulmamalidir.
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Kolostomili Hastalarda Yasam Doyumu ve Stoma Uyumu

ABSTRACT

Stoma formation is a frequently used method in the surgical treatment of colorectal cancers.
To prolong the life expectancy of patients; to help them return to their pre-diagnosis standard of
living; Stoma, which is created to increase the quality of life and improve the underlying pathology,
can also cause many physical, social, cognitive, and emotional problems in the life of the individual.
Nurses, who are professional members of the health profession, are of great importance in meeting
the needs of patients and increasing their life satisfaction and stoma compliance with effective and
scientific education about the problems faced by patients. As a result, it should not be forgotten that
it is essential for patients that surgical nurses provide appropriately prepared care, counseling, and
education.

Keywords: Nursing, Colostomy, Life Satisfaction, Stoma Adaptation
Giris

Kolonda ya da rektumda baslayan bir kanser tiri olan kolorektal kanserler (KRK) kolon veya
rektum kanserini ya da her ikisini de tanimlamak i¢in kullaniimaktadir. Kolorektal kanserler morbidite
ve mortalite orani yiksek olan hastaliklardan birisi ve gastrointestinal sistemin en sik gérilen kanser
tirl arasindadir (Sawicki vd., 2021). Diinya Saghk Orgiitii (DSO) GLOBOCAN 2020 yili verilerine gore;
KRK, diinyada en sik goriilen Ggilinct kanser taridir. 2020 yilinda yaklasik 1,93 milyon KRK vakasi
oldugu diisiiniilmektedir (Sung vd., 2021). Tiirkiye istatistik Kurumu’nun (TUIK) 2020 yili verilerine
rapora gore Turkiye’de gerceklesen 6lim nedenleri arasinda KRK, %18,4 gorilme orani ile Gglinci
sirada yer almaktadir (TUIK, 2020). Stoma olusturulmasi KRK’nin cerrahi tedavisinde sik¢a basvurulan
bir yontemdir (Gautam & Poudel, 2016; McKenna vd., 2016). Cogunlukla cerrahi tedavide kullanilan
stoma tirleri ileostomi ve kolostomi olmakla birlikte stomanin siiresine gore gecici ve kalici olarak
gerceklestirilebilmektedir (CeviK vd., 2020). Kolorektal kanserler ve diger nedenlerden dolayi
hastalarin tani almadan 6nceki yasam dongiilerine devam etmeleri, saglikh yasam devamliligi ve
yasam kalitelerinin sliregelmesi icin stoma acilmasi cerrahi tedavide tercih edilen bir yontemdir.

Bireyin tiim yasantisini etkileyen stoma; hangi neden ile olursa olsun hastaliga neden olan
etkeni tedavi etmek ve bireyin genel durumunu diizeltmek nedeniyle agilabilmektedir. Stoma,
acilmasina karar verildigi andan itibaren hastane ortaminda ve taburculuktan sonra bireylerin bircok
acidan gesitli sorunlar yasamasina neden olmaktadir. Belirtilen sorunlar stoma ile stoma uyum ve
yasama doyum sirecini olumsuz yonde etkileyebilmektedir (Sayar & Vural, 2019). Yasam doyumu,
kisisel iyi olmanin bilissel olusumlarindandir ve 6znel yasaminin ifadelerini yasam kosullarina iliskin
amaglari ile karsilastirmasini ve boylece kendi yasamini degerlendirmesini icerir (Turk, 2018). Kanser
tanisi almak ve tedavi amaci ile stoma agilmasi bireylerde birgok psikolojik sorun yasanmasi ile
birlikte hastalarin yasamdan aldiklari doyum azalmakta ve buna paralel olarak yasam kalitesi ve
stoma uyumu azalmaktadir. Stoma hastalarinin stoma acildiktan sonra yasadiklari sorunlari inceleyen
bir arastirmada bireylerin stoma bakimi konusunda kendini yetersiz hissettigi, kendilerinde eksiklik
hissetme, kabullenememe, sok yasama, toplumdan soyutlanma, stomaya uyum ve yasamdan doyum
alamama sorunlarinin gorildigi ortaya konmustur (Karadede, 2019).

Bu derleme, son yillarda ¢ogunlukla kullanilan stoma cerrahisinin, hastalarin yasam doyumu
ve stoma uyumuna etkilerini ortaya koymak amaciyla yaziimistir.
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1. Stoma

Stoma “agiz” ya da “aciklik” kelime anlami ile genel olarak cerrahide kullanilan agilma ve
agizlastirma prosediirlerine verilen isimdir Stoma en yaygin KRK nedeniyle agilmakta olup, irritabl
barsak hastaliklarinda, obstriiksiyonlar ve travmalarda, familial adenomatdz polipoziskoli gibi
gastrointestinal hastaliklar ve Griner sisteme iliskin hastaliklarin tedavisinde agilabilmektedir (Colwell
vd., 2018). Dilinya gercevesinde bakildiginda; Kanada ve Amerika Birlesik Devletleri gibi tlkeler de
stoma ile yasayan ortalama 800.000 kisi oldugu ve vyaklasik olarak yilda 120.000 yeni stoma acildigi
gorilmektedir. Ulkemizde hasta veri sistemlerinin eksik olmasi ve stoma hastalarina bakan
uzmanlasmis hemsire kadrosunun henliz yeni yayginlasiyor olmasi gibi sebeplerle, stomali hasta
sayina net olarak ulasilamamaktadir (Iskin, 2021; Yilmaz vd., 2021). Ancak Yilmaz ve arkadaslarinin
yaptigl Turkiye’de Stoma Acilan Hastalarin Kesitsel Degerlendirmesi ¢alismasinda; %31,2 hastaya
stoma acildig1 gorilmus, hastalarin %60’nin erkek, %40’nin kadin oldugu bulunmustur (Yilmaz vd.,
2021).

Stomalar, kalici ya da gecici olabilirken endikasyonuna goére bagirsak ile karin duvari arasinda
olusturulan anastomozun tipine gére de adlandirilirlar (Yilmaz vd., 2021).

2. Kolostomi

Ameliyatla kolonun karin duvarina agizlastirimasidir. Genellikle kolonun anatomik
yerlesimine gére karnin sol tarafina acilmaktadir (Muhammad & Farida, 2021). Kolostomi alt tipleri
sunlardir:

Cekostomi: Gelisen bircok komplikasyon neden ile son zamanlarda tercih edilme oranlarinda
azalma gorilen ¢ekostomi de minimal invaziv girisimlerin artmasi ile artan bir ivmede oldugu
gorilmektedir. Bununla birlikte yash, bagiml, kolon perforasyonu riski ya da distal kolon
kanseri tanisi olan bazi hastalarda uygulanabilir (Ongiin vd., t.y.; Peters & Samujh, 2021).

Cikan (Asenden) Kolon Kolostomisi: Asenden kolon kolostomisi sag karin duvari alt kadranda
yer almaktadir. Kolon, rektum ve pelvis timorleri, divertikiller, dogumsal defektler,
travmalar nedeniyle uygulanmaktadir (Hooper & Guntman, 2017).

Transvers Kolon Kolostomisi: Genellikle abdomenin Ust kismi, sag taraf ya da orta hattadir.
Bircok barsak hastaliginin cerrahi tedavisinde ¢ok kullanilan kolostomi agilma teknikleri
arasindadir (Hooper & Guntman, 2017).

inen (Desenden) Kolon ve Sigmoid Kolon Kolostomisi: Karin bélgesinde sol alt kadranda, sol
iliak fossada da sigmoid kolon kolostomisi yer almaktadir. Her iki kolostomi tiride sikilikla
uygulanan kanseri cerrahisi uygulamalarindandir (Hooper & Guntman, 2017).

3. Siiresine Gore Stoma Cesitleri

Kalici Stoma: Kolon son kismi ve anis kas yapisinda meydana gelen fonksiyon kayiplarinin
oldugu durumlarda hastalarin yasam boyu kalici olarak hastaliklarda tercih edilmektedir (Duluklu &
Celik, 2019; Tonolini, 2019).

Gegici Stoma: Travmatik yaralanmalar, kolonun tikanigi durumlari, anomali gelismis durumlar
ve bagirsaklara uygulanacak olan basit islemler nedeniyle glivenli iyilesme saglanmasi amaciyla
kullaniimaktadir (Duluklu & Celik, 2019; Tonolini, 2019).

R —
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4. Stomali Hastalarda Yasam Doyumu

Bireyin kendisinde ve yasaminda gerceklesmesini istedikleri ile var olanlarin karsilastiriimasi
sonucu elde edilen durum olan yasam doyumu Neugarten tarafindan 1961 yilinda tanimlanmistir
(Neugarten vd., 1961). Yasam doyumu 06znel iyi olus halinin en dnemli unsurlarindan biridir. Kisilerin
yasantisi hakkindaki dislinceleri, yasamdan beklentileri ve mevcut yasamina karsi deger bicmesini
icermektedir. Yasam doyumu derecesini belirleyen 6geleri ise bireyin istekleri, icinde bulunulan
durum ve beklenti arasindaki uyum ve uyumsuzluk olusturmaktadir. Uyum ve uyumsuzluk arasindaki
denge ne kadar az ise yasama karsi uyum dolayisi ile doyumun fazla olmasi olarak gorilmektedir
(Neugarten vd., 1961; Terzi, 2020). Yasam doyumunu etkileyen bircok etken gorilebilmektedir.
Bunlara bakildiginda; yasanilan hayata yiklenen anlam, hedeflere ulasma konusunda uyum-
uyumsuzluk, hayattan alinan mutluluk, bireysel kimligin pozitif olmasi, bedenen ve ruhen iyilik hali,
glvenli ortam, ekonomik durum ve sosyal ¢evre iliskileridir (Dagli & Baysal, 2016).

Yapilan ¢calismalarda KRK tanili hastalarda yasam kalitesi ve diisiik yasam diizeyinin oldugu
bulunmustur. Yasam doyumunu olumsuz etkileyen faktorlerle karsilasmak 6zellikle tedavi siirecinde
stk karsilasilan bir durumdur. Bu siirecte yasama karsi olumsuz bakis agisina sahip olmak, aile ve ¢evre
desteginin az olmasi, hastaliga karsi olumsuz goris bildirimleri ve yasin gen¢ olmasi sirasinda hastalik
teshisi almak gibi doyumun eksi yonde etkileyen unsurlar goérilebilmektedir (Dunn vd., 2013). KRK
tanisi konmus hastalarda cerrahi tedavi segenekleri arasinda bulunan stoma agilmasi bireylerin
fiziksel, psikolojik ve sosyal yonden etkilenmesine neden olmaktadir.

Literatire bakildiginda yasam doyumu ile ilgili calismalar genellikle saglikli bireyler, kanser
hastalari, kalp hastaliklari bulunan bireylerle ilgilidir. Stomasi olan bireylerde yasam kalitesi ile ilgili
yapilan galismalara siklikla karsilasilmaktadir. Ancak bu hastalarin yasam doyumu ile ilgili yapilan
calismalara rastlanilmamistir.

5. Stomali Hastalarda Uyum

5.1. Uyum

Uyum; bireyin kendisiyle ilgili sosyal, fiziksel, psikolojik ve duygusal degisiklikleri algilamasi,
kavramasi, kabullenmesi ve bu duruma karsi davranis ve hareketler sergileyerek etrafi ile ahenkli
iliskiler icinde olmasi diye tanimlanabilir. Bireylerin etkili ahenkli davranisi sergileyebilmeleri icin
yeterli dlzeyde fiziksel sagliga sahip olmalari, kendilerini anlamalari ve ihtiyaglarinin farkinda
olmalari, ¢evresindeki insanlarin ihtiyaglarina karsi hassasiyet icinde olmalari, hissettiklerini, diisiince
ve taleplerini paylasmalari, bir ama¢ dogrultusunda, sosyal faaliyetlerde bulunarak, islerinden ve
yasamlarindan doyum almalari gerekmektedir (Oztiirk, 2019).

5.2. Stoma Uyumu

insan hayati icin kurtarici bir cerrahi islem olmasinin yaninda stoma varligi bireyin her alanda
farkli sorunlarla karsi karsiya kalmasina ve yasam kalitelerinin ve stoma ile yasam sireclerinin
etkilenmesine sebep olabilmektedir. Stomanin agilmasi ile baslayan uyum siirecini; bireylerin kisisel
yeterlilikleri, cevreden gelen destek o6geleri ile demografik 6zellikleri gibi etmenler olusturur (Akil &
Taylan, 2020; Oztiirk, 2019).
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Yapilan calismalara bakildiginda stoma, stomali bireyler ve yasam uyumu ile ilgili siklikla
karsilagilan ve arastirilan konu oldugu gorilmustlr. Akil ve arkadaslarinin yaptigi ¢alismada hastalik
tanisi almadan dnceki yasamlarina donmeleri igin stomali hastalarin uyum siirecinin desteklenmeleri
gerektigi ortaya ¢cikmistir (Akil & Taylan, 2020). Karabulut’'un stomali hastalarla yaptigi calismada,
stoma agilmasi sonrasi bireylerin giinliik hayatlarinda 6zellikle is hayatlarinda, mahremiyetlerine
onem verme ve bakim sirasinda rahat olacaklari ortamlarin saglanmadigi bu durumunda stoma uyum
sureclerini olumsuz yonde etkiledigi konusuna dikkat cekilmektedir (Karabulut vd., 2014).
islamtiirk’iin ¢alismasinda hastalarin stoma uyum puanlarinin gegici agilan kolostomili bireylerden
kalici agilan kolostomili bireylerin daha yiiksek oldugu gorilmistir (islamtiirk, 2018).

Bireylerin stoma ile hayata uyum saglamasi zaman alan bir sirectir. Bu sebepten dolayi
bireyler konuyla ilgili egitim almal ve sosyal destek verilmelidir. Ozellikle bakim konusunda yeterli
egitim alan bireylerde uyum oraninin egitim almayanlara gore daha yiksek oldugu goérilmektedir
(Aminisani vd., 2017). Stomal bireylerin stomaya uyumunda hemsireler, ameliyat 6ncesi ve ameliyat
sonrasi donemde bulylk rol oynamaktadir. Bu rol ve gorevler stomali hastalari bilgilendirme,
danismanlik hizmeti, ameliyat sonrasi dénem hakkinda gerekli egitimler, taburculuk sonrasi bakim ve
bakimin devamhliginin saglanmasi, 6zgiven olusturulmasi ve kisilerin kendi baslarina kalmalari
saglanarak uyum kazanmak olarak siralanabilir (Duluklu & Celik, 2019).

Sonug

Sonug olarak; bireylerin saghkl olarak yasama donmelerine yardimci olabilmek, daha uzun
sire kaliteli bir sekilde yasamalarini saglamak ve altta yatan patolojiyi iyilestirmek icin olusturulan
kolostominin hastalar (zerinde olumsuz yonde etkiledigi durumlar goriilmektedir. Batlncil bir
yaklasimla bakim sunan hemsirelerin bakim siirecinde sadece objektif ve niceliksel parametreleri
degil, ayni zamanda hastalarin yasam doyumu ve stoma uyumu gibi subjektif parametrelerin
yonetiminde de etkin olmasi beklenmektedir.
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ABSTRACT

Vitamins have many positive effects on health. At this point, vitamin A, vitamin C and vitamin E come
to the fore with their antioxidant roles. These vitamins, which have strong antioxidant effects, have
many effects on both the innate and adaptive immune systems. The aim of this review is to evaluate
the mechanisms of action of vitamins A, C and E as antioxidants on the immune system.

Keywords: Vitamin A, Antioxidant, Immune system, Vitamin C, Vitamin E
Giris

Bagisiklik sisteminin hicreleri, dogustan gelen ve adaptif bagisikhk tepkisi olanlar olarak
ayrilmaktadir. Dogustan gelen bagisikhk, istilaci bir patojenlere karsi ilk tepkidir. Dogustan gelen
bagisiklik tepkisinin hiicreleri arasinda fagositler (6rnegin makrofajlar ve monositler), nétrofiller,
dendritik hiicreler, mast hiicreleri, eozinofiller ve digerleri bulunur. Dogustan gelen yanit hizhdir,
ancak ozellesmemistir ve genellikle adaptif immin yanittan daha az etkilidir. Adaptif bagisiklik
tepkisi, bir patojeni spesifik olarak tanima ve ona tekrar maruz kaldiginda onu hatirlama yetenegine
sahiptir. T hiicreleri, antijen tanima ve bagisiklik tepkisinin koordinasyonunda kritik rol Gstlenmistir.
Dogru bir sekilde galisan bagisiklik sistemi, sagligin strdirilmesinde olduk¢a énemlidir (Childs vd.,
2019). Antioksidanlar, serbest radikallere karsi hiicre hasarini 6nleyen ve hem hayvanlarda hem
insanlarda optimum sagligin korunmasi igin kritik olan molekdller olarak tanimlanmaktadir. Tim canli
sistemlerde, asiri reaktif oksijen tirlerinin (ROS) Uretiminin zararli etkilerinden kaginmak ve bagisiklik
hiicrelerinin zarar gérmesini dnlemek icin hiicreler yeterli diizeyde antioksidan savunmaya ihtiyac
duymaktadir. Diyette yaygin olarak bulunan E vitamini, C vitamini, B-karoten, selenyum gibi
antioksidanlar, saglk tzerine olumlu etkilere sahiptir (A. Puertollano vd., 2011). Bu bilgiler dahilinde
bu calismanin amaci, A, C ve E vitaminlerinin immin sistem Uzerine etkilerini ve bu vitaminlerin
antioksidan rollerini glincel kanitlarla derlemektir.

1. E Vitaminine Genel Bakis

E vitamininin (a-tokoferol) kesfi, Gremede gerekli olan hayati bir bilesen olarak 1922’ de
gerceklesmistir. Buglin, a-, B-, y- ve 6-tokoferol ve a-, B-, y- ve & tokotrienol olmak lizere dogal olarak
olusan sekiz E vitamini izoformu vardir. E Vitamini, kromanol halkasindan hidrojen vererek serbest
radikalleri dogrudan notralize edebilen gligli bir antioksidandir (Meganathan & Fu, 2016).

a-Tokoferol, E vitamininin en baskin formu olarak kabul edilir. Karacigerdeki a tokoferol
transfer proteini esas olarak a-tokoferolii baglamaktadir. Bu durum tokotrienollerin gbz ardi
edilmesine neden olmustur. Tokotrienolleri inceleyen tim E vitamini yayinlari, %3’lik bir orana
sahiptir. Bununla birlikte, tokotrienollerin, a-tokoferole gore Ustlin antioksidan ve anti-inflamatuar
ozelliklere sahip oldugu gosterilmistir (Peh vd., 2016).

E vitamininin besin kaynaklarina bakildiginda, ¢ogunlukla sebzelerde, bitkilerde ve bitkisel
yaglarda bulunmaktadir. E vitamininin farkh izoformlarina gére besin kaynaklarina gore farkhlik
gostermektedir. Ornegin, a-tokoferol badem, avokado, findik, yer fistigi gibi besinlerde bulunurken,
B-tokoferol kekik, hashas gibi besinlerde, y-tokoferol ceviz, antep fistigi, susam gibi besinlerde, 6-
tokoferol ahudududa, tokotrienoller ise piring kepegi yagi, palm yagi gibi besinlerde bulunmaktadir
(Frega vd., 1998; U.S. Department of Agriculture, t.y.).
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1.2. Antioksidan Olarak E Vitamini

E vitamini, en glicli antioksidanlardan biri olarak kabul edilmektedir. Antioksidan ozelligi,
serbest radikalleri veya ROS notralize etmek igin hidrojen veren tokokromanollerin aromatik
halkasindan hidroksil grubuna atfedilmektedir (Peh vd., 2015). Serbest radikallerin hiicre zarina
saldirmasi, hiperkolesterolemi ve kardiyovaskiler hastaliklardan sorumlu olan peroksil radikallerine
ve lipid peroksidasyonuna neden olmaktadir (Hemalatha & Rao, 2004). Olasi mekanizmaya
bakildiginda ilk olarak, tokotrienoller, hiicre zari ¢ift tabakasinda daha diizgiin bir sekilde dagilmistir
(Palozza vd., 2006). ikinci olarak, tokotrienoller, doymamis izoprenoid yan zinciri nedeniyle
fosfolipidler lzerinde daha glclu bir diizensizlik etkisine sahiptir, bu da kromanol halkasi lzerinde
"ark" yapisina neden olur, boylece lipid radikalleri ile daha etkili bir etkilesim saglar (Ahsan vd., 2014).
Son olarak, tokotrienoller, kromanoksil radikallerinden tokoferollere goére daha yliksek bir geri
donisiim verimliligine sahiptir (Packer vd., 2001).

E vitamininin reaktif nitrojen tlrleri (RNS) Gzerindeki antioksidan etkinligi son zamanlarda
fazlaca dikkat ¢ekmektedir. RNS, nitrik oksit (NO), nitrojen dioksit (NO,) ve peroksinitriti icerir. a-
tokoferoliin NO; ile reaksiyonu bir nitrozatlama maddesi verirken, y-tokoferol nitrozan tirler
olusturmadan NO;’ yi NO’ ya gevirir (Cooney, 1995).

1.3. immiin Sistem ve E Vitamini

E vitamini, bagisiklik fonksiyonunu diizenledigi bilinen en etkili mikrobesin 6gelerinden biridir.
Bu durum kismen, hiicre zarinda ¢oklu doymamis yag asitlerinin oksidasyonuna karsi koruyucu
etkisinden kaynaklanir. Boylece yiliksek metabolik aktivite ve patojenlere karsi normal savunma
goralur ve oksidatif stres onlenir (Lewis vd., 2019). Hayvan ve insan calismalari, E vitamini eksikliginin
hem humoral (antikor Giretimi) hem de hiicre aracili bagisiklik fonksiyonlarini bozdugunu gostermistir
(14).

Hayvanlarda E vitamini takviyesi; timik T hiicre farklilasmasi, lenfosit proliferasyonu,
interlokin-2 (IL-2) dretimi, yardimci T hicresi aktivitesi ile T hiicre aracili fonksiyonlarda iyilesme
gorulmistir (Meydani vd., 1986; Y. Wang & Watson, 1994). Dogal 6ldurtci hicre aktivitesi ve
makrofaj fagositik kapasitesi dahil olmak lzere dogustan gelen bagisiklik fonksiyonlari da E vitamini
takviyesi ile artabilir. Ozellikle ileri yastaki bireylerde E vitamini takviyesi, bagisiklik ve inflamasyon
tepkilerinin iyilesmesinde etkili gériinmektedir (De La Fuente vd., 2008).

1.4. E Vitamininin immiinoregiilator Etkilerinin Mekanizmalari

E vitamini, bagisiklik hicreleri Gzerinde hem dogrudan hem de dolayl etkilere sahiptir ve
¢ogu kanit, T hiicre islevi tizerindeki etkilere odaklanan galismalardan elde edilmistir. Diger hiicreler
Uzerindeki etkilere benzer sekilde, reaktif oksijen tiirlerinin uzaklastirilmasinin ve oksidatif stresin
azaltilmasinin, E vitamininin bagisiklik sistemi Gzerindeki etkilerinde 6nemli bir rol oynadigl genel
olarak kabul edilmektedir. Membran batinligd, inflamasyon, sinyal iletimi ve hiicre boélinmesi
oksidatif strese duyarli siireglerdir (Lewis vd., 2019).

Bagisiklik hiicreleri, 6nemli diizenleyici genleri modiile etmek icin, dis sinyallerin farkli sinyal
iletim mekanizmalari yoluyla plazmaya ve c¢ekirdege cevrildigi birincil alan oldugundan, bagisiklik
hicreleri, hiicre zari kompozisyonuna ve yapisina blyiik olgide bagimlidir (X. Wang, 1999). Yasli
farelerden alinan izole edilmis dalak saf T hiicreleri, genc farelerden alinan T hiicrelerine kiyasla IL-
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2’yi bolme ve lretme konusunda 6nemli Olciide daha disik bir yetenege sahip gorilmistir
(Adolfsson vd., 2001).

E vitamini, proinflamatuar sitokinler ve bir lipid araci olan prostaglandin E2 (PGE2) gibi
inflamatuar aracilarin modiilasyonu yoluyla T hiicreleri Gzerinde dolayl diizenleyici etkilere sahiptir
(Meydani vd., 2005). PGE2, baskilanmis T hicresi tepkisine yol agan siklik adenozin monofosfat
(cAMP) seviyelerini artirmak icin adenilat siklazi aktive eder. PGE2; T hicre proliferasyonunun
inhibisyonu, IL-2 reseptor ekspresyonu, IL-2 liretimi dahil olmak lGzere hem dogustan hem de adaptif
bagisiklk sistemini etkiler (21,22).

2. A Vitaminine Genel Bakis

A vitamini, alisiklik bir halka iceren bir doymamis monohidrik alkol grubudur ve yagda
¢Ozindr. 1928’ de Green ve Mellandy, A vitamininin organizmalarin antiinflamatuar yanitini
artirabilecegini bildirmis ve “anti inflamasyon vitamini” olarak adlandirmistir. Daha sonra, A
vitamininin antiinflamatuar kapasitesi 1980’ lerde ve 1990’larda genis ¢capta incelenmistir. A vitamini,
retinol, retinal ve retinoik asit (RA) formunda bulunur. RA, biyolojik olarak aktif formdur ve iki dnemli
tirevde bulunur (Green & Mellanby, 1928; Kolb, 1981).

A vitamininin besin kaynaklarina bakildiginda, yesil yaprakli sebzeler, havug, bal kabagi,
karaciger, stt, yumurta, palm yagi 6rnek verilebilir (Gilbert, 2013).

2.1. Antioksidan Olarak A Vitamini

A vitamininin antioksidan aktivitesi farkh sekillerde ortaya ¢ikmaktadir. Bu radikaller hiicrenin lipid
fazinda peroksidasyonu yaymadan ve hidroperoksitler Gretmeden Once, peroksil radikalleri ile
birleserek zincir kirici antioksidan gorevi gorebilir. Peroksil radikallerini stabilize etmenin yani sira, A
vitamininin radikal tirler tarafindan dogrudan oksitlendigi, 5,6-retinoid epoksit Urettigi ve boylece
lipid radikalini stabilize ettigi bulunmustur (Palace vd., 1999).

2.2.  immiin Sistem ve A Vitamini

RA, niikleer retinoik asit reseptort (RAR) proteininin ligandidir. RAR ailesinin {i¢ ana lyesi vardir (a
(izoformlar al-2), B (izoformlar b1-4) ve y) (27). Nikleer RAR, hiicre tipine ve dokuya goére gen
transkripsiyonunu dizenleyen, ligand aktive eden bir transkripsiyon faktori olarak islev gérmektedir
(Repa vd., 1993). RA’ nin RAR’ a baglanmasi, corepressor kompleksinin salinmasina ve koaktivator
proteinlerle birlesmesine, ardindan hedef genlerin degistirilmis transkripsiyonuna ve nihayetinde
hiicresel fonksiyonda degisikliklere yol agar. RA ayrica sitokrom P450 ailesi tarafindan daha polar
metabolitlere oksidasyona ugrar. Lipofilik molekiil olan RA, sentezlendigi hiicre icinde hareket
edebilir (otokrin) veya yakindaki hiicrelerde parakrin bir sekilde hareket edebilir (Taimi vd., 2004).

RA’ nin daha 6nce hem proliferasyonu tesvik ettigi hem de timositlerin apoptozunu dizenledigi
gosterilmistir (Riabroy & Tanumihardjo, 2014). Farelerde A vitamini eksikligi hem T hicresi aracih
hem de antikora bagimli immiin yanitlarda kusura yol agabilmektedir (Van Bennekum vd., 1991).
Dogustan gelen bagisikhk sistemi hcrelerinin  farklilasmasi, olgunlasmasi ve islevinin
dizenlenmesinde A vitaminini 6nemli rol oynamaktadir. Dogustan gelen bagisiklik hiicreleri, fagositoz
ve sitotoksik aktivite yoluyla immiino-diizenleyici islevler gerceklestiren dogal oldirici T hicrelerinin
aktivasyonu yoluyla patojen istilasina aninda yanit baslatan makrofajlar ve nétrofillerden olusur.
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Kolonik CD169 + makrofajlarin diizglin gelisimi ve farkhlasmasi icin A vitamininin gerekli oldugunu
gosteren ¢alismalar bulunmaktadir (Hiemstra vd., 2014).

Trans RA; makrofajlarda monosit farklilasmasini indikleyerek inflamatuar reaksiyonlari inhibe
edebilir, makrofajlardan inflamatuar faktorlerin salinimini inhibe edebilir, kemik iligindeki M1
makrofajlarinin M2 makrofajlarina doénismesini indiikleyebilir (Vellozo vd., 2017). Trans RA,
noétrofillerin gekirdegindeki RA reseptoriine etki ederek mTOR (rapamisin memeli hedefi) sinyal
yolunun aktivasyonu yoluyla nétrofil farklilasmasini ve heterojenligi indikler. Bu yol, nétrofil hiicre
disi tuzaklarini ve sitotoksisiteyi artirarak birden fazla timor hicresinin  etkili bir sekilde
oldurulmesine izin verir. RA, IFN-y (interferon gama) ekspresyon seviyesini disirerek ve IL-5
sekresyonunu artirarak, dogal oldirlci T hiicrelerinin erken farklilasma asamasinda diizenleyici bir
rol oynar (Shrestha vd., 2017). Dendritik hiicreler, glicli ve ¢ok yonll antijen sunan hicrelerdir ve
dogal ve adaptif immin yaniti diizenleyebilen bagisiklik sistemimizin 6zel nébetgileridir. Trans RA,
dendritik hicrelerin oncillerinin farklilasmasini diizenleyebilir (Worbs vd., 2017).

2.3. A Vitamininin T Hiicreler Uzerine Etkisi

T hiicreleri, kemik iliginden Gretilir. T hicreler, olgun T hiicrelerine dénlismek icin timusa gog
eder ve hedeflenen periferik lenfoid dokulara tasinir. Bagirsaklarda lamina propriada RA, CD4 + ve
CD8 + T hiicrelerinin bagirsakta yerlesmesi icin temel bir dizenleyicidir. Diger bir ifadeyle RA, T
hicresi goc¢lini indiklemektedir (Mora & Von Andrian, 2006). Dizenleyici T hicreleri (Treg),
bagisiklik toleransini koruyan ve otoimmiin yaniti diizenleyen T hicrelerinin bir alt popilasyonudur
(Zheng vd., 2007). Foxp3, Treg'lerin farklilasmasi ve efektif fonksiyonu igin gerekli olan bir
transkripsiyon faktortdir. Trans RA, Foxp3 ekspresyonunu arttirir, boylece saf T hiicrelerinin Treglere
farkhlasmasini indiikler ve IL-17 ekspresyonunu inhibe eder. Trans RA’ nin Treg’lerin farkhlasmasini
indiklemenin yani sira, Trans RA’'nin hem Treg’lerin stabilitesini hem islevselligini hem de immino-
diizenleyici fonksiyonlarini arttirdigini ve korudugunu bildirilmistir (Ma vd., 2013).

2.4. A Vitamininin B Hiicreler Uzerine Etkisi

B hiicreleri tarafindan antikor Uretilmektedir. Antikorlar, belirli bir imminoglobulin sinifini
temsil eder (Pantazi vd., 2015). RA’nin B hiicrelerine dogrudan RA reseptori yoluyla etki ettigi ve
boylece IgA sentezini ve sekresyonunu etkiledigi gorUlmistir. Treg'ler B hiicre yanitlarinin
dizenlenmesinde 6nemli bir role sahip oldugundan, RA’nin B hiicreleri de etkilemesi oldukga
muhtemel olarak distinilmektedir (Ghodratizadeh vd., 2014).

immin hiicrelerin spesifik IgE antikorlari araciligiyla antijen uyarimi, cogu otoimmiin kosulda
yer alan hizli, spesifik bir asiri duyarlilik yanitina neden olmaktadir. Kanitlar, RA’ nin IgE baskilayici
aktiviteye sahip oldugunu gostermektedir. Trans RA’ nin IgE Gizerindeki inhibitor etkisi esas olarak IgE’
nin RA reseptorl araciligiyla sentezini ve salgilanmasini asagi regiile etmesine dayanmaktadir.
Dizenleyici B hiicreleri, imminomoddlator islevlere sahip bir B hiicre alt grubu sinifidir. Yapilan
arastirmalarda RA’ nin Breg aktivitesine modiile ettigi ve kolit, artrit ve lupus lzerinde iyilestirici
etkilere sahip olabilecegi goriilmustir (Heine vd., 2018).

3. C Vitaminine Genel Bakis

Askorbik asit olarak da adlandirilan C vitamini, skorbiitlii dnlemedeki rollyle tanimlanmis bir
karbonhidrat molekilidir. @itamini, elektron verme yetenegine sahip glicli bir antioksidandir. Ayni
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zamanda gen dlizenleyici enzim ailesi icin bir kofaktordiir. C vitamini hem dogustan gelen hem de
adaptif bagisiklik sisteminin cesitli hiicresel islevlerini destekleyerek bagisiklik savunmasina katkida
bulunur. C vitamini epitel bariyer fonksiyonu destekleme ve oksidatif strese karsi koruma gibi
Ozelliklere de sahiptir (Carr & Maggini, 2017).

C vitamininin besin kaynaklarina bakildiginda; turuncggiller, yesil biber, kirmizi biber, cilek,
domates, brokoli, briksel lahanasi, salgam ve diger yaprakh sebzelerde bulunur. Hayvansal
kaynaklarda C vitamini icerigi dusiktir ve genellikle <30-40 mg/100 g'dir. Bu nedenle bitkisel
kaynaklar, 5.000 mg/100 g’a kadar ¢ikan ylksek C vitamini icerigi ile 6nem kazanmaktadir (Chambial
vd., 2013).

3.1. Antioksidan Olarak C Vitamini

Oksidanlar, tg¢ genel biyomolekil sinifi ile reaksiyona girebilir. Bunlari kabaca hiicrenin disg
zarindan hicrenin i¢ kismina kadar bulunduklari siraya gore siniflandirildiginda: lipid, protein ve
deoksiribonlkleik asit (DNA) olarak bilinmektedir. Askorbik asit, 6 karbonlu molekilin ikinci ve
Uglincl karbonlari arasindaki gift bagdan iki elektron verir. C vitaminine antioksidan etkisini bu 6zellik
saglamaktadir. Bununla birlikte, bu reaksiyonun dogasi geregi, C vitamininin kendisi bu slirecte
oksitlenir. Bir elektron kaybindan sonra olusan tiir, bir serbest radikal, semidehidroaskorbik asit veya
askorbil radikalidir. Diger serbest radikallerle (eslesmemis elektrona sahip bir tir) karsilastirildiginda,
askorbil radikali 10 saniyelik yarilanma émri ile nispeten kararlidir ve oldukca reaktif degildir. Bu
ozellik, askorbatin neden tercih edilen bir antioksidan olabilecegini agiklamaktadir. Basit bir ifadeyle,
reaktif ve muhtemelen zararli bir serbest radikal askorbat ile etkilesime girebilir. Reaktif serbest
radikal azalir ve onun yerine olusan askorbil radikali daha az reaktif olur. Daha az reaktif bir bilesigin
olusumu ile reaktif bir serbest radikalin indirgenmesi bazen serbest radikal sliplirme veya séndirme
olarak adlandirilir. Askorbat bu nedenle kimyasal Ozelliklerinden dolayi iyi bir serbest radikal
stpdricudar (Bielski vd., 1975; Buettner & Moseley, 1993).

3.2. immiin Sistem ve C Vitamini

Bagisiklik sistemi izerinde C vitamininin etkisi farkli basliklar altinda degerlendirilebilir. ilk
olarak C vitamininin epitel bariyeri Uzerine etkilerine bakildiginda; Kollajen sentezini ve
stabilizasyonunu artirip, ROS kaynakh hasara karsi koruyabilir. Keratinosit farklilasmasini ve lipid
sentezini artirip, fibroblast proliferasyonunu ve migrasyonunu artirip yara iyilesmesini hizlandirabilir.
C vitamini fagositler (notrofiller, makrofajlar) tzerinde antioksidan/elektron donori gorevi gorir.
Motiliteyi/kemotaksiyi gelistirir. Apoptozu kolaylastirir ve nekrozu/NETosisi (bir hiicre o6lum
programi) azaltir. C vitamini B- ve T-lenfositlerde farklilasmayi ve ¢ogalmayi artirir. Ayni zamanda C
vitamini inflamatuar aracilarla sitokin Gretimini modiile edip, histamin seviyelerini azaltabilir (Carr &
Maggini, 2017).

Sonug

Saghgin sirdirilmesi ve iyilestirilmesinde antioksidan etkisi olan ve bagisiklik sistemini
olumlu yonde etkileyen A, C ve E vitaminlerinin potansiyel olumlu etkileri olabilecegi, yapilan
arastirmalar sonucunda gorilmustir. Altta yatan mekanizmalarin daha iyi anlasilabilmesi icin daha
fazla calismaya ihtiyac vardir.
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Ali Hakan DEVELIOGLU?

Dis kayiplarinin giderilmesinde dental implantlarin yayginlasmasi, beraberinde implant
kayiplarini da giindeme getirmektedir. implant basarisizhigi olarak implant kayiplar;
uygun olmayan tedavi planlamasi ve cerrahi uygulama komplikasyonlarindan kaynakli
olmasinin yani sira; implant sistem ve ylizeyleri, hastaya ait faktorler ile de iliskili oldugu
noktasinda énemini korumaktadir. Bu derleme, dental implant kayip nedenlerinin gesitli
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Dental implantlarda Kayip Nedenleri: Giincel Gériisler

ABSTRACT

The prevalence of dental implant applications in eliminating tooth losses brings the issue of
implant failure on the agenda. Loss of implant in terms of implant failure may be resulting from
improper treatment plan and surgical complications, as well as it may be related to the implant
system and surface characteristics and the patient-related factors. This review aims at providing an
idea about the various aspects of the causes of implant failure.

Keywords: Dental implant, Implant Loss, Implant Failure
Giris

Dental implantlar, insan uygarliginin baslangicindan bu yana farkli sekillerde eksik disleri
onarmak icin kullanilmistir (Shulman & Driskell, 1997). Dr. Per-Ingvar Branemark, 1952'de titanyum
implantlarin daha yiksek bir basari oranina sahip oldugunu kesfetmis, bu da mevcut dis implantlari
icin bir temel olusturmustur (Pye vd., 2009). 1969 vyilinda Branemark’in osteointegrasyonu
kesfetmesi, ardindan titanyum implantlar ile yaptigi calismalar sonucunda, dental implantlarin
kullaniminin buglinkii diizeyine gelmesinin temelleri atilmistir (Pye vd., 2009; The evolution of dental
implants throughout history, t.y.). Dis implantlari, kuron, kopr, total protez, yiz protezi gibi bir dis
protezini desteklemek veya ortodontik capa gorevi gérmek icin ¢cene veya kafatasi kemigiyle arayiiz
olusturan cerrahi bir bilesendir.

Dental implantlarin basari kriterleri; mobilite, peri-mukozitis, stiplrasyon ile beraber peri-
implantitis, radyografide implant ¢evresinde devam eden radyolusensi ve agri olmamasi, ile klinik
olarak sondalamada kanama ve 5 mm’den fazla cep derinliginin gézlenmemesi olarak belirtilmektedir
(Albrektsson vd., 1986; lacono & The Research, Science and Therapy Committee of the American
Academy of Periodontology, 2000; National Institutes of Health Consensus, 1978).

Yapilan bir ¢calismada bes yil sonra %4,3'ten, 10 yil sonra %26,4'e, baglantiyla ilgili sorunlarin
(vida gevsemesi veya kirilmasi) sikhginin arttigi, simante edilen restorasyonlarin %9' ununda bes yil
icinde %6,2 ve 10 yil icinde %24,9'unda retansiyon kaybi meydana geldigi belirtilmistir (Wennstrom
vd., 2005). Bu sorunlarin ortaya g¢ikmasinin "6nlenmesi" ve artan komplikasyon insidansi sorununun
¢6ziminidn "dogru terapi" olduguna isaret etmektedir. Sonug¢ olarak, komplikasyonlara vyol
acabilecek sistemik sorunlarin farkindahginin artmasi ve daha iyi bir tedavi planlamasinin,
komplikasyon riskini azaltabilecegi vurgulanmaktadir (Wennstrom vd., 2005). Bunun yani sira bir
baska calismada, implantlarin agiz icinde kalma orani %97 olarak saptanmistir (Busenlechner vd.,
2014). implant stabilizasyonunda ve degerlendirilmesinde; klinisyenlere, ileri gériintileme
yontemleri, cerrahi kilavuzlar, bilgisayarli tedavi planlamasi gibi yontemlerin yardimci olacagi
belirtilmektedir (Sdnchez-Garces & Gay-Escoda, 2004).

1. implantlarda Kaybi Degerlendirme Kriterleri

implantlarda meydana gelen erken/gec basarisizlik belirtilerinin iyi degerlendirilmesi gerekir.
Radyolojik olarak degisiklikler goriilmeden 6nce implant kenarindaki marjinal enfeksiyonlar, spontan
ve sondalama ile meydana gelen slpulrasyon gibi durumlar implant kayiplarina neden olabilir. Diger
bir nokta ise peri-implant dokularda sondalamada kanamanin degerlendiriimesidir. Ayrica
implantlarin etrafindaki 5 ila 6 mm'den fazla diseti cebi derinligi anaerobik bakteriler icin bir ortam
olusturmak ile beraber enflamasyon veya eksudasyona neden olabilir. implantlari degerlendirmede
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kullanilan diger bir kriter de fonksiyon sirasinda implantlarda agri olmamasidir. implantta mobilite ise
bir diger 6nemli implant basarisizlik kriteridir. implant etrafindaki radyografik marjinal kemik kaybi ise
bir diger 6nemli faktér olarak degerlendirilir (Esposito vd., 1998). Adell ve arkadaslari, Branemark
osteointegre implantlar icin ortalama kemik kaybini ilk yil icin 1,5 mm; ardindan yillik ortalama 0,1
mm olarak belirtmislerdir (National Institutes of Health Consensus, 1978).

2. implant Basanisizlik Asamalar
2.1. Ameliyattan Sonra Meydana Gelen Basarisizliklar

Genellikle implantin yanls yerlestiriimesi sonucu olusur. implantin enfekte bir yuvaya
yerlestirilmesi, patolojik lezyon veya olgunlasmamis kemik, enfeksiyon veya yumusak doku
komplikasyonlari olan bolgeye yerlestirmesi ile iliskilidir (Askary vd., 1999).

2.2. iyilesme Baslhigi ve/veya Abutment Yerlestirilmesi ile Ortaya Cikan Basarisizliklar

implantlar ameliyatin ikinci asamasinda basarisiz olabilir. Abutment veya iyilesme bashg
yerlestirme sirasinda asiri tork uygulanmasi ile alakahdir (National Institutes of Health Consensus,
1978).

2.3. Operasyondan Sonra ortaya ¢ikan Basarisizliklar

En yaygin nedeni oklizal travmadir. Klinik olarak peri-implantitis olarak degerlendirilir
(National Institutes of Health Consensus, 1978).

3. Dental implant Kayip Nedenler

implant basarisizligi birden fazla faktériin sonucudur. Genel olarak, hekim, konak ve implant
kaynakli olarak degerlendirilmektedir. Yas, cinsiyet, sigara kullanimi, sistemik hastaliklar, maksiller-
mandibuler implant boélgelerindeki kemigin miktari ve kalitesi, implant ylzey islemleri ve 6zellikleri,
implant basarisizhgiyla baglantili istatistiksel olarak incelenen parametrelerden bazilaridir. Etyolojik
kayip nedenleri genel olarak konaga, cerrahi isleme, implant tiriine ve restoratif nedenlere gére
siniflanabilir. Osteointegrasyonun olmamasi, fonksiyonel ve fizyolojik problemlerin yani sira uygun
olmayan estetik durumlar da implant kayiplarina neden olabilir. Destek yumusak ve sert doku
problemleri de tek tek ve kombine olarak implant kayip nedenleri olarak izlenmektedir (Kourtis vd.,
2004).

3.1. implantlarda Erken ve Ge¢ Dénem Kayip Nedenleri

Dental implant basarisizliklari, ayrica erken ve geg¢ implant basarisizliklari olarak siniflandirilir.
Erken implant basarisizligl, nihai bir protezin yerlestirilmesinden 6nce klinik hareketlilik gosteren
implant anlamina gelir. Bu genellikle vicudun implanti kabul etmedigi biyolojik problemlerden
kaynaklanir ve dental implantin “reddi” olarak adlandirilir. Erken implant basarisizligi, immiinolojik,
genetik degiskenlerle de baglantili olabilir. Sonug olarak implant bolgesindeki kanama, enfeksiyon ve
agri implantin erken komplikasyonlaridir. Ge¢ implant basarisizligi ise implantin yerlestirilmesinden
sonraki 1-3 yil icinde ortaya cikar. Ge¢ dénem implant kayiplari, implant ve hastaya bagli faktorler ile
meydana gelir. implant kayiplari genel olarak iki ana baslik altinda, “erken ve ge¢ dénem kayiplari”
olarak Tablo 1’de kisaca 6zetlenmistir (Kourtis vd., 2004).
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Tablo 1: implantlarda Erken ve Geg Dénem Kayip Nedenleri

implantlarda Erken D6nem Kayip nedenleri implantlarda Geg¢ Dénem Kayip Nedenleri

Zayif kemik kalitesi ve miktar, kontrol edilemeyen @ Asiri  ylkleme, peri-implantitis, bruksizm gibi
diabetes  mellitus(Tip  1l), AIDS (Acquired parafonsiyonlar, yetersiz protetik yapi, travmatik
Immunodeficiency Syndrome = Kazanilmis immun = okliizyon

Yetmezlik Sendromu), osteoporoz gibi sistemik

hastaliklar, kortikosteroidler ve bifosfonatlar gibi

ilaclar, sigara, enfeksiyon, primer stabilite eksikligi,

cerrahi travma

Erken basarisizlik, osseointegrasyonun birkag hafta ila aylar icinde basarisiz oldugu durumdur.
Kemik nekrozu, bakteriyel enfeksiyon, cerrahi travma, yetersiz baslangic stabilitesi ve erken okliizal
ylkleme erken basarisizliga neden olabilir. Geg basarisizlik ise fonksiyonel yliklemeden sonra zaman
icinde ortaya cikan basarisizlik olup enfeksiyon ve asiri yiilklenme nedeniyle olusur.

3.2 Dental implantlarda Kayiplara Neden Olan Lokal ve Sistemik Faktérler

Dental implantlarda kayiplara neden olan lokal ve sistemik faktérler konak ve implant ile
iliskili gostermektedir. Genel olarak degerlendirildiginde, yas, hastanin sistemik durumu, implant
uzunlugu, implantin ¢api, kemik kalitesi ve implant bolgesi gibi durumlar implantlarin hayatta kalma
oranini belirleyen faktorler olarak degerlendiriimektedir. Tablo 2’de dental implant basarisizliklari
lokal ve sistemik faktérlere gore siniflandiriimistir (Gotz, 2010).

Tablo 2: Dental implantlarda Kayiplarda neden olan Lokal ve Sistemik Faktorler

Dental implantlarda Lokal Faktorler Dental implantlarda Sistemik Faktorler

. . . L . Yas, sigara, bifosfonat kullanimi, kortikosteroid

Peri-Implantitis, peri mukozitis, implantin ylizey .

L . . - kullanimi, radyoterapi, organ transplantasyonu,

ozellikleri, implant kirllmasi, kemik kalitesi, okliizyon, . . -~ R .
S i . sistemik hastaliklar (gok yiiksek riskli ve 6nemli

yapisik diseti miktari, oral hijyen gibi o o

derecede riskli hastaliklar) gibi

3.2.1. Peri- implant Hastaliklar

Dental implant basarisizhginin en sik gdzlenen, énlenebilir nedeni enfeksiyondur. implant
tedavisinin herhangi bir asamasinda, implantin basarisiz olmasina neden olabilecek bir bakteriyel
enfeksiyon meydana gelebilir (Sdnchez-Garces & Gay-Escoda, 2004).

Peri-implant hastaliklar, implantin etrafini saran yumusak ve sert dokularda meydana gelen
patolojik degisikliklerdir. implantin etrafini saran yumusak doku ile simirli olan inflamatuar
degisiklikler, peri-implant mukozitisidir. Peri-implantitis ise, implantlari ¢evreleyen yumusak
dokularda kemik kaybiyla birlikte inflamatuar bir yaniti tanimlamak igin kullanilan bir terimdir. Peri-
implantitis kavrami, implantin agikta kalan yiizeylerinde plak birikmesinin neden oldugu plak kaynakli
enfeksiyondur. Peri-implantitis, dental implantlari ¢evreleyen dokularda ortaya cikan, peri-implant
mukozasinda iltihaplanma ve bunun sonucunda kademeli kemik kaybi ile karakterize plakla iligkili
patolojik bir hastaliktir. Peri-implantitis genellikle erken evrelerinde teshis edilemez iken ilerleyen
zamanlarda belirgin kemik kaybina neden olan inflamatuar bir lezyondur. Bakteriyel kolonizasyon,

R —
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zayif oral hijyen, subgingival bolgedeki siman artiklari ve implant bilesenleri arasindaki mikroskobik
bosluklar peri-implantitisi indlkleyebilecek durumlardir. Sondalamada kanama, cep olusumu,
radyografide kemik rezorpsiyonu, dis etinde sislik, renk degisikligi, sipirasyon periimplantitisin
belirtileri arasindadir (Carra vd., 2022; Lindhe vd., 2008).

3.2.2. Gecikmis iyilesme ile iliskili implant Basarisizliklari

Gecikmis iyilesme ile iliskili implant basarisizliklarinin; cerrahi travmadan (irrigasyon eksikligi
ve asiri 1sinma), mikro hareketten, hastalara ait cesitli lokal ve/veya sistemik durumlardan bulylk
Olclde etkilendigi duslinlilmektedir (Staedt vd., 2020). Asiri yike bagh implant basarisizliklarinin ise,
implantlara uygulanan fonksiyonel yiikiin, kemigin tasiyabileceginden daha fazla oldugunda ortaya
ciktigr belirtilmektedir. Siddetli ylikleme kosullarina ek olarak, zayif cerrahi teknik, dusik kemik
kalitesi ve yetersiz protez tasariminin, implant basarisizliklarina neden olan ek faktorler oldugu
gorilmektedir (Staedt vd., 2020).

3.2.3. implant Malpozisyonlarina Bagli Estetik Komplikasyonlar

implant tedavisi ile en iyi estetik ve fonksiyonel sonuglari elde etmek icin implantlarin uygun
tic boyutlu (3D) yerlesimi esastir. implant uygulamalarindaki estetik zorluklarin ana nedenlerinden
biri, estetik bolgelerde implantin yanlis konumlandiriimasidir. implant malpozisyonu igin (¢ olasi yén
meziodistal, korona-apikal ve orofasiyaldir (Chan vd., 2014). Bolgenin sert ve yumusak dokulari,
amaclanan implant pozisyonuna gore dikkatlice 6l¢tlmelidir. Fasiyal kemigin kalinligi 2 mm olmal ve
implant, 3D konumuna uygun yerlestirilmelidir. Ayrica ¢ok sayida dis kaybinin oldugu durumlarda,
cerrahi kilavuz stentler de kullaniimahdir (Bousquet vd., 2021).

3.2.4. Yénlendirilmis Kemik Rejenerasyonu ile ilgili Komplikasyonlar

Kemik ici implantlarin kullanimi, yetersiz kemik hacmi olan ¢ene kemigi bdlgelerinde,
yonlendirilmis kemik rejenerasyonunun (GBR) ortaya ¢ikmasi sayesinde artmistir. En sik gérilen GBR
durumu, membranin agiz ortamina agilmasi olarak belirtilmis ve bu durumun implant kaybina neden
olacagi bildirilmistir (Nyman vd., 1986).

3.2.5. Dental implantlarda Kayiplarda Neden Olan Sistemik Hastaliklar ve Durumlar

implant kayiplarinda sistemik hastaliklar ve durumlar konak baglantili faktérler olarak
karsimiza cikarlar. Bu nedenle tedaviye baslamadan 6nce implant basarisiziginin potansiyel risk
faktorlerini ve gostergelerini anlamak ¢ok dnem tasimaktadir. Durum tespiti, klinisyenlerin tedaviyi
buna gore planlamasina yardimci olabilir ve uzun vadeli basarili bir tedavi sonucunu kolaylastirabilir.
implant tedavisinin basarisi icin anahtar faktérlerden biri uygun hasta secimidir. Cinkii dental
implantlarda basari, hastanin genel sagligi veya tibbi durumundaki herhangi bir degisiklikten 6nemli
Olgliide etkilenebilir. Bu nedenle tibbi olarak tedaviye uygun olmayan hastalarda uygulama
yapilmamasi énemli bir noktadir. Ayrica hastalar herhangi bir klinik tedaviden 6nce, oral cerrahi
prosedirler ve muteakip iyilesme ile ilgili bilinen tiim risk faktorleri ve durumlari agisindan, kapsamli
bir sekilde degerlendirilmelidir. Dental implant kontrendikasyonlari asagida belirtilen basliklari icerir
ancak bunlarla da sinirh degildir (Dutta vd., 2020; Rotim, 2021).

e Vaskdler durumlar
e Kontrolsiiz diyabet
e Pihtilasma bozukluklari
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e Antikoagilan tedavi

e Asirisigara icmek

e Metabolik kemik hastalig

e Kemoterapi veya radyoterapi

e Noropsikiyatrik bozukluklar (Parkinson, Epilepsi)

e Lichen planus

e Sjogren sendromu

e AIDS

e Kronik periodontal inflamasyon

e Yetersiz yumusak doku

e Yarave/veya kemik iyilesmesi ile iliskili metabolik veya sistemik bozukluklar

e Kemigin yeniden sekillenmesini engelleyen veya degistiren farmasotiklerin kullanimi
(Bifosfonat, Kortikosteroid grubu ilag kullanimi)

e Hastanin yeterli glinliik agiz hijyenini sirdiirme yetenegini engelleyen bozukluklar

e Kontrolsiiz parafonksiyonel aliskanliklar

e Yetersiz kemik yuksekligi ve/veya genisligi

Kardiyovaskiler bozukluklar, implant basarisizligi icin risk faktorli olabilir. Kardiyovaskiler
hastaliklar, cesitli yontemlerle genellikle dokulara giden kan akisini dogrudan etkiler. Bu durum tek
basina iyilesme siirecini engeller ve oksijenin kan akisi yoluyla iletilmesine miidahale eder. Yeterli
oksijen miktari, fibroblast aktivitesi, kolajen tretimi, kilcal genisleme ve makrofaj aktivitesi artarak,
yaralarin enfekte olmasini 6nlemeye yardimci olur. Kardiyovaskiler bozukluklar ise kan dolasimini
bozarak, oksijen ve beslenme seviyelerini dislrir. Sonuc¢ olarak, bu durum osteointegrasyon
Uzerinde olumsuz bir etki gosterebilir (Bishop, 2008).

Diabetik (Diabetes Mellitus=DM2) hastalarda, dental implantlarla ilgili son sistematik
incelemeler, DM2'nin daha yiiksek peri-implant hastaliklari veya komplikasyonlari gelistirme riski ile
iliskili oldugunu gostermistir. Diyabetik bir hastanin tibbi ge¢cmisinin, mevcut tedavi silirecinin ve
zaman igindeki glisemik kontrolliniin derecesinin tam olarak anlasiimasi ve kontrolsiiz diyabetik
hastalarda cerrahi tedavinin sinirlandirilmasi, diyabetik bir hastanin cerrahi tedavisinnin iki temel
yonldur. Kontrolsiiz diyabetik hastalarda enfeksiyon veya yavas yara iyilesmesi gibi postoperatif
komplikasyonlarin gorilme riski daha yiksek olabilir. Hastanin diabetinin ne kadar iyi veya koti
kontrol edildigini belirlemek icin hastadan daha 6nceki HbAlc seviyeleri de dahil olmak lzere iyi bir
anamnez alinmahdir (Al Ansari vd., 2022; Jiang vd., 2021).

Osteoporoz, kemiklerin zayif ve kirilgan hale gelmesine neden olarak mineralize kemikte
distk mineral yogunlugunu (kutle/hacim birimi) karakterize eden bir iskelet durumudur.
Osteoporozun dis implantlari icin bir risk faktéri olusturmasi, mandibula ve maksillanin vicuttaki
diger kemiklerle ayni kemik metabolizmasini paylastigi teorisine dayanmaktadir (Mori vd., 1997).

Bifosfonatlar, osteoklast aktivitesini inhibe ederek kemik rezorpsiyon inhibitorleri olarak
hareket eden ilag sinifidir. Literatilr, bifosfonat tedavisi alan veya almis hastalarin dental implant
planlamasindan 6nce dikkatli bir sekilde muayene edilmesinin basarili sonuclar icin ¢cok onemli
oldugunu gostermektedir. Disik risk bile olsa, her zaman ¢enede bifosfonata bagl osteonekroz
gelisme riski ve ayrica implantlarin basarisiz olma olasiliginin oldugu belirtilmektedir (Ata-Ali vd.,
2016; Fiorillo vd., 2022).
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Kortikosteroidler, siklikla cesitli sistemik hastaliklar ve organ transplantasyonlarinda kullanilir.
Sik kullanimlari, imminsipresyona neden olarak, hastanin bakteriyel, viral ve mantar enfeksiyonlara
yakalanma riskini artirir. Ayrica steroid kullanan hastalarda osteopeni ve osteoporoz gelisme riski
vardir. Bu durumun maksilla ve mandibulaya dental implant uygulamasi yapilirken akilda tutulmasi
gerekmektedir. Sistemik kortikosteroid tedavisi géren hastalarin kemik yogunlugunda azalma, epitel
firalijetisinde artis ve immun baskilanma olasiligi daha yliksektir ve tim bunlarin dental implant
sonrasi osteointegrasyonu olumsuz yonde etkiledigi belirtilmektedir (Fiorillo vd., 2022).

3.2.6. Sigara

implant tedavisinde sigara i¢cmenin etkisi, yakin zamandaki sistematik derlemelerde
incelenmistir. Sigara icenlerde vaskiilarizasyonda azalma ve yeniden sekillenmeye yol acan anormal
anjiyogenezin yani sira daha disik kemik olusum hizina, daha uzun mineralizasyon siresine
rastlanmistir. Ayrica sigara, doku hipoksisi ve iskemi ile sonuglanan vazokonstriksiyona yol agar.
Bunun da implant etrafindaki kemik doku kaybina neden olabilecegi bildirilmistir (Lu vd., 2021;
Mustapha vd., 2021).

Ayrica diger o6nemli bir konu ise sigaranin icindeki etken madde nikotinin, kemik
morfogenetik proteini (BMP)-2, Tumor bliyime faktért (TGF) -B1, Trombosit kaynakh bliyiime
faktori (PDGF) ve Vaskiler endotelyal blyime faktori (VEGF) ekspresyonunu baskiladigi ve bu
nedenle osteoblastik aktiviteyi inhibe ettigidir(Leisner vd., 2021). Diger yodnden sigaradaki
karbonmonoksitin, kanda oksijenin tagsinmasini engellemesi sonucunda dokularin beslenmemesine
neden olarak, implant etrafi ve tim agiz dokularina zararl etkilerinin oldugu belirtilmistir. 292
calismanin  degerlendirildigi bir meta-analiz ¢alismasinda, implantlarin sigara igenlere
yerlestirildiginde, sigara icmeyenlere gore %140,2 daha yiksek basarisizlik riski oldugu ve sigara
icenlerde 0.58 mm daha fazla marjinal kemik kaybi meydana geldigi bildirilmistir (Mustapha vd.,
2021).

implant basarisizligi igin potansiyel risk faktérlerini belirlemek (izere yapilan diger retrospektif
calismalarda da benzer bulgular bildirilmis ve sigara icmenin implant basarisizliginin bir belirleyicisi
oldugu sonucuna varilmistir (Brizuela-Velasco vd., 2021; Vervaeke vd., 2015).

3.2.7. Peri-implant Yumusak Doku Boyutlarina Bagh implant Kayiplari

Peri-implant yumusak doku boyutlarina bagl durumlar, konaga bagh lokal risk faktorleri
olarak degerlendirilmektedir. Peri-implant doku saghginin, bu dokularin boyutlarti ile iliskili olabilecegi
bildirilmistir Azalmis keratinize mukoza genisliginin (yani 2 mm'den az); artmis plak birikimine,
yumusak doku enflamasyonuna, marjinal kemik kaybi ve ardindan artan peri-implantitise neden
oldugu belirtilmektedir (Ramanauskaite vd., 2022).

Ayrica mukoza kalinhginin, implant ¢evresindeki doku sagliginin korunmasinda 6nemli bir
faktor olabilecegi diisiiniilmektedir. Glikle, 2 mm'den daha az bir vertikal mukozal kalinligi, belirgin
bir marjinal kemik kaybu ile iliskilendirilmistir. ince yumusak doku fenotiplerine yani azalmis bir yatay
kalinhga sahip implant bolgelerinin, kalin yumusak doku fenotipine sahip kontrol bolgelerine kiyasla
daha sik peri-implant mukozit ve peri-implantitis tablosu gosterdigi belirtilmistir (Gharpure vd.,
2021).
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3.2.8. Peri-implant Kemik Miktari ve Kalitesi ile iliskili Faktorler

Peri-implant kemik miktari ve kalitesi, konaga bagh lokal risk faktorli olarak
degerlendirilmektedir. Dis implantinin yerlestirildigi alani farkli faktorler etkiler: kemik alanina gore
degisen kemik yogunlugu ve yine implantin yerlestirildigi alana gore degisen cigneme veya okliizal
travma sirasinda olusan okliizal kuvvetlerdir. implant kaybinda diger énemli bir faktér de kemik
stabilitesi olup kemik bolgesine gore degisen kemik yogunlugu ile dogrudan iliskilidir; 6rnegin,
posterior maksilla en koti kemik yogunluguna sahip alandir, bunu anterior maksilla, posterior
mandibula ve anterior mandibula takip eder. Dental implantlardaki, peri-implant kemik kaybi,
implant tedavisinin en 6nemli komplikasyonlarindan biridir ve implantin uzun vadeli stabilizasyonu
Uzerinde oOnemli bir etkiye sahiptir (Chen vd., 2019). Cemhi travma, implantin yanhs
konumlandiriilmasi, asiri okluzal yiklem, eksenel olmayan veya erken yikleme gibi durumlar peri-
implant kemik rezorpsiyonuna yol agmaktadir (Van Steenberghe vd., 2002).

Lekholm ve Zarb tarafindan kemik kalitesi (I-1l-lI-1V); kemik miktari da (A-B-C-D-E) olarak
tiplere ayrilmistir (Lekholm & Zarb, 1985). implantlarda basarisizlik riskinin; Tip lll ve Tip IV kemige
yerlestirilen dental implantlarda daha ylksek oldugu belirtilmistir (Feldman vd., 2004).

3.2.9. Agiz Hijyeni ile iliskili Faktorler

Agiz hijyeni ile iliskili faktoérler de konak ile iliskili risk faktorleri arasinda onemli yer
tutmaktadir. Daha Once periodontal hastaligi olan kisilerde, peri-implantitis olusumunun, kétl agiz
hijyeni ile sik iliskili oldugu bulunmustur (Cho-Yan Lee vd., 2012). implant operasyonu sonrasi
enfeksiyonlarin ortaya cikmasi ise genellikle bakteriyel biyofiimdeki artis ve ardindan implanti
cevreleyen alanin enfeksiyonu nedeniyle zayif agiz hijyeni ile baglantilidir, bu da kisa veya uzun
vadede implant basarisizligina yol acan kemik kaybina neden oldugu bildirilmistir (Liaw vd., 2015).

3.2.10. implant ile ilgili Faktoérler

Dental implantlarin, yapildigi malzeme, yilizey O6zellikleri ve boyutlari, biyouyumluluklari,
fonksiyon sirasinda kuvvetlere karsi dayaniklihgl implant basarisi igin énemli kriterlerdir. implantin
malzemesinin biyouyumlu olmasi implant kayiplarinin 6nlenmesinde en 6nemli etkendir. Ayrica
implantlarin uzunluk ve gaplarinin, dental implant tedavisinin basarisiz olma riski ile iliskili olabilecegi
varsayllmistir. Boylari 11,5 mm'yi asan ve 3,75 mm'den kiiclk ¢aptaki implantlarda, yiksek oranda
dental implant basarisizhigi bulunmustur (Raikar vd., 2017).

3.2.11. Yas

Yasin implant basarisizhgi icin bir risk faktori olduguna iliskin bilimsel kanitlar hala tartismaya
aciktir. Birkag calisma, hasta yasi ile artan implant basarisizligl riski arasinda anlamli bir baglanti
olmadigini iddia etmektedir (Grisar vd., 2017; Noda vd., 2015). Bununla birlikte, yayinlanmis diger
¢alismalar, 40 yasin lizerindeki hastalara kiyasla 60 yasin Uzerindeki hastalarda implant basarisizlig
riskinin arttigini bulmustur (Castellanos-Cosano vd., 2019; Hasegawa vd., 2017).

3.2.12. Parafonksiyonel Aliskanlklar ve Bruksizm

Parafonksiyonel aliskanliklar ve bruksizm, asiri okluzal kuvvetlere neden oldugundan implant
kayiplarinda bir risk faktorli olusturur. Bu tip hikayesi olan hastalarda metal yorgunluguna bagh
implant kiriklarinin daha sik gériildiigi bildirilmistir. implant kiriklarinin %77'sinden fazlasinin ézellikle
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kronik bruksizmi olan hastalarda meydana geldigi gbzlenmistir. Ayrica parafonksiyonel aliskanliklarin
peri-implant kemik kaybi ile iliskili oldugu belirtilmistir (Dutta vd., 2020; Rotim, 2021).

Sonug¢

implantlardaki basarisizlik nedenleri; dis hekimi, hasta ve implant ile ilgili risk faktérleri ile
iliskilendirilebilir. Dis hekiminin klinik muayenesi, radyolojik goriintiileme yontemlerini kullanarak
implantin uygulanma kosullarini degerlendirmesi; uygun implant segimi ve dogru cerrahi islemin
uygulamasi implant basarisi ile direkt baglantilidir.

Yukarida da belirtildigi gibi implant basarisizligini etkileyen bir¢ok faktér vardir. Bunlari,
konak, implant yerlestirme vyeri, cerrahi uygulama, implant fikstliri ve implant protezi ile ilgili
faktorler olarak siniflayabiliriz. Bunlarin hepsinin birbiriyle etkilesimde olmasi en 6nemli noktayi
olusturmaktadir.

Hasta ve implantla ilgili faktorler implant basarisizhg: ile iliskilendirilmistir. Bu faktorler
cerrahi prosediirden 6nce tanimlanmali ve kontrol edilmelidir. Bu boylamda konaga bagli genel ve
lokal; dis hekimi ile iliskili pre-, per- ve post-operatif cerrahi uygulama; implant ile iliskili tiir ve
protetik risk faktorleri dikkate alindiginda kisiye 6zel tedavi planlamasinin ve kanita dayah dis
hekimligi uygulamalarinin bu siirecte 6nem kazandig dikkati cekmektedir.

Derlemede de belirtildigi gibi erken ve ge¢ implant kayiplarinin gok faktorli bir boyutu vardir.
Erken ve ge¢ implant kayiplarinda potansiyel risk faktorlerinin taninmasi, basarisizhk sikliginin
azaltilmasina ve implant kaybinin 6énlenmesine yardimci olabilir. Erken basarisizliklar, kemik ve
implant arasinda yakin bir temasin saglanamamasi, kemik apozisyonunun olmamasi ve implant ylizeyi
ile cevre kemik arasinda fibréz doku olusumu nedeniyle gézlenebilir. implantasyondan sonraki 6 ay
icinde meydana gelen basarisizliklar, erken basarisizlik, 6 aydan sonra meydana gelen basarisizliklar
ise gec¢ basarisizlik olayi olarak kabul edilmistir. Erken basarisizliklar genellikle baslangi¢c asamasindaki
yetersiz iyilesme ve osseointegrasyonu temsil etmektedir. Osteointegrasyon kaybi, klinik olarak
implant hareketliligi ile saptanir ve peri-implant radyolusensisi ile radyolojik olarak dogrulanir. Bu
nedenle hastalarin diizenli kontrollerin yapilmasi ¢ok bliylik 5nem tasimaktadir.

Oncesinde periodontitis tanisi olan, sigara kullanimi, agiz hijyeni yetersizligi ve kontrolsiiz
sistemik hastaliklar gibi daha fazla sayida risk faktoriine sahip hastalarda, daha fazla dental implant
tedavi basarisizligi ile karsilasiimaktadir. Bu nedenle bu tip hastalarda tedaviye baslanmadan once
durumun diizenlenmesi, implant kayiplarini 6nlemek acisindan Uzerinde durulmasi gereken diger bir
noktadir.

Genellikle birbirini ayni anda etkileyen bir¢ok faktoriin, implantin nihai basarisizligina neden
oldugu gorilmektedir. Bu nedenle sadece durumun tedavisinin degil, nedenin belirlenmesinin de
Onemi artmaktadir. Bu noktada, hasta klinik verilerinin toplanmasi, hasta geri bildirimleri, tani
araclari; nedeni belirlemeye yardimci olarak dental implant kayiplarinin azalmasina destek verecektir.
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