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ABSTRACT

Objective: Amiodarone is used in the treatment of arrhythmia and
has been shown to cause side effects in various organs. White cab-
bage (Brassica oleracea L. var. capitata) is a widely consumed veg-
etable. The effects of exposure to amiodarone and white cabbage
consumption on heart tissue has not previously been investigated.
We aimed to investigate the effects of white cabbage extract on
amiodarone given to rats’ cardiac tissues.

Material and Method: Rats were given white cabbage extract and
amiodarone by gavage for seven days. Amiodarone was applied
1 hour after administration of the white cabbage extract. On the
eighth day, the hearts of the animals were taken and homoge-
nized. The levels of lipid peroxidation (LPO), reduced glutathione
(GSH), sialic acid (SA) and activities of glutathione-S-transferase
(GST), catalase, superoxide dismutase (SOD) and tissue factor (TF)
were determined.

Results: The GSH level, CAT and SOD activities decreased, while the
LPO and SA levels increased in the amiodarone treated group. The
White cabbage extract prevented any damage of the amiodarone
by decreasing the amount of LPO and SA and also strengthened
the antioxidant defence system by increasing the amount of the
GSH and SOD activities and the CAT and GST activities.

Conclusion: It is suggested that the consumption of white cab-
bage could be an alternative approach to the prevention of the
adverse effects of amiodarone on heart tissue.

Keywords: Amiodarone, side effect, white cabbage

oz

Amag: Aritmi tedavisinde kullanilan amiodaronun cesitli organlar-
da yan etkilere neden oldugu gosterilmistir. Beyaz lahana (Brassica
oleracea L. var. capitata) yaygin olarak tiketilen bir sebzedir. Amio-
daron maruziyeti ve beyaz lahana tiiketiminin kalp dokusu tizerin-
deki etkileri arastirllmamistir. Beyaz lahana ekstraktinin amiodaron
uygulanan sicanlarin kalp dokulari Gizerindeki etkilerini arastirmayi
amacladik.

Gereg ve Yontem: Sicanlara yedi giin boyunca gavajla beyaz la-
hana ekstresi ve amiodaron verildi. Beyaz lahana ekstresinin uygu-
lanmasindan 1 saat sonra amiodaron uygulandi. Sekizinci glinde,
hayvanlarin kalpleri alindi ve homojenize edildi. Lipit peroksidas-
yon (LPO), indirgenmis glutatyon (GSH), siyalik asit (SA) dizeyleri
ile glutatyon-S-transferaz (GST), katalaz, siiperoksit dismutaz (SOD)
ve doku faktori (TF) aktiviteleri belirlendi.

Bulgular: Amiodaron verilen grupta GSH, CAT, SOD aktiviteleri
azalirken LPO ve SA seviyeleri artti. Beyaz lahana, LPO ve SA mik-
tarini azaltarak amiodaron zararini 6nledi. Ayrica GSH duzeyleri ile
SOD, CAT ve GST aktivitelerini artirarak antioksidan savunma siste-
mini gi¢lendirdi.

Sonug: Beyaz lahana tiiketiminin, amiodaronun kalp dokusunda
olumsuz etkilerini 6nlemek icin alternatif bir yaklasim olabilecegi
ileri strllebilir.

Anahtar Kelimeler: Amiodaron, yan etki, beyaz lahana
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INTRODUCTION

Amiodarone blocks the potassium channels that in turn inhibit
the cardiac repolarization and the effective refractory period as
a class lll antiarrhythmic drug (1). Other actions of amiodarone
include the blockades of the Na*, the non-competitive ss-ad-
renergic, Ca*? channels and the reserpine-like sympatholytic
effect. Amiodarone is widely used for the treatment of arrhyth-
mias because of these actions (1,2).

On the other hand, amiodarone has a very similar structure to
the thyroid hormones as it is a benzofuran compound contain-
ing approximately 37% iodine by weight (3,4). Accordingly it has
been suggested that the ingestion of 200 mg of amiodarone as
a standard daily dosage leads to 75 mg of organic iodine in-
gestion each day and the subsequent deiodination via drug
metabolism results in the release of nearly 6 mg of iodine circu-
lating freely, which is much more than the daily iodine intake
(4-6). Moreover, owing to its high lipid affinity, amiodarone is
commonly found in the tissues of the liver, lungs, skin, eyes, ad-
ipose tissue, muscle (especially myocardium) and the thyroid
gland that explains its side effects in different organs (4).

Epidemiological data and in vitro studies propose that veg-
etables with antioxidant phytochemicals possess beneficial
effects against some degenerative diseases like cancer and
cardiovascular diseases. Belonging to the family Cruciferae,
cabbage (Brassica oleracea L. var. capitata) is an important veg-
etable grown nearly all over the World. Cabbage is cultivated
for its large leafy head and various cabbage types of differing
shapes, sizes and colours exist (7). Cultivated cabbages can be
found in different forms and are categorised as white, red and
savoy cabbage (7,8). Cabbage has been used for medicinal pur-
poses for different types of diseases as well (9).

Excessive reactive oxygen species (ROS) formation may direct-
ly harm macromolecules including DNA, protein and lipids and
may change several signal pathways by the induction of ROS
sensitive transcription factors. Accordingly antioxidant mole-
cules are needed for the detoxification of these ROS (10). There is
adebate in literature about the oxidant potential of amiodarone.
Some studies suggest that amiodarone is able to inhibit lipid
peroxidation, acting as an antioxidant molecule whereas others
report its oxidant effect (11). It has been suggested being used
as a hepatic mitochondrial uncoupling oxidative phosphoryla-
tion, to inhibit the enzymes of electron transport chain and to
impair B-oxidation of fatty acids (12-14). Mitochondrial -oxi-
dation and oxidative phosphorylation are the major physiolog-
ical processes since the disruption of these pathways affect the
function of many organs (12). The heart is a vital organ with a
high-energy demand that is rich in mitochondria. It has been es-
timated to occupy approximately one third of the cardiac myo-
cyte volume and each adult ventricular myocyte contains sever-
al thousand mitochondria (15). Therefore the heart is especially
vulnerable to mitochondrial oxidative damage. Accordingly, the
aim of this study was to evaluate the effects of white cabbage on
the oxidant-antioxidant potential and tissue factor activities of
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amiodarone induced toxicity in rats’ cardiac tissues for the first
time in literature.

MATERIAL AND METHOD

Preparation of the aqueous extract of white cabbage

The leaves of white cabbages were gathered from Istanbul-Tur-
key. They were washed using distilled water and then the
leaves were dried at room temperature. The dried leaves were
extracted by adding distilled water and then they were boiled
for 8 hours. After boiling, the extract was filtered and then ly-
ophilised. Finally the extract was dissolved in distilled water
and was given to the rats by gavage for seven days.

Animals and experimental procedure

In our study, 8-12 week old female Spraque Dawley type rats
(300-350 g) obtained from the Marmara University Faculty of
Medicine Animal Laboratory were used. All the experimental
procedures were approved by the Institutional Animal Care and
Use Committee of Marmara University (26.11.2014Mar). The ex-
perimental animals were divided into 4 groups, 5 in each. The
rats were administered white cabbage extract (500 mg/kg) and
amiodarone for seven days by gavage. During the experiment,
amiodarone (100 mg/kg Amiodarone, Sigma, Saint Louis, USA)
was administered 1 hour after the cabbage extract was given.
At the end of the 7th day, all animals were fasted overnight
and at the end of the 8th day they were then put down un-
der ether anesthesia. The heart tissue samples of the rats were
homogenized using saline solution (0.9% NaCl). In 10% of the
homogenates that were prepared from the heart tissues, the
homogenates total protein levels were determined. To assess
the oxidant-antioxidant status the levels of glutathione (GSH),
lipid peroxidation (LPO), sialic acid (SA) and the activities of su-
peroxide dismutase (SOD), catalase (CAT), glutathione-S-trans-
ferase (GST) and tissue factor (TF) were evaluated.

Biochemical analysis

Lowry’s method was applied in order to measure the levels of
total proteins. In this method, alkali medium proteins first re-
act with copper ions and are then reduced by Folin reagent. At
500 nm the absorbance was determined. The calculated total
protein levels were used to present the results per protein (16).

Malondialdehyde (MDA) is a product of LPO in tissues, and is
evaluated in terms of the thiobarbituric acid reactive substanc-
es by Yagi’s method (17). The LPO was expressed as nmol MDA/
mg protein in terms of the MDA equivalents.

The levels of GSH were measured in tissue homogenates using
Beutler’s method (18) by using extinction coefficient as 1.36 x
10* M~' cm™ in the calculations. The results obtained were pre-
sented as mg GSH /mg protein.

CAT activities were evaluated using the method of Aebi (19) which
is based on the transformation of hydrogen peroxide (H,0,) into
water through the effect of CAT enzyme. The transformation was
noted by the decrease in the absorbances obtained at 240 nm
and the activity of CAT were presented as U/mg protein.



Hazineci et al.
White Cabbage, Amiodarone and Heart

SOD activities were determined by riboflavin-sensitized pho-
tooxidation of ortho-dianisidine (20). Ortho-dianisidine oxi-
dation, by the reaction with riboflavin is induced by SOD. The
increase in absorbance depends on the SOD concentration.
Finally, the coloured product’s absorbance is determined using
spectrophotometry at 460 nm.

The activity of GST in the samples was evaluated at 340 nm by
the spectrophotometer and the results were presented as U/
mg protein (21).

The levels of SA were evaluated using the method of Warren
(22). For the assay, the homogenates were first incubated at
80°C for 1 hour with 0.1 NH,SO,4 and the hydrolysate was used
for analysis. The absorbances obtained from the samples were
determined at 549 nm and the results were presented as the
mg SA/ mg protein.

The method of Quick was used to measure the TF activities of ho-
mogenates by Quick’s one-stage method. For the assay, pooled
plasma was obtained from from healthy subjects. Since the clot-
ting time is inversely proportional to the activity of TF, the length-
ening of the clotting time shows decreased TF activity (23).

Statistical Analysis

Statistical analysis was applied by using GraphPad Prism version
6 (GraphPad Software, San Diego, USA). All the results obtained
were presented as a means and standard deviation. The data
groups were compared using Kruskal-Wallis and Mann-Whitney
U tests. The values of p<0.05 were accepted as significant.

RESULTS

The LPO levels in terms of MDA in heart tissues of the four
groups are given in Figure 1. The MDA levels of the amiodarone
group were found to be higher when compared to the con-
trol group (p<0.05). The MDA levels decreased significantly

u Lipid Peroxidation
0.7 1 (nmol MDA/mg P)
0.6 -
0.5 4
0.4 4
0.3 4
0.2 4
0.1 4
0 +
Control AMD+WC
Figure 1. Lipid peroxidation levels of the Control; AMD;
WC and AMD+WC groups. ?p<0.05, significantly different
compared to the Control group; p<0.05 significantly
different compared to the AMD group. AMD: Amiodarone;
WC: White cabbage.
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in the amiodarone+white cabbage group compared to the
amiodarone group (Figure 1). The level of GSH decreased
significantly when compared with the control group in the
amiodarone and white cabbage groups. In the amiodaron-
e+white cabbage group, the heart tissue GSH levels increased
significantly compared to the amiodarone group (Figure 2).

When the groups were compared in terms of the catalase activ-
ities of the heart tissues, the catalase activity in the amiodarone
group decreased significantly compared to the control group.
In the amiodarone+white cabbage group, the catalase activity
increased significantly compared to the amiodarone group (Fig-
ure 3). The SOD activity of the white cabbage and amiodaron-

3 ® Glutathione

(mg GSH/mg P)
2,5
2
1.5
1
0.5
0

Control AMD+WC

Figure 2. Glutathione levels of the Control; AMD; WC and
AMD+WC groups. ?p<0.05, significantly different compared
to the Control group; ®p<0.05 significantly different compared
to the AMD group, Amiodarone; WC: White cabbage.

m Catalase (U/mg P)
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Figure 3. Catalase activities of the Control; AMD; WC and
AMD+WC groups. ?p<0.05, significantly different compared
to the Control group; ®p<0.05 significantly different compared
to the AMD group; Amiodarone; WC: White cabbage.
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Figure 4. Superoxide dismutase activities of the Control;
AMD; WC and AMD+WC groups. °p<0.05, significantly
different compared to the Control group; °p<0.05
significantly different compared to the AMD group;
Amiodarone; WC: White cabbage.

® Glutathione-S Transferase

(U/mg P)

0.04 -
0.035 -
0.03 -
0.025 -
0.02
0.015 -
0.01 -
0.005 -

0 +

Control AMD+WC

Figure 5. Glutathione-S-transferase activites of the Control;
AMD; WC and AMD+WC groups. p<0.05, significantly
different compared to the Control group; "p<0.05
significantly different compared to the AMD group,
Amiodarone; WC: White cabbage.

e+white cabbage groups increased significantly when com-
pared with the control group (Figure 4). The GST activity of the
white cabbage and the amiodarone+white cabbage groups
were found to be significantly higher compared to the white
cabbage group. Also the GST activity of white cabbage group
was significantly higher compared to the control group (Figure
5). The amount of SA in the amiodarone group increased sig-
nificantly compared to the control group and white cabbage
treatment decreased SA levels significantly in the amiodarone
group (p <0.05) (Figure 6). TF activity in amiodarone and white
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Figure 6. Sialic acid levels of the Control; AMD; WC and
AMD+WC groups. ?p<0.05, significantly different compared
to the Control group; ®p<0.05 significantly different compared
to the AMD group, Amiodarone; WC: White cabbage.
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Figure 7. Tissue factor activities of the Control; AMD; WC and
AMD+WC groups. 2p<0.05, significantly different compared
to the Control group, Amiodarone; WC: White cabbage.

cabbage groups was found to be significantly lower compared
to the control group (Increase in seconds means a decrease in
activity) (Figure 7).

DISCUSSION

According to the results of our study, white cabbage (Brassica
oleracea L. var. capitata) has a positive effect against the toxicity
caused by amiodarone on the heart tissues of rats. The toxic ef-
fect of amiodarone administration on rat heart tissue was man-
ifested in the form of increased LPO and SA. In the amiodarone
treated group, it was observed that the amount of GSH and
activities of CAT and SOD decreased significantly. White cab-
bage prevented the damage of amiodarone by decreasing the
amount of LPO and SA in the group given amiodarone, and
also strengthened the antioxidant defence system by increas-
ing the amount of GSH and the activities of SOD, CAT and GST.
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To date a lot of research has been conducted that focused on
the beneficial phytochemicals present in cabbages, especially
indole-3-carbinole (I13C). The indoles content and sulforaphane
in cabbage induce antioxidant mechanisms and detoxification
mechanisms that prevent cancer-inducing substances (24).
Both epidemiological and in vitro studies strongly suggest that
vegetables with phytochemicals having antioxidant effects
may prevent different types of diseases (25). The beneficial ef-
fects of cruciferous vegetables have been shown to be relat-
ed with their antioxidant phytochemicals, such as antioxidant
vitamins like ascorbic acid, a-tocopherol and B-carotene (26).
Carotenes, tocopherols and ascorbate are effective as antiox-
idants to prevent and to treat malignant diseases (27). Many
studies have also reported that most of the antioxidant pro-
perites of vegetables can be due to their phenolic content like
catechin, isocatechin, flavonoids, isoflavone, flavones and also
anthocyanin (28).

Due to the interest in the role antioxidants in human health,
new research focused on horticulture and food science to de-
termine the antioxidant phytochemicals in different fruit and
vegetables. Although carotene, tocopherol and ascorbic acid
levels in the sub-species of B. oleracea have been determined
in some studies, the number of systematic research on the
measurement of the antioxidant content in cabbage cultivars
in different areas of the world are very limited (27,28).

In our study, it was found that white cabbage increased the
amount of GSH and the acitivities of CAT and SOD and de-
creased LPO in the amiodarone group. GSH is one of the key
elements of the antioxidant defence system in the organism, it
is involved in maintaining the normal structure and functions
of cells with redox and detoxification reactions (26). Therefore,
in our study, in the group given amiodarone, heart decreased
GSH may induce the initiation of reactions due to free radicals.

The heart LPO level was found to be significantly higher in the
amiodarone group compared to the control group. Disruption
of the oxidant-antioxidant balance due to amiodarone has been
shown previously. Chakraborty et al reported that amiodarone
increased LPO in liver, kidney and testicular tissues of rats (28).
LPO indicates oxidative damage of lipids in the cell membrane
and is one of the side effects of amiodarone therapy (28).

In parallel with the increased LPO, amiodarone increased SA
levels significantly when compared to the control group. Reac-
tive oxygen species increase as a result of the decreased activity
of antioxidant systems such as SOD, CAT and GSH. It has been
reported that serum SA could be counted among the acute
phase response elements and increased in some diseases such
as myocardial infarction and diabetes (29). In inflammatory
conditions, the amount of SA increases due to the increased
concentrations of acute phase glycoproteins, whose sialization
increases. Therefore, serum SA was stated be an inflammatory
marker (29).

Amiodarone decreased TF activity in cardiac tissue compared
to the control group. Breitenstein et al. evaluated the effects
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of amiodarone on thrombus formation and TF expression and
reported that amiodarone inhibits thrombus formation in vivo
(30). In our study, white cabbage decreased the activity of TF
significantly. The positive effects of vegetarian nutrition on
coagulation and vegetable consumption have been shown to
decrease the incidence of acute coronary disease associated
with thrombosis. Fibrinogen is accepted to be an independent
thrombosis risk factor and it has been found that the level of
fibrinogen decreases with white cabbage consumption (30,31).
There is also a strong correlation between lipids in blood and
coagulation parameters. Change in lipids, coagulation protein,
thrombocytes affects thrombosis through fibrinolytic factors.
Accordingly it has been suggested that white cabbage may
have an anticoagulant effect as a hypolipidemic vegetable (31).

CONCLUSION

Findings obtained from the results of our study show that in the
case of amiodarone toxicity, white cabbage exerted its positive
effects by improving the antioxidant system. The beneficial ef-
fects of white cabbage may be attributed to the high phenolic
content of cabbage. Further studies that evaluate the molec-
ular mechanisms of the effects related to the mitochondrial
functions may be useful to reveal the details of these effects.
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ABSTRACT

Objective: The aim of this in vitro study was to investigate the fluo-
ride-releasing/recharging and antimicrobial effects of restorative ma-
terials used in pediatric dentistry.

Material and Method: High-viscosity and resin-modified glass-iono-
mer cement, glass carbomer, compomer, giomer and composite were
tested. Dental materials’ fluoride-release was measured in distilled wa-
ter (DW) and artificial saliva (AS) for eight weeks using a fluoride-spe-
cific electrode. At the end of eight weeks, specimens were divided into
three groups for recharging with acidulated phosphate fluoride gel and
fluoride varnish. After recharge, fluoride release was measured again.
Agar diffusion test was used to assess antimicrobial effects against
S. mutans and L. acidophilus. The statistical analysis was done with
Mann-Whitney U and Friedman tests using SPSS-22 software.

Results: High-viscosity glass-ionomer cement showed the highest
fluoride-release in both storage media, followed by glass carbomer,
while giomer demonstrated the lowest. After recharge, the increase
in the varnish group was significantly higher than others (p<0.05).
Fluoride-release in DW groups was significantly higher than in the AS
groups for all materials during the test period (p<0.05). None of the
materials showed antimicrobial effects.

Conclusion: It was concluded that fluoride-release from glass iono-
mer-based materials is higher than that from resin-based materials.
Fluoride-release from materials decreases in AS. Glass carbomer can be
used as an alternative to glass ionomers.

Keywords: Antimicrobial effect, fluoride-release, dental materials,
giomer, glass carbomer

0z

Amag: in vitro calismamizin amaci cocuk dis hekimliginde kullanilan
glincel restoratif materyallerin fluorid salinimini saptamak, yeniden
ylikleme sonrasi salinimlarini degerlendirmek ve bu materyallerin an-
timikrobiyal etkinligini arastirmaktir.

Gereg ve Yontem: Calismamizda ytiksek viskoziteli cam iyonomer siman,
rezin modifiye cam iyonomer siman, cam karbomer, kompomer, giomer
ve rezin kompozit kullanildi. Fluorid salinimi distile su (DS) ve yapay tu-
kurdk (YT) icerisinde 8 hafta boyunca fluorid spesifik elektrod ile 6lctildi.
8. haftanin sonunda 6rnekler {i¢ gruba ayrildi. Birinci gruba hicbir ajan
uygulanmazken, ikinci gruba asiddle fosfat fluorid jel, liclincii gruba ise
fluorid vernigi uygulandi ve ylikleme sonrasi salinimlari incelendi. S. mu-
tans and L. acidophilus'a karsi antimikrobiyal etkinin degerlendirilmesin-
de agar difiizyon testi kullanildi. istatistiksel analizler SPSS-22 programi
kullanilarak Mann-Whitney U ve Friedman testleri ile yapildi.

Bulgular: Her iki ortamda da en ytiksek fluorid salinimini ytiksek viskozi-
teli cam iyonomer siman yaparken, bunu cam karbomer izledi. En diistik
salinim giomerde saptandi. Fluorid yliklemesi sonrasi tiim materyallerin
salinimi artarken; vernik gruplarindaki artis, diger gruplardan anlaml
duzeyde yiiksek bulundu (p<0,05). Calisma boyunca materyallerin DS
gruplarindaki fluorid salinimi YT gruplarindan anlamli derecede yiiksek
bulundu (p<0,05). Materyallerin hicbiri antimikrobiyal etki olusturmadi.

Sonug: Cam iyonomer esash materyallerden fluorid saliniminin daha
cok oldugu; yapay tukirik icerisinde materyallerin saliniminin azaldig
ve cam karbomerin fluorid salinimi agisindan cam iyonomer simanlara
alternatif olarak kullanilabilecegi gorildi.

Anahtar Kelimeler: Antimikrobiyal etki, fluorid salinimi, dental mater-
yaller, giomer, cam karbomer
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INTRODUCTION

A restorative material used in dental clinics should have certain
properties, such as good marginal adaptation, biocompatibili-
ty, fluoride-release and high strength. Since fluoride-contain-
ing silicate cements have been shown to prevent formation
of caries, interest in fluoride-releasing materials has increased
(1). Among these materials, conventional glass ionomer ce-
ment (GIC) emerges at the top because of its efficacy in resist-
ing secondary caries formation around restoration. Presently
preferred restorative materials in pediatric dentistry are fluo-
ride-releasing materials, such as conventional glass ionomer
cements, resin-modified glass ionomer cements (RMGIC), com-
pomers, glass carbomers and giomers (2,3).

Giomers are hybrid restorative materials developed over the
last decade, combining the properties of "glass ionomer" and
"composite” materials. Pre-reacted glass ionomer fillers (PRG)
was added into the resin matrix. PRG filler is made by reacting
acid-reactive glass containing fluoride with polyalkenoic acid
in water before being incorporated into the resin materials. The
PRG fillers allow the material to fluoride-release and recharge (4).

Glass carbomers, a new type of dental material, are glass iono-
mer-like cements containing carbomized nanoparticles. How-
ever, they are separated from glass ionomers by nano-sized
particles and fluorapatite content. These particles reduce the
solubility and increase the stress resistance. They also help to
induce remineralization faster (5,6).

Glass ionomer cements have anticariogenic effects because of
their long-term ion releasing properties. The fluoride content
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of cements is consumed quite quickly in a few months. Howev-
er, the glass ionomer cements have a fluoride uptake capacity
from the environment. Different topical fluoride application
methods (e.g. fluoride varnishes and fluoride gels) and differ-
ent fluoride concentrations are used for fluoride-recharge of
the materials (7). The storage medium also has an effect on flu-
oride-release (8).

In addition to the remineralization effect of fluoride, there
are also antimicrobial effects. Fluoride acts on bacterial me-
tabolism and plaque acidity by inhibiting glycolytic enzymes
and proton-releasing adenosine-triphosphatase (3). Fluoride
containing restorative materials are preferred in pediatric
dentistry because of their anticariogenic properties. However,
fluoride-release and recharge amounts also vary due to the
different contents of restorative materials. The aim of this in
vitro study was to investigate the fluoride-releasing/recharg-
ing and antimicrobial effects of current restorative materials
used in pediatric dentistry in distilled water (DW) and artificial
saliva (AS).

MATERIAL AND METHOD

The Ethical Committee of the Marmara University Health Sci-
ences Institute approved the present study under report num-
ber 27.02.2014/3.

Dental materials tested in this study

High-viscosity and resin-modified glass ionomer cement, glass
carbomer, compomer, giomer and composite (as control) were
tested (Table 1).

Table 1. Chemical compositions of tested materials

Material Species Chemical composition Manufacturer
Fuji IX GP High viscosity glass Powder: Fluoroaluminosilicate glass, polyacrylic acid dust
. L L . T GC, Japan
Capsule ionomer cement Liquid: Polyacrylic acid, polybasic carboxylic acid, distilled water
Fuji Il LC Resm‘modlfled Fluoroaluminosilicate glass, polyalkenoic acid, HEMA, aluminum
glass ionomer . . GC, Japan
Capsule chloride, camphorquinone and water
cement
GCP Glass Fill Glass Carbomer Fluorosilicate glass, apatite, polyacid GCP, Netherlands
Sr-Al-N-Fluoroaluminosilicate glass, strontium fluoride,
Dyract XP Compomer UDMA, TEGDMA, TMPTMA, TCB resin, dimethacrylate resins, Dentsoly. German
y P dimethylamino benzoic acid ethyl ester, camphorquinone, BHT, UV Py Y
stabilizer
Beautifil Il Giomer Bis-GMA, TEGDMA, Shofu, Japan

S-PRG filler, aluminofluoroborosilicate glass, DL-camphorquinone

FiltekZ250  Resin Composite

inorganic filler (60%)

Bis-GMA, UDMA, Bis-EMA, zirconia / silica restorative filler,

3M ESPE, Germany

HEMA:2-hydroxyethyl acrylate UDMA: Urethan dimethacrylate TEGDMA: Triethylene glycol dimethacrylate TMPTMA: Trimethylolpropane trimethacrylate TCB
resin: Butan 1,2,3,4- tetracarboxylic acid 2-hydroxymethacrylate BHT: Butylated hydroxytoluene Bis-GMA: Bisphenol A-Glycidyl Methacrylate Bis-EMA: Bisfenol-A

dimethacrylate dimethacrylate
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Preparation of specimens

Sixty specimens of each material were prepared and placed into
cylindrical teflon moulds (5.0 mm diameter x 2.0 mm height).
Materials were cured or set according to the manufacturers’
instructions. After disc specimens were removed from their
moulds, they were stored for 24 hours in a humidor at 37°C.

Determination of fluoride ion release

Artificial saliva was prepared similar to other release studies,
in order to evaluate the fluoride release of the samples in our
study (9). Thirty disc samples were placed in 2 mL AS (pH=7.0)
and the other thirty were placed in 2 mL DW (pH=5.0). Two disc
specimens were placed in each plastic test tube. Solutions were
replaced at two hours, one, two and seven days, then weekly
for seven weeks. At the same time, the amount of released flu-
oride ions was measured. At each measuring time, each spec-
imen was rinsed with DW, dried and transferred to the plastic
test tube with fresh DW/AS. During the entire experiment, all
specimens were incubated at a constant temperature of 37°C
to mimic the oral environment.

One mL of solution was mixed with 0.1 mL of TISAB IlI (total
ionic strength adjustment buffer) and the fluoride concentra-
tion was measured with a specific fluoride ion electrode (Ori-
on9690BN electrode, Orion Research, Inc., Beverly, USA). Before
each session, the electrode was calibrated. The measured fluo-
ride ion concentrations were recorded in ppm.

Fluoride ion recharge with acidulated phosphate fluoride
(APF) gel or fluoride varnish

Following the eight weeks period, the samples were divid-
ed into three groups (n=5). Then 5 mL of 12300 ppm fluo-
ride containing APF gel (Gelato APF Fluoride Gel, Keystone
Industries, New Jersey, USA) was applied to the first group
for four minutes at room temperature and 0.4 mL of 22600
ppm fluoride containing fluoride varnish (Duraphat, Col-
gate-Palmolive Company, China) was applied to the second
group. The last group was accepted as the control group.
After the samples were removed from the tubes, they were
washed and placed again in the newly prepared 2 mL DW/
AS, without any application to them. In the first and second
group, specimens were washed after recharge, placed in
plastic tubes with fresh 2 mL AS/DW and stored at 37°C. The
solutions were replaced at the same intervals as before, and
the recharged specimens also were assessed at these same
intervals for the amounts of fluoride-released over another
eight weeks.

Evaluation of antimicrobial effects

The antimicrobial effects of materials against Streptococcus
mutans (S. mutans)(ATCC 25175) and Lactobacillus acidophi-
lus (L. acidophilus)(ATCC 11975) were evaluated with an agar
diffusion test. Bacterial strains used in the study of antimicro-
bial activity were obtained from the Refik Saydam Hifzissih-
ha Institute Culture Collection Center, Ankara, Turkey. The
strains stored at -20°C were cultured on Mitis Salivarius agar
(for S. mutans) and Rogosa SL Agar plates(for L. acidophilus)
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at 37°C for 24 hours in 5% CO,. Appropriate single colonies
from plates were transferred into Hewitt THB Broth (for S. mu-
tans) and Brain-Heart Infusion broth (for L. acidophilus) (10).
Suspension of the strains prepared in PBS was then adjusted
to 0.5 McFarland scale=approximately 1.5x108 bacterial cells
in mL. The suspension of S. mutans was inoculated onto the
surface of Mitis Salivarius agar and L.acidophilis onto Rogosa
SL Agar plates.

To evaluate the antimicrobial effects of the materials, forty
disc-shaped specimens (5.0 mmx2.0 mm) were prepared from
each material. Half of the specimens were used to observe the
effect on S. mutans and the other half the effect on L. acidoph-
ilus. The specimens prepared for each bacterium were divid-
ed into four groups (n=5) to evaluate them at different times
(direct, second hour, seventh day, second month) and placed
in plastic tubes containing 2 mL of DW and incubated at 37°C.
For the agar diffusion test, the prepared disk-shaped speci-
mens were placed on petri dishes (150mm in diameter) with
a distance of 2.5 cm between them and 1.5 cm away from the
plate edge. Each petri dish was filled with one sample from
each material.

The literature states that the pH changes of the materials during
the setting may be responsible for their antimicrobial effects
(11,12). For this reason, agar diffusion tests were repeated for
two conditions. Firstly, the materials were set outside and then
placed on the agar. Secondly, the materials were set in the agar.
Seven wells were opened on the plates for this experiment.
Restorative materials were placed in six of these wells so they
did not float to the edge of the well. A commercially available
toothpaste containing 1450 ppm fluoride was placed in the
seventh well to be a positive control.

Plates were then incubated at 37°C for 48 hours in 5% CO,. The
presence of the inhibition zones around the specimens were
measured. The tests were run in two rounds, five parallel runs
and the results were expressed as the diameter of the inhibi-
tion area and the findings were evaluated.

Statistical Analysis

Data were statistically analyzed using the IBM SPSS Statistics
22 (IBM SPSS, Turkey) program. According to Shapiro-Wilk test
it was determined that the normal distribution of the parame-
ters was not appropriate. The Mann-Whitney U test was used to
compare the two groups of parameters. The Kruskal-Wallis test
was used for inter-group comparisons, and the Mann-Whitney
U test was used for post-hoc evaluations. The intra-group com-
parison of the parameters was performed using the Friedman
test. Significance was assessed at p<0.05.

RESULTS

Fluoride ion release

The mean fluoride ion release from each material in both me-
dia over eight weeks before fluoride-recharge is shown in Fig-
ure 1 and Figure 2.
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Figure 1. Fluoride-release rates of all materials according to
time in distilled water.

30 —Fuf
T 5 @/\ —tiuLe
E 0 s—(CF Gl
2 5 M etxp
@ yeart )
: 5. l’"\-‘/‘-"\.‘h.._ & . siln
g s [ | — e s Pl 7250
H
ERERS
& ot g @ o @ o e S e
I L - LR - L L o
A5 AT AT T T T T 07 @7 e [ proosmuicauinie
., o p0.05:Faji [L-GCPGloss Fil
Allother ns are sy <003] | Time # p>0.05:Dyract - Beutifi [

Figure 2. Fluoride-release rates of all materials according to
time in artificial saliva

All materials, except for composite, show the highest fluo-
ride-release rates on the first day, which then fell quickly on
the second day. On the seventh day, the release rates increased
again, and then the amount of fluoride continued to decline on
other measurement days, and the decline between successive
measurement days was statistically significant (p <0.05).
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When the materials in DW are sorted according to the fluo-
ride-release, from highest to lowest at the second hour, the
first and second day, the sequence is high-viscosity GIC (Fuji 1X),
Glass carbomer (GCP Glass Fill), RMGIC (Fuiji Il LC), compomer
(Dyract XP), giomer (Beautifil 1) and composite (Filtek Z250).
The sequencing was observed as high-viscosity GIC, RMGIC,
glass carbomer, compomer, giomer and composite, respective-
ly, in the other measurements (Figure 1). When the amount of
fluoride was measured in the AS, high-viscosity GIC released
the highest fluoride until the forty-second day, followed by
glass carbomer, RMGIC, giomer, compomer and composite,
respectively. On the other days, RMGIC released more fluoride
than glass carbomer (Figure 2).

Fluoride-release rates of all materials in the DW group were al-
ways higher than those in the AS group (p<0.05) (Figure 3).

Fluoride-recharge

Following fluoride-recharge with APF gel and fluoride varnish,
there was a burst of fluoride ion release from all materials, except
for composite. After recharge, all materials showed the highest
release amount at the second hour, and then fluoride amounts
declined rapidly in the subsequent measurements. There was a
statistically significant difference between the recharge materials
for all tested materials in both the DW and the AS at the post-re-
charge measurement times (p<0.05). Fluoride varnish groups of
all materials showed more recharge ability than APF gel groups.
No increase in the fluoride-release amounts in the control group
was observed. As in the pre-recharge results, all materials showed
significantly higher ion release in DW than in AS (p<0.05).

In the DW, the fluoride-release of the materials in the control
group was decreased in the sequence of high-viscosity GIC,

Fluoride release (ppm)
N

et Distilled water
e Artificial saliva

Fuji ll LC

= Distilled water
e Artificial saliva

Dyract XP

3
7]

N

Fluoride release (ppm)

@ Distilled water
e Artificial saliva

Beautifil Il

60 25
E 50 g 55,
g 40 ‘g 4
b 30 o
s T
o 1
- g
3 10 7 S s
Ov‘_‘>‘>>>.>.>.'>.>.>.\>~ o
23333344344
Time et Distilled water Time
= prtificial saliva
Fuji IX GP
30
é 25
2 20
8
] 15
s
2 10 +
s
= 5 -
o —
w\@* Kl ata oF 0_@@@@_@ Q_@ @_&;\(’%@
Time mpm= Distilled water
e Artificial saliva
GCP Gilass Fill
Figure 3. Fluoride-release of tested material in distilled water and in artificial saliva.




Sirinoglu-Capan et al.
Fluoride-Release Pattern of Dental Materials

RMGIC, glass carbomer, compomer, giomer and composite,
respectively. In the APF gel group, there was a statistically
significant difference in release amounts at all measurement
times after recharge (p<0.07). The sequence of the materials
from highest to lowest was seen as RMGIC = high-viscosity GIC
(no significant difference between two materials p>0.05), glass
carbomer, compomer, giomer and composite. The sequence of
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the materials in the varnish group was similar to that of the APF
gel group. Fluoride-release at the second hour of the materials
was reduced in the sequence of high-viscosity GIC, glass car-
bomer, RMGIC, compomer, giomer and composite, respective-
ly. On and after the thirty-fifth day, RMGIC showed the highest
fluoride-release. Similar results were observed in the AS groups
(Figure 4, Figure 5).
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Post-recharge fluoride-release amounts of all materials, except
composite in APF gel and varnish groups, were significantly
higher than pre-recharge amounts in both DW and AS (p<0.05).
Release rates of the materials showed an increase at the second
hour after recharge with APF gel and varnish, but did not reach
the highest release rates before recharge.

Antimicrobial effect

As a result of the agar diffusion tests performed on the days
of the experiment, none of the set materials showed inhibition
zone (Figure 6).

Figure 6. Set specimens placed on both Rogosa SL and MS
agar

When the samples were set after placing in the agar, only
RMGIC showed an inhibition zone (3 mm) on S. mutans (Figure
7). No inhibition zone was observed on L. acidophilus (Figure 8).
A large inhibition zone around the toothpaste was observed
on both media.

Fuji I LC

Toothpaste

Figure 8. Inhibition zone on L. acidophilus
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DISCUSSION

Fluoride ion release

The anticariogenic effects of fluoride-releasing materials are
proportional to the amount of released fluoride. Studies on
glass ionomer cements have found that there are two process-
es during fluoride-release: a rapid release occurs in the first of
these, followed by a slower release through diffusion in the
long term (3,13).

In the present study, fluoride-release from tested materials in
DW and AS was compared. The highest release was found in
high viscosity GIC, followed by glass carbomer, RMGIC, com-
pomer and giomer, respectively. Similar to our study Mousav-
inasab and Meyers (14) compared the amounts of fluoride-re-
lease from high-viscosity GIC, RMGIC, compomer and giomer
in DW. Scientists found that the highest release was in high-vis-
cosity GIC, followed by RMGIC and lowest in the giomer. Mean-
while, Hasan et. al. (15) stated in their study that glass carbomer
showed the highest fluoride-release, followed by high-viscosi-
ty GIC and RMGIC respectively. According to these results we
believe fluoride ions in RMGIC have a lower fluoride release
because the resin matrix surrounds them (2,14). We also found
that the fluoride amount order of materials in the AS was the
same as the materials in the DW. It has been determined that
the environment in which the materials are stored does not
change the sequence of the materials, but affects fluoride-re-
lease quantities. For this reason, it is thought that the contents
of the materials play an important role in the ion release.

Giomer, used in the present study, showed the lowest release
rate in both media. This finding of our study is similar to the
findings of Jingawar et al. (16) and Abdul-Quader et al. (4).
Lower fluoride-release from the giomer is explained by the
presence of S-PRG fillers as a fluoride component. Because the
glass particles in the giomer do not undergo a pronounced ac-
id-base reaction, they contain very little glass ionomer matrix
phase (14,16).

According to our study, measured fluoride amount from glass
carbomer was found to be close to RMGIC in both media, lower
than high viscosity GIC and higher than other materials. Sim-
ilarly, Kucukyilmaz et. al. (17) reported in their study that the
highest release in the high-viscosity GIC was followed by glass
carbomer. In their study of glass carbomer, Thanjal et al. (18)
stated that the release of fluoride is reduced when heat is ap-
plied according to the manufacturer's recommendation.

Many studies on short- and long-term fluoride-release of glass
ionomer cements have shown that the highest release rate was
recorded on day one, then declines rapidly, until it reaches a
stable level (19,20). All the materials in the study showed the
highest fluoride-release on day one, and fluoride continued to
be released in relatively low amounts until day fifty-six. Glass
ionomer cements and glass carbomer showed a much higher
fluoride amount on the first day than other materials. Compara-
ble to our findings, Basso et al. (20) stated that all glass ionomer
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cements in their study showed the highest release values on
day one and continued to decrease in release until day 28. The
high release rate in the first day from the glass ionomer-based
materials was probably due to the initial burst effect of the flu-
oride-containing glass particles (2).

All ions, including fluoride, are released in greater amounts
in acid than in neutral conditions. This is associated with in-
creased rates of overall degradation of the glass-ionomer as
indicated by increases in roughness on storage in acid (3,13).
Yusoff et al. (21) compared fluoride-release from CGIC, RMGIC
and compomer in DW and AS. All materials released more flu-
oride in water than AS. In accordance with these studies, in the
present study, fluoride-release from all materials in AS (pH=7,0)
showed significantly lower release rate than DW (pH=5,0) at all
measurement times (p<0.05).

Fluoride ion release after recharge

Studies in the literature have shown that fluoride released from
dental materials decreases over time. Therefore these materials
need to be recharged with fluoride agents at certain intervals
to continue the anticariogenic effects and fluoride-release in
the oral environment. As fluoride-release varies according to
the materials, post-recharge release is dependent on the type
of material and the kind of applied agent (3,15,22).

Abdul-Quader et al. (4) compared the fluoride-release/re-
charge properties of high-viscosity GIC, compomer and gio-
mer. All materials exhibited the ability to recharge with fluo-
ride, and the highest release rate before and after recharge was
seen in high-viscosity GIC. Likewise in our study release rate of
materials after recharge was similar to pre-recharge sequence.
The highest release after recharge was again observed in the
high-viscosity glass ionomer cement, while the lowest was
found in the giomer. Glass carbomer showed higher release
amount than RMGIC in the control and APF groups in the AS.
At other measurement times, RMGIC showed a higher release
amount than glass carbomer in all groups (p<0.05). Lopes et.
al. (23) compared fluoride-release/recharge pattern of high-vis-
cosity GIC, RMGIC, glass carbomer and compomer. In accor-
dance with our results, high-viscosity GIC in their study showed
the highest fluoride release. The released fluoride amounts
from RMGIC and glass carbomer were close to each other be-
fore and after recharge.

All of the materials used in the present study showed more
fluoride-release in DW (pH=5.0) than in AS (pH=7.0) at all mea-
surement times. Naoum et al. (24) evaluated fluoride-release
and recharge properties of four dental materials in DW and
lactic acid. The release of all materials in lactic acid was found
to be higher than in the distilled water groups. The difference
between AS and DW is explained by the fact that increasing the
porosity of the materials in the acidic environment also increas-
es the release of ions.

We found that release rate of all materials increased after re-
charge with APF gel and fluoride varnish. The highest increase
was seen in the fluoride varnish group, which has the high flu-
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oride concentration. Likewise, Fallahinejad-Ghajari et al. (25)
evaluated fluoride-release of three GIC recharged with NaF
and APF gels. Measured fluoride amount from all materials in-
creased after recharge, but the highest increase was observed
in the APF gel group, the group with the high concentration of
fluoride.

Bansal and Bansal (26) examined the fluoride-release and re-
charge ability of restorative materials. They stated that all ma-
terials showed a high level of fluoride in the first measurement,
but then they showed a sharp decrease. In accordance with
these investigators, in our study, all materials showed the high-
est fluoride-release in the second hour after recharge. On the
first day measurement, a sudden drop was detected, and this
decline continued to pre-recharge fluoride values within one
week. The high fluoride amount measured in the first 24 hours
after application of fluoride agents is explained by washout of
fluoride ions that are retained on the surface or in the pores of
the restorative material (3,7).

In the present study, the fluoride-release values of the materi-
als recharged with APF gel and fluoride varnish increased, but
none reached the fluoride values of day one. Materials can't
reach the initial fluoride amount after fluoride recharge, be-
cause of the wearing down of the materials (27).

Antimicrobial effect

Fluoride-release quantities in various materials show the an-
timicrobial capacity of the material. Some researchers report
that the low pH value during the setting reactions of glass ion-
omer cements is more effective on antimicrobial effect than
the fluoride-release and that they do not show any antimicro-
bial activity after setting has been completed (12,28).

In the present study none of the groups showed any inhibition
zones in the agar diffusion tests with set specimens. In accor-
dance with our study, Vermeersch et al. (11) investigated the
antimicrobial effects of GIC, RMGIC and composite on S. mu-
tans by agar diffusion test and compared the effects of set and
unset materials. While none of the set specimens showed anti-
microbial effect, only GIC and RMGIC showed antimicrobial ef-
fect from unset specimens. They suggested there was a signif-
icant relationship between the acidity of the material and the
inhibition zone.

Vermeersh et al. (11) stated that the samples set in the agar ex-
hibited antimicrobial effect. In their study comparing the anti-
bacterial activities of high-viscosity GIC, RMGIC and compomer,
Tiwari et. al. (29) reported that there was no inhibition zone
in the compomer, while an inhibition zone occurred in other
materials. They thought that this result might be related with
dissimilarity in release of fluoride and setting mechanisms.
However in our study, only RMGIC formed an inhibition zone
around the materials that were set in the agar. We thought that
the reason for this result is caused by the difference in setting
reactions. The RMGIC has two-stage setting reaction, the first is
the acid-base reaction, and the second is the light activation.
This mechanism may increase fluoride release and antimicro-
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bial effect during setting reaction. In accordance with the pres-
ent study, Yesilyurt et al. (12) separated the GIC specimens into
two groups, set and unset specimens. After the materials are
set, they didn’t form an inhibition zone, while a small inhibition
zone is formed in unset specimens. Fluoride released from the
materials is thought to be insufficient to generate the inhibi-
tion zone.

Studies indicate the amount of fluoride required to prevent
caries has not yet been determined. The use of long-term fluo-
ride-releasing dental materials should be preferred, especially
in patients with moderate to high risk of caries, until the ideal
fluoride concentration is determined (2,30).

CONCLUSION

In conclusion our results proved that the fluoride release and
recharge capacity of resin-based materials is less than glass
ionomer-based materials. The release rate of the materials is
reduced in AS and glass carbomer can be used as an alterna-
tive to glass ionomer cements in terms of fluoride-release. It
was found that the fluoride amount released from the materi-
als was inadequate to prevent bacterial growth. It is important
to know the physical and mechanical properties of restorative
materials used in pediatric dentistry as well as the fluoride-re-
lease and recharge properties of these materials in clinical ma-
terial choice.
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ABSTRACT

Recent studies imply the effects of micronutrient intake on the
development of several cancers including primary brain cancer
(PBC). The biological effects of vitamin D, a member of the fat-sol-
uble vitamin family acting as a steroid hormone, was carried out
by binding its receptor (VDR) through vitamin D-binding-protein
(VDBP). The present study aims to investigate the effects of vita-
min D levels and VDR rs2228570, VDR rs731236, VDBP 7041 poly-
morphisms on PBC development. The study group consisted of
71 patients and 84 controls. Vitamin D levels were determined
by high-pressure liquid chromatography where polymorphisms
by polymerase-chain-reaction and restriction fragment length
polymorphism methods. The distribution of VDR rs2228570 vari-
ants in PBC and its subgroups were determined as FF>Ff>ff; VDBP
rs7041 variants were TG> GG>TT, however, VDR rs731236 variants
were Tt>TT>tt in PBC and meningioma and TT>Tt>tt in glioma.
Vitamin D levels were measured below normal levels in all pa-
tients and control groups, which shows the deficiency in Turkish
society in line with the literature. Our results show that low serum
vitamin D level may be an individual risk factor in the develop-
ment of brain tumors, however, VDR rs2228570 and rs731236 and
VDBP rs7041 polymorphisms have no effect on the risk of disease
development.

Keywords: Brain tumors, glioma, meningioma, VDR, VDBP, vita-
min D

0z

Son calismalar, mikrobesin aliminin primer beyin kanseri (PBC) da-
hil olmak tizere cesitli kanser turlerinin gelisimi Gzerindeki etkileri-
ne isaret etmektedir. Yagda ¢oziinen vitaminler sinifinda yer alan
ve steroid hormon olarak etki gosteren D vitamini biyolojik etkile-
rini reseptoru (VDR) ile vitamin D baglayici protein (VDBP) aracili-
giyla gerceklestirmektedir. Calismamizda, D vitamini dlzeyleri ile
VDR rs2228570, VDR rs731236, VDBP 7041 polimorfizmlerinin PBC
gelisimi Gzerindeki etkilerinin arastirlmasi amaclanmistir. Calisma
grubu, beyin kanseri tanisi konmus 71 hasta ile 84 saglkl bireyden
olusturulmustur. D vitamini dlzeyi, yluksek basingli sivi kromatog-
rafisi yontemiyle, VDR Fokl (rs2228570), Tagl (rs731236) ve VDBP
rs7041 polimorfizmleri polimeraz zincir reaksiyonu ve restriksiyon
parca uzunluk polimorfizmi yontemleriyle belirlenmistir. Calisma-
mizda VDR Fokl gen varyantlarina ait dagilim primer beyin kanseri
ve alt gruplarinda FF>Ff>ff; VDBP rs7041 varyantlan TG>GG>TT
olarak, VDR Taql varyantlarinin ise primer beyin kanseri ve menin-
giomada Tt>TT>tt, gliomada TT>Tt>tt oldugu tespit edilmistir.
D Vitamini diizeyleri tim hasta gruplarinda ve kontrol grubunda
normal diizeyinin altinda 6l¢tilmus, bu durum Turk toplumundaki
vitamin D duzeylerinin literatlrle uyumlu bir sekilde dislk sevi-
yede oldugunu gostermistir. Calismamiz sonuglari, beyin timorleri
gelisiminde dustk serum D vitamini seviyesinin bireysel bir risk
faktoru olabilecegini, ancak VDR rs2228570 ile rs731236 ve VDBP
rs7041 polimorfizmlerinin hastalik gelisim riskine etkisinin olma-
digini gostermektedir.

Anahtar Kelimeler: Beyin tumorleri, glioma, meningioma, VDR,
VDBP, D vitamini
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INTRODUCTION

Brain tumors account for 1.8% of all cancers worldwide and
constitute 2.3% of cancer-related deaths (1). Although primary
brain tumors possess very heterogeneous pathological mech-
anisms, the contribution of genetic factors to the development
of brain tumors is not completely understood. Recent studies
focus on identifying genetic factors in the risk of cancer devel-
opment due to its importance in choosing appropriate individ-
ual cancer treatment strategies (2). Besides, studies investigat-
ing the relationship between micronutrient intake and cancer
development also attract attention. In fact, vitamin D and its
metabolites have been shown to be associated with various
types of cancer due to their direct potential to impair prolifera-
tive capacity of cancer cells and their anti-cancerogenous and
toxic effects on cancer cells (3).

Vitamin D is a member of the fat-soluble vitamin family, and
acts as a steroid hormone rather than a vitamin because it is in-
corporated into the systemic circulation to effect the target tis-
sue and its circulating amount is regulated by feedback mech-
anisms. Vitamin D is taken either directly through nutrition or
is endogenously synthesized in the body, however, active form
of vitamin D synthesis occurs in two different tissues as liver
and kidneys. Both of the skin synthesized and the dietary forms
of vitamin D are converted to 25-Hydroxy Vitamin D (25-(OH)
D) in the liver, which is the result of the first hydroxylation. The
half-life of 25-(OH)D is 2-3 weeks and its serum level is 1000
times greater than its biologically active form, 1,25-Dihydroxy
Vitamin D (1,25-(0OH),D) metabolite. Thus, 25-(OH)D is the best
measurement parameter for consideration of serum vitamin D
levels. The second hydroxylation of 25-(OH)D metabolites by
the 1 alpha hydroxylase enzyme in the kidney leads to the for-
mation of the active form of vitamin D, 1,25-(OH),D (4).

The biological effect of vitamin D is carried out by binding its
membrane-bound receptor (VDR) through vitamin D bind-
ing protein (VDBP). The direct effects, also known as non-ge-
nomic effects of vitamin D is driven by interacting with VDR.
The engagement with VDR activates intracellular secondary
messengers which leads normal serum levels of calcium and
phosphate, regulation of osteoblastic functions and bone re-
sorption (4,5). On the other hand, transcription factors mediate
the genomic effects as cell proliferation, differentiation, and
apoptosis as well as DNA repair and oxidative stress (5-7).

VDR required for vitamin D function has been shown to be
present in more than 50 tissues including the central nervous
system (CNS) cells as microglia, astrocyte, oligodendrocyte cells
and peripheral nervous system (PSS) cells as Schwann cell nu-
clei which affects the metabolism of brain cells (6,8,9). In vitro
studies in microglia cells confirmed the metabolisation of 25-
(OH)D to 1,25-(OH),D in the brain (10). On the other hand, it is
well-known in vitamin D metabolism that, 24-hydroxylase (CY-
P24A1) inactivates the active form of vitamin D by converting
it to 1,24,25-(0OH);D in a dose dependent manner. In fact, it was
shown in rat primary glia cells that the expression of CYP24A1
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MRNA was increased with the excess amounts of 1,25-(0OH),D,
which points the regulation of vitamin D levels in the brain (11).

VDR protein is a member of the nuclear receptor family. Several
polymorphic sites have been identified on VDR gene. Among
the most common VDR gene polymorphisms on chromosome
12913 which alters the binding capacity of active vitamin D to
VDR, Fokl (rs2228570) and Taql (rs731236) attract attention.
rs2228570 polymorphism on exon 2 leads an amino acid sub-
stitution [thymine(T)—Cytosine(C)] that alters the transcrip-
tional activity of VDR protein by formation of two different
translation initiation region. As for rs731236 polymorphism on
exon 9 a T to C alternation occurs and results in a synonymous
transformation (isoleucine — isoleucine) that affects the mRNA
levels of VDR protein (6,12-15).

VDBP, another important molecule in vitamin D metabolism,
is a glycoprotein acting in various biological functions as fatty
acid transportation, chemotaxis and macrophage activation
(7). Several polymorphic sites have been identified on VDBP
gene localized on chromosome 4q11-q13 including rs7041
and rs4588. Both polymorphisms of VDBP was responsible for
the alteration of binding affinity and/or carrying capacity of
VDBP that affects vitamin D serum levels (16).

Previous studies reported that the disorders of vitamin D me-
tabolism play a central role in the pathogenesis of various dis-
eases by affecting cell homeostasis and growth. Besides, the
effects of VDR gene polymorphisms on various types of car-
cinomas such as breast, prostate and colon have been wide-
ly studied (6,12,13). The present study aims to investigate the
effects of VDR rs2228570, rs731236, and for the first time VDBP
rs7041 polymorphisms and serum levels of vitamin D on the
risk of primary brain cancer development in Turkish society

MATERIAL AND METHOD

Participants

The study group comprised of 71 primary brain cancer patients
followed by Istanbul University-Cerrahpasa Medical Faculty,
Department of Neurosurgery and 84 healthy volunteers with
no signs and no family history of any malignancy.

The present study conformed with the Helsinki Declaration. All
participants in the study signed their written consent prior to the
study. The blood samples were taken only with written informed
consent. The study protocol was also approved by the local ethi-
cal committee (Decree No: 2017/1480) and the Research Fund of
Istanbul University (Project Number: TYL-2018-28203).

Measurement of Serum Vitamin D Levels

High-Performance Liquid Chromatography (HPLC) technique
was used to measure the serum vitamin D levels. HPLC system
(Spectra System, Thermo Scientific, USA). RP C18 analytical col-
umn 250 X 4.6 mm, 5 pm particle size (Knauer, Berlin, Germany)
was used to separate the analytes. The detection was performed
with a UV detector by using commercial vitamin D measure-
ment kit and bi-level controls [Chromogen Grafelfing, Germany]
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according to the manufacturer’s instructions (flow rate = 0.7 ml/
min; column temperature = 25 °C; wavelength = 265 nm).

Genotyping

Genomic DNA (gDNA) was isolated by a commercial DNA pu-
rification kit (Jena Bioscience, Jena, Germany). gDNA was am-
plified by polymerase chain reaction (PCR) and the genotypes
were analyzed with restriction fragment length polymorphism
(RFLP) method as previously reported (12-17). Table 1 shows
the PCR-primer sequences of rs2228570, rs731236 and rs7041
polymorphisms. The PCR products were 272 base pairs (bp) for
VDR Fokl, 347 bp for VDR Taqgl and 482 bp for VDBP rs7041. Ge-
notyping was performed by RFLP method with Fokl, Tagl and
Haelll endonuclease restriction enzymes. The fragments were
then viewed under UV light after staining with ethidium bro-
mide. The fragments of VDR Fokl polymorphism were 272 bp
for wild type homozygous (FF) genotype and 198+74 bps for
mutant (ff) genotype; VDR Taqgl were 347 bp for wild type ho-
mozygous (TT) genotype and 293+54 bps for mutant (tt) geno-
type.; VDBP rs7041 were 482 bp for wild type homozygous (TT)
genotype and 298+184 bps for mutant (GG) genotype.

Statistical Analysis

Statistical analysis was performed using the SPSS software
package (revision 21.0; SPSS Inc., Chicago, IL, USA). Chi-Square
(x2) test and Student’s t-test or One-Way Anova test were used
to compare the frequency of gene variants and identify the
effects on the biochemical activity, respectively. p<0.05 was
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Table 1. The PCR primer sequences of VDR and VDBP gene
polymorphisms.

SNP Primer sequence

VDR s:2228570 5-GATGCCAGCTGGCCCTGGCACTG-3’
(Fokl) 5'-ATGGAAACACCTTGCTTCTTCTCCCTC-3'
VDRrs:731236  5-CAGAGCATGGACAGGGAGCAAG-3’
(Taql) 5’-GCAACTCCTCATGGGCTGAGGTCTCA-3’
VDBP 157041 5'-AAATAATGAGCAAATGAAAGAAGAC-3’

5-TCTACTCATTTCTTTGCTGTTATTG-3’

SNP: single nucleotide polymorphism

considered as statistical significance. The relative risk determi-
nation was estimated by calculating odds ratio (OR) and confi-
dence intervals. Allele frequencies were made according to the
gene counting technique. The figures were obtained by using
GraphPad Prism 6.0 (San Diego, CA, USA).

RESULTS

The study groups were age and sex matched (p>0.05). The con-
trol group comprised of 63.1% females and 36.9% males with
49.3% females, and 50.7% males in the patient group. The mean
age was 40.14+13.18 in the control group, and 42.00+13.43
in the patient group. The baseline of the patients group was
shown in Table 2. Among the glioma and meningioma patients

Table 2. Baseline characteristics of the patients group.

Primary Brain Tumors Glioma Cases Meningioma Cases

Clinical features (n=71) (n=40) (n=31)
Tumor Histology (n,%)

Astrocytoma + Oligoastrocytoma 53 (75.0%) 30 (75.0%) =

Oligodendroglioma 18 (25.0%) 10 (25.0%) -
Tumor Grade (n,%)

Grade | 25 (35.8%) 5(12.1%) 22 (69.5%)

Grade | 22 (30.4%) 16 (39.4%) 5(17.4%)

Grade lll 14 (19.6%) 9 (24.2%) 4 (13.1%)

Grade IV 10 (14.3%) 10 (24.3%) =
Tumor Localization (n,%)

Right Hemisphere 36 (51.1%) 22 (53.3%) 4 (11.7%)

Left Hemisphere 32 (44.7%) 18 (46.7%) 14 (47.1%)

Midline 3 (4.3%) = 13 (41.2%)
Necrosis Pathology (n,%)

present 38 (52.9%) 21 (52.9%) -

absent 33 (47.1%) 19 (47.1%) -

Vascular Endothelial Proliferation (n,%)

present

56 (78.9%)

32 (78.9%)

absent

15 (21.1%)

8(21.1%)

The difference between the groups was analyzed by Chi square (X?) test for valu

es with percentage (%).
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group, the frequency of cases with advanced tumor grade (Il
+ IV) was lower than early-stage patients (I + II) (48.5%—51.5%
and 13.0%—87.0%, respectively), as well as primary brain can-
cer (66.1% — 33.9%) (data not shown).

The genotype and allele frequencies of VDR rs2228570 and
rs731236 and VDBP rs7041 polymorphisms in primary brain
cancer patients, meningioma and glioma cases, and controls
were shown in Table 3. No significant relations were found be-
tween the risk of primary brain cancer and VDR or VDBP poly-
morphisms (p>0.05). The difference between VDR rs2228570,
rs731236 or VDBP rs7041 variants and clinical parameters of
primary brain tumors (Table 4) and glioma or meningioma
(data not shown) were also not significant (p>0.05).

Figure 1 shows the comparison of vitamin D (25-hydroxyvita-
min D, 25-(OH)D) serum levels among the study groups. The
means of serum 25-(OH)D levels in primary brain cancer, glio-
ma and meningioma patients versus controls were 14.33+1.20
ng/ml, (p=0.042), 13.09+1.69 ng/ml (p=0.039), 15.74+1.66 ng/
ml (p>0.05) and 18.75+1.81 ng/ml, respectively. However, no
significant differences were observed between vitamin D se-
rum levels and clinical parameters as sex, necrosis pathology,
vascular endothelial proliferation, sex and advanced or early
tumor grades (data not shown, p > 0.05).
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The serum levels of 25-(OH)D among VDR rs2228570, rs731236
and VDBP rs7041 variants in primary brain cancer patients and
controls were shown in Figure 2. The difference in the levels of
vitamin D among VDR and VDBP variants was not significant,
except heterozygous VDR Fokl genotype, Ff (p=0.047).

=3 Controls
El Primary Brain Cancer
Bl Glioma
30+ .
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Figure 1. Serum levels of 25-(OH)D in the study groups.
Unpaired student’s t test was used to estimate the difference
between the groups.

Table 3. The distribution of VDR rs2228570 and rs731236, and VDBP rs7041 genotypes and alleles in the whole study groups.

Genotypes and Alleles Control Primary Brain Tumors Glioma Cases Meningioma Cases
(n,%) (n=84) (n=71) (n=40) (n=31)
VDR rs2228570 FF 41 (48.8%) 37 (52.1%) 20 (50.0%) 17 (54.8%)
(Fokl) Ff 32(38.1%) 25 (35.2%) 16 (40.0%) 9 (29.0%)
ff 11 (13.1%) 9 (12.7%) 4 (10.0%) 5(16.2%)
F Allele 114 (67.9%) 99 (69.7%) 56 (70.0%) 43 (69.4%)
f Allele 54 (32,1%) 43 (30.3%) 24 (30.0%) 19 (30.6%)
VDR rs731236 TT 31 (36.9%) 29 (40.8%) 18 (45.0%) 11 (35.5%)
(Taql) Tt 40 (47.6%) 32 (45.1%) 16 (40.0%) 16 (51.6%)
tt 13 (15.5%) 10 (14.1%) 6 (15.0%) 4 (12.9%)
T Allele 102 (60.7%) 90 (63.4%) 52 (65.0%) 38 (61.3%)
t Allele 66 (39.3%) 52 (36.6%) 28 (35.0%) 24 (38.7%)
VDBPrs7041  TT 9 (10.7%) 8(11.3%) 5(12.5%) 3(9.7%)
TG 49 (58.3%) 43 (60.6%) 25 (62.5%) 18 (58.1%)
GG 26 (31.0%) 20 (28.2%) 10 (25.0%) 10 (32.3%)
T Allele 67 (39.9%) 59 (41.5%) 35 (43.7%) 24 (38.7%)
G Allele 101 (60.1%) 83 (58.5%) 45 (56.3%) 38(61.3%)

Chi-square test was used to compare genotypes in the study group. For determining allele frequencies gene count method was used. n, number of individuals;

p<0.05 denoted statistical significance.
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Table 4. The distribution of clinical features according to VDR rs2228570 and rs731236, and VDBP rs7041 variants in primary brain tumor patients group.

VDBP

VDR Taql

Tt
Genotype

VDR Fokl

Ff
Genotype

GG
Genotype

GT

Genotype

T
Genotype

tt

ff T
Genotype Genotype

Genotype

FF
Genotype

Clinical features

p value

p value

p value

59.3% 25.9%
66.7% 22.2%

14.8%
11.1%

18.5%
11.1%

44.4%
33.3%

37.1%
55.6%

11.2%
11.1%

44.4%
22.2%

44.4%
66.7%

A+OA (n=53)
OD (n=18)

Tumor Histology

52.4% 33.3%

14.3%

47.6% 14.3%

38.1%

28.6% 9.5%

61.9%

=25)

I(n

52.9% 35.3%

11.8%

52.9% 5.9%

41.2%

35.3% 17.6%

47.1%

=22)

Il (n

0.916

0.649

0.921

Tumor Grade

72.7% 9.1%

18.2%

54.5% 9.1%

36.4%

36.4%

66.3%

=14)

1 (n

62.5% 25.0%

12.5%

37.5% 37.5%

25.0%

37.5% 12.5%

50.0%
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Chi-square test was used to compare variants in the study groups. n, number of individuals; p<0.05 denoted statistical significance; A, Astrocytoma; OA, Oligoastrocytoma; OD: Oligodendroglioma.
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Figure 2. The serum levels of 25-(OH)D among VDR
rs2228570 Fokl, rs731236 Taql and VDBP rs7041 variants in
primary brain cancer patients and controls. Student’s t and
Anova tests were used to evaluate the difference between
and within the groups. *is donated as statistical significance
of Ff genotype between primary brain cancer patients and
controls.

DISCUSSION

Primary brain tumors are one of the most common types
among the cancer cases in the world (1,17). In Turkey, it was
reported that brain cancer constitutes ~2% of all cancer types
in 2017 and said to be in the top 10 cancers (18). Although the
exact mechanism of the formation of brain tumors was not ful-
ly understood, environmental factors such as exposure to toxic
chemicals or ionizing radiation, nutritional behaviors as micro-
nutrient intake including vitamin D and genetic predisposition
are some of the risk factors for the risk of primary brain tumor
development (4,5,13).

Vitamin D, found in the 1800s, was shown to have important
functions such as the regulation of calcium balance, bone
metabolism and more recently in cancer progression and de-
velopment by its genomic effects as the regulation of cell pro-
liferation, differentiation and apoptosis, DNA repair, oxidative
stress and cellular metabolism through transcription factors
(4-7,19). In 2008, a report showing the evidence of the causal
link between vitamin D and cancer was published by the in-
ternational cancer research center. Vitamin D is considered to
be among the steroid hormones that regulate cell functions
such as cell proliferation and differentiation. The effect of active
form of vitamin D, 1,25-(OH),D, on cell growth and differenti-
ation of cancer cells makes this molecule a candidate marker
in the regulation of tumor cells (20). Several studies reported
the vitamin D-inhibition of proliferation and differentiation of
malignant cells in various tissues such as breast, colon, skin,
lung and brain (3,21-29). It has been conducted that high lev-
els of 25-(OH)D, a vitamin D storage form, are associated with
low incidence in various types of cancer (3,21-29). In fact, Shi
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et al. showed lower levels of 25-(OH)D (<20 ng/ml) in 71.6% of
patients diagnosed with breast cancer (25). Mezawa et al. re-
ported significant relationships between colorectal cancer and
vitamin D insufficiency (26). Moreover, Atoum et al. reported a
19.2 fold increased risk with vitamin D insufficiency (<10 ng/ml)
in colorectal cancer patients (15). On the other hand, in a me-
ta-analysis on optimal serum 25-(OH) D levels to protect from
colorectal cancer, Gorham et al. reported that colorectal pa-
tients with optimal 25-(OH)D (33 ng/ml) serum levels possess
50% decreased cancer risk compared to patients with <12 ng/
mL 25-(OH)D (27). In contrast to these studies, in a case-control
study among 200 patients diagnosed with lung cancer and a
control group of 400 people conducted by Gromowski et al.,
the average 25-(OH) D levels of lung cancer patients has been
reported as 17.1 ng/ml while it was 17.2 ng/ml in the controls,
and the study concluded as serum vitamin D levels do not af-
fect the development of lung cancer (28).

Ogus et al. evaluated the serum vitamin D levels in the Turk-
ish population and reported the average vitamin D levels as
22.80+13.27 ng/ml (22.49+13.88 in women, 23.73£10.57 ng/
ml in men). According to their study conducted on 2012, at
least 24% of women, 29% of men and 25% of the whole pop-
ulation have optimal serum vitamin D levels (29). In our study,
the mean 25-(OH)D level of the control group consisting of
84 people was measured as 18.75+1.81 ng/ml, while it was
14.334£1.20 ng/ml, (p=0.042) in primary brain cancer patients,
13.09+1.69 ng/ml (p=0.039) in glioma patients and 15.74+1.66
ng/ml (p>0.05) in meningioma patients. Holick et al. classified
vitamin D levels as deficient (<20 ng/ml), insufficient (21-29
ng/ml) and adequate (> 30 ng/ ml) (30). Accordingly, vitamin
D deficiency is observed in the entire study group, since both
the control group and the patient group have 25-(OH)D levels
below 20 ng/ml. Our results are compatible with Ogus et al.
(29). Despite contradictory reports related to Vitamin D and
cancer risk in the literature, in our study, when evaluated for
primary brain cancer and its subgroups, glioma and meningi-
oma, our results revealed that vitamin D levels may have an
independent effect on primary brain cancer and glioma de-
velopment.

The biological effect of vitamin D was triggered by binding its
specific receptor, VDR. While VDR is an important molecule in
multiple pathways such as insulin growth factor (IGF), it also
involves in inflammation and estrogen-related pathways that
may be associated with cancer prognosis (3). In many stud-
ies, the effect of VDR gene polymorphisms has been shown
in the development of various cancer types including breast,
brain, prostate and colorectal cancer (3,6,12-15,18-28). One
of the common VDR gene polymorphisms in exon 2 is Fokl
(rs2228570) polymorphism which leads in an alternative
transcription initiation site by the substitution of cytosine (C)
thymine (T) and alters the activity of the VDR protein. On the
other hand, in Taql (rs731236) polymorphism of exon 9, anoth-
er well-known polymorphism, a T—C nucleotide substitution
(ATT—ATC) leads to a silent mutation (isoleucine — isoleucine)
in codon 352 affecting the secondary structure of the RNA
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transcript (12-15). Studies have reported that VDRs localized in
neuronal and glial cells affect the metabolism of brain cells and
alter VDR expression (31,32).

The potential effect of vitamin D on cancer treatment was first
described in myeloid leukemia cells (33), and latter synthetic
vitamin D analogs have been proposed for use in the treatment
of central nervous system tumors. In fact, phase Il clinical tri-
als have been associated with the positive effects of vitamin D
treatment on glioblastoma cells (33-36). It has been reported
that increased vitamin D production in glioma cells after treat-
ment may regulate cell proliferation (31). Many studies have
also noted the effect of VDR polymorphisms on various types
of cancer.

Inthe case-control study of Moossavietal.,VDR-Fokl (rs2228570)
ff genotypes (OR=4.31, 95%Cl: 2.99-6.22, p=0.0001,) and f al-
lele (OR=4.83, 95%Cl: 0.99-23.8, p=0.035) were found to have
a high risk of colorectal cancer (37). Yilmaz et al. reported no
association between brain cavity and VDR-Fokl variants in pedi-
atric brain cancer patients diagnosed with malignant brain tu-
mor (38). In study of Tang et al. conducted with 5284 cases and
7500 control groups in Europe, a significant increase in breast
cancer risk and VDR-Fokl polymorphism variants was report-
ed (39). Toptas et al. reported a positive correlation between
meningioma patients and VDR-Fokl variants in brain cancer
patients (p=0.004) in contrast to glioma patients (p>0.05) (3).
In the present study, the relationship between polymorphisms
in VDR Fok-l and Tag-l and brain cancer risk was evaluated. The
distribution of genotype variants of VDR Fokl polymorphism in
primary brain tumors and its sub-groups, glioma and meningi-
oma were found as FF> Ff> ff, respectively. The order of geno-
type frequencies in the control group was similar to that of the
patient group. No significant association was found between
VDR Fokl polymorphism and brain cancer development. Be-
sides, the serum levels of 25-(OH)D does not correlate with VDR
Tagl genotypes in patients and control groups except Ff gen-
otype which was found to be lower in brain cancer patients.
Our results partially comply with the results of previous studies
(3,38). Our findings indicate that, in meningioma patients, con-
trary to the study of Toptas, there is no relationship between
the development of meningioma and rs2228570 variants; how-
ever, our results in glioma patients are similar to those of Top-
tas (3) and Yilmaz (38) et al.. Since this different result may be
related to the inadequate number of specimens belonging to
the meningioma patient group, which is the subtype of prima-
ry brain cancers in our study group, it may be useful to re-ex-
amine the number of patients by expanding the number of the
samples and the experiments in which the situation comprise
the primary limitation of our study for detection of the risks in
cancer subgroups.

In the study of Toptas et al. which was conducted on patients
diagnosed with brain cancer in the Turkish population, VDR-
Taql (rs731236) polymorphism variants were also examined
in meningioma and glioma patients. The findings stated that
there was no significant relationship (p>0.05) (3). Similarly, the
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study of Yilmaz et al. found no association between brain tu-
mors and VDR-Tagl polymorphism variants in pediatric brain
cancer patients (38). In colorectal cancer patients, Moossavi et
al. also showed any significant difference for VDR-Tagl variants
(37). In contrast to these studies, Tang et al. reported a signif-
icant relationship between breast cancer and VDR-Taql, Bsml
and Apal polymorphisms variants (39). In the study of Chen
et al. published in 2018, the distribution of VDR-Tagl polymor-
phism in prostate cancer indicated that there was an associa-
tion with Asians and especially with Japanese population (40).
In our study, while the order of VDR Taql variants was found as
Tt> TT> tt in primary brain cancer and meningioma patients,
and TT> Tt> tt in glioma patients vs Tt> TT> tt in controls, no
relation was found between VDR Taqgl variants and primary
brain cancer, glioma and meningioma patients. In addition,
the lack of a significant relationship between the 25-(OH) vi-
tamin D level and the VDR Taql gene variants indicates that
there is no relationship between VDR Taq polymorphism and
brain cancer.

VDBP, which plays a very important role in vitamin D metab-
olism, is a glycoprotein that carries vitamin D metabolites in
the blood. VDBP, which is high in the blood, is required to carry
vitamin D to many tissues and prevent the occurrence of var-
ious diseases (7,16). Although VDBP has been shown to have
more than 120 variants, two important phenotypic alleles have
been widely studied as VDBP rs7041 which causes an amino
acid change (aspartic acid — glutamic acid) in codon 416 and
VDBP rs4588 causes threonine to lysine change in codon 420
(7,16,14). Zhou et al. reported no association between VDBP
rs7041 polymorphism and gastrointestinal, colorectal, gas-
tric, esophageal and hepatocellular cancers (14). In contrast,
Baykara et al. indicated a significant relation with lung cancer
(41), as Anderson et al. in breast cancer (42). In our study, VDBP
rs7041 distribution was found as TG> GG> TT. GG> TT in the
whole patients’ groups and controls. Our results showed any
association between VDBP rs7041 polymorphism and the risk
of the development of brain tumors similar to several reports
in the literature. On the other hand, the lack of any association
between VDBP variants and vitamin D serum levels indicates
the existence of no correlation with brain tumors. To our knowl-
edge, our findings of VDBP rs7041 are the first results in brain
tumors in Turkish population which fills the gap in this subject.

Prospective and retrospective studies in the literature indicates
that 25-(OH)D levels lower than 20 ng/mlincrease the mortality
rates by 50% in several cancer types (43). Low life expectancy
was also indicated in patients diagnosed with cancer due to vi-
tamin D deficiency. Vitamin D, of which the levels were affected
by dietary habits, exposure to sunlight, seasonal changes, sex,
age, malabsorption disorder, and the use of certain medications
that affect absorption, has different survival roles in vital mech-
anisms through its blood levels via genomic and non-genomic
functions as acting as anti-inflammatory, anti-oxidant, as well
as playing part in DNA damage repair, apoptosis, autophagic
cell death, anti-proliferation and differentiation (4,5,19,20,44).
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CONCLUSION

In conclusion, our results showed that polymorphisms in the
vitamin D receptor (rs2228570 and rs731236) and binding pro-
tein (rs7041) have no effect on the development and prognosis
of brain tumors. However, lower serum levels of vitamin D may
be an independent risk factor for the development of glioma
and primary brain cancer. On the other hand, in line with the
literature, vitamin D levels in Turkish society were low as it was
measured below normal levels as <20 ng/mL in both patient
group and control group.
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Amag: Behcet hastaligi (BH) genel olarak tekrarlayan oral aftlar, ge-
nital Glserasyonlar, deri lezyonlari ve liveit ile karakterize olan kronik
inflamatuar bir hastaliktir. BH'nin etiyopatogenezini aydinlatmayi
hedefleyen pek ¢ok genetik calisma bulunmaktadir. Bu calismada
IL-10'da bulunan rs1554286 tek nukleotid polimorfizmi (SNP) ve IL-
10 gen ekspresyonunun BH'Inda incelenmesi amaglanmistir.

Gereg ve Yontem: Bu calismada DNA ve RNA izolasyonu icin Beh-
cet Hastalar (n=45) ve saglikli kontrollere (n=28) ait kan ornekleri
toplanmis ve rs1554286 SNP genotiplemesi gercek zamanli PZR ile
calisiimistir. Yeterli miktarda RNA elde edilen 6rneklerden (29 BH,
23 saglikh kontrol) cDNA elde edilerek IL-10 gen ekspresyonu ya-
pilmistir.

Bulgular: /L-10 geni ekspresyon ve SNP genotiplemesi sonucunda
BH ve saglikli kontroller arasinda istatistiksel olarak anlaml bir so-
nu¢ bulunmamistir.

Sonug: Behcet hastalari ve saglikl kontroller arasinda IL-10 geni
ekspresyon ve SNP genotiplemesi karsilastirmasi yapilan calis-
mamizda iki grup arasinda fark saptanmamistir. Bu durum c¢a-
lismamizdaki 6rneklem sayisinin azligi nedeniyle ortaya cikmis
olabileceginden daha ytksek 6rneklem sayili calismalara ihtiyag
duyulmaktadir.

Anahtar Kelimeler: Behcet hastaligi, IL-10, rs1554286

GiRiS

Behcet Hastaligi (BH), Tirk dermatolog Hulusi Behcet ta-
rafindan ilk kez 1937 yilinda tekrarlayici oral aft, genital
Ulserasyon ve Uveit ile birlikte ¢ semptomlu kompleks bir
hastalik olarak tarif edilmistir. BH tanisi, bircok tlkeye gore
farkhhklar gostermekle beraber tanisi ancak tani kriterleri
kullanilarak konulmaktadir (1,2).

ABSTRACT

Objective: Behget's disease (BD) is a chronic, recurrent and in-
flammatory disorder characterized by oral and genital aphthous
ulcerations, uveitis, skin lesions and skin pathergy reaction. There
are many genetic studies focused on determining BD etiology.
In this study, we aimed to investigate IL-10 gene expression and
rs1554286 single nucleotide polymorphism (SNP) which is located
in IL-10 gene.

Material and Method: In this study, the blood specimens of BD
patients (n=45) and healthy controls (HC) (n=28) were collected for
RNA and DNA extraction. We genotyped rs1554286 from the DNA
samples (45 BD, 28 HC) using real time PCR. We identified the IL-10
gene expression levels from cDNA samples of patients with suffi-
cient sample amounts (29 patients with BD and 23 HCs).

Results: We compared the expression levels of /L-10 gene and also
genotyping analysis, and no significant difference was observed
between BD patients and HC.

Conclusion: In our study, which compared IL-710 gene expression
and SNP genotyping between Behcet patients and healthy con-
trols, no difference was found between the two groups. Since this
may have occurred due to the low number of samples in our study,
studies with higher sample numbers are needed.

Keywords: Behcet's disease, IL-10, rs1554286

Kronik inflamatuar bir bozukluk olarak bilinen BH'nin eti-
yolojisi bilinmemektedir. BH'na genetik yatkinlik gésteren
bireylerde goriilen immiinolojik anormalliklerin nedeninin
mikrobiyal patojenler oldugu ileri striilmektedir. BH'nda
artmis monosit ve lenfosit sitokin sekresyonu, 6zellikle Th1
tipi proinflamatuar sitokinlerin artmis ekspresyonu, genel-
likle BH'nin aktif doneminde belirgindir. Bunun yaninda
Behcet hastalarinda gériilen oligoklonal T hiicre genisle-
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mesi, BH'nin immiinopatogenezinde gérilen immin yanitin
antijen kaynakl oldugunu gostermektedir (3).

insan genomu, topluluklar arasinda gériilen genetik farkliliklar,
hastaliklara yatkinlk, duyarlilik ve direncten sorumlu, fenotipte
degisikliklere neden olan milyonlarca tek niikleotid polimorfiz-
mi (SNP) ve kopya sayi degisiklikleri (CNV) icermektedir. Epide-
miyolojik ve biyomedikal arastirmalar, farkh topluluklarda hasta
bireyler ve saglikh kontroller arasindaki SNP farkliliklarini ortaya
koymaktadir. Bu farkhliklarin ortaya ¢ikmasi ve hastaliklara yat-
kinliga neden olan genlerin belirlenmesi icin baglanti analizi
calismalari yapilmaktadir. 2005 yilinda Karasneh ve arkadaslari-
nin, HLA disi lokuslardaki BH'ye yatkinlik genlerinin belirlenmesi
amaciyla ¢oklu ailelerde uyguladiklari ilk tim genom baglanti
analizi calismasinda, 12p12-13 ve 6p22-24 lokuslarini hastaliga
yatkinlkta en gii¢li aday bolgeler olarak géstermis ve bu calis-
mada ilk kez BH icin 14 potansiyel yeni lokus belirlenmistir (4).

Bugiine kadar BH genetik yatkinhgi ile ilgili bircok genom boyu
iliskilendirme (GWAS) calismalari yapilmistir. Bu calismalarda
Japon, Tirk, Cin ve diger topluluklarda, BH ile IL23R-IL12RB2,
IL10 ve STAT4 gibi lokuslarda yer alan SNP'ler iliskilendirilmistir
(5,6,7,8).

2010 yilinda Mizuki ve arkadaslarinin Japon toplumunda ve
Remmers ve arkadaslarinin ise Tiirk toplumundaki Behcet has-
talan ile yirittiigi iki Genom Boyu iliskilendirme Analizleri
(GWAS) calismasinin sonuclarina gore; Mizuki ve arkadaslari-
nin BH grubundaki ¢alismasinda; kromozom 1p31.3' te, IL23R-
IL12RB2 lokuslarinin intergenik bolgesinde yer alan rs12119179
ve 1932.1de IL-10 lokusunun 3. intronunda lokalize olan
rs1554286 tek niikleotid polimorfizmleri BH ile iliskili olarak
belirlenmistir. Bu c¢alismanin replikasyon asamasinda, Rem-
mers ve arkadaslarinin Turk toplumunda calistigi 6rnekler ve
Koreli Behcet hasta 6rnekleri, anlamlilik degerine ulasan 3 SNP
(IL23R-IL12RB2'de rs1495965; IL-10'da rs1800872 ve rs1800871)
icin taranmis ve IL23R-IL12RB2 bolgesindeki rs1495965, Tirk
toplumunda BH ile iligkili bulunmus fakat Korelilerde anlamli-
hda ulagmamistir. Bu calismada, rs1495965'in hastalikla iliskili
alelinin her t¢ toplulukta da BH icin artmis risk aleli oldugu gos-
terilmistir. IL-10 bolgesindeki her iki SNP ise; hem Tiirk ve Ko-
relilerde yapilan replikasyon calismasinda, hem de meta analiz
sonucunda en anlamli iliskiyi gostermistir (5).

Turk toplumundaki GWAS calismasinda; Japon toplumunda yu-
ratdlen calismada tanimlanmis olan /L-70 ve IL23R-IL12RB2 bol-
geleri tekrar detayl haritalanmis, IL-10 lokusunda rs 1518111 ve
IL23R-IL12RB2 lokusunda rs924080 SNP’leri BH ile iliskili varyant-
lar olarak belirlenmistir (p<0.0001). Bu ¢calismada ek olarak, IL-10
geninde bulunan rs1518111 haplotipini heterozigot tasiyan se-
kiz saglikli kisinin monositlerinden izole edilmis pre-mRNA lar-
da, her iki alelin (hastalik ile iliskili kopya ve normal alel kopyasi)
rolatif ekspresyon farkhligi dl¢llerek alelik dengesizligi belirlen-
mistir. Sekiz kisinin hepsinde rs1518111 A* alelinin pre-mRNA
transkripti, G alelini tasiyan transkriptler ile karsilastirldiginda,
A* aleli diislik seviyelerde bulunmustur (A: hastalikla iliskili alel,
G: normal alel). Ozellikle anti-inflamatuar bir sitokin olan IL-
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10'un disuk seviyede liretimine neden olan genetik varyasyon-
larin BH patogenezinde gelisen inflamasyon ile iliskili oldugu ve
hastaliga yatkinlik riskini arttirdigi gosterilmistir (6).

Remmers ve arkadaslarinin BH genom boyu analiz calismasin-
da, IL-10 bolgesindeki varyasyonlarin ve hastalikla iliskili haplo-
tipe sahip alel kopyasinin IL-10'u ¢cok diisiik seviyelerde ekspre-
se ettigi bulunmus ve IL-10’un diisiik doz Gretimine neden olan
genetik varyasyonlarin BH patogenezinde gelisen inflamasyon
ile iliskili oldugu ve hastahga yatkinlk riskini arttirdigi gosteril-
mistir. Behcet Hastalarinin kullandigi ilaglar, calisilan bdlgedeki
genlerin ekspresyonlari lzerinde degisikliklere neden olabi-
leceginden dolayi, Behcet hastalarinda belirlenen hastaliga
yatkinlik bolgelerindeki varyasyonlarin ekspresyon calismalari
icin bu varyasyonlara sahip olan ve olmayan saglikli génilluler
tercih edilmistir. IL-10 aktivitesinin BH'nda 6nemli rol oynadigi
gosterilmistir (6). Bu iliskinin altinda otoantikor gelisim meka-
nizmalarinin yatiyor olmasi mimkindir. Bu calismada /L-70
geni lizerinde yer alan rs1554286 SNP'nin ve /L-10 ekspresyo-
nunun BH'nda incelenmesi amaglanmistir.

GEREC VE YONTEM

Hasta ve Kontrol Grubu

Bu calismada 1.U., L.T.F. Néroloji Anabilim Dali, ic Hastaliklari
Anabilim Dali ve Romatoloji Bilim Dal’'nda BH tanisi ile izlenen
ve tedavi edilen, yas araligi 18-55 olan toplam 45 hasta ve aile-
sinde veya kendisinde BH tanisi konulmamis 28 saghkh birey
kontrol olarak degerlendirilmistir.

Calismamizda kullanilan érnekler icin I.T.F. Klinik Arastirmalar
Etik Kurul (1033 sayili 25.06.2012 tarihli) onayi alinmistir.

Ornekler toplanirken géniillii bilgilendirme formu imzalatilmis
olup, ornekler -80°C'de ¢alisma icin saklanmistir.

DNA izolasyonu
Tuz ¢oktlirme metodu ile DNA izolasyonu yapilmis ve elde edi-
len DNA'lar kullanilana kadar -20°C'de saklanmistir.

RNA izolasyonu

Hasta ve saglikli kontrollerden EDTA'll tiip icerisine alinan pe-
riferik kan 6rneklerinden “RNeasy Mini Kit” ile RNA izolasyonu
gerceklestirilmis ve RNA konsantrasyonu ve kalitesinin tayi-
ni icin spektrofotometre (nd-1000, NanoDrop Technologies,
Inc., Wilmington, USA) kullanilmistir. Ornekler calisilana kadar
-80°C'de muhafaza edilmistir.

cDNA Sentezi

Elde edilen RNA 6rneklerinden High Fidelity cDNA sentez kiti
(Roche) kullanilarak cDNA sentezi yapilmistir. Ornekler son
konsantrasyon degeri 500 ng/ul olacak sekilde sulandiriimis ve
her bir 6rnek icin asagida verilen miktarlar kullanilarak karisim
hazirlanmistir. Daha sonra; 45°C 30 dk ve 85°C 5 dk inkiibe edi-
lerek -20°C'de calisincaya kadar saklanmistir.

IL-10 Geni Ekspresyonu
IL-10 geni kantitatif ekspresyon ol¢imi icin gercek zamanl
kantitatif polimeraz zincir reaksiyonu (PZR) (LightCycler, Ro-
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che Diagnostics GmbH, Germany) kullanilmistir. Arastirilacak
olan genlerin ifade diizeyleri sayisal olarak 6l¢ctilmustir. Her bir
genin konsantrasyonu "Light cycler" programi ile belirlenmis.
IL-10 ve GAPDH (house-keeping) geni icin kullanilan primer di-
zileri Tablo 1'de verilmistir. IL-10'nun anlatim miktarini rolatif
olarak hesaplamak icin “AACt yontemi” kullaniimistir.

rs 1554286 SNP Genotiplemesi
SNP genotiplemesi icin gercek zamanli PZR (LightCycler, Roc-
he Diagnostics GmbH, Germany) kullaniimistir. Arastinlan rs
1554286 numarali SNP'nin erime egrisi (melting curve) analizi
ile genotiplendirilmesi yapilmistir. rs 1554286 icin kullanilan re-
ferans dizisi Tablo 2'de verilmistir.

istatistiksel Hesaplamalar

Gen anlatimi ve genotiplemenin ¢alisma gruplari arasindaki
farki, Student'’s t ve ki-kare testi kullanilarak yapilmis ve p<0.05
degeri anlamli kabul edilmistir. istatistiksel analiz icin Graph-
pad Prism 8 programi kullaniimistir.

BULGULAR

IL-10 geninin mRNA ekspresyonlarinin hasta ve saglikl
kontrol gruplari arasinda karsilastirilmasi

Yapilan istatistiksel analizde, hasta bireylerin I6kositlerinde
IL-10 ekspresyon diizeylerinin saglikh bireyler ile karsilastiriima-
sinda anlamli bir farklilik gézlenmemistir (p=0.463) (Sekil 1).
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Sekil 1. mRNA ekspresyon diizeyi.

Genotipleme sonuclarinin hasta ve saglikli kontrol gruplari
arasinda karsilastiriimasi

Yapilan istatistiksel analizde, hasta bireylerin rs1554286 SNP
alel ve genotipleme sikliklari saghkh bireyler ile karsilastiriimis
ve ki-kare testi sonucunda anlamli bir farklihk gézlenmemistir
(Tablo 3).

Tablo 1. Gercek zamanl kantitatif PZR'de kullanilan hedef ve referans genlerin primer dizileri

Gen adi Forward Primer Reverse Primer Uriin Bant Uzunlugu
IL-10 gat gcc ttc agc aga gtg aa gca acc cag gta acc ctt aaa 105 bg
GAPDH ccc cgg ttt cta taa att gag c cac ctt ccc cat ggtgtc t 127 bg
Tablo 2. rs1554286 referans dizisi
GGCGCTGTGTAAGTAGCAGATCAGTT [ C/T ] TTTCCCTTGCAGCTGCCCCCAAAAT
Tablo 3. rs 1554286 SNP alel ve genotipleme dagilimi

Behcget Hastasi Saghkl Kontrol
Genotip n (%) n (%) p degeri
CcC 22 (49) 14 (50) 1.0
TC 15 (33) 12 (43) 0.46
1T 8(18) 2(7) 0.71
Toplam 45 28

Behcet Hastasi Saglikl Kontrol
Alel n (%) n (%) p degeri
C 59 (65.6) 40 (71.4) 0.27
T 31 (34.4) 16 (28.6)
Toplam 90 56
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TARTISMA

Bugline kadar farkl topluluklarda, BH'nda IL-710 gen ekspreyon
seviyelerinin ve farkli IL-710 SNP’lerinin incelendigi bircok calisma
bulunmaktadir. Bu calismada, Tiirk Behcet hastalarinda da bulu-
nan rs1554286 SNP'si ve IL-10 ekspresyonu arastiriimistir.

Remmers ve arkadaslarinin BH GWAS calismasinda, /L-710 bol-
gesindeki varyasyonlarin, ve hastalikla iliskili haplotipe sahip
alel kopyasinin IL-10'u ¢ok dislik seviyelerde eksprese ettigi
bulunmus ve IL-10°un disiik doz Uretimine neden olan genetik
varyasyonlarin BH patogenezinde gelisen inflamasyon ile iliskili
oldugu ve hastaliga yatkinlik riskini arttirdigi gosterilmistir (6).
Ayrica Remmers ve arkadaslarinin yapmis oldugu calismada,
IL-10 geni Uzerinde bulunan rs1518111 SNP'nin, saglikh kont-
rollerin monosit hiicrelerinde IL-10 geni ekspresyon seviyesi
incelenmistir. Genin ekspresyon seviyeleri saghklilarin A ve G
alelleri ile karsilastirildiginda, G aleline sahip olan sagliklilarda,
A aleline sahip olan saglikhlara gore yuksek ekspresyon seviyesi
g6zlenmistir. A/G degisimi BH ile iliskilendirilmis ve antiinflama-
tuar hastaliklarda artan IL-70 geni seviyeleri bildirilmistir (5). Bu
calismada, Behcet hastalarinin /L-70 mRNA ekspresyon seviyele-
ri saglikli bireyler ile karsilastiriimis ve anlamli bir sonug elde edi-
lememesine ragmen hasta grubunda saglikli gruba gore artan
bir ekspresyon seviyesi gdzlenmistir.

Afkari ve arkadaslarinin iranli Behcet hastalarinda yaptiklari calis-
mada /L-10 geninde yer alan rs1800872 incelenmis, IL-10 gen eks-
presyonu ve IL-10 serum seviyeleri calisilmistir. rs1800872 A aleli
Behcet hastalarina kiyasla kontrollerde anlamli olarak daha az
gorllmus ve IL-10 gen ekspresyon seviyesinin de kontrollere gére
Behcet hastalarinda azalmis oldugu belirlenmistir. Bu calisma-
da rs1800872 A alelinin IL-10 gen ekspresyonunu dizenleyerek
BH'da genetik yatkinliga neden olacagi sonucuna varilmistir (9).

Yu ve arkadaglarinin Cinli Behget hastalarinda yaptiklart GWAS
tekrar calismasinda ise daha onceki calismada belirlenmis 26
aday SNP incelenmis ve /L-10'da rs1800871 ve IL23R-IL12RB2 bdl-
gesinde yer alan rs924080 SNP'leri dogrulanmistir. Bu calismada
ayni zamanda IL-10 geni ve IL23R-IL12RB2 bolgesinde iki yeni yat-
kinlik SNP’i (rs3024490 ve rs12141431) daha belirlenmistir. Ayni
zamanda ¢alismada /L-10'da yer alan rs3024490/TT genotipini ta-
styanlarda azalmis IL-10 gen ekspresyonu gézlenmistir (10).

Alipour ve arkadaslarinin iranli Behcet hastalarinda yaptiklari
bir calismada, IL-10 ekspresyon seviyelerinin BH hastalarinda
kontrole kiyasla diisiik oldugunu ve IL-10 geni promoter bdl-
gesindeki metilasyonun IL-70 mRNA seviyesi diislik olan hasta
grubunda yiksek oldugunu belirlemis ve IL-70 geni promoter
hipermetilasyonunun dusik /L-70 mRNA seviyelerine nedeni
olacagini belirtmislerdir (11).

Monosit, Th2 ve Treg hiicrelerinden uretilen IL-10, inflamasyo-
nu kontrol edip immun yaniti duzenlediginden IL70 geninin
ekspresyonunun azalmasi durumunda otoimmiinite diizenle-
nememektedir. Yapilan giincel calismalarda IL70 geni lzerinde
olusan polimorfizmler ve promotor bdlgesinde olusan hiper-
metilasyonlar, Behget hastalarinda IL70 geninin ekspresyon se-
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viyesinin saglikli kontrollere gére daha diistik oldugunu gdster-
mistir (9,10,11). Bazi calismalarda BH'da IL-10 dizeyinin diistik
bulunmasina ragmen bizim calismamizda benzer bir sonug be-
lirlenmistir. IL-10 duizeyinin diisiik bulundugu calismalarda atak
ve tedavi durumlari belirtilmemistir. Klinik aktivitenin karistirici
bir faktor olarak dikkate alinmamig olmasi farkli calismalarda
farkh sonuglarin elde edilmesi ne neden oldugu disunilebilir.

Bugline kadar Tirk Behget hastalarinda bazi IL-10 SNP'leri bu-
lunmus ve dogrulama calismalari yapilmistir. Bu ¢calismamizda
yeni bulunan rs1554286 SNP'nin Tirk toplumunda dogrula-
masini amacglamis olmamiza karsin; Japon Behcet hastalarinda
anlamli bulunan rs1554286 SNP’si icin Turk Behget hastalarinda
anlamli sonug elde edilmemistir.

IL-10 geninde hastalik yatkinhgr ile iliskili farkli SNP’lerin belir-
lenmesi etnocografik farkliliklari gostermektedir. IL-10 Ureti-
mini etkileyen SNP’lerin toplumlar arasinda farklh olmasi BH'da
IL-10 ekspresyon degisiklikleri etkilemektedir. Ayrica bugiine
kadar yapilan ¢ogu calismada BH atak donemlerinin ve tedavi
faktorlerinin de hesaba katilmadigi gorilmektedir.

SONUC

Sonug olarak, hastalarin klinik tablolari tekrar ele alinarak,
hastaligin farkli tutulum gdsteren alt gruplarinin esit dagihm
gosterdigi genis hasta gruplarinda ekspresyon ve genotipleme
analizlerinin tekrarlanmasi calismanin dogrulanmasi agisindan
uygun olabilir.
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ABSTRACT

In the development of diabetic complications, oxidative stress
caused by hyperglycemia plays an important role. Deuterium de-
pletion has protective effect against cellular damage and tumor
suppressor effect in cancer cell lines. The purpose of this study
was to examine and evaluate the effect of deuterium depletion on
erythrocyte oxidant and antioxidant system parameters in exper-
imental diabetes induced by streptozotocin (STZ) in rats. On the
30t or 40t day after STZ injection, blood samples were taken and
blood glucose levels were measured. Erythrocyte hemolysates
were also prepared. Lipid peroxidation and glutathione levels and
glutathione-S-transferase, superoxide dismutase and catalase en-
zyme activities of erythrocytes were determined. At the 30 or 40
day periods, deuterium depleted water (DDW) consumption had
differently affected oxidant-antioxidant parameters of erythro-
cytes. The clear effect of deuterium depletion in drinking water
from 150 ppm to 85 ppm was observed in glutathione levels and
it increased erythrocyte glutathione levels in both the control and
diabetic groups. In conclusion, deuterium depletion may have pro-
tective effects on diabetes induced oxidative stress. Further stud-
ies are needed to be done to determine the mechanism of action
and the useful dosage and the application period of DDW.

Keywords: Experimental diabetes, erythrocyte, deuterium de-
pletion, antioxidant and oxidant parameters

INTRODUCTION

The mass difference between the two stable isotopes, hy-
drogen and deuterium, leads to differences in their phys-
ical and chemical behavior (1,2). The effect of hydrogen
replacing with deuterium in the biological systems has also
been well documented (3,4). To date, the effects of deuteri-
um in organisms has focused mainly on deuterated water;

oz

Diabetik komplikasyonlarin gelismesinde, hiperglisemi kaynakli
oksidatif stres cok 6nemli bir rol oynamaktadir. Déteryum azhginin
hiicresel hasara karsi ve tumor baskilayici etki tizerine koruyucu
etkisi oldugu kanser hicre hatlarinda gosterilmistir. Calismanin
amaci, doteryum azaltilmasinin sicanlarda streptozotosin (STZ) ile
olusturulmus deneysel diabette eritrosit oksidan ve antioksidan
sistem parametreleri (izerindeki etkisinin arastirlmasi ve deger-
lendirilmesidir. STZ enjeksiyonunu takiben 30. veya 40. glinde, kan
ornekleri alinip, kan glukoz degerleri 6l¢tilmis, eritrosit hemolizat-
lari da hazirlanmigstir. Eritrositlerin lipid peroksidasyon ve glutatyon
seviyeleriile glutatyon-S-transferaz, siiperoksit dismutaz ve katalaz
enzim aktiviteleri tayin edilmistir. 30 veya 40 guinliik periyotlardaki
doteryumu azaltilmis su tketiminin, eritrosit oksidan-antioksidan
parametre diizeylerine etkisinin farkli oldugu gériilmistir. icme
suyunda doteryumun 150 ppm den 85 ppm'e azaltilmasinin net
etkisi glutatyon diizeylerinde goézlenmis olup hem kontrol hem
de diyabetik gruplarda eritrosit glutatyon diizeylerini artirdigi sap-
tanmistir. Sonug olarak, déteryumu azaltilmis suyun, diabete bagh
oksidatif hasara karsi koruyucu etkisi olabilir. Déteryumu azaltiimis
suyun etki mekanizmasinin, uygun dozunun ve uygulama siresi-
nin aydinlatilmasi icin daha fazla calismalara ihtiyac vardir.

Anahtar Kelimeler: Deneysel diabet, eritrosit, déteryum azlhgi, an-
tioksidan ve oksidan parametreler

however few studies have been conducted on deuterium
depletion.

Deuterium concentration is approximately 150 ppm in
healthy human blood and it can be changed by age and
sex. Drinking waters have different deuterium concentra-
tions because of geographical differentiations. This situ-
ation causes different deuterium concentrations in blood
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and urine (5-7). Usage of deuterium-depleted water (DDW) has
had growing interest recently.

It has been revealed that, deuterium is essential for normal
growth of animal and plant cells (7-9). Inhibition of cell prolifer-
ation and increased apoptosis by the effect of DDW have been
shown in some in vitro studies. It has been also shown in some
animal experiments that growth of tumor cells is decreased by
DDW (10-13). However, a slight increase in deuterium concen-
tration has caused stimulation to growing of tumor cells (14,15).

Anincreased production of reactive oxygen species in diabetes
mellitus is associated with a reduction in antioxidant defenses.
Streptozotocin (STZ) has been widely used to induce diabetes.
Selective destruction of pancreatic B cells, probably because of
a free radical-mediated mechanism, occurs (16). During the re-
duction of O,, free radicals are formed, such as peroxyl, hydrox-
yl, and superoxide radicals, which either directly or indirectly
cause cell damage.

Erythrocyte membrane tightness and antioxidant enzyme ac-
tivities are also altered in diabetes mellitus (17-19).

Few studies related with deuterium depletion and diabetes are
present in the literature (8,20,21). Reduction or stabilization of
blood sugar levels has been reported in diabetic patients who
were consuming DDW (5,20,21). However, there have not been
any reports on the effect of DDW consumption on erythrocytes
of diabetic patients in the literature.

In this study, the effect of deuterium depletion on erythrocytes
was investigated. Lipid peroxidation (LPO) and glutathione
(GSH) levels, glutathione-S-transferase (GST), superoxide dis-
mutase (SOD) and catalase (CAT) activities were determined
in the erythrocyte hemolysates of the normal and diabetic rats
given DDW.

MATERIAL AND METHOD

The study was approved by the Animal Ethics Committee of
Marmara University (Registration no: 52.2008.mar). A total of
40 rats (Sprague Dawley) of either sex (240-485 g) were ob-
tained from the animal house facility of Marmara University.
They were maintained under standard laboratory conditions at
20 + 2°C, relative humidity (50 + 15%) and normal photoperiod
(12-hour light-dark cycle) for the duration of the experiment.
A commercial pellet diet (Coban Cesme Animal Food Factory,
Istanbul, Turkey) and water were provided ad libitum.

Animals were divided into six groups of G1, G2, G3 as the con-
trols and G4, G5, G6 as the diabetics. To every diabetic group, a
single dose of 35 mg/kg STZ (Sigma, St. Louis, Mo, USA), freshly
dissolved in citrate buffer (pH: 4.5) was injected intraperitone-
ally and blood glucose was checked two days later. Tap water
was given to one of control and diabetic groups (G1 and G4).
DDW (Preventa, Hungary) was given to G2 and G5 groups 10
days before diabetes improvement and to G3 and G6 groups
after diabetes improvement. Deuterium concentration of tap
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water and DDW were around 150 and 85 ppm respectively.
Deuterium concentration of tap water samples was deter-
mined in the Government Stable Isotope Laboratory in Ankara.

On the 30" or 40™ day of diabetes induction, blood samples
were collected from the hearts of the control and diabetic
groups of rats under ether anesthesia. 10% erythrocyte hemo-
lysate was prepared. Blood glucose levels were determined
according to glucose oxidase method. Antioxidant enzymes
activities, namely GST, (22) CAT, (23) SOD (24) and for LPO, (25)
and GSH (26) levels were determined in erythrocytes hemoly-
sates.

Statistical analysis was carried out using SPSS 18.0. All data
were expressed as meanzstandard deviation. In statistical
analysis, Mann-Whitney U test, Kruskal Wallis test, Kolmogorov
Smirnov test, Levene test, ANOVA test, Tukey test, Welch test or
Dunnett T3 were applied. P values less than 0.05 were consid-
ered to be significant.

RESULTS

Prior to diabetes induction, blood glucose levels and body
weights were not significantly different between all of the
groups (p>0.05). Two days after STZ injection, blood glucose
levels of diabetic groups (G4, G5 and G6) were significantly
higher than their initial levels (p<0.05). Therofore, animals of
these groups were accepted as diabetic.

Comparison of Control and Diabetic Groups

No significant differences were found in the body weights
between control and diabetic groups at the end of the exper-
iment. However, food and water consumption and blood glu-
cose levels were significantly increased (Table 1). The blood
glucose levels after two days of STZ injection were also signifi-
cantly higher than those of the controls.

Comparison between groups in point of erythrocyte param-
eters was also seen in Table 1. No significant differences were
present in GST activities between control and diabetic groups.
In the diabetic groups, Hb levels were increased and LPO lev-
els and SOD activities were decreased significantly compared
to the controls. Erythrocyte GSH levels, CAT and SOD activities
were significantly decreased in tap water drinking and 30 days
DDW drinking diabetic groups (G4, G5) compared to matched
controls (G1 and G2). However, GSH was significantly increased,
SOD was significantly decreased and CAT was not significantly
changed in 40 days DDW drinking diabetic group (G6) com-
pared to 40 days tap water drinking control group (G3) (Table 1).

Effect of DDW in Control Group

Blood glucose levels and body weights were not affected by
DDW consumption. Food and DDW consumptions were great-
er than those in tap water drinking control and diabetic groups
(Table 2).

DDW consumption did not cause any change in erythrocyte
GST activities in the control groups. However, it caused signifi-
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Table 1. Comparison of food and water consumption, body weight, blood glucose levels and erythrocytes parameters in

control and diabetic groups.

Control Group

Diabetic Group

(G1) (n=6) (G4) (n=6) P
Weight (gr) 350.83+£78.89 294.50+£85.54 0.263
Food (gr/day) 24.61+0.0 29.44+0.0 0.001
Tap Water (ml/day) 36.22+0.0 89.11+0.0 0.001
Blood glucose (mg%) 109.50+6.44 270.61+28.53 0.0001
Hb (gr%) 2.18+0.13 2.87+0.16 0.0001
LPO (umol MDA/gr Hb) 0.28+0.04 0.23+0.02 0.009
GSH (umol/gr Hb) 0.41+0.11 0.11+0.03 0.0001
GST (U/gr Hb) 2.75+£1.53 2.82+1.28 0.935
CAT (kU/gr Hb) 216.07£16.65 167.50+8.62 0.0001
SOD (U/mg Hb) 1.91£0.50 1.24£0.41 0.030

Control + DDW3, Diabetic + DDW3, p

(G2) (n=6) (G5) (n=8)
Weight (gr) 340.00+£80.25 266.88+62.68 0.079
Food (gr/day) 26.39+0.0 28.92+0.0 0.001
DDW (ml/day) 45.17+0.0 98.67+0.0 0.001
Blood Glucose (mg%) 97.33+11.96 204.38+26.70 0.0001
Hb (gr%) 1.70+0.15 3.11+0.07 0.0001
LPO (umol MDA/gr Hb) 0.27+0.04 0.14+0.01 0.0001
GSH (umol/gr Hb) 0.36+0.11 0.23+0.04 0.005
GST (U/gr Hb) 2.82+1.92 3.01+£0.92 0.811
CAT (kU/gr Hb) 270.48+35.21 145.41+8.66 0.0001
SOD (U/mg Hb) 3.21+0.70 1.40+0.22 0.0001

Control + DDW,, Diabetic + DDW,, p

(G3) (n=6) (G6) (n=6)
Weight (gr) 339.50+59.63 270.67+72.41 0.102
Food (gr/day) 24.50+0.0 33.96+0.0 0.001
DDW (ml/day) 39.13+0.0 92.67+0.0 0.001
Blood Glucose (mg%) 118.00+20.83 391.17+£119.71 0.0001
Hb (gr%) 2.42+0.07 2.54+0.08 0.021
LPO (umol MDA/gr Hb) 0.19+0.01 0.18+0.01 0.032
GSH (umol/gr Hb) 0.61+0.06 0.91+0.06 0.0001
GST (U/gr Hb) 2.57+0.83 2.82+1.52 0.723
CAT (kU/gr Hb) 164.05+23.36 165.31£26.36 0.932
SOD (U/mg Hb) 2.23+0.23 1.40£0.15 0.0001

Values are given as mean + standard deviation. Hb: Hemoglobin, LPO: Lipid peroxidation, GSH: Reduced glutathione, GST: Glutathione-S-transferase, CAT: Catalase,
SOD: Superoxide dismutase, DDW: Deuterium depleted water, DDW3,: DDW consumption for 30 days, DDW,,: DDW consumption for 40 days.
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Table 2. Effect of DDW on food and water consumption, body weight, blood glucose levels and erythrocyte parameters in

control groups.

Control Groups

Tap Water Given Group DDW Given Groups
G1 (n=6) G2 (n=6) G3 (n=6) P
Weight (gr) 351+79 340+80 340+60 0.956
Food (gr/day) 21.61+0.0 26.39+0.0 24.50+0.0° 0.0001
Water/DDW (ml/day) 36.22+0.0 45.17+0.0° 39.13£0.0 0.0001
Blood Glucose (mg%) 109.50+6.44 97.33+11.96 118.00+20.83 0.104
Hb (gr%) 2.18+0.13 1.70+0.14° 2.42+0.072° 0.0001
LPO (umol MDA/gr Hb) 0.28+0.04 0.27+0.04 0.19+0.012® 0.0001
GSH (umol/gr Hb) 0.41+0.11 0.36+0.11 0.61+0.06*° 0.001
GST (U/gr Hb) 2.75%1.53 2.82+1.92 2.57+0.83 0.955
CAT (kU/gr Hb) 216x17 270+35° 164+232P 0.0001
SOD (U/mg Hb) 1.91£0.50 3.21+0.70° 2.23+0.23¢ 0.002

Values are given as mean + standard deviation. Hb: Hemoglobin, LPO: Lipid peroxidation, GSH: reduced glutathione, GST: Glutathione-S-transferase, CAT: Catalase,
SOD: Superoxide dismutase, 2p<0.01 significantly different from G1;*p<0.01 and “p<0.05 significantly different from G2, DDW: Deuterium depleted water.

Table 3. Effect of DDW on food and water consumption, body weight, blood glucose levels and erythrocyte parameters in

diabetic groups.

Diabetic Group

Tap Water Given Group

DDW Given Groups

G4 (n=6) G5 (n=8) G6 (n=6) P
Weight (gr) 294.50+85.54 266.88+62.68 270.67+72.41 0.765
Food (gr/day) 29.44+0.0 28.92+0.0 33.96+0.0¢ 0.0001
Water/ DDW (ml/day) 89.11+0.0 98.67+0.0° 92.67+0.0 0.0001
Blood Glucose (mg%) 271£29 204+27° 391+£120¢ 0.002
Hb (gr%) 2.87+0.16 3.11+0.07° 2.54+0.08°< 0.0001
LPO (umol MDA/gr Hb) 0.23£0.02 0.14£0.01° 0.18+0.01°< 0.0001
GSH (umol/gr Hb) 24.52+7.16 25.20+9.63 79.14£12.19° 0.0001
GST (U/gr Hb) 2.82+1.28 3.01£0.92 2.8+1.52 0.946
CAT (kU/gr Hb) 167.50+8.62 145.41+8.66° 165.31+26.36 0.004
SOD (U/mg Hb) 1.24+0.41 1.40+0.22 1.40+0.15 0.684

Values are given as mean + standard deviation. Hb: Hemoglobin, LPO: Lipid peroxidation, GSH: Reduced glutathione, GST: Glutathione-S-transferase, CAT: Catalase,
SOD: Superoxide dismutase 2p<0.05 and *p<0.01 significantly different from G4 ; <p<0.05 and 4p<0.01 significantly different from G5, DDW: Deuterium depleted water.

cant changes in the other erythrocyte parameters. Erythrocyte
hemoglobin values decreased significantly in 30 days DDW
drinking group (G2) and increased significantly in 40 days DDW
drinking group (G3) compared to tap water drinking group
(G1). LPO levels in 40 days DDW drinking group were signifi-
cantly lower than those in both tap water and 30 days DDW

drinking groups. In contrast to LPO levels, GSH levels increased
significantly in 40 days drinking DDW group compared to tap
water and 30 days DDW drinking groups. CAT and SOD activ-
ities were significantly increased by DDW consumption first,
however, later than they were decreased by prolonged DDW
consumption (Table 2).
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Effect of DDW in Diabetic Group

DDW consumption did not cause any change in weights in dia-
betic groups (G4, G5, G6). Food consumption rose significantly
in 40 days DDW drinking diabetic group (G6) compared to 30
days DDW drinking diabetic group (G5). Also, DDW consump-
tion was much more than those in tap water drinking diabetic
group. Blood glucose level was significantly lower in 30 days
DDW drinking diabetic group than those of tap water drinking
and 40 days DDW drinking diabetic group (Table 3).

DDW consumption did not cause any significant change in
erythrocyte GST and SOD activities in diabetic groups. Hemo-
globin value increased in 30 days DDW drinking diabetic group
(G5), in contrast, it decreased significantly in 40 days DDW drink-
ing diabetic group (G6) compared to tap water drinking diabet-
ic group (G4). Erythrocyte LPO levels decreased significantly in
30 and 40 days DDW drinking diabetic group compared to tap
water drinking diabetic group. DDW consumption increased
the GSH level significantly in 40 days DDW drinking diabetic
group (G6) compared to those of other diabetic groups (G4 and
G5). Consumption of DDW caused a significant decrease in CAT
activity in 30 days DDW drinking diabetic group compared to
those of tap water drinking diabetic group. However, CAT ac-
tivity in 40 days drinking DDW group (G6) was not significantly
different from tap water drinking group (G4) (Table 3).

DISCUSSION

Increased oxidative stress, altered lipid peroxidation, and de-
creased antioxidant enzymes activities are important risk fac-
tors for diabetes (16,27,28). Diet undoubtedly plays a key role
as a chemopreventive agent against diabetes as well as various
other diseases and optimizing the diet has a preventative func-
tion. Erythrocytes were selected as the experimental material in
this study, as they interact with oxygen, exposed to oxidative
stress and are affected more than other cells from hypergly-
cemia in diabetes. Moreover, there is no data related with the
erythrocytes and DDW consumption in diabetes in the concern-
ing literature. Therefore, in the present study, the effect of DDW
consumption on LPO, GSH levels and SOD, CAT, GST activities
of erythrocytes were examined in experimental diabetes in rats.

Hyperglycemia and weight loss are the common features of
STZ induced experimental diabetes unless it is treated (29-31).
Thirty five mg/kg of STZ injection may raise blood glucose lev-
el around 130 mg% and 175 mg% after 7 days and 28 days,
respectively (30-32). However, in the present study, blood glu-
cose levels were found to be more than 175 mg% in diabetic
groups at the end of the experiment (at 30 days). Weight loss
in the diabetic groups was not significant which is in contrast
with other studies (29-31). The reasons for this finding could
be the differences in dose of STZ, experimental period, animal
species or genus in different studies.

Long-term high blood glucose concentration increases oxi-
dative stress via free radical formation in diabetes. This is tried
to be overcome by the antioxidant defense system. Therefore,
antioxidant system parameters are reduced in uncontrolled di-
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abetes (16,27,33). Oxidative stress affects not only some organs
such as the pancreas, kidney, eyes and skin, but also the vascu-
lar structure and blood cells.

There were conflicting findings about antioxidant parameters
in diabetes. The activities of the antioxidant enzymes have
been found to be increased, decreased or not to be changed
in those studies (34-36). This may be due to the differences be-
tween the studies in point of duration of diabetes, investigative
parameters and tissues analyzed.

In some studies, erythrocyte CAT enzyme activity was found to
be increased in diabetes (37-39). In contrast with these studies,
it has been reported that erythrocyte LPO level and GST activi-
ty increased, GSH level and SOD, CAT and GPx enzyme activities
decreased in diabetes (33,38-46). While the increase in CAT ac-
tivity was attributed to high level free radicals and their harm-
ful effects on cell membrane proteins and lipids, the decrease
in SOD, CAT, and GPx activities and the increase in MDA level
were attributed to the increased oxidative stress and decreased
antioxidant reserve during hyperglycemia. In the present
study, diabetic erythrocyte antioxidant parameters (GSH, SOD,
CAT) decreased when compared with the controls, however, in
contrast with them, there was a significant decrease in diabetic
LPO levels. Similar to the study by Tatsuki et al. (32), this may
be due to the suppression of MDA increase by the effect of an-
tioxidants developed in shorter time. Tatsuki et all found that
finding at the end of the 7" week, which is 3 weeks longer than
our diabetes model.

Nowadays, different natural products and sources are used for
the treatment of diabetes. In the present study, we used DDW
for this purpose. It has been reported that deuterium is nec-
essary for human, animal and plant cell growth; (5,7,8) DDW
inhibits cell proliferation and induces apoptosis and reduces
tumor growth rate; (2,7,8,47) affects vascular reactivity; (48)
has radioprotective and immunostimulating effects; (49) and
a slightincrease in the deuterium concentration stimulates cell
growth (8).

The proposed action mechanisms for DDW can be summarized
as follows: It has been supposed that cells have a D-H metabo-
lism which regulates the D/H ratio in cells and, through this, a
number of other processes too. The pH regulation of cells, and
processes happening through the cell membrane might be
connected with the change in the intracellular D/H ratio. The
D/H ratio can increase in the cells if one of the H* transport sys-
tems (H-ATPase, Na*/H* antiport system) gets activated in the
membrane. This process prefers H*, thus H and D* get ejected
from the cell or organelle (e.g. mitochondria) not in proportion
to their ratio of occurrence. A wide variety of external signals
enhances the affinity of the antiporter for H* at neutral pH,
leading to alkalinization of the cells (2,8,10,11).

During several external effects, cells are able to adapt to this new
condition. Deuterium depletion induces a stress in cells. While
healthy cells quickly adapt to deuterium depletion, the other
cells are unable to do so or most adapt much more slowly (8).
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Cell division is triggered by the change of the D/H ratio. Deute-
rium is important for cell proliferation and through deuterium
depletion in the body, either the conditions for cell division do
not exist, or the cell can only achieve this ratio considerably
later. It has also been shown that deuterium depletion inhibits
cyclooxygenase-2 activity (8,11).

Moreover, it has been reported that facilitative glucose trans-
porters (GLUTs) act as a transmembrane pathway for water flow
(50).

There are a very limited number of studies about DDW and di-
abetes in the literature. While investigating anti-cancer effects
of DDW it has been observed that the state of diabetes mellitus
was improved in some patients having tumors associated dia-
betes mellitus. After drinking DDW their blood glucose levels
that had earlier been fluctuating became steady or the high
blood glucose levels decreased more or less to normal range.
The positive effect of DDW on blood glucose was also found in
patients with type | and type Il diabetics in another study (5).
Tatsou et al. (21) and Alekseevich et al. (20) found that DDW
decreased blood glucose levels in diabetics.

In the present study, the blood glucose level significantly de-
creased in 30 days DDW drinking diabetic group, but it signifi-
cantly increased in 40 days DDW drinking diabetic group com-
pared to tap water drinking diabetic group. The reason for the
decrease in blood glucose in 30 days drinking DDW diabetic
group may be due to the enhanced glucose uptake caused by
DDW, and the later increase in blood glucose may be due to
the adaptation of the cell to D-depletion. It seems that con-
sumption time and concentration of deuterium are important
factors for its effect. Further investigation is necessary to clarify
the mechanism of action of DDW on blood glucose.

DDW consumption was much higher in both control and di-
abetic groups than those in tap water drinking groups in the
present study. Moreover, food consumption was also high in
DDW drinking groups. This finding can also be contributed to
the unexpected weight increase in diabetics and controls.

In the present study 30 days and 40 days DDW (85 ppm) con-
sumption have different effects on erythrocyte antioxidant and
oxidant system parameters. The net effect had been found on
GSH. DDW caused an increase in GSH levels in both of control
and diabetic groups. GSH plays a central role in antioxidant
defense by detoxifying reactive oxygen species directly or in a
GPx catalyzed mechanism. One of the above mechanisms may
be responsible for the significant increase in erythrocyte GSH
content.

Various clinical and experimental studies with DDW have been
conducted to date. According to the results of these studies, it
has been suggested that DDW consumption regulates cellular
respiration, increases cellular energy, has antioxidant activity,
hypoglycemic and antitumor effect, has a positive effect on
mental functions, radioprotective effect, detoxification and the
immune system (48,51-59).

Experimed 2020; 10(1): 30-7

In conclusion, DDW, by increasing erythrocyte GSH levels, can
be protective against diabetic complications due to the oxida-
tive stress. The period of use of DDW and consumption dose
of DDW could affect the results of the experiments. In order to
determine the mechanism of action, the useful dosage and the
application period of DDW, more research need to be done. We
believe that the present study will enlighten future studies.
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Kanser hiicrelerinde metastaz pek ¢ok biyokimyasal ve molekdler
faktor tarafindan yonlendirilen kompleks bir surectir. Metastaz
kanser tedavilerinde yiksek oranda sinirlayici bir faktér olup
kanserden &limlerin %90'Indan sorumludur. Bu nedenle kanser
metastazinda altta yatan mekanizmalarin aydinlatilmasi kanser
metastazinin 6nlenmesi icin tedavi yontemleri gelistirmek acisin-
dan onemlidir. Metastaz, lokal invazyon (epitelyal-mezenkimal
gecis), intravazasyon, dolasimda sagkalim, ekstravazasyon (tran-
sendotelyal migrasyon/diapedez), mikrometastaz olusumu ve
metastatik koloni olusumu gibi basamaklari icermektedir. TUmor
hicreleri integrin selektin gibi adezyon molekillerinde yaptiklari
ekspresyon degisimleri aracihigiyla plateletleri “kalkan” ve endo-
tele baglanmak icin “araci” olarak kullanarak dolasimdaki immun
sistem hicrelerinden ve apoptoztan kacarlar. Tumor hcrel-
erinde ekstravazasyon metastazin anahtar basamaklardan biridir
ve molekillerde ufak farkhliklar olsa da tim sire¢ temel olarak
|6kositlerde oldugu gibidir; yuvarlanma, adezyon ve transmigra-
syon (diapedez). integrinler gibi hiicre adezyon molekiilleri ve Jam
proteinleri gibi hiicreler arasi baglantilar ekstravazasyon asamasin-
da kilit rollere sahiptir. Bu sebeple hiicre adezyon molekdlleri ve
hicreler arasi baglantilar kanser tedavisinde potansiyel hedefler
olarak kullanilabilir. Bu derlemede kanser metastazinda yer alan
genel surecler ile hiicre adezyon molekilleri ve hiicreler arasi
baglantilarin metastazdaki rolleri 6zetlenmistir.

Keywords: Kanser, metastaz, adezyon molekdilleri, hiicreler arasi
baglantilar

GiRiS
Kanser hiicrelerinde metastaz pek ¢ok biyokimyasal ve mo-
lekuler faktor tarafindan yonlendirilen kompleks bir stireg-

tir. Metastaz kanser tedavilerinde yiiksek oranda sinirlayici
bir faktor olup kanserden 6limlerin %90’ Indan sorumludur

ABSTRACT

Metastasis is a complex process which is driven by several bioc-
hemical and molecular factors. Metastasis is a condition which
severely limits cancer therapies and is responsible for 90% of can-
cer deaths. Therefore, it is of crucial importance to gain a greater
understanding of the underlying mechanisms of metastasis in
terms of developing treatment methods for metastasis preventi-
on. Included in metastasis are multiple steps such as local invasi-
on (epithelial-mesenchymal transition), intravasation, survival in
the circulatory system, extravasation (transendothelial migration/
diapedesis), formation of micrometastasis and metastatic colony.
Tumor cells escape from circulating immune cells and apoptosis
using platelets as a“shield” and a “link” for binding to endothelium
via altering expression patterns of adhesion molecules. Extravasa-
tion in tumor cells is one of the key steps of metastasis and des-
pite small differences in molecules, the whole process is basically
the same in leukocytes; rolling, adhesion, and transmigration. Cell
adhesion molecules such as integrins, and cell junctions such as
Jam proteins, are key players in the extravasation step. Therefore,
cell adhesion molecules and cell junctions can be used as potential
targets for cancer therapy. In this review, the general processes of
metastasis and the roles of cell adhesion molecules/cell junctions
on metastasis were summarized.

Anahtar Kelimeler: Cancer, metastasis, cell adhesion molecules,
cell junctions

(1). Metastaz, lokal invazyon (epitelyal-mezenkimal gecis
(EMT)), intravazasyon, dolagimda sagkalim, ekstravazas-
yon (transendotelyal migrasyon/diapedez), mikrometastaz
olusumu ve metastatik koloni olusumu gibi basamaklari
icermektedir. Kanser hiicrelerinin invazif karakter kazan-
masinda EMT suirecinde E-kaderin ekspresyonunda azalma,
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N-kaderin ekspresyonunda artis gorllmesi anahtar asama-
lardan biridir. Transforme edici blytime faktori-p (TGF-B) ve
vaskuler endotelyal biylme faktorl (VEGF) gibi molekdller
araciligiyla anjiogenez saglanarak timor hiicrelerini besleye-
cek yeni damarlar olusturulur. Diger yandan integrin gibi mo-
lekullerin ekspresyonlarinda yaptiklari degisiklikler ve selektin
gibi molekdiller araciligiyla plateletleri kendilerine cekip kal-
kan olusturarak dolasimdaki immiin sistem hiicrelerinden ve
apoptoztan kagmayi basarirlar. Dolagim sistemi araciligiyla ilgili
organin damar sistemine ulasip cesitli proteazlar salgilayarak
damar parankimine ge¢meyi basarirlar (ekstravazasyon, dia-
pedez). Tumor hicreleri stromada 6nce inflamasyonu uyarip
daha sonra inflamatuvar mediatérleri kendi lehine kullanacak
kadar akillidir. Ekstravazasyon, tiimér hiicre metastazinda diger
anahtar basamaklardan biridir ve ufak farkliliklar olsa da sireg
I6kositlerdeki gibi yuvarlanma, adezyon ve transmigrasyon (di-
apedez) seklinde ilerlemektedir. Ekstravazasyonda integrinler,
selektinler gibi hiicre adezyon molekiilleri, Jam proteinleri gibi
hiicreler arasi baglantilar anahtar rollere sahiptir. istedigi doku-
nun parankimine giren timor hiicreleri burada yine anjiojenik
faktorler araciligiyla beslenip buylyerek makrometastazlar
olusturup yeni hedef dokulara metastaz stratejileri planlarlar.
Metastaz dongusiniin kirilmasi kanser tedavisi icin blyik 6ne-
me sahiptir. Bu sebeple, bu derlemede metastaz basamaklari
ile metastazda hiicre adezyon molekiilleri ve hticreler arasi
baglantilarin 6nemi ele alinmistir.

METASTAZ

Literatlirde metastaz kaskadi pek ¢ok yazar tarafindan asagida-
ki 6 basamak ile agiklanmistir (2, 3) (Sekil 1).
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Lokal invazyon

Epitelyal-mezenkimal gecis (EMT), embriyogenez (Tip 1 EMT),
yara iyilesmesi ve doku yenilenmesinde (Tip 2 EMT) normal
ve geri donlstimli bir slire¢ iken timér metastazinda (Tip 3
EMT) patolojik olarak yer alir (4). Patolojik EMT stirecinde hiic-
re-hiicre adezyonu, hticre-ekstraseliiler matriks (ECM) adez-
yonu ¢Oziilmeye ve hiicre polaritesi kaybedilmeye baslanir,
ilgili molekdillerde asagi regiilasyon (downregtilasyon) goruliir,
mezenkimal hiicre adezyon molekiillerinin hiicre yiizeyinde
yukari regtilasyonu (upregiilasyon) goriilerek mezenkimal-kok
hiicre gérinimli yeni bir invazif hiicreye donusim gercekle-
sir (5). Metastaz ile iliskili EMT stirecinde tiimor hiicreleri bazal
membran ve lamina propriayi asip bag dokuyu isgal eder ve
farkhlasmis (diferansiye) hiicreler farklilasmamis (indiferansiye)
hiicrelere donugur. ECM baglantisini kaybetmesi sonucu apop-
toza (anoikis) giden epitel hiicrelerinin aksine timor hiicreleri
primer timorden ayrilmak icin mekanizmalar gelistirirler. Bu
streclerde epitelyal hiicre-hiicre adezyonunun ana proteini
olan E-kaderin Slug, Snail, Twist ve ZEB-1/-2 gibi transkripsiyon
faktorleri ile downregiile olarak epitelin daha gegirgen olma-
sina yol acar (3). Kanser hicrelerinin EMT surecinde E-kaderin
ekspresyonu kaybolurken, de novo N-kaderin ekspresyonunda
artis goralir. E-kaderin ekspresyonundaki kaybolma epitel hiic-
releri arasindaki baglantilarin, apiko-bazal hiicre polaritesinin
ve epitel doku yapisinin bozulmasina neden olurken, N-kaderin
ekspresyonundaki artig ise kanser hiicrelerinin primer dokudan
serbestlesmesini, invazif kapasite kazanmasini kolaylastirir.
"Kaderin degisimi (cadherin-switch)" olarak adlandirilan bu
olay timorin invazifligi ve kotu prognozile iliskilidir (6). Meme,
pankreas, akciger, mesane gibi kanser hiicre hatlarinda yapilan
calismalarda normal E-kaderin ekspresyonu gosteren hiicrele-
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Sekil 1. Metastaz olusum basamaklari (3 no’lu kaynaktan uyarlanmistir).
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rin epiteloid fenotip gdsterdigi ve invazif olmadigi, buna karsin
dustik E-kaderin ekspresyonu gosterenlerin ise fibroblast ben-
zeri fenotip gosterdigi ve invazif oldugu belirtilmistir (7). Bazal
membran, integrin-aracili hiicre-matriks adezyonlarinin sinyal
iletimi siireclerinde yer almasi nedeniyle invazyonda énemli
role sahiptir (2). ECM degradasyonu saglayan timor hiicreleri
tarafindan salgilanan Matriks Metaloproteinaz (MMP) protein-
lerinin de suirecte yer almasi ile ECM gecilir ve stromaya ulasan
timor hicreleri burada cogalir (3, 8). EMT ile iliskili molekiller
ve sinyal yolaklari $ekil 2'de sunulmustur.
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intravazasyon

Tumor hiicrelerinin salgiladigi MMP-1, -2, ve -9 ile birlikte prote-
olitik tirokinaz-tip plazminojen aktivator sisteminin (uPA/uPAR)
aktivasyonu ile kan ve lenf damarlarina girmesine “intravazas-
yon” ad verilir (3). intravazasyon tiimér hiicrelerinin perisit ve
endotel bariyerini asmasini kolaylastiran TGF-$ ve VEGF gibi
molekdiller aracih@iyla hizlanir (1, 8). VEGF gibi molekiiller ara-
cihdyla anjiogenez baslar ve yeni damarlar olusturularak ¢coga-
lan timor hicrelerinin daha fazla besin ve oksijene ulasmasi
saglanir (9). Hipoksi de anjiogenez ile ilgili molekdiler yolaklari
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Sekil 2. Epitelyal-mezenkimal gecis (EMT) ile iligkili molekiiller ve sinyal yolaklari (50 no'lu kaynaktan uyarlanmistir).
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Sekil 3. Tumor anjigenezi ile iliskili molekiller (7 no’lu kaynaktan uyarlanmistir).
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tetikleyici bir faktordir. Hipoksik kosullarda aktive olan hipoksi
ile induklenen faktor-1 (HIF-1) ile anjiogenez uyarici faktorler,
anaerobik metabolizma, hilicre motilitesi ve apoptoza karsi di-
reng saglayan faktorler aktiflenir. HIF-1 ayrica timor hiicrelerin
organ spesifik yayilimini saglayan bir kemokin reseptori olan
CXCR4 gen ekspresyonunu uyarir ve kollajen metabolizmasin-
da etkili lizil oksidaz (LOX) enzimi ile etkilesir (10, 11). TUmor an-
jiogenezi ile ilgili molekdiller Sekil 3'de sunulmustur.

Dolagimda Sagkalim ve ilgili Organda Durma

Tumor hicrelerinin kiiclik bir kismi dolagimda hayatta kalip
metastaz olusturabilir. Pek ¢ok timor hiicresi hemodinamik
glcler, anoikis, sitotoksik immiin sistem hticrelerinin saldirisi
sonucu dolasimdan uzaklastirilir (11). TUmor hiicreleri normal
hiicre sagkaliminda énemli olan integrin-bagimli ECM adez-
yonu saglayan molekillerden yoksundur. Bu molekullerden
yoksun olan ve ECM'e tutunamayan epitel hiicreleri anoikis
adi verilen apoptoz mekanizmasi ile dolasimdan uzaklastirilir
(12). Kanser hiicreleri ise integrin gibi molekiillerde yaptiklari
degisiklikler ile anoikis karsi direng gelistirip dolasimda varlk-
larini stirdirebilirler (2). Ayrica kanser hiicreleri doku faktord,
L-, P- Selektinler, trombin, Katepsin B, MMP-2/-14 gibi faktorler
salgilayarak platelet agregasyonunu uyarip kendilerine platelet
kalkani olusturarak imman sistemden kacarlar (2, 13, 14).

Tumor hiicreleri belirli organlara afinite gosterirler. Buna doku
tropizmi adi verilir. Bunun sebeplerinden birisi her organ tara-
findan salinan belirli kemokinlerin uygun reseptorlerinin timor
hiicresinde eksprese olmasidir. Ornegin meme kanserinde ke-
mokin reseptori-4 (CXCR4), -2 (CXCR2) eksprese eden timor
hiicreleri bu reseptoriin ligandinin (CXCL12) daha ¢ok bulun-
dugu organlara (akciger, karaciger, kemikiiligi gibi) gé¢ ederken
epidermal biyliime faktoru reseptori (EGFR) eksprese edenler
daha cok santral sinir sistemini tercih ederler (3, 15, 16).
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Ekstravazasyon (Transendotelyal Migrasyon, Tiimor
Hiicresi Diapedezi)

Dolasimdaki timér hiicreleri, ilgili organlarin damar sistemine
ulastiklarinda limen icinde buylyerek mikro koloni olustu-
rurlar ve sonunda damar duvarini delerek parankim dokuya
ulasirlar (17). Dolasimdaki tiimor hiicrelerinin endoteli asip or-
ganlara ulasmasi ekstravazasyon olarak adlandirilir. Primer ti-
mor tarafindan salgilanan Angptl4 (vascular hyperpermeability
like protein angiopoietin like-4) ve MMP-1/-2 gibi faktorler ile
ekstravazasyon sireci uyarilir (2). Stromadaki CD4* T lenfositler
timor-iliskili makrofajlar (TAM) uyararak karsinoma hicrele-
rindeki EGFR sinyal yolagini aktive ederler (17). Meme kanseri
hiicrelerinden salgilanan IL-4 ise TAM'lardaki katepsin proteaz
aktivitesini uyararak karsinoma hiicrelerinin invazyonunu artti-
rir (18). Literattirdeki bu bulgular timor hiicrelerinin 6nce stro-
mada inflamasyonu uyardigi, daha sonra olusan inflamasyonu
metastaz lehine kullandiklarini ortaya koyar.

Ektravazasyon hem I6kosit hem de tiimor hiicrelerinde (g asa-
mali bir siirectir; yuvarlanma, adezyon, vaskiiler endotelden
gecis (transmigrasyon, diapedez). Lokositler transmigrasyonda
hem paraselliler (iki endotel hiicresi arasindan gecis, hiicreler
arasi baglantilar bozulur) hem de transseliiler (endotel hiicresi
icinden gegis, hlicreler arasi baglantilar bozulmaz) yolu kullanir-
lar, kanser hiicreleri ise |6kositlerden daha biyik olduklari igin
endotel arasina sikisip kalamazlar, endotelyal baglantilarn boza-
rak paraseliler sekilde gecerler (5). Lokositler tarafindan olus-
turulan inflamasyon sonucu endotel yiizeyinde E-ve P-selektin,
I6kosit ylizeyinde L-selektin eksprese edilir. Lokosit selektinler
araciligiyla endotele distk afinite ile baglanip kan akimi yi-
zlinden yuvarlanmaya baslar. Mukozal adressin hiicre adezyon
molekili (MadCAM), P-selektin glikoprotein ligand-1 (PSGL-1)
gibi molekuller yuvarlanma siirecinde rol oynar. Tumor hiicresi
ve l6kosit ekstravazasyonunda rol oynayan molekdiller Tablo 1'de

Tablo 1. Lokosit ve timor ekstravazasyonunda yer alan molekdiller

Hiicre Yuvarlanma

Adezyon

Diapedez

PSGL-1 - E-selektin
HCELL(CD44) - E-selektin
CD24 - E-selektin

CEA - E/L-selektin
N-kaderin — N-kaderin
ICAM-1/LFA-1

Tamor hiicreleri

a4B1/ 7 -VCAM
CD44v6 - galektin-3
Lamp1/2 - galektin-3
a5p3 - L1CAM

N-kaderin — N-kaderin
Apoptotik mekanizmalar

PSGL-1 - E-selektin LFA-1 - ICAM-1/2 Paraseliiler
HCELL - E-selektin Mac-1 - ICAM-1/2 Jam-C - Jam-B
CD24 - E-selektin LFA-1 - Jam-A LFA-1 - Jam-A
L-Selektin — PNAd Mac-1 - Jam-C VLA-4 - Jam-B
Lokositler L-Selektin -MadCAM VLA-1 -VCAM Mac-1 - Jam-C
N-kaderin — N-kaderin L1CAM -VLA-5 CD99 - CD99
Glikolize proteinler — galektinler PECAM-1 - PECAM-1
Transseliiler
LFA-1 - ICAM-1

PECAM-1 - PECAM-1

PSGL-1: P-selektin glikoprotein ligand-1, HCELL: hematopoetik hiicre E-/L-selektin ligandi, CEA: karsinoembriyojenik antijen, ICAM-1: hiicreler arasi adezyon
molekult-1, LFA-1: lenfosit fonksiyon-iliskili antijen-1, PNAd: Periferal nod adressin, MadCAM: mukozal adressin hticre adezyon molekilt, VCAM: vaskiler hiicre
adezyon molekiilli, LAMP1/2: lizozom iliskili membran proteini, L1CAM: néronal hiicre adezyon molekiilii L1, Mac-1: Makrofaj-1 antijen, Jam-A/B/C: hiicre-hiicre
yapisma molekiilii A/B/C, , VLA-1/4/5: very late antigen 1/4/5, PECAM-1: platelet endotelyal hiicre adezyon molekiilii (19 no'lu kaynaktan yararlanilmistir)




42

Experimed 2020; 10(1): 38-48

Endotel

e 3(@;{01,{0%0;{.0;{0]

E ICAM-1

LFA-1
(L2 integrin

E-salekt\n

PSGL-1/
HCELLY
cD24

Tiimér hiicreleri

N-kaderin

i N-kaderin

N-kaderin

g N-kaderin

ol el Neol

LFA-1
(a2 integrin)

ICAM-1
Likositler

L-selektin

PSGL-1
E-selektin adressin/
MadCAM

[O’}fOﬁOf

Endotel

Sekil 4. Lokosit ve timor hiicresinin endotele tutunmasi (19
no'lu kaynaktan uyarlanmistir).

verilmistir. Tumor hiicrelerinde selektin ekspresyonu olmaz, bu
hiicreler ligandlar (N-kaderin) aracihgiyla veya I6kositleri/plate-
letleri kullanarak baglanirlar (Sekil 4). Timor hicrelerinde ekp-
rese edilen ICAM-1/2 aracih@iyla I6kositlerdeki 32 integrinlere
(LFA1, Mac-1) baglanir ve bdylece endotelde bulunan vaskdler
endotelyal kaderin (VE-kaderin) fosforilasyona ugrayarak endo-
tel arasi baglantilar gevser. Bir yandan kemokinler araciigiyla ak-
tive olan integrinler (inside-out sinyalizasyon) yardimiyla endotel
ile siki baglanti gerceklesirken (adezyon), bir yandan da I6kosit/
timor hiicresi endotel arasi baglantiya sizar (transmigrasyon,
diapedez). Adezyonda I6kositlerde eksprese olan LFA-1 endotel
siki baglantilarindan Jam-A ile, Mac-1 ise Jam-Cile, I6kositlerdeki
PECAM-1 de I6kositlerdeki PECAM-1 ile etkilesime geger. TUmor
hiicresi ve l6kositlerde eksprese olan 1 integrinlerden VLA-4
(04B1) ise endoteldeki VCAM-1, fibronektin ve Jam-B ile baglanir
(19). Tumor hiicreleri ve 16kositler farkli molekdller eksprese etse-
ler de endoteldeki ligandlari ve ekstravazasyon siireci benzerdir.

Mikrometastaz Olusumu

Metastaz olusumu igin karsinoma hiicrelerinin kendine yaban-
¢l bir organin parankim dokusunda hayatta kalmasi esastir.
Bunu saglayabilmek icin primer kanser hiicreleri dolasima LOX
gibi gidecekleri dokunun fibroblastlarindan fibronektin gibi
molekdlleri uyaran, timor olusacak alanda VEGF-A, plasental
buylime faktort (PIGF), TGF-B, Kalprotektin (S100A8/9) gibi
molekdllerin upregilasyonunu uyaran sinyaller salgilayarak
timorin gelecekteki proliferasyon zemini olacak olan ‘metas-
tatik nis'i olustururlar (2, 10, 20). Fibronektin reseptori olan
integrin a4f1 (CD49d/CD29, VLA-4, ITGA4) ve VEGF reseptori
(VEGFR1+) eksprese eden hematopoetik kdk hicreler kemik
iliginden metastaz alanina dogru yola cikarlar. Daha sonra bu
hematopoetik hiicreler MMP-9 gibi molekiilleri salgilayip diger
integrinleri de uyararak karsinoma hiicreleri icin kemoatraktan
ECM molekiillerden biri olan Stromal hiicre-kdkenli faktor-1
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(stromal cell-derived factor-1, SDF-1) gibi molekuillerin salini-
mini gerceklestirirler. Bu gibi predispozan degisiklikler ile gidi-
lecek dokunun mikrogevresinde timoriin hayatta kalabilecegi
degisiklikler gerceklestirilir (2, 21).

Metastatik Koloni Olusumu

Metastatik alanda daha 6nceden gerceklesen EMT tersine do-
nerek mezenkimal-epitelyal dontsim gerceklesir (MET) ve
timor hiicreleri cogalarak organda makro koloniler olusturur
(5). Kanser hastalarinin %50'sinde makroskopik metastazlar
gerceklesir. Olusan mikrometastazlar farkli dokulara dagilip
makroskopik metastazlar olusturabilir. Ancak bu belli bir pa-
ternde gerceklesmez (3). Tumor hiicreleri bazen bulunduklan
yerde yillarca sessizce yer alabilirler. Adaptif (edinsel) immunite
sayesinde sessizlestirilerek bir siire ikincil bir timoér olusumu-
na yol acamazlar ancak genetik modifikasyonlar ve mikrogevre
ile etkileserek, 6rnegin Snail gibi transkripsiyon faktorlerinin
aktivasyonu ile imminsupresyon gorilir ve timor hiicreleri
zamanla metastatik hale donusebilirler (7, 11).

ADEZYON MOLEKULLERIi VE KANSER
METASTAZINDAKI ROLLERI

Adezyon molekiilleri primer olarak hiicre-hiicre, hiicre-ECM
arasi baglanmayi saglayan, hiicre sinyalizasyonu, doku ve hiic-
re yapisinin korunmasi, doku tamiri, yara iyilesmesi, bagisiklik
(I6kosit goci), timdr metastazi gibi stireclerde rol alan hiicre
ylizey proteinleridir (22, 23). Hiicre adezyon molekilleri 5 grup-
ta incelenir: hiicre-hiicre adezyonunda gorev yapan selektin,
kaderin, immiinoglobulin stper ailesi (IgSF), ECM'e baglanan
integrinler ve digerleri (mUsin vb.) (23).

Selektinler

Selektinler dolagim sisteminde |6kosit, platelet ve endotel arasi
etkilesimi saglayan glikoprotein yapida vaskiiler hiicre adezyon
molekdilleridir. Protein ve karbonhidrat ligandlara baglanabilir-
ler. Selektinler bulunduklara hiicrelere gore P- (plateletlerde
a-granillerinde ve endotelde Weibel-Palade cisimciklerinde),
E- (aktive olmus endotelde) ve L- (I6kositlerde) selektinler ola-
rak ayrilir (24).

Selektinler 16kosit trafigi ve goclinde 6nemlidir. Selektinlerin
en 6nemli fonksiyonu erken donem I6kosit yuvarlanmasindaki
rolleridir. Lokositlerin endotel Uzerinde siralanip yuvarlanma
sureci, selektinlerin ve karbonhidrat ligandlarinin hizli ve rever-
sibl etkilesimi ile saglanir. Selektin ligandlari genellikle protein
bir omurga Uizerinde tetrasakkarid ¢ekirdek yapi (sialyl Lewis¥
(sLe*/sLe?)) tastyan belirgin bir glikan yapr icermektedir (24).

Normal durumda bosluklu organlarin [imenini kaplayan epitel
hiicreleri, yliksek molekiler agirlikli ve O-bagh glikan iceren mi-
sin ile kaphdir. Malign transformasyon stirecinde timor hiicre-
leri izerindeki glikanlarda selektin ligandari olan sLe* veya sLe?
ekspresyonlari artar ve bu ligandlari tasiyan timor hiicreleri
dolasimdaki I6kosit, platelet ve endotel lizerindeki selektinlerle
etkilesip bagisiklik sistemi hiicrelerinden kagarak metastaz su-
recine devam ederler. Plateletler ile etkilesimi gerceklesmemis
timor hiicreleri dolasimdan dogal oldiricl hiicreler (natural
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killer NK) ile uzaklastirihr (24). P-selektin yoklugunda fare akci-
gerlerinde tiUmor hiicresi adezyonunun azaldigi goézlenmistir
(24, 25). intravendz enjeksiyon éncesi tiimér hiicre ylzeyin-
den musinlerin uzaklastiriimasi, 16kosit go¢li ve metastatik nis
olusumuna katilan L-selektinin yoklugunun metastazi azalttig
bildirilmistir (24). P- ve L- selektinlerin platelet ve |6kositlerde
asirl ekspresyonlari timor metastazi icin ideal ortam olusturur
(7). Daha 6nceki calismalarda E-selektin downregtilasyonunun
deneysel olarak karaciger kanseri metastazinda azalmaya yol
actigl, transgenik olarak karacigerde asiri ekspresyonunun ise
karacigere metastaz arttirdigi belirtilmistir (24, 26).

Kaderinler

Kaderinler hiicre-hiicre adezyonunda yer alan transmembran
molekillerdir. Kaderinler ayni zamanda epitelyal-mezenkimal
gegis, hiicre migrasyonu gibi slireclerde kateninler (B-katenin/
Wnt sinyal yolagi) aracihigiyla hiicre sinyalizasyonunda gorev
alirlar (22). isimlerinden de anlasildigi gibi yapi ve fonksiyonla-
rinda kalsiyum bagimhdirlar (Cadherins- Calcium dependent
adherent proteins). Kaderinler klasik tip (I ve Il), protokaderin
ve atipik kaderinler olmak tzere alt siniflara ayrilir (23). Genel
olarak en ¢ok bilinenleri E-kaderin (epitelyal), N-kaderin (néro-
nal) ve P-kaderin (plasental)'dir. E-kaderin komsu epitel hiicre-
lerindeki E-kaderin molekiilleri ile homofilik olarak etkilesime
gecerek hiicre adezyonunda gérev alir (27). N-kaderin emb-
riyolarda sinir sistemi, beyin, kalp, iskelet kasi, kan damarlari
gibi dokularin gelisimi ve fonskiyonlarinin diizenlenmesinde
rol alir. Genelde ndronal hiicrelerde eksprese olur ve néronal
hiicrelerin intersellller adezyonunda rol alir. Son zamanlarda
meme, prostat, akciger, karaciger gibi kanserli dokularda N-ka-
derin ekspresyonunun degisiklige ugradigi ve timdr invazyo-
nu ve kanser metastazlari ile iliskili oldugu bildirilmistir (28).
VE-kaderin vaskiiler endotelde bulunup endotel arasi baglan-
tilarin korunmasi ve I6kosit ekstravazasyonunda rol oynar (29).

Qureshi ve ark. tarafindan invazif lobular karsinomlarin
%90'Inda E-kaderin ekspresyonunun kayboldugu bildirilmistir
(30). ElImoneim ve ark.nin ¢alismasinda invazif duktal karsino-
ma vakalarinda E-kaderin ekpresyonunun azaldigi (%37,1),
N-kaderin ekspresyonunun arttigi (%51,9) bulunmustur (31).
P-kaderinler normal meme dokusunda myoepitelyal hiicreler-
de eksprese olurlar. Agresif 6strojen-negatif meme kanserlerin-
de P-kaderinin ekspresyon seviyesindeki artis ile histolojik evre
ve kotl prognoz arasinda korelasyon bulunmustur (32).

immiinoglobulin Siiper Ailesi (IgSF)

IgSF ailesinin tlim Uyeleri en az bir imminoglobulin veya im-
minoglobulin benzeri bolge icerir ve cogu ekstraseliler bolge
iceren tip 1 transmembran proteinidir (23). Yara iyilesmesi ve
imm{n cevap olusumu gibi stireclerde yer alirlar, lenfatik trafigi
dizenleyici, inflamasyon alaninda immiinkompetent hiicrelere
saldirma gibi gérevlerivardir (7). Bu grupta, L1-CAM (merkezi ve
periferik sinir sistem kdkenli), N-CAM (néronal hiicre adezyon
molekill, CD56) (noral doku ve kas hicreleri kokenli), ICAM
(hicreler arasi adezyon molekdill) (endotel, 16kosit kdkenli),
VCAM (vaskdler hiicre adezyon molekili) (endotel, makrofaj,
fibroblast kokenli), PECAM (platelet endotelyal hiicre adezyon
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molekiilt) (I6kosit, trombosit, endotel, platelet kdkenli), LFA
(lenfosit fonksiyon-iliskili antijen-1, lymphocyte function-as-
sociated antigen-1) (I6kosit, endotel, epitelyal hiicreler), MHC
(major histocompatibility complex) klas | ve Il molekiilleri, TCR
(T hiicre reseptdr kompleksi), MadCAM-1 (endotel kdkenli), AL-
CAM (aktive I6kosit hiicre adezyon molekiili, endotel kdkenli)
gibi proteinler yer alir (23, 33). Diger bir IgSF ailesi ise endotel,
epitel ve noral gibi pek ¢cok dokuda hiicre-hiicre adezyonunu
uyaran nektinlerdir. Nektinler birbirleriyle homofilik veya di-
ger nektinler veya ligandlarla heterofilik baglantilar yapabilir,
hiicreler arasi baglantilar (aderans baglantilar) yapmak lizere
kaderinler ile isbirligi yapabilirler. Cogu timorde nektinlerin
artmis ekspresyonlari bildirilmistir. ICAM-1/2, VCAM-1, Mad-
CAM-1 gibi molekullerin downregiilasyonlari pek ¢ok tiimérle
iliskilendirilmistir (23). ICAM-1'in lenfatik endotelyal hiicrelerde
bulunmasinin karsinoma huicrelerinin lenf nodu metastazlari
icin uygun ortam olusturdugu belirtilmistir (7).

integrinler

Integrinler gelisimsel ve patolojik pek ¢ok siirecte yer alan bir
a ve bir B altbirimi iceren 24 farkli (18 a ve 8 B) heterotrime-
rik transmembran hiicre ylizey reseptori ailesidir (Sekil 5A).
integrinlerin ekstraseliiler bélge pek cok bélgeden olusur. Li-
gand spesifitesinden sorunlu a altbirimi 7 adet 3-pervane ya-
pisi ve ona bagh C-1 ve C-2 bdlgelerinin olusturdugu bacak ve
bacaklarin destekledigi ligand baglayici bas kismindan olusur.
B-pervane yapisinin 3 veya 4 tanesi Ca*? baglayici EF bolgesi
icerir. -2 integrinlerin a altbirimlerinde Mg*? bagimli ligand
baglama gerceklestiren | (A olarak da adlandirlir) bolgesi yer
alir.1 bolgesi merkezde (3 tabaka ve onu ¢evreleyen 7 adet a-he-
liks yapisindan olusur. Ligand baglanmasi, acik konformasyon-
da bu bélgede yer alan "metal iyon bagimli adezyon bélgesi
(MIDAS- Metal ion dependent adhesion site)" adi verilen alan-
da bulunan 3 adet yiizey kivrimi (loop) Mg*? iyonlarina bagla-
nirken 4. bag ligandda yer alan glutamat veya aspartat amino-
asitleri ile yapilir. Ligand baglanmasinin gerceklesmedigi kapali
konformasyonda 4. bag su molekdilleri ile yapilir. a zincir sitop-
lazmik bolgeleri ¢cok cesitli olsa da hepsinde GFFKR dizi homo-
lojisi gordlir. Sitoiskelete baglanan ve pek cok sinyal yolagini
tetikleyen B altbirimi pleksin-semaforin-integrin (PSI), hibrit ve
B1 bolgeleri ve 4 adet sistein aminoasiti acisindan zengin EGF
tekrarlar icerir. 1 bolgesi de Mg*2 baglayici MIDAS ve bitisi-
ginde inhibitor baglayict MIDAS-komsu (ADMIDAS- adjacent to
MIDAS) bolgesini icerir (Sekil 5B). Bu bolge Mg* ile bagliyken
integrin molekiliinde konformasyonel degisiklik olur ve aktif
form olusur. Ligandin bagli olmadigi zamanlarda a ve B zincir-
lerin ekstraseliler bas kisimlarinin her ikisi de asagi dogru iken
(inaktif form) ligand baglandiginda bu zincirlerin her ikisi de dik
konumda (aktif) bulunur (23, 34).

integrinlerin fibronektin, laminin, vitronektin, kollajen gibi ECM
proteinleri, buylime faktorleri, sitokinler, ECM degradasyon
proteazlar gibi pek ¢ok ligandi bulundugundan siniflandiril-
masi oldukca zordur. integrinler ligand baglayici ézelliklerine
veya tasidiklar altbirimlerine gore siniflandirilir. 31, f2 ve av
altbirimlerini tagityan integrinler 3 buylk sinifi olusturur (34).




Experimed 2020; 10(1): 38-48

B1 altbirimi integrinlerin 12 tanesinde bulunur ve kollajen, la-
minin, fibronektin, tenaskin C ve vitronektin gibi ECM ligand-
larina baglanir. Kikirdak ve kemik olusumu, iskelet kasi gelisimi,
epidermis olusumu, serebral korteks gelisimi ve anjiogenez
gibi pek cok siirecte gorev alir. Meme epitelinde bazal memb-
randa luminal kisima gére daha fazla bulunurlar ve meme do-
kusunun bitiinliginin korunmasinda énemlidirler. in vitro
calismalar B1-integrinlerin meme gelisiminde hormonal kont-
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rolde 6nemli olduklarini gdstermistir. Meme kanseri hiicreleriy-
le yapilan in vitro calismalarda (1-integrinlerin timor hicrele-
rinin proliferasyonu, sagkalimi ve invazifligi icin 5nemli oldugu
gOsterilmistir (35).

integrinler farkl ligandlar baglayabildikleri gibi, ayni ligand
farkliintegrinler tarafindan da paylasilabilir. Bu durum integrin-
lerin hiicreler arasi iletisimdeki Gnemini ortaya koyar (24).

A)

Kollajen reseptirleri
(GFOGER)

reseptirleri

Laminin reseptirleri

Japoydasaa yipsads-psoxyoy

Sekil 5. A) integrin ailesi, B) integrin altbirimlerinin yerlesimi (34 no’lu kaynaktan uyarlanmistir).
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Sekil 6. integrinlerde hiicre icinden disina (inside-out) (A) ve hiicre disindan icine (outside-in) (B) sinyal iletimi (36 no'lu
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integrinler iki yonlii (hiicre icinden disina (inside-out) ve hiicre
disindan icine (outside-in) sinyal iletiminde rol alirlar. integrin-
lere hiicre ici sinyaller intrasitoplazmik talin gibi adaptor pro-
teinler aracihgiyla iletildiginde integrin  altbiriminin intrasi-
toplazmik kuyruklari aktive olur ve integrin konformasyonel
degisiklige ugrar, ekstraselller bolge aktive olur ve integrinin
ECM ligandlarina afinitesi artar (inside-out sinyalizasyon) (Se-
kil 6A) (34, 36). integrin aktivasyonunda rol alan diger hiicre igi
molekiller kindling, filamin, migfilin, FAK (fokal adezyon kinaz),
ILK (integrin-bagl kinaz, integrin linked kinase)dir (34). Ote
yandan integrin-ECM etkilesimi hiicre ici adaptdr ve sinyal pro-
teinlerini integrinin sitoplazmik bolgesine getirerek fokal adez-
yonlar adi verilen makromolekiiler komplekslerin olusumunu
uyarir bu da a-aktinin, vinkulin gibi sitoiskelet elemanlarini
aktive ederek diger hiicresel strecleri baslatir (outside-in sin-
yalizasyon). Yine blyume faktori reseptorleri (GFR) ile integrin
ekstraseluler bolgesi arasindaki etkilesim hiicre icerisinde hiic-
re migrasyonu, gen ekspresyonu gibi strecleri baslatan farkli
sinyaller olusturur (Sekil 6B) (23, 36).

Lokositlerde ¢ok cesitli integrinler eksprese edilir; 31 integrinler;
a4B1 (CD49d/CD29, VLA-4, ITGA4), B2 integrinler; aLB2 (LFA-1,
CD11a/CD18, ITGAL), aMB2 (Mac-1,CD11b/CD18), aXp2 (CD11c/
CD18), aDB2 (CD11d/CD18). LFA-1 tiim Iokositlerde ekprese edi-
lirken Mac-1 myeloid I6kosit, nétrofil, NK, B ve bazi T lenfositler-
de eksprese edilir. aXp2 daha ¢cok myeloid dendritik hiicrelerde,
aDB2 ise notrofil, monosit ve NK hiicrelerinde eksprese edilir
(23). Lokositlerde eksprese edilen integrinler 16kosit adezyonu
ve transendotelyal migrasyonunda (diapedez) rol oynarlar.

Pek cok timor epitel hiicresi kaynakli oldugundan ve integrin-
ler epitel hiicrelerinde de eksprese oldugundan kanser me-
tastazinda 6nemli molekdllerdir. Pek ¢ok calismada integrin
ekspresyon seviyelerindeki degisim kanser ilerleyisi, hasta sag-
kalim siresi ve metastaz ile iliskilendirilmistir. Tumor hiicrele-
rinde av33, avP5 (CD51/B5), a5B1, a6B4 gibi integrinlerin eks-
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presyonlarinin melanoma, meme, prostat, pankreas ve akciger
kanserinde metastaz ile iliskisi bildirilmistir (24).

Diger Adezyon Molekiilleri

PSGL-1, MadCAM-1 ve PNAd gibi misinler glikoprotein yapi-
sindadir ve pek cok selektinin ligandi olarak gorev yaparlar.
Musinler sindirim, solunum, Urogenital sistemde yer alan epi-
tel hiicrelerini koruyan mukusun yapisinda bulunurlar. MUC-1
gibi musinlerin kanser hiicrelerinin biyime ve sagkaliminda
onemli role sahip oldugu gosterilmistir. Ayrica vaskiler adez-
yon protein-1 (VAP-1) gibi enzimlerin de hiicre adezyonunda
gorev aldigi belirtilmistir (23).

HUCRELER ARASI BAGLA_NTILAR VE KANSER
METASTAZINDAKI ROLLERI

Hucreler arasi baglantilar; desmozomlar, aderans baglantilar
(adherens junctions) ve siki baglantilar (tight junctions) olarak
gruplandirilir ve hiicrelerin bir arada tutulmasi, hicreler arasi
sinyallerin iletilmesinde ve hiicre adezyonunun saglanmasinda
gorev alirlar. TUmor hicrelerinin EMT slirecine direng gostererek
epitelyal bitlnligi korumaya calisirlar. Onkojenik transformas-
yon ve kanser metastazinda hiicresel baglantilar ile iliskili gen-
lerin ekspresyonlarinda degisiklikler, hiicre-hiicre adezyonunda
diizensizlik ve bozulmalar meydana gelir (4).

Desmozomlar

Desmozomlar sitoiskelet ve plazma membrani arasindaki bag-
lanti proteinleridir (Sekil 7). Sitoplazmik ve ekstraseliiler bolge-
lerine baglanan proteinler ile hiicreler arasi sitoiskelet eleman-
larinin baglanmasini saglayarak mekanik butiinlik saglarlar.
Bu grupta kaderinler, armadillo protein ve plakinler yer alir.
Desmokolin (DSC1-3) ve desmoglein (DSG1-4) transmembran
boslukta komsu hiicrelerle hiper-adezif baglanti saglayan he-
terodimer kaderin proteinleridir. Bu proteinler mekanik strese
karsi yogun direng gostermelerinin yanisira hiicre disinda ar-
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Sekil 7. Hiicreler arasi baglantilar ve ilgili proteinler (4 no'lu kaynaktan uyarlanmistir).
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madillo proteinler ile iliski de icindedirler. Armadillo proteinler
olan plakofilin (PKP1-4) ve plakoglobin (JUP) transmembran
kaderinler ve desmoplakin proteinleri ile etkilesim saglayan 41
aminoasitlik ‘armadillo’ tekrarlari icerirler. Desmozomal genler
EMT surrecinde yer alan Snail, Slug ve Twist gibi transkripsiyon
faktorleri ile dlizenlenir (4).

Desmoplakin Wnt sinyal yolagini ve -katenin ekspresyonunu
inhibe ederek timor baskilayici protein olarak islev gorir. Tu-
mor invazyonunda desmoplakin proteinindeki azalma sebe-
biyle desmozomal bitiinliik bozulur. Plakofilin (PKP) armadillo
proteinlerinin timor progresyonu ve metastazi ile iliskisi belir-
tilmistir. Bu proteinlerden PKP3'lin downregiilasyonunun in vit-
ro epitel hiicre migrasyonunda artisa ve nude farelerde deri ve
akcigerde timor olusumuna yol actig bildirilmistir (37).

Aderans Baglantilar (Adherens Junctions)

Aderans badlantilar lateral hiicre-hilicre adezyonunda rol oy-
narlar. Bu baglantilarda da desmozomlarda oldugu Uizere ka-
derin, armadillo protein ve plakin proteinler yer alir. Baglanti
alanlarindaki esas protein E-kaderin proteinidir. Desmoglein,
desmokolin ve N-kaderin EMT slirecinde yer alan diger aderans
baglanti proteinleridir. Armadillo proteinlerden a- and p-kate-
nin (CTNNA1-3, CTNNB1) p120-katenin (CTTND1-2) ile birlikte
E-kaderin ve sitoiskelet elemani aktin arasindaki etkilesimi ko-
laylastirir (4). Prostat, over, oral ve renal kanserlerde a- ve 3-ka-
teninlerin azalmis ekspresyonlarinin hasta sagkalimini ve klinik
sonuglar koti etkiledigi bildirilmistir (38).

Siki Baglantilar (Tight Junctions)

Epitel hiicre membranlarinin apiko-bazal bolgesinde lokalizedir-
ler (Sekil 7). Huicreleri baglayici gorevlerinin disinda hiicresel per-
meabilitenin diizenlenmesi ve hiicre polaritesinin saglanmasinda
bariyer olarak gorev yaparlar (4). Kan-beyin, kan-retina, kan-testis
bariyerlerindeki esas baglantilardir. Endotel ve epitel arasindaki
apikal ve bazolateral sivi kompartmanlarini birbirinden ayirir-
lar (39). Baglanti kompleksi gap junction (neksus) ve sitoiskelet
elemani aktin proteini ile etkilesimde olan hiicre-hiicre yapisma
molekili (JAM, junctional adhesion molecule) ve triseldlin (tri-
cellulin) ile iliskili okludin ve klaudin proteinlerinden olusur. Siki
baglanti proteinleri klaudin ve okludin proteinleri hiicreler arasi
baglantilardan iyonlarin gegisini kontrol ederek apikal-bazolate-
ral permeabilitenin diizenlenmesinde gdrev alirlar (4). Tum siki
baglanti proteinleri baglantida omurga goérevi yapan periferal
plak proteinleri ZO-1 ve -2 proteinleri ile etkilesimdedir (39).

Okludin ekspresyonunun metastatik meme kanserlerinde be-
lirgin olarak dustigu gosterilmistir (40). Okludin proteininin
susturulmasinin kanser hicrelerinin metastatik &zelliklerini
uyardidi bildirilmistir (41).

Klaudin proteininin ekspresyon degisimleri pek ¢ok calismada
meme kanseri agresiflidi ile iliskilendirilmistir (42, 43).

Hiicre-Hiicre Yapisma Molekiilii (Junctional Adhesion
Molecule, Jam)

Epitel ve endotel hiicreleri arasindaki siki baglanti proteinlerin-
den biri olan Jam protein ailesi, plateletlerde ve pek ¢ok [6kosit
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hiicresinde eksprese edilen, hiicre polaritesi, hiicre gecirgenli-
gi, 16kosit migrasyonu gibi cesitli immiin ve adezif streclerde
gorev alan kiguk proteinlerdir (33, 39). Bu aile Ig benzeri bolge
icermesi nedeniyle Ig Stper ailesi adezyon molekiillerinden de
sayilir ve Jam-A (-1), -B (-2), -C (-3) ve -L (-4) olarak siniflandirilir.
Epitel hiicrelerinde Jam-A ve -C siki baglantilarda yer alirken,
Jam-B lateral membranda bulunur. Okludin ve klaudinin aksine
ekstraseliiler bolgesi 2 adet Ilg motif (N-terminal) ve sitoplazmik
bir kuyruk (C-terminal) iceren tek bir transmembran bolgeye
sahiptir (33). Jam-A, LFA-1'in ligandi olarak erken safha Iokosit
transmigrasyonunda anahtar rol oynar (45). Literattrde Jam-A
geni ekspresyonunun up- ya da downregulasyonlari pek ¢ok
kanser ile iliskilendirilmistir (44, 46, 47). Jam-2 ekspresyonun
in vitro azaltilmasi kolorektal kanser hiicrelerinde metastaz ve
kotl prognoz ile iliskilendirilmis ve Jam-2'nin timor baskilayici
ve metastazi dnleyici 6zelligi olabilecedi 6nerilmistir (48). Hlic-
reler arasi baglantilarda homodimerler veya Jam-B ile heterodi-
merler yapan Jam-C'nin yénlendirilmis mutagenez ile mutas-
yona ugratilmasinin akciger kanseri hiicre hatlarinda timoriin
metastatik 6zelligini azalttigi gosterilmistir (49).

SONUC

Kanser hiicrelerinde metastaz, pek ¢ok biyokimyasal ve mole-
kuler faktor tarafindan yonlendirilen kompleks bir strectir ve
kanser tedavilerinde yiiksek oranda sinirlayici olup kanserden
oluimlerin %90’Indan sorumludur. Bu nedenle kanser metas-
tazinda altta yatan mekanizmalarin aydinlatilmasi kanser me-
tastazinin 6nlenmesine yonelik tedavi yontemlerinin gelistiril-
mesi acisindan onemlidir. Bu derlemede metastaz basamaklari
ile hiicre adezyon molekilleri ve hiicreler arasi baglanti pro-
teinlerinin metastatik streclerdeki énemi 6zetlenmeye cali-
silmistir. Bu proteinlerin kanser metastazina karsi tedavilerin
gelistirilmesinde ve hastanin yasam siresinin arttirilmasinda
potansiyel hedefler olarak kullanilabilecegi vurgulanmaya ¢a-
lisiimistir.
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0z

Son yillarda madde ile iliskili bozukluklar, madde bagimhliginin
gittikce yayginlasmasi ve madde kullaniminin daha ileri donem-
lerde kisinin sinir sistemi Uzerinde yarattigi etkileri dolayisiyla
onemli bir halk saghgi sorunu haline gelmistir. Maddenin yol actigi
bozukluklar temel olarak 2 gruba ayrilmaktadir; madde kullanim
bozukluklari ve maddenin yol actigi bozukluklar. Maddenin yol ag-
t1§1 bozukluklar; maddenin intoksikasyonu, madde yoksunlugu ve
maddenin yol actigi psikotik bozukluklar gibi diger madde iliskili
bozukluklardir. Madde iliskili psikotik bozukluklarin ileriki donem-
lerde sizofreni veya bipolar bozukluk gibi kronik psikotik bozuk-
luklara dontisme olasiligl, bozuklugun tani ve tedavisinin oldukca
énemli oldugunu gézler 6niine sermektedir. ilgili vakalarda birincil
psikotik bozukluk ve maddenin yol actigi psikotik bozukluk ayrim-
larinin yapilmasi, dogru tani ve etkin tedavi uygulamalari agisindan
onem arz etmektedir. Maddenin yol actigi psikotik bozukluklarin
glincel tedavi secenekleri arasinda tipik (klasik) ve atipik antipsi-
kotiklerin kullanimi yer almaktadir. Gliniimiizde, psikotik belirtiler
izerindeki olumlu etkilerinin yani sira; madde kullanma arzusu ve
madde arayisini azaltmalari ve klasik antipsikotiklere oranla daha
az ekstrapiramidal sistem yan etkilerine sahip olmalari sebebiyle
atipik antipsikotikler ilk tercih edilen ilag grubudur.

Bu derleme kapsaminda madde iliskili gelisen psikotik bozuklukla-
rin patogenezi ve farmakoterapide kullanilan atipik antipsikotikle-
rin guincel bilgiler 1siginda tartisilmasi amaclanmistir..

Anahtar Kelimeler: Atipik antipsikotikler, madde iliskili bozukluk-
lar, psikotik bozukluk

ABSTRACT

In recent years, substance-related disorders have become an im-
portant public health problem due to the effects of substance use
on the nervous system later in life periods. Substance-related dis-
orders are basically divided into two categories; substance use dis-
orders and substance-induced disorders. Substance-related disor-
ders consist of substance intoxication, substance withdrawal and
other substance-induced disorders such as substance-induced
psychotic disorders. The possibility of conversion of substance use
disorders to chronic psychotic disorders such as schizophrenia,
bipolar disease reveals the importance of its diagnosis and treat-
ment. In related cases, it is important to make distinction between
the primer psychotic disorder and substance related disorder for
correct diagnosis and effective treatment. Current treatment op-
tions for psychotic disorders caused by the substance include the
use of typical (classic) and atypical antipsychotics. Nowadays, atyp-
ical antipsychotics are the primary drug of choice in the treatment
of substance-induced psychotic disorders, not only because of
their positive impacts on psychotic symptoms but also because of
their reducing effect on substance craving and seeking and fewer
extrapyramidal side effects compared to typical antipsychotics.

This review aims to explain the pathogenesis of substance-related
psychotic disorders and to discuss the atypical antipsychotics used
in the treatment within the framework of current literature.

Keywords: Atypical antipsychotics, substance-related disorder,
psychotic disorder
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GiRIS

Psikoz, Diinya Saglik Orgiitii (WHO) ve Amerikan Psikiyatri Birli-
gi tarafindan “icgoriusiiz hallsinasyonlar veya sanrilarin varhg”
olarak tanimlanmaktadir. Bu ortak tanimda yer alan “i¢gori”
ifadesi Aubrey Lewis tarafindan “kisinin kendinde ortaya cikan
morbid degisiklikleri dogru bicimde algilayabilmesi” seklinde
aciklanmustir (1). Psikiyatrik degerlendirmeler icin dnemli bir
kavram olan i¢goru 6zellikle sizofreni hastalarinda hastalik be-
lirtilerinin tanimlanmasi ve tedavi seyrinin takibi agisindan ol-
dukca degerlidir. WHO tarafindan 1973 yilinda yapilan sizofreni
ile ilgili calismada psikotik bozukluk yasayan bireylerin %97'sin-
de icg6riniin bulunmadigi belirlenmistir (2).

Psikotik bozukluk vakalarinda madde kullanim bozukluguna
sikca rastlanmaktadir. Cesitli calismalarda sizofreni veya bipolar
bozukluk gibi ciddi psikotik bozuklugu bulunan bireyler arasin-
da madde kullanim bozukluklarinin daha yaygin oldugu ortaya
koyulmustur (3-5). Toplum genelinde madde kullanim bozuk-
lugu %15 oranla yayginlk gostermekteyken; psikotik bozukluk
vakalarinin %50'sinde yasamlarinin bir periyodunda madde
kullanim bozuklugu gorilmektedir (3).

Madde ile iliskili bozukluklar ve psikiyatrik bozukluklarin bir arada
seyretmesi durumu; tani ve tedaviyi zorlastiran, hastanede yatis
sliresini uzatan, semptomlarin hafiflemesini geciktiren ve intihar
girisimi riskini arttiran ciddi bir saglik problemidir (6). Tedavinin
basarisiz sonuglandigi vakalarin buylk cogunlugunda, bu durum
her iki bozuklugun tedavisinin hastaya uygulanmamasiyla iliski-
lendirilmistir. Bu baglamda ele alindiginda, madde aracil gelisen
psikotik bozukluklarin basarili bir sekilde tedavi edilebilmesi icin
hem madde ile iliskili bozuklugun hem de ruhsal bozuklugun te-
davi edilmesi gerekmekte olup her problemin ayri ayri ele alindig
geleneksel yontemler yerine bitlncil tedavi programlari tercih
edilmelidir. Bu biitlincil tedavi programi, farmakolojik tedavinin
yani sira, icerisinde motivasyonel goériisme, kisa girisimler, bilissel
davranisci terapi, edimsel yontem ve kendine yardim gruplarinin
yer aldigi psikososyal yaklagimlardan olugmaktadir.

GUnimuzde sizofreninin farmakolojik tedavisinde tipik antipsi-
kotiklerin yerini alarak kullaniimakta olan atipik antipsikotikler,
maddenin yol actigi psikotik bozukluklarin farmakolojik tedavi-
sinde de tercih edilen bir ila¢ grubudur. Atipik antipsikotik ilag-
larin, madde bagimliliginin gelisiminde rol oynadigi diistintilen
ortak noronal devre Uzerinde etki gdstermelerinin anlasiimasi
Uzerine, builag grubunun madde bagimliligi tedavisindeki etki-
si arastiriimistir. Psikoaktif maddelerin yol actigi psikotik bozuk-
lugun tedavisinde atipik antipsikotiklerin tercih edilmelerinin
sebepleri; ortak néronal devreye etkileri, dopamin D, reseptori
Uzerine segici etki gostermeleri, bilissel fonksiyonlar tizerindeki
olumlu etkileri, serotonin ve noradrenalin reseptorleri tizerin-
deki etkilerinin sonucu olarak duygu durum tizerindeki olumlu
etkileri ve serotonin 5-HT; reseptoriine gosterdikleri afiniteyle
iliskilendirilen madde kullanma arzusunu azaltmalaridir (7).

Bu derleme kapsaminda; madde kullanimina bagli olarak geli-
sen psikotik bozukluklarin tedavisinde kullanilan atipik antipsi-
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kotik ilaglar, bu ilaglarin kullanim hedefleri ve etkilerinin glincel
bilgiler 1s1§inda tartisiimasi amaglanmistir.

MADDE KAVRAMI VE TURLERI

Bagimlilik yapan maddeler, merkezi sinir sistemini dnemli dere-
cede etkileyerek kisinin algilama, duygu durum, mental durum,
davranis ve motor fonksiyonlarinda bozukluk yapan psikoaktif
maddeler olarak tanimlanmaktadir. "Psikoaktif madde" terimi
yalnizca primer olarak beyni etkileyen maddeleri kapsadigi icin;
bagimlihga veya kotlye kullanima yol acabilecek ve beyni et-
kileme 6zelligine sahip diger maddeleri de kapsayabilecek bir
terim olan "madde" gliniimiizde kabul gérmektedir (8).

Ozgiil Madde Tiirleri

Amerikan Psikiyatri Birligi tarafindan Mental Bozukluklarin Ta-
nisal ve istatistiksel El Kitabi'nin besinci baskisi (Diagnostic and
Statistical Manual of Mental Disorders Fifth Edition, DSM-V)
kapsaminda; uzun sureli kullanimlari veya suistimal edilmeleri
durumunda bireyde fizyolojik veya psikolojik olarak cesitli bo-
zukluklara yol acabilen maddeler on farkli sinifta degerlendiril-
mistir (Tablo 1) (8). Uyarici nitelikte farkl siniflarda gruplandiri-
lan bu maddeler, asirt miktarda alinmalari durumunda beynin
odul sistemini direkt olarak aktive etmeleri agisindan ortak
ozelliklere sahip olup 6dil yolaklarini normal yollarla uyarima
gore daha hizli ve etkin bir sekilde uyarmaktadirlar (9).

Tablo 1. DSM-V’e gére Ozgiil Madde Tiirleri (8)

Alkol

Kafein

Kannabis

Hallisinojen

inhalanlar

Opiyat

Sedatifler

Stimulanlar

Tatln

Diger

Amfetamin, kannabis, alkol ve diger uyarici maddeler uzun su-
redir psikotojenik bilesenler olarak kabul edilmekle birlikte ya-
pilan cesitli calismalarda bu maddelerin kontrolstiz alimlarinin
kiside psikoz gelisiminde rol oynadigi ortaya koyulmustur (10).

Alkol

Eski kultirlerden itibaren alkol, opiyat ile birlikte insan tarafin-
dan kullanilan ilk psikoaktif maddelerden biri olup glinimiizde
de bircok toplumda dini veya kiiltirel amaglarla yaygin olarak
kullanilmaktadir. Fizyolojik olarak metabolize edilmesi sirasin-
da organizma uizerinde olumlu veya olumsuz cesitli etkileri bu-
lunmaktadir (11).
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Kullanim agisindan en sik suistimal edilen psikoaktif maddeler-
den biri olan alkol; yoksunluk belirtileriyle birlikte intoksikas-
yon, deliryum tremens, Wernicke ensefalopatisi ve alkol halu-
sinozunun sebep oldugu ciddi psikotik bozukluklar gibi ¢esitli
klinik tablolara neden olabilmektedir. Bununla birlikte yapilan
epidemiyolojik calismalara gore; cesitli psikiyatrik bozukluklara
sahip hastalardan; Bipolar Tip | hastalarinin %46’si, Bipolar Tip |l
hastalarinin %39y, sizofreni hastalarinin %34'(, kisilik bozuklu-
Jguna sahip hastalarin %29'u ve major depresif bozukluga sahip
hastalarin ise %7'si bu bozukluklarla es zamanl olarak alkol kul-
lanim bozuklugu tanisi da almistir (11).

Kafein

Diinya tizerinde en yaygin kullanilan psikoaktif maddelerden
biri olan kafein, cay ve kahvenin disinda, ¢ikolata, kakao ve ener-
jiicecekleri gibi pek cok farkl maddenin icerisinde de yer almak-
tadir. Tum diinya genelinde kahve ve kafein iceren diger yiyecek
ve icecekler glinliik diyetin dnemli bir parcasini olusturmaktadir
(12). Diyetle alimini takiben hizla emilen ve dolasima katilan ka-
feinin merkezi sinir sistemi lizerindeki etkinliginin benzodiaze-
pin reseptorleri araciligi ile serotonin ve nor-adrenalin saliminin
artirilmasi seklinde oldugu distntlmektedir (14). Ayrica kafein
adenozin A, ve A,, reseptorlerinin yarismali antagonisti olarak
da islev gostermekte ve mezolimbik dopamin yolaginda dopa-
min aktivitesini etkileyebilmektedir. Bu sekilde modiile edilen
dopaminerjik sinyal iletiminin, kafeinin cesitli psikotik belirtile-
rin de dahil oldugu davranis, algi ve distince stirecleri Gizerinde-
ki etkilerinin temelini olusturdugu distntlmektedir (12).

Yapilan farkl arastirmalar dogrultusunda kafein tiiketimi ile psi-
kotik bozukluk semptomlarinin gelisimi arasindaki iliski uzun
zamandir bilinmektedir. Hedges ve ark. tarafindan kafein kul-
laniminin saglikl insanlarda psikoz gelisimini indukleyebildigi
gosterilmistir (13). Bununla paralel olarak bir baska calismada
psikotik bozuklugu olan bireylerde kafein kullanimi ile birlikte
psikotik semptomlarin giderek kotilestigi kaydedilmistir (14).

Kannabis

Kannabis (esrar) hint kenevirinden (Cannabis sativa) elde edilen bir
madde olup 421 cesit kimyasal icermektedir (15). intoksikasyon-
dan ve davranissal degisikliklerden sorumlu psikoaktif etken mad-
desi tetrahidrokannabioliin (THC) delta-9 izomeridir. Esrar, alkol ve
tutunle birlikte tim diinyada siklikla kullanilan keyif verici madde-
lerin basinda gelmekte ve kullanim sikligi giderek artmaktadir.

16 yasindan once kannabis kullanimi; kisilik bozukluklari, anksi-
yete bozuklugu ve depresyonun da icerisinde yer aldigi mental
bozukluklara ve madde kullanim bozukluklarina yatkinlk riskini
arttirmaktadir (48). Kannabis kullanmis tim bireylerin yakla-
stk %9'unda, kullanima ergenlikte baslayanlarda ise 6 kisiden
1'inde kannabis kullanim bozuklugu gelismektedir (16). Her glin
kannabis kullandigini belirten kisilerin 1/4'inden 12'sine kadar
oranda kannabis kullanim bozuklugu gelistigi bildirilmistir (17).
Birlesmis Milletler Uyusturucu ve Sug Ofisi (UNODC)'nin 2018 yili
raporuna gore kannabisin kisa sureli etkileri arasinda paranoya,
psikoz ve motor koordinasyonda bozukluk bulunurken, uzun
stireli veya agir kullaniminin etkileri arasinda sizofreni de dahil

Experimed 2020; 10(1): 49-58

olmak tizere artmis kronik psikotik bozukluk riski, kronik bronsit
semptomlari ve okul basarisinda azalma yer almaktadir (16).

Haliisinojenler

Halisinojenler; kisinin ¢cevresi veya kendi dlslince ve duygulari
hakkindaki farkindaligini degistirebilen bir cesit kimyasal grup-
tur. Cok eski kiiltlrlerde dini veya mistik amacli olarak kullanilan
haliisinojenler cesitli mantar veya bitkilerden dogal olarak elde
edilebildigi gibi sentetik olarak da uretilebilmektedir. Sentetik
olarak uretilen ilk haltsinojen liserjik asit dietilamid (LSD)dir.
LSD, Albert Hofmann tarafindan 1938 yilinda Uretilmesine rag-
men psikoaktif etkileri ancak 5 yil sonrasinda anlasilmistir (18).
Halisinojenler oldukg¢a biyiik heterojen bir grup olmakla bir-
likte kimyasal benzerliklerine gore farkli alt siniflara ayrilmiglar-
dir (19). Organizmada, metabolize edilmelerini takiben, seroto-
nin agonistleri seklinde hareket ederek en nihayetinde kiside
degisen gerceklik algilari Gretirler (19).

inhalanlar

inhalanlar, kisinin yalnizca soluma yoluyla alabildigi maddeleri
kapsayan ve kiside psikoaktif etki gdsteren ugucu maddelerdir.
Bunlar arasinda toluen, n-hekzan, trikloretilen, diklorometan,
benzin ve bitan gibi yaygin kullanilan ucucu hidrokarbonlar
yer almaktadir. Bu kimyasal maddeler ticari olarak; solventler,
aerosol spreyler, tiner gibi incelticiler ve sivi yakitlar icerisinde
olmak tizere 4 farkh formda satilr.

Cogu inhalan madde, merkezi sinir sistemini yavaslatma yoluy-
la etki gosterir. Saglk Uzerindeki kisa sireli etkileri konusma
bozuklugu, koordinasyon eksikligi, bas dénmesi ve halusinas-
yonlar seklinde gozlenirken uzun sireli kullanim durumlarinda
karaciger ve bobrek hasari, gecikmis davranis gelisimi ve beyin
hasari gozlenebilmektedir. Cok yaygin olmamakla birlikte inha-
lanlarin tekrar tekrar kullanimlari madde kullanim bozuklugu-
na ve buna bagh olarak daha ileri donemlerde cesitli psikotik
bozukluklara yol acabilmektedir (20).

Opiyat

Opiyat (afyon), hashastan elde edilen dogal alkaloidler ve bun-
larin yari sentetik bilesiklerini ifade etmekte olup opioidlerin bir
alt kiimesidir. Dogal opiyatlar arasinda morfin ve kodein gibi
yiksek etkili agr kesiciler yer alirken, yari sentetik opiyatlar ara-
sinda hidrokodon, oksikodon ve eroin yer almaktadir. Diinya
genelinde klinik kullanimda olan kimyasal olarak birbirinden
farkli 20 cesit opioid bulunmaktadir. Endustriyel olarak gelis-
mis Ulkelerde kotiiye kullanima ve bagimliliga en sik eslik eden
opioid madde eroindir. Eroinin disinda, gticli analjezik etkileri
dolayisiyla son 20 yilda kronik agr tedavisinde doktorlar tara-
findan da giderek daha fazla tercih edilmektedir (21).

Cesitli calismalar opioidlerin pediatrik olarak tibbi olmayan
amaclarla da kullanildigina dikkat ¢ekmekte ve bu durumun
ilerleyen donemlerde madde kullanimina bagli gelisen bozuk-
luklar agisindan risk tasidigini vurgulamaktadir (22).

Madde ile iliskili Bozukluklar, Epidemiyoloji ve Etiyolojisi
Madde ile iliskili bozukluklar tim diinya capinda yarattig so-
runlar nedeniyle 6nemli bir halk sagli§i sorunu olarak kabul
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edilmektedir. Diinya niifusunun yaklasik %5,6'sina karsilik ge-
len, 15-64 yas araligindaki 275 milyon kisinin 2016 yilinda en az
bir kez madde kullandigi ve ayrica 31 milyon madde kullanici-
sinda tedavi edilmesi gereken madde kullanim bozukluklarinin
gelistigi belirlenmistir (23). Diinya Saglhk Orgiti (WHO) 2015
yilinda yaklasik 450,000 kisinin madde kullanimi sonucu haya-
tini kaybettigini ortaya koymustur. Bu 6ltimlerin 167,750'sinin
dogrudan madde kullanim bozukluklarindan (cogunlukla asiri
doz), geriye kalan oliimlerin ise dolayh olarak madde kullanim
bozukluklari ve bunun yani sira sagliksiz enjeksiyon uygula-
malari sebebiyle bulasan insan immiin Yetmezlik Viriisi (HIV),
Hepatit C gibi viral etkenlerden kaynaklandigi bildirilmistir (23).

Birlesmis Milletler Uyusturucu ve Sug Ofisi (United Nations Of-
fice on Drugs and Crime, UNODC) tarafindan yayinlanan 2018
raporunda; 2016 yili icerisinde 192 milyon kannabis, 34 milyon
opiyat, 21 milyon ekstazi, 34 milyon amfetamin ve receteli uya-
ran ve 18 milyon kokain kullanicisi oldugu vurgulanmaktadir.
Ayrica, 130 lilkeden elde edilen veriler 1siginda 2016 yilinda cogu
ogrenci olan ve genel niifusun yaklasik %5'ine karsilik gelen 15-
16 yas araligindaki 13,8 milyon gencin son 12 ayda en az bir kez
kannabis kullandigi belirlenmis olup bircok tilkede kannabisin
hem genc popiilasyon hem de genel popiilasyon tarafindan en
yaygin kullanilan madde tiirii oldugu ortaya koyulmustur (23).

Asiri dozda madde kullanimi dolayisiyla gerceklesen dlimler,
2016 yihinda Amerika Birlesik Devletleri (ABD)'nde bir énceki
yila kiyasla %21’lik bir artis gostermis olup 63,632 kisinin bu se-
beple hayatini kaybettigi rapor edilmistir. 2016 yilinda fentanil
ve analoglarinin asiri dozda kullanimina bagli 6ltimlerin Kana-
da'da ciddi sayilara ulastigina dair veriler mevcuttur. Asir doz
madde kullanimi ile iligkili 6limlerdeki bu artisin nedeni olarak
ozellikle fentanil ve analoglarinin illegal olarak 3,4-Methylene-
dioxymethamphetamine (MDMA veya ekstazi), eroin, kokain
veya sentetik opioidlerin icerisinde ekleniyor olmasi 6ne su-
rilmustdr (23). Bu durum madde kullanicilarinin, cogu zaman
kendilerini asir doz sonucu 6ltiime siirtikleyen bu maddelerin
iceriginden habersiz bir sekilde hayatlarini kaybettiklerini orta-
ya koymaktadir.

Madde kétiye kullaniminin ya da yatkinliginin cinsiyetler ara-
sindaki farkliligina dair de pek ¢ok calisma yapilmis olup énce-
leri kadinlara oranla erkeklerde daha fazla gézlenen bu suisti-
mal durumunun kadinlarda da giderek arttigi rapor edilmistir
(17). 1980'lerin baglarinda yapilan bir calismada alkol kullanim
bozuklugunun erkek/kadin orani 5:1 olarak bildirilmisken daha
glincel calismalar bu orani 3:1 olarak kaydetmistir (24). Buna ek
olarak kadinlar erkeklere oranla daha az miktarda ve daha kisa
periyotta madde kullansalar dahi, madde bagimliligi tedavisi-
ne bagsladiklar zaman erkeklere kiyasla davranissal, psikolojik
ve sosyal problemlerin daha siddetli oldugu klinik tablolar ile
karsilagiimaktadir (17).

Amerikan Psikiyatri Dernegi tarafindan DSM-V kapsaminda de-
gerlendirilen ve genisletilerek son halini alan madde ile iliskili
bozukluklar; madde kullanim bozukluklari ve madde kullani-
minin yol actigi bozukluklar olmak tizere 2 grupta incelenmek-
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tedir (8). Madde kullanim bozuklugunun temel 6zelligi, bireyin
madde ile iliskili problemler yasamasina ragmen madde kulla-
nimina devam ettigini gosteren bir dizi bilissel, davranissal ve
fizyolojik semptomlarin gézlenmesidir (25). Maddenin yol ag-
t1§1 bozukluklar ise, kiside madde kullanim dykist 6ncesinde
psikotik bozukluk belirtilerinin gelismemesi ve psikotik bozuk-
luklarin madde kullanimi sonucunda gelismesi durumu olarak
degerlendirilmektedir. Madde kullaniminin yol actigi bozukluk-
lar; madde intoksikasyonu, madde yoksunlugu ve maddenin
yol actigi diger bozukluklar alt bashklarindan olusmaktadir:

Madde intoksikasyonu: Asiri madde kullaniminin ardindan
meydana gelen akut klinik bir tablodur. Maddenin yalnizca bir
kere kullanilmasinin ardindan gelisebilecek madde ile iliskili tek
bozukluktur ve herkeste intoksikasyon gelisebilmektedir. Niko-
tin disindaki diger maddeler, ayirt edici intoksikasyon send-
romlari olustururlar. Kiside, merkezi sinir sistemini etkileyen bir
maddeyi kullanmasinin ardindan fiziksel belirtiler ve davranis-
sal veya psikolojik degisimler meydana gelir (26).

Madde Yoksunlugu: Yoksunluk semptomlari, madde kullanicisi-
nin beyninde madde yogunlugunun azalmasi sonucunda gelisir
ve kiside sikinti veya islevsizlik yaratir. Bu semptomlar kullani-
lan maddeye gore degismekle birlikte; bazi semptomlar bircok
madde icin ortaktir. Madde bagimlilarinin biylik cogunlugunda
maddenin birden kesilmesi ile birlikte yoksunluk olusurken, ha-
lisinojenler gibi bazi maddeler bagimlilik yarattigi halde yoksun-
luga yol agmaz. Yoksunlugun zamani maddenin yarilanma émri
ile iliskilendirilir. Genellikle son doz aliminin 12-24 saat sonrasin-
da baglayan ve madde kullanma arzusunun eslik ettigi yoksunluk
semptomlari birkag gtinden uzun stirmemektedir (26).

Maddenin Yol A¢tigi Diger Bozukluklar: Maddeye bagl geli-
sen bu etki, siddetli seyretme potansiyeline sahip olup genel-
de gecici bir durum teskil etmektedir; fakat madde suiistimali,
ilacin veya siddetli toksinlerin etkisiyle kalict merkezi sinir sis-
temi sendromlari olusturabilmektedir. DSM-V'te maddenin/
ilacin yol actigi diger bozukluklar; psikotik bozukluklar, bipolar
ve iliskili bozukluklar, depresif bozukluk, anksiyete bozuklugu,
obsesif kompulsif ve iliskili bozukluklar, uyku bozuklugu, cinsel
disfonksiyon, deliryum ve norolojik-bilissel bozukluklar olarak
tanimlanmistir (8).

Maddenin Yol Actigi Psikotik Bozukluklar

Madde kullanan bireylerde psikoz gelisme orani normal popu-
lasyona kiyasla daha yuksektir. Madde ile iliskili bozukluklarin
prognozu ve tedavi basarisinin psikoz gelisiminden olumsuz
yonde etkilendigi bilinmektedir. Maddenin yol actigi psikotik bo-
zukluklarin olusum mekanizmalarinin dogru agiklanmasi bu bo-
zukluklarin etiyolojilerinin daha iyi anlagilmasini saglar. Bununla
birlikte, maddenin yol actigi psikotik bozukluk ile birincil psikotik
bozukluk ayriminin dogru yapilmasi bu vakalarin degerlendiril-
mesinde en zor noktalardan birisidir. Literatiirde alkol, kannabis,
kokain ve inhalan gibi psikoaktif maddelerin psikotik bozukluk-
lar ile iliskisini kanitlayan farkli calismalar mevcuttur (27).

Madde kullanim bozuklugu ve ruhsal bozukluk arasindaki iliski
oldukca karmasiktir. Sekil 1'de gosterildigi tzere, psikotik bo-
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zukluk tanili hastalarin blyuk bir bélimiinde madde ile iliskili
bozukluklar gézlenebildigi gibi benzer sekilde, psikoaktif mad-
delerin yol actigi bozukluklarin gézlendigi bireylerde psikotik
bozukluk gelisme riski de artmaktadir. Yapilan arastirmalar,
alkol bagimhilarinin 1/3'lnden fazlasinda ve bitiin madde ba-
gimlilarinin 12'sinden fazlasinda ruhsal bozukluklar gézlendi-
gini bildirmektedir (28).

Bircok kullanicr igin, yoksunluk esnasinda tamamen giderilebi-
len maddenin indikledigi psikotik semptomlar, ICD-10 (Ulus-
lararasi Hastalik Siniflamasi, 10. Revizyon) icerisinde psikoaktif
maddenin veya maddelerin indikledigi psikotik bozukluklar
olarak tanimlanmaktadir. Fakat yapilan son calismalar, mad-
de aracil psikotik bozukluk geciren bazi hastalarda sonraki
doénemlerde sizofreni gelisiminin beklenenden daha yiksek
oranlarda oldugunu ortaya koymustur. Niemi-Pynttari ve arka-
daslari tarafindan Finlandiya'da gerceklestirilmis bir calismada,
kannabis, amfetamin ve alkoliin indlkledigi psikotik bozuk-
luklarin 3 yil icerisinde sizofreni spektrum bozukluklarina dé-
nlsim oranlarinin sirasiyla %46, %30 ve %5 oldugu belirlen-
mistir (29).

Maddenin Yol Actigi Psikotik Bozukluklarin Tani Kriterleri
DSM-V’e gore maddenin yol actigi psikotik bozukluklarin tani
kriterlerinden sanrilar veya varsanilardan en az birinin varhg
karakteristik belirte¢ olarak kabul edilmektedir (8). Bununla
birlikte gozlenen bu sanri/varsanilarin ilag veya madde kullani-
mini takiben gelismesi ve bu bahsi gecen madde veyailacin ka-
rakteristik belirte¢ olarak kabul edilen sanri/varsani belirtilerini
olusturma durumu degerlendirilir. Ayrica bu bulgulara paralel
olarak bozuklugun deliryum esnasinda gelismiyor olmasi ve
klinik olarak anlamli sorunlara veya toplumsal alan ve is haya-
tinda islevsizliklere sebebiyet vermesi de taniya yardimci olan
faktorler arasindadir (8).

Maddenin Yol Actigi Psikotik Bozukluklarin Risk Faktorleri
Maddenin yol actigi psikozlarin yayginhigr tizerindeki epidemi-
yolojik verilerin erisilebilirligi mimkiin degilken; yogun madde
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kullaniminin ardindan psikotik belirtiler tecrlibe ettigini bildir-
mis kisiler Uzerinde yapilan klinik arastirma sayisi azimsanma-
yacak ol¢lidedir.

Cin'in Pekin ve Guangdong bdlgelerinde 18 yas ve lzerindeki
metamfetamin kullanicilari Gizerinde yapilmig olan bir ¢alisma-
ya gore; metamfetamin kullanicilar arasinda metamfetamin
ile iliskili psikotik semptomlarin yaygin oldugu belirlenmistir.
Metamfetamine bagli psikotik semptomlarin risk faktorleri ara-
sinda; yuksek doz ve uzun siireli metamfetamin kullanimi, eroin
veya titun kullanim hikayesi, depresyon veya anksiyete soru-
nunun yer aldigi sonucuna varilmistir. Bu bulgular; metamfe-
tamin kullanan bireylerde kullanimi énleyici ve psikotik bozuk-
luklar tedavi edici stratejilerin gelistirilmesinin 6nemini gozler
online sermistir (30). Roncero ve arkadaslarinin, indiklenmis
psikotik bozukluklarin kokain kullanicilar tGzerindeki etkilerine
dair yaptiklari calismada ise kokain kullanan bireylerin yasam-
lari boyunca en az bir defa psikotik semptom gegirme durum-
larinin %29'dan %75'e kadar yikselebildigi not edilmistir (31).

Madde aracili gelisen bu ve bunlara benzer bozukluklarin risk
faktorleri arasinda; madde cinsi, kullanim suresi ve yas, cinsiyet,
genetik faktorler, ailede sizofreni hikayesi, uygulama yolu, doz,
norofizyolojik yatkinlik, beden kitle indeksi, psikiyatrik bozuk-
luk es tanisi ve birden fazla madde kullanimi yer almaktadir
(31). Butin maddelerin indlklenmis psikoz olusumunda risk
teskil etmesine ragmen ayni anda birden fazla madde kullani-
minin psikoz olusumu icin en guicli risk faktord oldugu belirtil-
mektedir (32).

Maddenin Yol Actigi Psikotik Bozukluklarin Tedavisi

Madde koétlye kullaniminin yol actigi tibbi, sosyal ve psikolo-
jik zararlarin indirgenmesinde en etkin ara¢ tedavidir. Madde
kullanimini sonlandirmak asil hedef olsa da kullanim miktari ve
sikhdinin azaltilabilmesi de dogacak problemlerin hafiflemesini
saglayabilmektedir (33).

Maddenin yol actigi psikotik bozukluklarin tedavisinde baslica
hedefler:

1) Madde kullanma arzusu ve madde kullaniminin indirgenmesi,
2) Bireyin sagliginin ve islevselliginin diizeltilmesi,

3) Komplikasyon ve niiks risklerinin azaltilarak olasi tehlikele-
rin énlenmesidir (34).

Bu amaglar dogrultusunda giincel klinik olarak hem farmako-
lojik hem de bireyin psikososyal durumuna yardimci olabilecek
psikolojik danismanlik ve rehabilitasyon hizmetleri uygulan-
maktadir.

50'nin Gzerinde yapilmis kontrollii calismadan varilan sonuca
gore; madde ile iliskili bozukluk ve mental bozukluk es tani-
sinda farkli disiplinlerin kullanildigi bitiincil bir tedavi yakla-
siminin uygulanmasinin biyldk énem tasidigi gorilmektedir.
Madde kotiiye kullanimi tedavi programi ve toplum ruh sagligi
merkezlerinin felsefi acidan tedaviye yaklasimlari birbirlerin-
den ayrilsa da hastalarin hem mental bozukluklarinin hem de
madde kullanimlarinin ayni 6nemde tedavi edilmesi gerektigi
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mesaji, bu kliniklerdeki uzmanlar tarafindan hastaya hisset-
tirilmelidir. Madde kullanimi ve mental bozukluk es tanisinda
basarili bir tedavi, farmakoterapi, psikososyal tedavi ve madde
kotlye kullanimi ile ilgili danismanhk programlarinin koordi-
nasyonu ile mimkanddr.

Maddenin yol actigi psikotik bozukluklarin farmakolojik tedavi
uygulamalari arasinda spesifik olarak kullanilan cesitli ilag grup-
lari yer almaktadir.

McEvoy ve arkadaslarinin 1995 yilinda yapmis olduklari calis-
malar sonucunda, yiiksek etkili tipik antipsikotiklerin psikotik
belirtilerin azaltilmasinda etkin olmalarina ragmen hastalarin
madde kullanim oranlarini arttirdiklari belirlenmistir (35). Bu-
nunla birlikte; dusuk etkili tipik antipsikotiklerin madde kul-
lanim oranlarini azaltmada basarili olmalarina karsin; psikotik
belirtilerin azaltilmasinda yetersiz kaldiklari belirtilmistir. Bunu
takiben Green ve arkadaslari 1999 yilinda yapmis olduklari
calismada bu durumun nedeni olarak; yiksek etkili tipik an-
tipsikotiklerin diistik etkili tipik antipsikotiklere gére mezokor-
tikolimbik 6dil yolaginda daha yiiksek seviyede dopamin an-
tagonisti etkinligi gosteriyor olmalarini 6ne stirmuslerdir (36).

Diger taraftan, atipik antipsikotiklerin; dopamin reseptori an-
tagonizmasinda segici olmalari ve serotonin, noradrenalin ve
histamin yolaklari Gzerindeki etkinlikleri sebebiyle maddenin
yol actigi psikotik bozukluklarin tedavisinde tipik antipsikotik-
lerin yerine daha siklikla tercih edildikleri bilinmektedir. Atipik
antipsikotik ilaglarin antihistaminik etki mekanizmalari ile bi-
reylerde uyku halinin olusmasinin yani sira; anksiyetede azal-
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ma gozlendigi ve 6zellikle 5-HT, reseptorleri izerindeki anti-
serotoninerjik etki mekanizmalari ile kisilerin psikoaktif madde
kullanimlarina yonelik takintili diistincelerini gidermede daha
basarili oldugu da farkh ¢alismalarda gosterilmistir (8).

Atipik antipsikotiklerin, negatif semptomlar lzerinde daha
etkili, ekstrapiramidal sistem yan etkilerinin daha az olmasi
ve serotonin, histamin ve norepinefrin Uzerinden de aktivite
gOstermeleri dolayisiyla tipik antipsikotik ilaglara gére avantaj
sagladiklari kaydedilmistir (37).

Tedavide Kullanilan Atipik Antipsikotikler

Atipik antipsikotikler, klasik antipsikotiklere gére D, reseptori-
ni daha az bloke ederek islev gdsteren ve ayrica diger dopamin
reseptorleri, serotonin (5-HT) reseptorleri ve cesitli norotrans-
mitterler Gzerinde de etkisi bulunan ila¢ grubudur. Antipsikotik
etkilerinin temeli, dopamin sistemi ile iliskilendirilirken; antipsi-
kotik etki ve yan etkide oncelikle serotonin olmak tizere diger
nérotransmitterlerin de rol oynadigi dngorilmektedir (38). Klo-
zapin, risperidon, olanzapin, ketiapin, ziprasidon, aripiprazol,
sulpirid bu grupta olmakla birlikte Tablo 2'de atipik antipsiko-
tiklerin genel kullanim alanlari ve Amerikan Gida ve ilac Dairesi
(FDA) tarafindan onay tarihleri 6zetlenmistir.

Klozapin

Atipik antipsikotiklerin prototipi olan klozapin’in 1960’larin or-
talarinda etkili bir antipsikotik oldugu gézlenmis fakat, 1974 yi-
linda Finlandiya'da Klozapin kullanmis 8 hastanin agraniilositoz
sonucu hayatini kaybetmesiyle birlikte rutin kullanimi sonlan-
dinlmistir (39). 1990'da ise ekstrapiramidal sistem yan etkileri

Tablo 2. Atipik Antipsikotik ilaclarin Kullanim Alanlari (37)

Atipik Antipsikotik

X Kullanim Alanlari FDA Onayi
llaglar
ezt Tede?wye (.;{lr?nc;l! sizofrenik hastalarin tedaVI.SI . o 1990
Klasik antipsikotik kullanimi sonucu ekstrapiramidal yan etki gelisen hastalarda tedavi
. . Uzun siireli sizofreni tedavisi
Risperidon Bipolar bozuklukla iliskili manik durumlarin kisa stireli tedavisi 1993
Olanzapin Sizofreni grubu psikotik bozukluklarin tedavisi 1996
Ketiapin Akut sizofreni ve sizoaffektif bozukluk tedavisi 1997
. . Sizofreni ve bipolar bozukluk,
Ziprasidon Travma sonrasi stres bozuklugu ve depresyon tedavileri 2001
. Akut psikoz, sizofreni tedavileri
AP RER) Bipolar bozukluk iliskili manik durumlarin stabilizasyonu 2002
Paliperidon Sizofreni ve sizoaffektif bozukluk tedavisi 2007
. Sizofreninin idame tedavisi
Asenapin Akut bipolar bozukluk tedavisi 2009
Amislpirid Akut psikotik hastaliklarin tedavisi 2020
Sulpirid Akut psikoz, sizofreni ve major depresif bozukluk tedavisi YOK
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ve tardif diskinezi olusturmalari sebebiyle tipik antipsikotikleri
tolere etmekte glicliik ceken sizofreni hastalari icin FDA tarafin-
dan onaylanmigstir. Pozitif semptomlari tedavi ettigi gibi, psiko-
zun negatif ve defisit semptomlarinin tedavisinde de oldukca
basarihdir (38).

Etki mekanizmasi: Klozapin, santral sinir sisteminde baslica
D, ve D, tipi dopamin reseptorlerini antagonize etmektedir.
Ekstrapiramidal sistem yan etkilerinin klasik antipsikotiklere
gore daha az olmasi D, tipi dopamin reseptorleri Gzerindeki
etkisinin daha disiik olmasi ile agiklanmaktadir. Bununla birlik-
te, direncli sizofreni vakalarinda klozapin'in tedavi basarisinin
serotonin 5-HT, reseptorlerini antagonize etmesine dayandigi
distinilmektedir (8).

Risperidon

Klozapin'in ardindan ABD’de FDA tarafindan Aralik 1993'te si-
zofreninin akut tedavisi icin onaylanmis atipik antipsikotiktir.
Risperidon’un devamli kullanimi hastaligin niiksiini engelle-
digi icin, Mart 2002'de FDA tarafindan sizofreninin uzun sureli
tedavisinde onaylanmistir. Bunun yani sira; oral risperidon bi-
polar maninin kisa sireli tedavisinde tek basina ya da lityum
veya valproat ile birlikte kullaniimak tizere Aralik 2003'te onay
almistir (40).

Etki mekanizmasi: Serotonin 5-HT, ve dopamin D, reseptorle-
rine yliksek afinite gostermektedir. Dopamin D, reseptorlerinin
antagonize edilmesi ile, sizofreninin pozitif belirtileri arasinda
yer alan hallsinasyon, hatali konusma ve deliizyonun iyilesme-
sine katki saglanmaktadir. Serotonin ve dopamin reseptorleri-
nin her ikisine karsi antagonist etki gostermesinin, sizofreninin
negatif ve pozitif belirtilerini iyilestirmesini ve ekstrapiramidal
sistem yan etkilerinin olusmamasini sagladigi distinilmektedir
(40).

Siilpirid

Bazi oOzellikleri ile tipik antipsikotiklere benzemekle birlikte
ozellikle D, reseptorlerine karsi secici afinite gdstermesi dolayi-
siyla atipik antipsikotikler altinda siniflandiriimistir. Uzun sireli
kullaniminda dopaminerjik reseptorler tizerinde asir duyarlilik
yaratmamasi veya ¢ok az yaratmasi kullanimi agisindan avantaj
saglamaktadir (41).

Etki mekanizmasi: Antipsikotik etkisi merkezi sinir sisteminde
postsinaptik dopamin D, reseptorlerini selektif olarak antago-
nize etmesiyle gerceklesmektedir.

Amisiilpirid

Amisulpirid, D,/D3; dopamin reseptorlerine seciciligi ve seroto-
nin 5-HT,, reseptorlerine afinitesi nedeniyle atipik antipsikotik-
ler arasinda yer alan énemli bir ilactir (37).

Etki Mekanizmasi: Tipik ve atipik antipsikotiklerden ayrilarak,
a-adrenerjik, kolinerjik ve histamin H; reseptorlerine karsi afi-
nitesi bulunmamakla birlikte dopamin D, ve D; reseptorlerine
selektif afinite gostermesi dolayisiyla sizofreninin pozitif ve ne-
gatif belirtileri Gizerinde gliclu etkinlik gosterir (37).
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Ketiapin

Kimyasal yapi olarak klozapine benzeyen bir atipik antipsikotik-
tir. Bu sebeple klozapine benzer bicimde sizofreninin pozitif ve
negatif belirtileri Gzerinde etkinlik gosterirken; ekstrapiramidal
sistem yan etkilerine yol agmamaktadir. Ketiapin'in hematolojik
parametreler tizerinde degisiklige yol agmayan bir atipik antip-
sikotik olmasi, sizofreni tedavisinde ilk tercih edilen ilag konu-
munda yer almasini saglamaktadir (42).

Etki mekanizmasi: Orta derecede dopamin D, ve gii¢lii dere-
cede serotonin 5-HT, reseptdr antagonisti olarak etki gosteren
bir atipik antipsikotiktir. Ketiapin; serotonin 5- HT;,, histamin
H,, adrenerjik a1-, adrenerjik a2- ve dopamin D, reseptorlerini
antagonize ederken; kolinerjik, muskarinik ve benzodiazepin
reseptorlerine karsi etki gostermemektedir.

Olanzapin

Kimyasal yapi ve etki mekanizmasi bakimindan klozapin'e
benzeyen olanzapin, FDA tarafindan Ekim 1996'da sizofreni
tedavisi icin; Mart 2000'de akut bipolar mani tedavisinde tek
basina kullanilmak tzere onaylanmistir. Reseptor afinite profili
oldukca genis olup mezolimbik dopaminerjik aktiviteyi selektif
olarak etkiler (43).

Etki Mekanizmasi: Olanzapin al-, dopamin, muskarinik, his-
tamin H;- ve serotonin 5-HT, reseptorlerine baglanan bir atipik
antipsikotiktir. Antipsikotik etkisi, dopamin ve serotonin 5-HT,
reseptorlerini antagonize etmesiyle iliskilendirilmistir. Olanza-
pin'in dopamin D2 reseptdrlerine gore 5-HT, reseptorleri lize-
rindeki afinitesinin yaklasik olarak 2 kat daha fazla olmasi; eks-
trapiramidal sistem yan etkilerini azaltmaktadir (43).

Ziprasidon

FDA tarafindan 2001 yilinda onaylanmis olan Ziprasidon ben-
zisotiyazol piperazin grubuna ait bir atipik antipsikotik ilactir
(44). Serotonin ve norepinefrin tastyicilari igin yiksek bir afi-
niteye sahip olma acisindan da diger atipik antipsikotiklerden
farklilik gostermektedir.

Etki Mekanizmasi: Atipik antipsikotikler arasinda ziprasidon,
serotonin 5-HT,, reseptorlerine karsi ters agonist, 5-HT; 5 resep-
torlerine karsi agonist ve 5-HT,p ve 5-HT,¢ reseptdrlerine karsi
antagonist aktivite sergileyebilen benzersiz bir molekuldir
(44). 5-HT,, reseptorleri Gzerindeki agonist etkisi dolayisiyla
kortikal dopamin salinimini artirarak D, antagonistlerinin yol
actigi ekstrapiramidal yan etkilerin azaltilmasini saglar (44).

Aripiprazol

FDA tarafindan, 15 Kasim 2002'de sizofreni tedavisi icin; 2003'te
sizofreninin idame tedavisi icin, 29 Eyliil 2004'te akut bipolar
mani tedavisi icin ve 7 Mart 2005'te bipolar bozuklugun idame
tedavisi icin onaylanmistir. Diger antipsikotik ilaglardan ayrilan
ve dopamin sistemi stabilizani olarak isimlendirilen yeni bir
atipik antipsikotik sinifinin ilk Gyesi olan Aripiprazol, parsiyel
dopamin agonistidir. Sizofreninin negatif ve kognitif belirtileri
Uzerinde iyilesme saglarken, ekstrapiramidal sistem yan etkileri
diger antipsikotik ilaglara oranla daha az gdzlenmektedir (45).
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Etki Mekanizmasi: Aripiprazol, dopamin D, ve serotonin
5-HT, reseptorleri Gzerinde parsiyel agonist etki gosterirken,
serotonin 5-HT,, reseptorleri lizerinde antagonist etki goster-
mektedir. Dopamin D2 reseptorlerine oranla serotonin 5-HT; 5
ve 5-HT,, reseptorlerine daha yliksek afinite gostermesi daha
az ekstrapiramidal sistem yan etkilerine sebep olmasini acikla-
maktadir. Ayrica dopamin D3, Dy, serotonin 5-HT,¢, 5-HT;, a-1
adrenerjik ve histamin H; reseptorlerini de etkilemesi sebebiy-
le, aripiprazol, ortostatik hipotansiyon ve somnolans gibi etki-
ler olusturmaktadir (45).

Paliperidon

Atipik antipsikotikler sinifinda yer alan ve risperidon’un ana ak-
tif metaboliti olan paliperidon’un uzatilmis salimi, FDA tarafin-
dan Aralik 2006'da yetiskinler icin sizofreninin akut tedavisinde
ve Nisan 2007'de sizofreninin idame tedavisi icin onaylanmistir.
Risperidon’a benzer sekilde ekstrapiramidal sistem yan etkileri-
ne yol agmadan, sizofreninin negatif ve pozitif semptomlarini
gidermektedir. Sizofreni hastalarinda paliperidon kullanimi,
hastalar tizerinde stabilitede ve hastalarin islevselliginde artis
saglamaktadir (46).

Etki Mekanizmasi: Santral dopamin D, ve serotonin 5-HT,, re-
septorlerini bloke ederek sizofreninin pozitif ve negatif semp-
tomlarini gidermektedir. a1 ve a2 adrenerjik reseptorlerini
antagonize etmesi sonucunda ortostatik hipotansiyon gibi yan
etkiler olusturmaktadir. Paliperidon, histamin H1 reseptorleri
Uzerine antagonist etki gosterirken; kolinerjik veya 3-adrenerjik
reseptorlere afinite gdstermemektedir (46).

Asenapin

FDA tarafindan Agustos 2009'da yetiskinler icin sizofreni ve
bipolar | bozuklugun akut tedavisi icin onaylanan asenapin,
Adustos 2010'da sizofreninin idame tedavisi ve bipolar | bozuk-
luk icin kullanilmakta olan lityum ve valproat’a ek olarak akut
tedavide onaylanmistir (47). 31 Ocak 2013 tarihinde, Turkiye'de
sizofreni ve bipolar bozukluk tedavisi icin ruhsat almistir.

Etki mekanizmasi: Dopamin D, ve serotonin 5-HT,, reseptor-
leri tizerindeki antagonist etkisi sizofreni tedavisindeki aktivite-
siileiliskilendirilmektedir. Asenapin’in serotonin 5-HT;, 5-HT;3,
5-HT,4, 5-HT5g, 5-HT,¢, 5-HTs, 5-HTg ve 5-HT;, dopamin D;, D,,
D5 ve Dy, al-, a2- adrenerjik ve histamin H, reseptdrlerine karsi
afinite gosterdigi belirlenmistir. Histamin H, reseptorlerine kar-
si afinitesi orta seviyedeyken; muskarinik reseptorlere baglan-
mamaktadir. Sizofreninin negatif semptomlarini iyilestirmesi,
serotonin reseptorlerine karsi antagonist etki gdstermesiyle
iliskilendirilmistir. Asenapin, a-1-adrenerjik reseptorlerini anta-
gonize etmesi sebebiyle kullanima bagh ortostatik hipotansi-
yon, bas donmesi ve tasikardi gibi yan etkiler gézlenebilir (47).

TARTISMA

Maddenin yol actigi psikotik bozukluk tanisi icin, madde kul-
lanim dykusiinden once psikotik bozukluk belirtilerinin gelis-
memesi ve psikotik bozukluk belirtilerinin madde kullaniminin
ardindan gelismesi gerekmektedir. Sanrilar ve/veya varsanilar
olarak belirtiler gosteren bu bozukluk, kiside klinik olarak anlam-
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I sorunlara veya toplumsal ve calisma hayatinda islevsizliklere
yol agmaktadir (9). Madde kullanicilarinin normal popilasyon
ile psikoz gelisme yayginligi agisindan kiyaslanmasi sonucunda,
madde kullaniminin psikotik bozukluklar icin bir risk faktora ol-
dugu belirlenmistir. Madde ile iliskili bozukluklarin etkin bigim-
de tedavi edilebilmesi icin, dncelikli olarak dogru teshisin koyul-
masi gerekmektedir. Maddenin yol actigi psikotik bozuklugun
ve birincil psikotik bozukluk ayriminin yapilabilmesi, hastaligin
prognozunu ve tedavisini birinci dereceden etkilemektedir.

Alkol, kannabis, kokain, inhalan ve amfetamin kullaniminin psi-
kotik bozukluk ile iliskisini kanitlayan cesitli calismalar literatdr-
de mevcuttur. 2015 yilinda yapilan bir arastirmaya gore madde
aracih psikoz geciren kisilerin %23'lintin takip eden 3 yil icerisin-
de sizofreni tanisi aldigi gosterilmis olup (11), farkh arastirma-
larda madde kullanan kisilerde ileri dénemlerde kronik psikotik
bozukluklarin gelistigi kaydedilmistir (48). Ozellikle kannabisin
indikledigi psikoz tanilarinin %50'ye yaklasan oranda sizofre-
niye donustligi gozlemlenmistir. Bunlarin yani sira, amfetamin,
opioid ve alkoliin yol actigi psikozlarin sirasiyla; %50; %30 ve
%24'e yakin oranda sizofreniye donustigu bildirilmistir (48).

Madde kétiiye kullaniminin yol actigi tibbi, sosyal ve psikolojik
zararlarin indirgenmesinde en etkin arag bituncil yaklagimla-
rin kullanilarak hem madde aracili gelisen psikotik bozuklukla-
rin hem de madde kullanma arzusunun hedef alindigi tedavi
yontemleridir.

Yiiksek etkili tipik antipsikotikler, psikotik belirtilerin azaltiima-
sinda etkin olmalarina karsin, bireylerin madde kullanim oran-
larini arttirmis olmalari ve distik etkili tipik antipsikotiklerin
madde kullanim oranlarini azaltmada etkin olmalarina ragmen,
psikotik belirtilerin azaltilmasinda yetersiz kalmaktadirlar. Bu-
nun nedeni mezokortikolimbik 6dil yolaginda yuiksek etkili ti-
pik antipsikotiklerin dustik etkili tipik antipsikotiklere gore daha
yuksek diizeylerde dopamin antagonist aktivitesi sergilemesi-
dir. Bu sebeplerle tipik antipsikotik ilaclar, maddenin yol actigi
psikotik bozukluk tedavisinde tercih edilmemektedir. Sizofreni
tedavisinde ilk gelistirilen ila¢ grubu olan tipik antipsikotiklerin
yol actigi yan etkilerin hastalarin ilag uyumunu olumsuz etkile-
mesi sebebiyle atipik antipsikotikler gelistirilmistir. Tipik antip-
sikotiklere gore yan etkilerin daha iyi tolere edilebildigi atipik
antipsikotikler, dopamin reseptdriine secici antagonist etki
gostermelerinin yani sira, serotonin, noradrenalin ve histamin
reseptorleri Uzerinde de aktivite gostermeleri nedeniyle, mad-
denin yol actig psikotik bozuklugun farmakolojik tedavisinde
birinci sirada tercih edilen ilag grubudur (49).

Atipik antipsikotiklerin, maddenin yol actigi psikotik bozukluk
tedavisinde tipik antipsikotiklere ustinliklerinin sebepleri;
tipik antipsikotikler kadar pozitif semptomlari etkin bicimde
iyilestirmeleri, negatif semptomlar tipik antipsikotikler kadar
veya daha etkin iyilestirmeleri, antidepresan veya duygu du-
rum dengeleyici etkinlik géstermeleri, saldirganhk ve dirti-
selligin giderilmesinde basarili olmalari, ekstrapiramidal sistem
yan etkilerinin daha az olmasi, intihar egilimini azaltmalarn ve
bilissel gelisimi desteklemeleri seklinde siralanabilir (50).
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SONUC

Sonug olarak, diinya genelinde giderek artan madde kullani-
mi ve buna bagl olarak toplumda giderek yayginlasan madde
ile iliskili bozukluklar medikal, psikolojik ve sosyal acidan cid-
di sorunlara yol agmaktadir. Madde ile iliskili olarak baglayan
bozuklugun daha ileri donemlerde sizofreni veya bipolar bo-
zukluk gibi 6nemli psikotik hastaliklara déntsme olasiligi bu
bozukluklarin tani ve tedavilerinin dogru ve etkin bir sekilde
yapilmasi gerekliligini gozler 6niine sermektedir. Bu agidan ele
alindiginda en etkin tedavi yontemi olarak hem kisinin madde
kullanma arzusunun hem de kullanilan madde ile birlikte geli-
sen psikotik bozukluk durumunun hedeflendigi farmakoterapi,
psikososyal yaklagsimlar veya elektrokonvulzif tedaviyi iceren
bitlincil tedavi programlarinin uygulanmasi gerekmektedir.
Maddenin yol actigi psikotik bozuklugun farmakolojik teda-
visinde atipik antipsikotikler ekstrapiramidal sistem yan etki
profillerinin diger grup ilaclara gére daha az olmasi ve madde
kullanma arzusu Uzerindeki etkinliklerinin daha fazla olmasi se-
bebiyle birinci sirada tercih edilen ilag grubudur.

Maddenin yol actigi psikotik bozukluklarin risk faktorlerinin de
g6z online alinmasiyla hastaligin énlenmesi ve erken tani ve
tedavi uygulamalari sonucunda hastaligin ciddi boyutlara ulas-
madan tedavi edilebilmesi miimkindr.
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line-only publication of istanbul University Aziz Sancar Institute of
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gust, and December. The publication languages of the journal are
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dance with ethical guidelines.

Editorial Policy

The editorial and publication processes of the journal are shaped in
accordance with the guidelines of the International Council of Med-
ical Journal Editors (ICMJE), the World Association of Medical Edi-
tors (WAME), the Council of Science Editors (CSE), the Committee
on Publication Ethics (COPE), the European Association of Science
Editors (EASE), and National Information Standards Organization
(NISO). The journal conforms to the Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice).

Originality, high scientific quality, and citation potential are the most
important criteria for a manuscript to be accepted for publication.
Manuscripts submitted for evaluation should not have been previ-
ously presented or already published in an electronic or printed
medium. The journal should be informed of manuscripts that have
been submitted to another journal for evaluation and rejected for
publication. The submission of previous reviewer reports will expe-
dite the evaluation process. Manuscripts that have been presented
in a meeting should be submitted with detailed information on the
organization, including the name, date, and location of the orga-
nization.

Peer-Review Policy

Manuscripts submitted to Experimed will go through a double-blind
peer-review process. Each submission will be reviewed by at least
two external, independent peer reviewers who are experts in their
fields in order to ensure an unbiased evaluation process. The edito-
rial board will invite an external and independent editor to manage
the evaluation processes of manuscripts submitted by editors or by
the editorial board members of the journal. The Editor in Chief is the
final authority in the decision-making process for all submissions.

Ethical Principles

An approval of research protocols by the Ethics Committee in
accordance with international agreements (World Medical As-
sociation Declaration of Helsinki “Ethical Principles for Medical
Research Involving Human Subjects,” amended in October 2013,
www.wma.net) is required for experimental, clinical, and drug
studies and for some case reports. If required, ethics committee
reports or an equivalent official document will be requested from

the authors. For manuscripts concerning experimental research
on humans, a statement should be included that shows that writ-
ten informed consent of patients and volunteers was obtained
following a detailed explanation of the procedures that they may
undergo. For studies carried out on animals, the measures tak-
en to prevent pain and suffering of the animals should be stated
clearly. Information on patient consent, the name of the ethics
committee, and the ethics committee approval humber should
also be stated in the Materials and Methods section of the manu-
script. It is the authors’ responsibility to carefully protect the pa-
tients’ anonymity. For photographs that may reveal the identity
of the patients, signed releases of the patient or of their legal
representative should be enclosed.

Plagiarism

Experimed is extremely sensitive about plagiarism. All submissions
are screened by a similarity detection software (iThenticate by
CrossCheck) at any point during the peer-review or production
process.Even if you are the author of the phrases or sentences,
the text should not have unacceptable similarity with the previously
published data.

When you are discussing others’ (or your own) previous work,
please make sure that you cite the material correctly in every in-
stance.

In the event of alleged or suspected research misconduct, e.g.,
plagiarism, citation manipulation, and data falsification/fabrication,
the Editorial Board will follow and act in accordance with COPE
guidelines.

Authorship

Each individual listed as an author should fulfill the authorship crite-
ria recommended by the International Committee of Medical Jour-
nal Editors

(ICMJE - www.icmje.org). The ICMJE recommends that authorship
be based on the following 4 criteria:

1  Substantial contributions to the conception or design of the
work; or the acquisition, analysis, or interpretation of data for
the work; AND

2  Drafting the work or revising it critically for important intellec-
tual content; AND

3 Final approval of the version to be published; AND

4  Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and re-
solved.

In addition to being accountable for the parts of the work he/she
has done, an author should be able to identify which co-authors
are responsible for specific other parts of the work. In addition,
authors should have confidence in the integrity of the contributions
of their co-authors.
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All those designated as authors should meet all four criterias for
authorship, and all who meet the four criteria should be identified
as authors. Those who do not meet all four criterias should be ac-
knowledsged in the title page of the manuscript.

Experimed requires corresponding authors to submit a signed and
scanned version of the authorship contribution form (available for
download through http://experimed.istanbul.edu.tr/en/_) during
the initial submission process in order to act appropriately on au-
thorship rights and to prevent ghost or honorary authorship. If the
editorial board suspects a case of “gift authorship,” the submission
will be rejected without further review. As part of the submission
of the manuscript, the corresponding author should also send a
short statement declaring that he/she accepts to undertake all the
responsibility for authorship during the submission and review stag-
es of the manuscript.

Conflict of Interest

Experimed requires and encourages the authors and the individuals
involved in the evaluation process of submitted manuscripts to dis-
close any existing or potential conflicts of interests, including finan-
cial, consultant, and institutional, that might lead to potential bias
or a conflict of interest. Any financial grants or other support re-
ceived for a submitted study from individuals or institutions should
be disclosed to the Editorial Board. To disclose a potential conflict
of interest, the ICMJE Potential Conflict of Interest Disclosure Form
should be filled in and submitted by all contributing authors. Cases
of a potential conflict of interest of the editors, authors, or review-
ers are resolved by the journal’s Editorial Board within the scope of
COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and complaint
cases within the scope of COPE guidelines. In such cases, authors
should get in direct contact with the editorial office regarding their
appeals and complaints. When needed, an ombudsperson may be
assigned to resolve cases that cannot be resolved internally. The
Editor in Chief is the final authority in the decision-making process
for all appeals and complaints.

Copyright and Licensing

Experimed requires each submission to be accompanied by a
Copyright License Agreement (available for download at http://
experimed.istanbul.edu.tr/en/_). When using previously published
content, including figures, tables, or any other material in both print
and electronic formats, authors must obtain permission from the
copyright holder. Legal, financial and criminal liabilities in this regard
belong to the author(s). By signing the Copyright License Agree-
ment, authors agree that the article, if accepted for publication by
the Experimed, will be licensed under a Creative Commons Attribu-
tion-NonCommercial 4.0 International License (CC-BY-NC).

Disclaimer

Statements or opinions expressed in the manuscripts published in
Experimed reflect the views of the author(s) and not the opinions
of the editors, the editorial board, or the publisher; the editors,
the editorial board, and the publisher disclaim any responsibility or
liability for such materials. The final responsibility in regard to the
published content rests with the authors.

MANUSCRIPT PREPARATION

The manuscripts should be prepared in accordance with ICM-
JE-Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals (updated in
December 2015 - http://www.icmje.org/icmje-recommendations.
pdf). Authors are required to prepare manuscripts in accordance
with the CONSORT guidelines for randomized research studies,
STROBE guidelines for observational original research studies,
STARD guidelines for studies on diagnostic accuracy, PRISMA
guidelines for systematic reviews and meta-analysis, ARRIVE guide-
lines for experimental animal studies, and TREND guidelines for
non-randomized public behavior.

Manuscripts can only be submitted through the journal’s online
manuscript submission and evaluation system, available at http://ex-
perimed.istanbul.edu.tr/en/_. Manuscripts submitted via any other
medium will not be evaluated.

Manuscripts submitted to the journal will first go through a technical
evaluation process where the editorial office staff will ensure that
the manuscript has been prepared and submitted in accordance
with the journal’s guidelines. Submissions that do not conform to
the journal’s guidelines will be returned to the submitting author
with technical correction requests.

Authors are required to submit the following:

e  Copyright Agreement Form,

o ICMJE Potential Conflict of Interest Disclosure Form (should be
filled in by all contributing authors)

during the initial submission. These forms are available for down-
load at http://experimed.istanbul.edu.tr/en/_.

Preparation of the Manuscript

Title page: A separate title page should be submitted with all sub-

missions and this page should include:

e The full title of the manuscript as well as a short title (running
head) of no more than 50 characters,

e Name(s), affiliations, ORCID IDs and highest academic de-
gree(s) of the author(s),

e Grant information and detailed information on the other
sources of support,

° Name, address, telephone (including the mobile phone number)
and fax numbers, and email address of the corresponding author,

e  Acknowledgment of the individuals who contributed to the
preparation of the manuscript but who do not fulfill the au-
thorship criteria.

Abstract: A Turkish and an English abstract should be submitted
with all submissions except for Letters to the Editor. Submitting a
Turkish abstract is not compulsory for international authors. The ab-
stract of Original Articles should be structured with subheadings
(Objective, Material and Method, Results, and Conclusion). Please
check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum
of three to a maximum of six keywords for subject indexing at the
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end of the abstract. The keywords should be listed in full without
abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (https://
www.nlm.nih.gov/mesh/MBrowser.html).

Manuscript Types

Original Articles: This is the most important type of article since it
provides new information based on original research. The main text
of original articles should be structured with Introduction, Material
and Method, Results, and Discussion subheadings. Please check Ta-
ble 1 for the limitations for Original Articles.

Statistical analysis to support conclusions is usually necessary. Statis-
tical analyses must be conducted in accordance with international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ,
Pocock SJ. Statistical guidelines for contributors to medical jour-
nals. Br Med J 1983: 7; 1489-93). Information on statistical analyses
should be provided with a separate subheading under the Materi-
als and Methods section and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the International Sys-
tem of Units (SI).

Editorial Comments: Editorial comments aim to provide a brief criti-
cal commentary by reviewers with expertise or with high reputation
in the topic of the research article published in the journal. Authors
are selected and invited by the journal to provide such comments.
Abstract, Keywords, and Tables, Figures, Images, and other media
are not included.

Review Articles: Reviews prepared by authors who have extensive
knowledge on a particular field and whose scientific background
has been translated into a high volume of publications with a high
citation potential are welcomed. These authors may even be invit-
ed by the journal. Reviews should describe, discuss, and evaluate
the current level of knowledge of a topic in clinical practice and
should guide future studies. The main text should contain Introduc-
tion, Clinical and Research Consequences, and Conclusion sections.
Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal
and reports on rare cases or conditions that constitute challeng-
es in diagnosis and treatment, those offering new therapies or re-
vealing knowledge not included in the literature, and interesting

and educative case reports are accepted for publication. The text
should include Introduction, Case Presentation, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations
for Case Reports.

Letters to the Editor: This type of manuscript discusses important
parts, overlooked aspects, or lacking parts of a previously pub-
lished article. Articles on subjects within the scope of the journal
that might attract the readers’ attention, particularly educative cas-
es, may also be submitted in the form of a “Letter to the Editor.”
Readers can also present their comments on the published manu-
scripts in the form of a “Letter to the Editor.” Abstract, Keywords,
and Tables, Figures, Images, and other media should not be includ-
ed. The text should be unstructured. The manuscript that is being
commented on must be properly cited within this manuscript.

Tables

Tables should be included in the main document, presented after
the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive
title must be placed above the tables. Abbreviations used in the
tables should be defined below the tables by footnotes (even if
they are defined within the main text). Tables should be created
using the “insert table” command of the word processing software
and they should be arranged clearly to provide easy reading. Data
presented in the tables should not be a repetition of the data pre-
sented within the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as sep-
arate files (in TIFF or JPEG format) through the submission system.
The files should not be embedded in a Word document or the main
document. When there are figure subunits, the subunits should not
be merged to form a single image. Each subunit should be submit-
ted separately through the submission system. Images should not
be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin
arrows, arrowheads, stars, asterisks, and similar marks can be used
on the images to support figure legends. Like the rest of the sub-
mission, the figures too should be blind. Any information within
the images that may indicate an individual or institution should be
blinded. The minimum resolution of each submitted figure should
be 300 DPI. To prevent delays in the evaluation process, all submit-
ted figures should be clear in resolution and large in size (minimum
dimensions: 100 x 100 mm). Figure legends should be listed at the
end of the main document.

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 3500 200 (Structured) 30 6 7 or total of 15 images
Review Article 5000 200 50 6 10 or total of 20 images
Case Report 1000 200 15 No tables 10 or total of 20 images
Letter to the Editor 500 No abstract 5 No tables No media
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All acronyms and abbreviations used in the manuscript should be de-
fined at first use, both in the abstract and in the main text. The abbre-
viation should be provided in parentheses following the definition.

When a drug, product, hardware, or software program is men-
tioned within the main text, product information, including the
name of the product, the producer of the product, and city and
the country of the company (including the state if in USA), should
be provided in parentheses in the following format: “Discovery St
PET/CT scanner (General Electric, Milwaukee, WI, USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the order
they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original articles
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sion paragraph.
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YAZARLARA BiLGi

Icerik

Experimed; istanbul Universitesi Aziz Sancar Deneysel Tip Arastirma
EnstitlsU’'niin cift-kor hakemli, elektronik, acik erisimli bilimsel yayin
organidir. Dergi Nisan, Agustos ve Aralik aylarinda olmak Uizere, yilda
3 sayi olarak yayinlanir. Yayin dili Turkce ve ingilizce’dir.

Experimed, temel ve klinik tip bilimlerinin tum alanlarinda orijinal
arastirma, olgu sunumu, derleme ve editore mektup tirlerinde ma-
kaleler yayinlamaktadir.

Yayin Politikasi

Derginin editdryel ve yayin surecleri International Committee of Me-
dical Journal Editors (ICMJE), World Association of Medical Editors
(WAME), Council of Science Editors (CSE), Committee on Publicati-
on Ethics (COPE), European Association of Science Editors (EASE),
ve National Information Standards Organization (NISO) organi-
zasyonlarinin kilavuzlarina uygun olarak bigimlendirilmistir. Experi-
med'’in editdryel ve yayin suregleri, Principles of Transparency and
Best Practice in Scholarly Publishing (doaj.org/bestpractice) ilkeleri-
ne uysun olarak yurtttulmektedir.

Ozgunliik, yiksek bilimsel kalite ve atif potansiyeli bir makalenin
yayina kabull i¢in en énemli kriterlerdir. Gonderilen yazilarin daha
once baska bir elektronik ya da basili dergide, kitapta veya farkli
bir mecrada sunulmamis ya da yayinlanmamis olmasi gerekir. Daha
once baska bir dergiye gdénderilen ancak yayina kabul edilmeyen
yazilar hakkinda dergi dnceden bilgilendirilmelidir. Bu yazilarin eski
hakem raporlarinin Yayin Kuruluna génderilmesi degerlendirme su-
resinin hizlanmasini saglayacaktir. Toplantilarda sunulan calismalar
icin, sunum yapilan organizasyonun tam adi, tarihi, sehri ve Ulkesi
belirtilmelidir.

Degerlendirme Siireci

Experimed’e gonderilen tum makaleler cift-kor hakem degerlendir-
me surecinden ge¢cmektedir. Tarafsiz degerlendirme siirecini sagla-
mak igin her makale alanlarinda uzman en az iki dis-bagimsiz hakem
tarafindan degerlendirilir. Dergi Yayin Kurulu Uyeleri tarafindan gon-
derilecek makalelerin degerlendirme sirecleri, davet edilecek dis
bagimsiz editorler tarafindan yonetilecektir. Bitlin makalelerin karar
verme sureclerinde nihai karar yetkisi Bas Editor'dedir.

Etik ilkeler

Klinik ve deneysel calismalar, ila¢ arastirmalari ve bazi olgu sunum-
lan icin World Medical Association Declaration of Helsinki “Ethical
Principles for Medical Research Involving Human Subjects”, (amen-
ded in October 2013, www.wma.net) cercevesinde hazirlanmig
Etik Komisyon raporu gerekmektedir. Gerekli goérulmesi halinde Etik
Komisyon raporu veya esdegeri olan resmi bir yazi yazarlardan talep
edilebilir. insanlar tizerinde yapilmis deneysel calismalarin sonucla-
rini bildiren yazilarda, calismanin yapildigi kisilere uygulanan prose-
durlerin niteligi timuyle agiklandiktan sonra, onaylarinin alindigina
iliskin bir agiklamaya metin icinde yer verilmelidir. Hayvanlar Gzerin-
de yapilan calismalarda ise agri, aci ve rahatsizlik veriimemesi igin
yapilmis olanlar acik olarak makalede belirtiimelidir. Hasta onamlari,
Etik Kurul raporun alindi§i kurumun adi, onay belgesinin numara-

sI ve tarihi ana metin dosyasinda yer alan Yontemler bashgi altinda
yazilmalidir. Hastalarin kimliklerinin gizliliini korumak yazarlarin so-
rumlulugundadir. Hastalarin kimligini aciga cikarabilecek fotograflar
icin hastadan ya da yasal temsilcilerinden alinan imzali izinlerin de
gonderilmesi gereklidir.

Dergiye gonderilen makaleler, hakem degerlendirme slirecinde ya
da yayina hazirlik asamasinda herhangi bir noktada bir benzerlik
tespit yazilimi (CrossCheck, iThenticate) tarafindan taranmaktadir.
Cumleler ve ifadeler yazar olarak size ait olsa dahi, metnin daha
dnce yayinlanan verilerle kabul edilemez bir benzerligi olmalidir.

Baskalarinin énceki calismalarini (veya kendi calismalarinizi) tartisir-
ken, lutfen materyali her durumda dogru bir sekilde alintiladi§iniz-
dan emin olunuz.

Yayin Kurulu, dergimize gonderilen calismalar hakkindaki intihal, atif
manipulasyonu ve veri sahteciligi iddia ve supheleri karsisinda COPE
kurallarina uysun olarak hareket edecektir.

Yazarlik

Yazar olarak listelenen herkesin ICMJE (www.icmje.org) tarafindan
onerilen yazarlik kriterlerini karsilamasi gerekmektedir. ICMJE, yazar-
larin asagidaki 4 kriteri karsilamasini dnermektedir:

1. Calismanin konseptine/tasariming; ya da c¢alisma icin verilerin
toplanmasina, analiz edilmesine ve yorumlanmasina énemli
katki saglamis olmak; VE

2. Yaz taslagini hazirlamis ya da onemli fikirsel icerigin elestirel
incelemelerini yapmis olmak; VE

3. Yazinin yayindan énceki son halini §6zden gecirmis ve onayla-
mis olmak; VE

4. Calismanin herhangi bir boélimuinin gegerliligi ve dogruluguna
iliskin sorularin uygun sekilde sorusturuldugunun ve ¢éziimlen-
diginin garantisini vermek amaciyla ¢alismanin her yoniinden
sorumlu olmayi kabul etmek.

Bir yazar, calismada katki sagladigi kisimlarin sorumlulug§unu almasina
ek olarak, diger yazarlarin calismanin hangi kisimlarindan sorumilu
oldugunu da teshis edebilmelidir. Ayrica, yazarlar birbirlerinin katki-
larinin bltinltigune gliven duymalilardir.

Yazar olarak belirtilen her kisi yazarligin dort kriterini karsilamalidir
ve bu dort kriteri karsilayan her kisi yazar olarak tanimlanmalidir.
Dért kriterin hepsini karsilamayan kisilere makalenin baslik sayfasin-
da tesekkur edilmelidir.

Yazarlik haklarina uygun hareket etmek ve hayalet ya da lutuf ya-
zarligin onlenmesini saglamak amaciyla sorumlu yazarlar makale
yukleme stirecinde http://experimed.istanbul.edu.tr/tr/_ adresinden
erisebilinen Yazar Katki Formu’nu imzalamali ve taranmis versiyonu-
nu yaziyla birlikte gondermelidir. Yayin Kurulu’'nun génderilen bir
makalede “lUtuf yazarlik” oldugundan siphelenmesi durumunda
sOz konusu makale degerlendirme yapilmaksizin reddedilecektir.
Makale gonderimi kapsaminda; sorumlu yazar makale génderim ve
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degerlendirme surecleri boyunca yazarlik ile ilgili tim sorumlulugu
kabul ettigini bildiren kisa bir 6n yazi géndermelidir.

Cikar Catismasi
Experimed; gonderilen makalelerin degerlendirme slrecine da-
hil olan yazarlarin ve bireylerin, potansiyel ¢ikar ¢atismasina ya da
onyarglya yol acabilecek finansal, kurumsal ve diger iligkiler dahil
mevcut ya da potansiyel ¢ikar ¢atismalarini beyan etmelerini talep
ve tegvik eder.

Bir calisma icin bir birey ya da kurumdan alinan her tirll finansal
destek ya da diger destekler Yayin Kurulu’na beyan edilmeli ve po-
tansiyel cikar catismalarini beyan etmek amaciyla ICMJE Potansiyel
Cikar Catismalari Formu katki saglayan tim yazarlar tarafindan ayri
ayr doldurulmalidir. Editorler, yazarlar ve hakemler ile ilgili potansi-
yel ¢ikar catismasi vakalari derginin Yayin Kurulu tarafindan COPE ve
ICMJE rehberleri kapsaminda ¢ézulmektedir.

Derginin Yayin Kurulu, itiraz ve sikayet vakalarini, COPE rehberleri
kapsaminda isleme almaktadir. Yazarlar, itiraz ve sikayetleri icin dog-
rudan Editéryel Ofis ile temasa gecebilirler. ihtiya(; duyuldugunda
Yayin Kurulu’nun kendi icinde ¢ézemediSi konular icin tarafsiz bir
temsilci atanmaktadir. itiraz ve sikayetler icin karar verme siireclerin-
de nihai karari Bas Editor verecektir.

Telif ve Lisans

Experimed, ilk génderim sirasinda http://experimed.istanbul.edu.
tr/tr/_adresinden indirilebilen Telif Hakki Lisans S&zlesmesinin
imzalanarak makale ile birlikte derginin ¢evrimici degerlendirme
sistemine yuUklenmesini zorunlu tutar. Yazarlar, Telif Hakki Lisans
SAzlesmesini imzalayarak, makalenin Experimed tarafindan ya-
yinlanmak Uzere kabul edilmesi durumunda Creative Commons
Atif-GayriTicari 4.0 Uluslararasi Lisansi (CC BY-NC) kapsaminda li-
sanslanacagini kabul ederler.

Yazarlar, basill ya da elektronik formatta yer alan resimler, tablolar
ya da diger her turll igerik dahil daha dnce yayinlanmis icerigi kulla-
nirken telif hakki sahibinden izin almalilardir. Bu konudaki yasal, mali
ve cezai sorumluluk yazarlara aittir.

Sorumluluk Reddi

Dergide yayinlanan makalelerde ifade edilen gorusler ve fikirler
Experimed, Bas Editor, Editorler, Yayin Kurulu ve Yayincrnin desil,
yazar(lar)in bakis agilarini yansitir. Bas Editor, Editorler, Yayin Kurulu
ve Yayinci bu gibi durumlar icin hicbir sorumluluk ya da yukdmltltk
kabul etmemektedir. Yayinlanan icerik ile ilgili tim sorumluluk ya-
zarlara aittir.

MAKALE HAZIRLAMA

Makaleler, ICMJE-Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals (up-
dated in December 2015 - http://www.icmje. org/icmje-recommen-
dations.pdf) ile uyumlu olarak hazirlanmalidir. Randomize calismalar
CONSORT, gozlemsel calismalar STROBE, tanisal degerli calismalar
STARD, sistematik derleme ve meta-analizler PRISMA, hayvan deneyli
calismalar ARRIVE ve randomize olmayan davranis ve halk sagligiyla
ilgili calismalar TREND kilavuzlarina uyumlu olmalidir.

Makaleler sadece http://experimed.istanbul.edu.tr/tr/_ adresinde
yer alan derginin online makale ylkleme ve degerlendirme sistemi
Uzerinden gonderilebilir. DiSer mecralardan génderilen makaleler
degerlendirilmeye alinmayacaktir.

Gonderilen makalelerin dersi yazim kurallarina uygunlugu ilk olarak
Editoryel Ofis tarafindan kontrol edilecek, dergi yazim kurallarina
uysun hazirlanmamis makaleler teknik dizeltme talepleri ile birlikte
yazarlarina geri génderilecektir.

Yazarlarin; Yayin Hakki Sozlesmesi Formu, Yazar Katki Formu ve IC-
MJE Potansiyel Cikar Catismalari Formu’'nu (bu form, tim yazarlar
tarafindan doldurulmalidir) ilk génderim sirasinda online makale
sistemine yuklemeleri gerekmektedir. Bu formlara http://experimed.
istanbul.edu.tr/tr/_ adresinden erisilebilmektedir.

Baslik sayfasi: Gonderilen tim makalelerle birlikte ayr bir baslk
sayfasi da gonderilmelidir. Bu sayfa;

- Makalenin basligini ve 50 karakteri gecmeyen kisa bashgini,

- Yazarlarin isimlerini, kurumlarini, ORCID numaralarini ve egitim
derecelerini,

- Finansal destek bilgisi ve diger destek kaynaklari hakkinda de-
tayl bilgiyi,

- Sorumlu yazarin ismi, adresi, telefonu (cep telefonu dahil ve
e-posta adresini,

- Makale hazirlama stirecine katkida bulunan ama yazarlik kriter-
lerini karsilamayan bireylerle ilgili bilgileri icermelidir.

Ozet: Editére Mektup tiiriindeki yazilar disinda kalan tim makale-
lerin Tlrkce ve ingilizce dzetleri olmalidir. rijinal Arastirma makalele-
rinin &zetleri “Amac”, “Gere¢ ve Yontem”, “Bulgular” ve “Sonug” alt
basliklarini icerecek bicimde hazirlanmalidir.

Anahtar Sozciikler: Tim makaleler en az 3 en fazla 6 anahtar keli-
meyle birlikte génderilmeli, anahtar sézcukler ézetin hemen altina
yazilmalidir. Kisaltmalar anahtar s6zcuk olarak kullanilmamalidir. Anah-
tar sézcukler National Library of Medicine (NLM) tarafindan hazirla-
nan Medical Subject Headings (MeSH) veritabanindan secilmelidir.

Makale Tirleri

Orijinal Arastirma: Ana metin “Giris”, “Gerec ve Yontem”, “Bulgular”
ve “Tartisma” alt basliklarini icermelidir. Ozgiin Arastirmalarla ilgili ki-
sitlamalar igin litfen Tablo 1’i inceleyiniz.

Sonucu desteklemek icin istatiksel analiz genellikle gereklidir. istatis-
tiksel analiz, tibbi dergilerdeki istatistik verilerini bildirme kurallarina
gore yapilmalidir (Altman DG, Gore SM, Gardner MJ, Pocock SJ.
Statistical guidelines for contributors to medical journals. Br Med J
1983: 7; 1489-93). istatiksel analiz ile ilgili bilgi, Yontemler bolimi
icinde ayr bir alt baslik olarak yazilmali ve kullanilan yazilim kesin-
likle tanimlanmalidir.

Birimler, uluslararasi birim sistemi olan International System of Units
(SI)’a uygun olarak hazirlanmadir.

Editoryel Yorum: Dergide yayinlanan bir arastirmanin, o konunun
uzmani olan veya Ust diizeyde degerlendirme yapan bir hakemi ta-
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rafindan kisaca yorumlanmasi amacini tasimaktadir. Yazarlar, dergi
tarafindan secilip davet edilir. Ozet, anahtar sézciik, tablo, sekil,
resim ve diger gorseller kullaniimaz.

Derleme: Yazinin konusunda birikimi olan ve bu birikimleri uluslara-
ras literatlire yayin ve atif sayisi olarak yansimis uzmanlar tarafindan
hazirlanmis yazilar degerlendirmeye alinir. Yazarlar dergi tarafindan
da davet edilebilir. Bir bilgi ya da konunun klinikte kullaniimasi icin
vardigi son diizeyi anlatan, tartisan, degerlendiren ve gelecekte ya-
pilacak olan c¢alismalara yon veren bir formatta hazirlanmalidir. Ana
metin “Giris”, “Klinik ve Arastirma Etkileri” ve “Sonuc¢” bdélUmlerini
icermelidir. Derleme turundeki yazilarla ilgili kisitlamalar igin lUtfen
Tablo 1’i inceleyiniz.

Olgu Sunumu: Olgu sunumlari icin sinirli sayida yer ayrilmakta ve
sadece ender gorilen, tani ve tedavisi gli¢ olan hastaliklarla ilgili,
yeni bir ydntem 6neren, kitaplarda yer verilmeyen bilgileri yansitan,
ilgi cekici ve 68retici 6zelligi olan olgular yayina kabul edilmektedir.
Ana metin; “Girig”, “Olgu Sunumu”, “Tartisma” ve “Sonu¢” alt baslik-
larini icermelidir. Olgu Sunumlariyla ilgili kisitlamalar icin litfen Tablo

1’i inceleyiniz.

Editore Mektup: Dergide daha énce yayinlanan bir yazinin dnemini,
gozden kacan bir ayrintisini ya da eksik kisimlarini tartisabilir. Ay-
rica derginin kapsamina giren alanlarda okurlarin ilgisini ¢cekebile-
cek konular ve 6zellikle egitici olgular hakkinda da Editére Mektup
formatinda yazilar yayinlanabilir. Okuyucular da yayinlanan yazilar
hakkinda yorum iceren Editére Mektup formatinda yazilarini suna-
bilirler. Ozet, anahtar sdzciik, tablo, sekil, resim ve diger gérseller
kullanilmaz. Ana metin alt basliksiz olmalidir. Hakkinda mektup yazi-
lan yayina ait cilt, yil, sayi, sayfa numaralari, yazi bash§i ve yazarlarin
adlari agik bir sekilde belirtiimeli, kaynak listesinde yazilmali ve me-
tin icinde atifta bulunulmalidir.

Tablolar

Tablolar ana dosyaya eklenmeli, kaynak listesi sonrasinda sunulmali,
ana metin icerisindeki gecis siralarina uygun olarak numaralandiril-
madir. Tablolarin Uzerinde tanimlayici bir baglik yer almali ve tablo
icerisinde gecen kisaltmalarin acilimlar tablo altina tanimlanmalidir.
Tablolar Microsoft Office Word dosyasi icinde “Tablo Ekle” komutu
kullanilarak hazirlanmali ve kolay okunabilir sekilde dizenlenmeli-
dir. Tablolarda sunulan veriler ana metinde sunulan verilerin tekrari
olmamali; ana metindeki verileri destekleyici nitelikte olmalilardir.

Resim ve Resim Altyazilar
Resimler, grafikler ve fotograflar (TIFF ya da JPEG formatinda) ayri

dosyalar halinde sisteme ylklenmelidir. Gorseller bir Word dosyasi
dokiimani ya da ana dokiiman igerisinde sunulmamalidir. Alt birim-
lere ayrilan gorseller oldugunda, alt birimler tek bir gorsel igerisinde
verilmemelidir. Her bir alt birim sisteme ayri bir dosya olarak yuklen-
melidir. Resimler alt birimleri belli etme amaciyla etiketlenmemelidir
(a, b, c vb.). Resimlerde altyazilari desteklemek icin kalin ve ince
oklar, ok baslari, yildizlar, asteriksler ve benzer isaretler kullanilabilir.
Makalenin geri kalaninda oldugu gibi resimler de kér olmalidir. Bu
sebeple, resimlerde yer alan kisi ve kurum bilgileri de kdrlestiriimeli-
dir. Gorsellerin minimum ¢ézunurligt 300DPI olmalidir. Degerlendir-
me slrecindeki aksakliklari dnlemek icin génderilen bitin gorselle-
rin ¢6zunurligu net ve boyutu blyik (minimum boyutlar 100x100
mm) olmalidir. Resim altyazilari ana metnin sonunda yer almalidir.

Makale icerisinde gecen tum kisaltmalar, ana metin ve 6zette ayr
ayr olmak Uzere ilk kez kullanildiklari yerde tanimlanarak kisaltma
tanimin ardindan parantez icerisinde verilmelidir.

Ana metin icerisinde cihaz, yazilim, ilac vb. Urtinlerden bahsedildi-
ginde Urlinun ismi, Ureticisi, UretildiSi sehir ve Ulke bilgisini iceren
Urdn bilgisi parantez icinde verilmelidir; “Discovery St PET/CT scan-
ner (General Electric, Milwaukee, WI, USA)".

Tum kaynaklar, tablolar ve resimlere ana metin icinde uygun olan
yerlerde sirayla numara verilerek atif yapiimalidir.

Ozgiin arastirmalarin kisitlamalari, engelleri ve yetersizliklerinden
Sonug paragrafi dncesi “Tartisma” béluminde bahsedilmelidir.

Kaynaklar

Atif yapilirken en son ve en giincel yayinlar tercih edilmelidir. Kay-
naklarin dogrulugundan yazarlar sorumludur. Kaynaklar Vancouver
referans stiline uygun olarak hazirlanmalidir. Atif yapilan erken
cevrimici makalelerin DOl numaralari mutlaka saglanmalidir. Dergi
isimleri Index Medicus/Medline/PubMed’de yer alan dergi kisaltma-
lari ile uyumlu olarak kisaltiimalidir. Alti ya da daha az yazar oldu-
gunda tUm yazar isimleri listelenmelidir. ESer 7 ya da daha fazla
yazar varsa ilk 6 yazar yazildiktan sonra “et al” konulmalidir. Ana
metinde kaynaklara atif yapilirken parantez icinde Arabik numa-
ralar kullanilmalidir. Farkli yayin turleri icin kaynak stilleri asagidaki
orneklerde sunulmustur:

Dergi makalesi: Blasco V, Colavolpe JC, Antonini F, Zieleskiewicz L,
Nafati C, Albanése J, et al. Long-term outcome in kidney recipients
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Tablo 1. Makale tirleri icin kisitlamalar

Makale tiirii Sozciik limiti  Ozet sézciik limiti  Kaynak limiti  Tablo limiti Resim limiti

Ozgiin Arastirma 3500 200 (Alt baslikli) 30 6 7 ya da toplamda 15 resim
Derleme 5000 200 50 6 10 ya da toplamda 20 resim
Olgu Sunumu 1000 200 15 Tablo yok 10 ya da toplamda 20 resim
Editore Mektup 500 Uygulanamaz 5 Tablo yok Resim yok
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Erken Cevrimici Yayin: Aksu HU, Ertirk M, Gul M, Uslu N. Succes-
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REVIZYONLAR

Yazarlar makalelerinin revizyon dosyalarini génderirken, ana metin
Uzerinde yaptiklari degisiklikleri isaretlemeli, ek olarak, hakemler
tarafindan 6ne strllen onerilerle ilgili notlarini “Hakemlere Cevap”
dosyasinda géndermelidir. Hakemlere Cevap dosyasinda her hake-
min yorumunun ardindan yazarin cevabi gelmeli ve degisikliklerin
yapildigi satir numaralari da ayrica belirtilmelidir. Revize makaleler
karar mektubunu takip eden 30 giin icerisinde dergiye gonderil-
melidir. Makalenin revize versiyonu belirtilen sure icerisinde ytklen-
mezse, revizyon seceneSi iptal olabilir. Yazarlarin revizyon igin ek
sureye ihtiyac duymalari durumunda uzatma taleplerini ilk 30 gin
sona ermeden dergiye iletmeleri gerekmektedir.

Yayina kabul edilen makaleler dil bilgisi, noktalama ve bicim agisin-
dan kontrol edilir. Yayin streci tamamlanan makaleler, yayin planina
dahil edildikleri sayiyla birlikte yayinlanmadan énce erken cevrimigi
formatinda dergi web sitesinde yayina alinir. Kabul edilen makale-
lerin baskiya hazir PDF dosyalari sorumlu yazarlara iletilir ve yayin
onaylarinin 2 gun icerisinde dergiye iletilmesi istenir.
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