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1. Introduction

Scientifically demonstrating the effectiveness of certain substances/
foods used in nutrition or herbal products considered medically important
in the prevention and treatment of diseases increases the importance of
nutritional support in the protection of our health. Many of the alternative
medicine products used without fully elucidating the mechanisms of action
cause irreversible damage. For this reason, trial studies of functional foods
in creatures with short life forms have become increasingly common. In
today’s conditions, where the importance of using different parts of herb-
al products (seeds, fruits, flowers, roots, etc.) in various alternative treat-
ments (food supplements) is increasing, not only the effect of the product
on living things; The seeds used, soil properties, irrigation, environmental
factors, growing conditions and environment (around the road or factory,
etc.), storage conditions affect the product and living things, in short, peo-
ple indirectly (Biger, 2020).

In this study, the effect of different parts of the walnut, which is one of
the most consumed foods in our country (green shells, hard shells, walnut
skin, walnut curtain and walnut kernel), on D. melanogaster model organ-
ism was investigated. Walnut fruits consist of three structures on the tree.
These; walnut kernel, hard shell and green shell. Although the fruit weight
of the walnut varies according to the varieties and ecological conditions, it
varies between 2-25 g. The shell thickness of the walnut can vary greatly
between varieties. In addition to thin-shelled walnuts, which are also called
paper-shelled walnuts, there are also very hard and thick walnut varieties
called hard walnuts (Kogtiirk and Giirhan, 2007). Walnuts are mostly con-
sumed in the form of dried internal fruit. The green fruit bark, tree bark,
leaf parts and fruit bark of the walnut plant are widely valued in the cos-
metic and pharmaceutical industry. It is also used as a dyestuff in the textile
and carpet industries (Oliveira et al., 2008).

Walnuts are consumed alone in every period, and continue to be con-
sumed together with some other different foods. In addition, there are dif-
ferent opinions on the consumption and effects of different parts of the
walnut plant. For this purpose, the effects of different parts of the walnut
were evaluated separately in our study.

Walnuts are also a good source of protein (12-15%), fat (50-80%), car-
bohydrates, all amino acids, mineral compounds (3%), vitamins and low
sugar content (2.5-4%). diet fruit (Mitrovic et al., 1997). It can also be used
as a concentrated food in terms of high amount of protein and oil it con-
tains. Walnut contains vitamin C and B group vitamins (B1, B2 and B6).
In addition to vitamins; It is also rich in zinc, iron, copper, magnesium, po-
tassium and phosphorus. It is poor in terms of cellulose and sodium content
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(Anonymous, 1986). In the structure of 100 g walnut, approximately 14.10
g protein, 630.00 kcal energy, 68.00 g total fat, 3.20 g total carbohydrate,
9.70 g cellulose, 1.80 g ash, 3.20 g moisture and 391.00 mg potassium,
348.00 mg phosphorus, 89 It contains .00 mg of calcium, 113.00 mg of
magnesium, 10.00 mg of sodium and 2.40 mg of iron (Akga, 2009). In
addition to the rich unsaturated fatty acids it contains, walnut plays an
important role in human nutrition in terms of micro and macro nutrients
(Drehar et al., 1996). In a study, they stated that frequent consumption of
minerals such as magnesium and potassium in the structure of walnuts
provides protection against coronary cardiovascular diseases and regulates
blood pressure (Prineas et al., 1993).

Walnut (Juglans regia L). Within the genus Juglans, there are 18 wal-
nut species whose characteristics have been determined. Among these spe-
cies, Juglans regia L., which is also known as Anatolian walnut, Persian
walnut and English walnut, is the first thing that comes to mind when wal-
nut is mentioned with superior fruit quality (Sen, 1986).

In this study, Oguzlar 77 walnut, which is one of the walnut species
grown in our country and produced in our province and has become very
popular in recent years, was used (Picture 1.1). It is known that the walnut,
which is estimated to have a lifespan of more than three hundred years, is
the native walnut of the Oghuzes. Oguzlar walnut has been known by the
synonym of Aliaga for years. The fact that the Oguzlar walnut variety be-
longs to the Oguzlar district has been proven by the presence of trees 200
years and older in the district.

Picture 1.1. Oguzlar walnut and walnut tree

When walnuts are to be used, they are consumed by discarding the
green shell, hard shell and curtain and often using the part we call the wal-
nut kernel. In the same way, only walnuts or hard-shelled versions are sold
in markets and nuts. This situation causes about 50% of the walnut to go to
waste. However, today, under the name of alternative medicine, it is used
in different ways in these different parts. In this study, the effects of these
parts, which were thrown away without being used or evaluated in different
ways, on D. melanogaster individuals were evaluated separately on surviv-
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al-development in larvae and life-length in adults. In addition, biochemical
parameters such as Total antioxidant capacity (TAS), total oxidant stress
(TOS), oxidative stress index (OSI) and Malondialdehyde (MDA) levels
were evaluated in adults fed with different walnut concentrations.

The loss of electrons of an atom or molecule is called oxidation, and
gaining electrons is called reduction (Caylak, 2011). Free radicals are
chemical products that carry at least one unpaired electron in their outer
orbital (superoxide radical, hydrogen peroxide radical, hydroxyl radical,
hydroperoxyl radical, alkoxyl radical). It is also formed during the con-
version of nutrients into energy using oxygen (Vijayakumar et al., 2004).
It is also produced as a by-product of metabolism in the body, as a result
of exposure to radiation, environmental pollutants and sun rays, due to
smoking and excessive alcohol consumption, as a result of feverish dis-
eases, iron overload, excessive physical exercise and a diet rich in poly-
unsaturated fatty acids (Oksante, 2012). . The body’s susceptibility to free
radical-mediated damage is related to the balance between oxidant load
and the adequacy of antioxidant defense (Vijayakumar et al., 2004). It is
stated that reducing the damage can be possible by increasing the antiox-
idant concentration in the tissues (Vijayakumar et al., 2004). Oxidative
stress is defined as the deterioration of oxidative balance as a result of the
increase of free radicals formed during cellular metabolism, which detoxi-
fies them, and the insufficiency of antioxidants. Having a balance between
oxidants and antioxidants is essential for life (Yilmaz, 2010). Increased
oxidative stress promotes aging by damaging many biological materials
such as lipid, deoxyribo nucleic acid (DNA), coenzymes, cardiovascular,
hypertension, various types of cancer, diabetes, obesity, lung diseases, al-
lergies, skin aging, sunburns, dermatitis, There are studies showing that it
causes many diseases such as Alzheimer’s, Parkinson’s, migraine, autism,
cataract, retinal degeneration, weakening of the immune system, and de-
generative diseases of the nervous system (Oksante, 2012).

Food antioxidants are substances that can reduce the negative effects
of free radicals (Fang, et al., 2002). The antioxidant content of foods and
the rate of benefiting from antioxidants vary according to the type of food-
stuff, harvest time and harvesting methods, climate, temperature, humidity,
light of the storage and preservation environment, preparation of the food
and even the consumption habits of the person and society (Y1ilmaz, 2010).

Antioxidants can be divided into two groups as primary and second-
ary antioxidants according to their working mechanisms. primary antioxi-
dants; They react with existing radicals and prevent them from turning into
free radicals, which are more harmful forms, that is, free radical formation.
Enzymes such as superoxide dismutase (SOD), Glutathioneperoxidase
(GSHPx) and Catalase (CAT) are capable of destroying free radicals. Sec-
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ondary antioxidants capture the oxygen radical and break the radical chain
reactions. These are compounds such as vitamin C, vitamin E, uric acid,
polyphenols (Yilmaz, 2010).

In inferential models for vertebrates such as humans, living organ-
isms such as Drosophila are used to understand whole body oxidation and
antioxidant mechanism with very little adipose tissue or total body size
corresponding to liver tissue. It is preferred more because the number of
replications does not require ethical and easy supply and easy cultivation
in laboratory conditions. In our study, D. melonagaster model organism
was used to observe the change in antioxidant activity against oxidation
and to understand detoxification.

Drosophila larvae are also called fruit flies because they develop on
sour fruits (Picture 1.2). D. melanogaster is one of the species in the family
Drosophiidae (Adams et al., 2000). D. melanogaster, which has a short
developmental biology, is known for its nutritional needs (Sang, 1956) and
is used in obesity studies; The effects of some chemicals (such as organic
insecticides) on lifespan, oxidant-antioxidant balance, hunger and exces-
sive food intake are studied (Tettweiler et al., 2005). Drosophila is also
used to understand the effects of nutrients on non-target organisms and
target agricultural pests.

Picture 1.2. Adults and larvae of Drosophila melanogaster

As in mammals, in flies, food is made available to the organism by
a digestive system, which is similar to the stomach and intestines and is
divided into highly specialized sections (Padmanabha and Baker, 2014).
In addition to its digestive function, the intestinal epithelium is a barri-
er between the internal and external environment (Buchon et al., 2009).
The Drosophila digestive system creates a selective barrier that allows for
the absorption of nutrients, ions, and water, and limits contact with poten-
tially harmful substances such as toxins and pathogens. This selectivity
is supported by a strong mucosal immune system. Fruit flies also have
an antioxidant system that works similar to that in mammals. Enzymes in
this antioxidant system; SOD is CAT, GPx, GST and GR, and in addition,
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Drosophila has thioredoxin peroxidase (TRXP) (Giines, 2013). Eun - Mi
Ha et al. (2005) demonstrated in their study that immune-regulated cata-
lase (IRC) provides a unique antioxidant defense system in Drosophila.
Drosophila has many enzymes that detoxify toxins. The increase in SOD,
CAT, GST activities against the increase in MDA is the body’s natural de-
fense mechanism (Atas et al., 2017).

Researchers examined the antioxidant capacities of flavonoids, geno-
toxic and antioxidant capacities of chlorogenic acid, kaempferol, quercetin
and quercetin 3a-d_glycoside against oxidative damage produced in vivo
by hydrogen peroxide. It is stated that oxidative stress has occurred by the
tested oxidate and reactions due to the destruction of peroxides by CAT,
which is thought to occur in the case of CAT (Sotibran et al., 2011).

In our study, the effect of Oguzlar 77 walnuts on life expectancy in
Drosophila melanogaster individuals was investigated. Aging, which start-
ed with the history of humanity and whose causes are wondered, maintains
its interesting feature today and constitutes the subject of various research-
es. The most important reason for these studies is the increase in the elderly
population, especially since the 19th century, and more and more people
are getting older. With the attainment of growth, development and repro-
ductive competence from the moment of birth, aging begins and the inev-
itable end is approached. The mechanism of aging is a multifactorial phe-
nomenon that still contains unanswered questions. Different theories have
been developed to explain this process. According to various researchers,
internal factors such as hereditary characteristics, nutrition, living habits,
environmental and psychological external factors and the biochemical and
immunological reactions in the metabolism that they affect determine the
lifespan (Bishop and Guarente, 2007). Nutrition is one of the important
environmental stress factors affecting the longevity of insects as in all liv-
ing things. The presence or absence of protein at low rates in the medium
content may cause a decrease or complete cessation of egg production in
adult individuals of Drosophila (Ashburner 1989).
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2. Materials and Methods
2.1. Materials

2.1.1. Oguzlar 77 walnuts

In the study, Oguzlar 77 walnuts were obtained from a local producer
serving in Oguzlar district in July and August 2021. Due to the fact that
the walnuts supplied are in the fruiting period of the plant, care has been
taken to ensure that they are green-shelled and not damaged. The obtained
walnuts were kept under room conditions after being sterilized.

2.1.2. Insect Culture

Wild-type adults (W1118) of D. melanogaster (Meigen) have been
cultured since 2017 in the incubator in Amasya University Biological Re-
search Laboratory (25 & 2°C and 60-70% relative humidity in 200 ml cul-
ture bottles, 12 hour light 12 hour dark photoperiod).

2.2. Method

2.2.1. Preparation of Drosophila melanogaster individuals for
chemical analysis and studies

Oregon (wild type) strain of Drosophila melanogaster individuals
was used in the study. In order to eliminate the age and gender difference
between the individuals to be used, pre-crossing was performed. For this
purpose, 253x259 cross was made between flies kept alive with standard
Drosophila ready-made medium in 200ml bottles. The 3rd stage larvae that
emerged from the eggs obtained as a result of crossing were added to the
medium and used in the control and experimental groups. Adult individu-
als obtained from larvae were used for enzyme measurements. Of the adult
individuals, only male individuals were used. Due to the effect of factors
such as egg laying behavior in females, they were not included in the en-
zyme measurements.

2.2.2. Collection of adults and application of different walnut
layers for lifespan experiment

Male and female individuals of the Oregon-R strain of D.melanogas-
ter were placed in bottles containing fresh medium and crossed (910 X
3'10). From the pupa formation, as the adults started to emerge, male in-
dividuals were collected every 4-5 hours and stocks were prepared for the
control and experimental groups. Thus, 100 individuals of the same age
(1-3 days/72+4 hours) were collected for 3 days for each walnut layer and
each dose. Five different walnut layers were added to the standard Dro-
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sophila medium (SDB) medium at 2 different doses, 0.25 and 0.5g. For the
control groups, bottles containing SDB prepared with only distilled water
were prepared. All applications were started simultaneously and environ-
mental conditions were kept stable by ensuring that the ambient conditions
were 60% relative humidity, 25+1°C and a permanent dark environment.
The media were renewed twice a week, and during this change, all individ-
uals were checked and counted dead and removed from the environment.
The experimental procedure was continued until the last individual died in
both the control and treatment groups.

2.2.2. Getting walnuts ready for work

The walnuts supplied were subjected to smashing and grinding pro-
cesses after undergoing sterilization processes in order to use different
parts. Different parts of the walnut, which were processed through grind-
ing, were infused in order to add them to the fly medium. The infusion
process is done by pouring boiling water on the plant parts, in a closed
container or in a water bath, stirring frequently, for 5 minutes. It is the pro-
cess of filtration after keeping it in a closed container and cooling it. The
green shell of the walnut, the hard shell, the walnut veil, the walnut kernel
and the walnut shell were subjected to infusion process and added to the
fly medium.

2.2.3. Trial Pattern

Different parts of Oguzlar 77 walnuts to be tried in this study were
dissolved in pure water by infusion method and added to Drosophila medi-
um (culture food) at rates of 0.25mg/ml and 0.5mg/ml. After determining
the amount that the insect can live and develop by making preliminary
experiments, biochemical analyzes were made according to the lower and
upper limits to be added. Oxidation was induced by feeding insects with
hydrogen peroxide as a positive control. Except for the preparation of the
food and the transfer of adults to the food for laying eggs, all of the feeding
experiments were carried out under the conditions in which the stock cul-
ture of insects was grown. Male and female individuals were taken from
the culture for the trial design (253'x25%) and they were mated and their
eggs were collected after six hours. Third instar larvae (72 h, 50 pcs) from
collected eggs were inoculated into each flask. Newly hatched larvae (3rd
stage larvae) of D. melanogaster were grown up to adult stage with foods
containing different amounts of different parts of the walnut specified in
the experimental design. The insect’s survival, development and adult
lifespan from egg to adult were determined. The amount of MDA, which is
a product of lipid peroxidation, oxidative stress index (OSI), total antiox-
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idant level and total oxidation level (TAS/TOS) analysis were determined
in adult males and all experiments were repeated three times.

2.2.4. In vivo Biochemical analyzes

Concentrations were determined as a result of preliminary experi-
ments, taking into account the studies conducted with Drosophila and dif-
ferent organisms (Sortibran et al., 2015). The larvae were fed with these
concentrations until they reached adulthood. In order to see more clearly
the effects of the determined concentrations that occur very close to each
other; Biochemical analyzes of control, lowest and highest concentrations
were made. Since larval and adult nutritional levels are important in ho-
lometabol insects, biochemical analyzes were performed on adult individ-
uals. In experiments on adult individuals, at least 20 individuals are studied
(Taskin et al., 2007). In our study, 25 adults were collected, paying atten-
tion to the collection of male individuals from each concentration. Samples
were used by homogenizing three times with 1ml cold buffer (0.5M Potas-
sium Phosphate buffer pH 7.2) (Homogenizer, Branson). The supernatants
of the samples were collected and stored at -18°C until biochemical analy-
sis (30 min at 4°C and 20.000g).

In the TAS measurement based on the reduction of the dark blue-
green colored ABST radical to the colorless form by the antioxidants in
the sample; The absorbances of the samples were measured at 660 nm in a
spectrophotometer (Biochrom Libra S22) as specified in the kit procedure
using commercial kits (Rel Assay Diagnostics) (Erel, 2004). TAS levels
(mmol Trolox Eq L) of the samples were calculated according to the stan-
dard formula given in the studies (Erel, 2004). In the TOS measurement,
which is based on the principle that the oxidants in the sample oxidize the
ferrous ion-chelator complex to ferric ions, the ferric ions form color with
the chromogen substance in the acidic environment; The absorbances of
the samples (at 530 nm) were measured in a spectrophotometer (Biochrom
Libra S22) using the commercial kit (Rel Assay Diagnostics) and the kit
procedure. The TOS levels (umol H,O,Eq L) of the samples were calcu-
lated according to the standard formula given in the studies (Erel, 2005).
Experiments were repeated 3 times; TOS/TAS levels and OSI values were
determined (Erel, 2005). MINDRAY-BS400 device was used for TAS and
TOS measurement. Kits with catalog number RL0017 were used for TAS
measurement and kits with catalog number RL0024 for TOS measurement.
Based on the method used by Jain and Levine for the Measurement of
Malondialdehyde (MDA) Amount, the amount of MDA, the end product
of lipid peroxidation reacting with dethiobarbituric acid (TBA) at 532 nm,
was measured (Jain and Levine, 1995). The amount of MDA was given as
nmol/mg protein using a constant coefficient of 1.56 x 105 M-1 cm-1. In
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the study, brand REL BIOCHEM-REL ASSAY device was used to mea-

sure the amount of MDA. Otto scientific kit with catalog number Otto1001
was used to measure the amount of MDA.
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3. Results

In this study, primarily the effect of Oguzlar 77 walnut on larval mor-
tality rates in Drosophila melanogaster larvac was evaluated (Table 4.1).
Then, the effect of walnut layers added to the medium after egg production
in fruit flies on the pupalization and maturation rate and duration was eval-
uated (Table 4.2). The life span of the adults obtained from the larvae fed
with walnut layers was investigated. Only male individuals were evaluated
in the lifespan study (Table 4.3). The effects of different layers of walnut
fruit on total antioxidant capacity, total oxidative stress, oxidative stress
index (Table 4.4) and malondialdehyde enzyme levels were evaluated (Ta-
ble 4.5).

Table 4.1. Effect of different parts of Oguzlar 77 walnut on larval
mortality rate of Drosophila melanogaster
W.G.S.: Walnut Green Shell, W.S.: Walnut Skin, W.H.S.: Walnut Hard Shell,

W.K.: Walnut Kernel, W.C.: Walnut Curtain N.C.G: Negative Control Group, P.
C.G: Positive Control Group

In this study, the change in the development time of Drosophila mela-
nogaster larvae fed with different layers of Oguzlar 77 walnuts was in-
vestigated. The effect of walnut layers added to Drosophila medium on
pupation time, maturity rate and duration is as shown in Table 4.2.

Experimental Larva (n) Pupa (n) | Adult (n) | Percentage
groups of Life (%)

W.G.S. (0,25 100 85 80 %80
2)+H202
W.G.S. (0,5 g)+H-0- 100 85 80 %80
WK. (0,25 g)+H20: 100 84 79 %79
WK. (0,5 g)+H20- 100 80 76 %76
W.S. (0,25 g)+H:0: 100 87 80 %88
W.S. (0,5 g)+H20- 100 98 93 %93
W.H.S. (0,25 100 75 73 %73
2)+H20:
W.H.S. (0,5 g)+H-0- 100 79 76 %76
W.C (0,25 g)+H20- 100 87 86 %86
W.C. (0,5 g)+H20: 100 92 91 %91
N.C.G. (Distiled 100 85 83 %83
water )
P.C.G. (H:20) 100 60 55 %355
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Table 4.2. The effect of different parts of Oguzlar 77 walnut on the
developmental period of Drosophila melanogaster.

Experimental | 3rd 3. Stage | 1. Pupa Pupa Adult Adult
groups stage access being being being being
larva time rate time rate time
W.G.S. 88+1,2 | 3,49+2,1 | 82+1,2 | 5,17+1,3 | 77+2,6 11,01£2,1
(0,25)+H20-
W.G.S. (0,5 3,99+1,3 | 78+1,6 | 5,99+1,6 72+2 11,87+3,7
2)+H20: 85+1,1
WK. (0,25 89+2,1 | 3,21£2,9 | 82+2,3 | 5,11£2,3 | 81+2,1 10,01£1,6
2)+H20:
WK. (0,5 89+0,8 | 2,99+3,1 | 83+2,6 4,77+1 79+1,1 10,21+2.5
g)+H20:
W.S. (0,25 94+1,1 | 2,77£2,4 | 89+3,1 4,12+2 87+2.4 9,89+1,9
g)+H-0:
W.S. (0,5 93+1,5 | 2,87+1,6 | 91+£3,8 | 4,86x1,4 | 89+3.1 9,56+2,2
2)+H20:
W.H.S. 88+2,7 | 3,77£3.2 | 83+2,5 | 5,21+2,1 | 78+3.,6 10,22+1,3
(0,25g)+H-0:
W.H.S. (0,5 85+0,8 | 4.01+4.6 | 78+3,3 | 4,99+2.4 | 73+2,7 10,01£1,5
2)+H-20:
W.C (0,25 95+1,6 | 2,77£3.5 | 92+2,5 | 422432 | 91£1,9 9,21+1
)+H20:
W.C. (0,5 92423 | 2,56+1.7 | 90£1,8 | 4,55+2,2 | 89432 9,88+1,7
g)+H20:
N.C.G. (Distiled | 91£1,7 | 3.31£2.4 | 88+2,3 | 4,75+2,5 | 83+2.4 10,01+1,5
water)
P.C.G. (H:02) 65+2,1 | 4,12+£3,2 | 56£2,8 | 5,88+1,7 | 49422 11,88+1,3

W.G.S.: Walnut Green Shell, W.S.: Walnut Skin, W.H.S.: Walnut Hard Shell,
W.K.: Walnut Kernel, W.C.: Walnut Curtain N.C.G: Negative Control Group, P.
C.G: Positive Control Group

Aging, which is almost universal and inevitable, progresses at varying
rates and rates among populations, species and individuals, depending on
internal and external factors. The life span, which is affected by many fac-
tors, continues to attract the attention of the scientific world. In our study,
a longevity study was conducted to evaluate the nutritional factor, which is
one of the factors affecting lifespan. Experiments were conducted on male
individuals only. Average lifespan and maximum lifespans of flies fed with
different layers of Oguzlar 77 walnuts were determined. It has been deter-
mined that the walnut skin and walnut veil, which can be seen in Table 4.3,
cause an increase in the life span in both ratios (0.25, 0.5g) compared to
both the control groups and the other layers.
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Table 4.3. The effect of different parts of Oguzlar 77 walnut on lifespan in male
individuals of Drosophila melanogaster.

Experimental Number of Indi- | Max. life span Average lifespan
viduals
groups

W.G.S. (0,25 g)+H20- 100 73 65+1.,3
W.G.S. (0,5 g)+H20: 100 71 63+0,79
WK. (0,25 g)+H-0: 100 77 70+1,79
WK. (0,5 g)+H202 100 79 69+0,99
W.S. (0,25 g)+H20: 100 86 81+1,18
W.S. (0,5 g)+H-0: 100 92 84+1.23
W.H.S. (0,25 g)+H20- 100 78 65+2,11

W.H.S. (0,5 g)+H:20: 100 76 67+1,97
W.C (0,25 g)+H202 100 92 85+0,78
W.C. (0,5 g)+H:0: 100 91 80+0,89
N.C.G. (Distiled water) 100 75 69+1,34
P.C.G. (H20>) 100 54 41+1,38

W.G.S.: Walnut Green Shell, W.S.: Walnut Skin, W.H.S.: Walnut Hard Shell,
W.K.: Walnut Kernel, W.C.: Walnut Curtain N.C.G: Negative Control Group,
P.C.G: Positive Control Group

It is accepted that phytochemicals such as phenolic compounds in
walnut are beneficial for human health, reducing the risk of degenerative
diseases by reducing oxidative stress and preventing macromolecular ox-
idation. In addition to their anticarcinogenic properties, these compounds
have been shown to have free radical scavenging and metal chelating ac-
tivities (Middleton, 1998). In our study, unlike other studies, the effects of
all layers of Oguzlar 77 walnuts on total antioxidant capacity (TAS), total
oxidative stress (TOS), oxidative stress index (OSI) and malonaldehyde
(MDA) enzyme levels were evaluated (Table 4.4, 4.5). In our study, bio-
chemical analyzes of adults fed with different layers of walnut for 15 days
were made. All of the adult individuals used in the study were selected
from male individuals, female individuals were not included in the study.
All studies were performed in 3 replicates and results are the average of
these 3 studies.
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Table 4.4. TAS, TOS and OSI values in Drosophila melanogaster adults fed with
different walnut layers

Experimental groups TAS (mmol/L) TOS (nmol/L) OSI
N.C.G. (Distiled water) 1,84 1,8 0,098
P.C.G. (H:202) 0,96 3,92 0,408
W.G.S. (0,25 g)+H20- 1,36 2,4 0,176
W.G.S. (0,5 g)+H20: 1,44 2,48 0,172
WK. (0,25 g)+H20: 1,08 3,6 0,333
WK. (0,5 g)+H20- 1,12 3,52 0,314
W.C (0,25 g)+H20: 1,99 1,48 0,074
W.C. (0,5 g)+H20: 2,89 2,72 0,094
W.S. (0,25 g)+H-0- 1,48 1,64 0,111
W.S. (0,5 g)+H:0: 2,44 1,6 0,066
W.H.S. (0,25 g)+H-0: 2,12 4 0,189
W.H.S. (0,5 g)+H20: 2,4 3,44 0,143

W.G.S.: Walnut Green Shell, W.S.: Walnut Skin, W.H.S.: Walnut Hard Shell,
W.K.: Walnut Kernel, W.C.: Walnut Curtain N.C.G: Negative Control Group,
P.C.G: Positive Control Group
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Table 4.5. MDA concentrations in adults of Drosophila melanogaster fed with
different walnut layers.

Experimental absorbans | blank |abs-blank result(n-
groups mol/L)

N.C.G. (Distiled 0.06 0.03 0.03 1.88
water)
P.C.G. (H:202) 0,19 0,03 0,16 3,71
W.G.S. (0,25
)0, 0,93 0,03 0,9 21,21
W.G.S. (0,5
) HHLO 1,01 0,03 0,98 23,83
WK. (0,25
o) HH:0s 0,34 0,03 0,31 6,28
WK. (0,5
2)+H:0; 0,34 0,03 0,31 6,28
W.C (0,25
o) HH:0s 0,11 0,03 0,08 2,54
W.C. (0,5
)0 0,04 0,03 0,01 1,63
W.S. (0,25
Q) HLO 0,11 0,03 0,08 2,54
W.S. (0,5 g)+H:0- 0,07 0,03 0,04 2,01
W.H.S. (0,25
o) HH:0s 0,11 0,03 0,08 2,54
W.H.S. (0,5
)0, 0,26 0,03 0,23 4,85

W.G.S.: Walnut Green Shell, W.S.: Walnut Skin, W.H.S.: Walnut Hard Shell,
W.K.: Walnut Kernel, W.C.: Walnut Curtain N.C.G: Negative Control Group,
P.C.G: Positive Control Group
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5. Conclusion and Discussion

When the results obtained in the study are examined, the survival rate
in the control group individuals is 95% in the larvae, while it can go down
to 80% during the maturation process. When Table 4.1 is examined, it is
seen that walnut veil and walnut shell obtained higher data than the control
group at both concentrations. While the survival rate was 83% in the con-
trol group, these rates increased to 88% and 93% in walnut shells. Again,
when looking at the walnut screen, it was determined that the survival rates
increased to 86% and 91% (Table 4.1).

The development period is 7-8 days in total from larva to adult. In
the study, it was determined that hydrogen peroxide in the positive control
group prevented the survival of the insect, and that the walnut layers were
added to the medium, increasing the survival rate and shortening the devel-
opment period (Table 4.2). Considering the rates of reaching the 3rd stage,
it was determined that the highest rate was in the walnut curtain and walnut
shell. The mating period of larvae (0.25g, 0.5g) fed with walnut curtain
is 9.21 and 9.88 days, respectively. In larvae fed with walnut membrane,
the maturation period is 9.89 and 9.56 days, respectively. In the larvae fed
with walnut green shell, the rate of reaching the 3rd stage and 85% in both
ratios, while the maturation period was extended to 11 days. When the ef-
fect of different walnut layers on the lifespan of Drosophila melanogaster
male individuals is examined, it is seen that the longest average lifespan
is 85 days in individuals fed with walnut curtains. While the average life
span was 69 days in individuals in the negative control group, this period
decreased to 41 days in the individuals in the positive control group. Lower
results were obtained in the walnut green shell and walnut hard shell from
the walnut layers at both concentrations compared to the negative control
group. When the data on the maximum life span is examined, it is seen that
the highest yield is observed in the flies fed with walnut skin and walnut
screen (Table 4.3).

Studies have been carried out on larval mortality, maturation time and
lifespan of feeding with different foods in relation to Drosophila. In the
study conducted with Drosophila species, it is stated that Cucurbita pepo
L. provides 79% of live emergence.

Nutrients and their contents can both decrease and increase the surviv-
al rate. It is known that palmitic acid, which is used as a high-fat diet, ad-
versely affects survival (Giines et al., 2019). In insects, both environmental
factors such as stress, temperature, climate, light, nutrition, humidity and
genetic factors such as mutation or interspecies diversity affect lifespan
and aging (Uysal et al., 2015). While population density affects body size
and maturity, maturity affects lifespan in individuals (Benli & Tiirkoglu,
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2017).

Although walnuts are known to have antioxidant properties in vari-
ous studies, no study has been found on total antioxidant capacity (TAS),
total oxidative stress (TOS), oxidative stress index (OSI), and Malomalde-
hyde (MDA) levels of Drosophila melanogaster individuals of Oguzlar 77
walnuts. Reactive oxygen species (ROS) cause oxidative stress by trans-
porting molecular oxygen due to attack of unshared electron pairs; Thus,
macromolecules such as fats and proteins peroxide increase total oxidation
and toxic effects are observed in Drosophila (Colak and Uysal, 2018). As
a result of oxidative damage with TOS, cellular or dietary antioxidants are
activated and ROS are removed, but in cases where TAS mechanism is in-
sufficient, adequate or insufficient response to stress is created according to
OSI (Giines, 2016). In most of the methods used, stable peroxidation prod-
ucts are generally preferred (Dotan et al., 2000). Malondialdehyde (MDA),
a thiobarbutyric acid reagent, is the end product of lipid peroxidation and is
the most common and reliable compound in the determination of oxidative
stress (Aksit et al., 2014). Peroxidation of fatty acids with three or more
double bonds results in MDA production (Deveci, 2007).

When Table 4.4 is examined, TAS (1.84 mmol/L) in the flies in the
negative control group was determined as TOS (1.8 (umol/L) while the
oxidative stress index (OSI) was found to be 0.098. The hydrogen peroxide
used as the positive control group was determined as the TAS and TAS in
the flies. When the TOS values were examined, TAS (0.96 mmol/L), TOS
(3.92 umol/L) were found, and the OSI value was 0.408 (Table 4.4). TAS
in the walnut membrane was detected at two different concentrations of
1.48 mmol/L and 2.44 mmol/L. In the walnut screen-fed flies, the TAS
levels were 1.99 mmol/L and 2.89 mmol/L, respectively. The flies with
the highest TOS level were the ones fed with walnut kernel and walnut
shell (Table 4.4). . When the effect of walnut hard shell on OSI values was
examined, it was seen that it did not increase the stress, and values close to
the control group were obtained.

When the concentrations of malondialdehyde (MDA), which is the
end product of lipid peroxidation and the most common and reliable area
of use in the determination of oxidative stress, are examined, it is seen that
the highest values are in the flies fed with walnut kernel and hard shell. It
was 1.88 nmol/L in the negative control group and 3.71 nmol/L in the pos-
itive control group. In flies fed with walnut green shell, this rate is lower
than the negative control group at both concentrations. MDA levels are
2.54 nmol/L and 2.01 nmol/L in flies fed with walnut membrane (0.5g) and
walnut screen (0.5g) (Table 4.5).

It has been stated that walnut polyphenols have antioxidant and im-
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mune-enhancing properties. It has been reported that polyphenols in wal-
nuts are mostly located in the thin brown shell surrounding the outside of
the fruit (Anderson et al., 2001). Walnut green shell and leaf parts are used
in traditional medicine.

It is known and used among the people for its vaso-strengthening,
astringent, anthelmintic, antidiarrheal, antifungal, hypoglycemic, hypo-
tensive and sedative properties. Green bark and leaf parts are very rich
in phenolic substances and flavonoids. These phytochemicals provide a
protective effect against degenerative diseases by reducing oxidative stress
and preventing macromolecular oxidation, and their free radical scaveng-
ing effects also show anti-carcinogenic properties (Pereira et al., 2008).
Phytochemicals found in the leaf and green shell parts of the walnut (Jug-
lans regia L.) plant can be used as natural preservative additives in food
processing due to their good antioxidant and antimicrobial properties (Am-
aral et al., 2014). Studies have found significant differences in oil content,
fatty acids and tocopherols between different varieties of walnut depending
on environmental conditions (Amaral et al., 2005). In addition, it has been
reported that walnut has a high content of a-tocopherol, a vitamin E family
compound with a high antioxidant effect in inhibiting the lipid oxidation
process (Koksak et al., 2006).

Walnuts have a high nutritional value as they contain high fat and
protein. The most important feature of walnut oil is that it is very rich
in unsaturated fatty acids. The high amount of linoleic acid in walnut oil
makes walnuts a unique food. In addition, high biological quality protein,
vitamins and minerals in its composition increase its nutritional value.
(Yigit and Ertiirk, 2005). In traditional medicine, the leaf parts and green
shell of the walnut have been found and used among the people to have
hemorrhagic, vascular strengthening, anthelmintic, sedative, antidiarrheal,
hypotensive, hypoglycemic and antifungal properties. In Asian and Euro-
pean countries, dried walnut leaves are widely used in the form of tea in
rural areas. Leaf parts and green bark are very rich in flavonoids and phe-
nolic substances. These phytochemicals show anticarcinogenic effects by
preventing the oxidation of macromolecules and reducing oxidative stress,
providing free radical scavenging effects and protective effects against de-
generative diseases (Pereira et al., 2007).
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6. Suggestions

Today, prevention or treatment of some diseases is very import-
ant along with natural, high quality and balanced nutrition. Foods
contain different proportions of protein, fat, carbohydrates, minerals
and vitamins, as well as one or more of the antioxidant substances.
Walnuts are consumed as an important part of the nutritional diet in
our country in the form of fruit. The fruit characteristics of the plant
are extremely valuable. According to the results we obtained in this
study, we think that the hard shell parts, walnut skin and walnut cur-
tain can be evaluated as much as the fruit part of the walnut plant.



Research And Evaluations In Health Sciences - 2023 December * 21

7. References

Adams, M.D., Celniker, S.E., Holt, R.A., Evans, C.A., Gocayne, J.D., Amanati-
des, PG. (2000). The Genome Sequence of Drosophila melanogaster. Sci-
ence, 287(5461): 2185-2195.

Akca. Y. (2009). Ceviz Yetistiriciligi. An1 Matbaasi. Ankara. 371s.

Amaral, J. S., Alves, M. R., Seabra, R. M. and Oliveira, B. P. (2005). Vitamin
E composition of walnuts (Juglans regia L.): a 3-year comparative study

of different cultivars. Journal of agricultural and food chemistry, 53(13),
5467-5472.

Amaral, J. S., Seabra, R. M., Andrade, P. B., Valentao, P., Pereira, J. A. and Fer-
reres, F. (2004). Phenolic profile in the quality control of walnut (Juglans
regia L.) leaves. Food chemistry, 88(3), 373-379.

Anderson, K. J., S. S.Teuber, A.Gobeille, P.Cremin, A. L. Waterhouse and F. M.
Steinberg, (2001). Walnut Polyphenolics Inhibit in vitro Human Plasma
and LDL Oxidation. The Am. J. Nutr. 131; 2837- 2842.

Anonymous. (1986). Walnut marketing board. California.
Ashburner, M. (1989). Drosophila a laboratory handbook. New York: Academic.

Atas, H., Hacinecipoglu, F., Géniil, M., Oztiirk, Y. and Kavutcu, M. (2017). “An-
tioksidan Enzim ve Oksidatif Biyobelirteglerin Psoriasiste Klinik Degeri”.
Okmeydani T1p Dergisi 33(4), 270-280.

Bayazit, S., Tefek, H., and Caliskan, O. (2016). Tiirkiye’de ceviz (Juglans regia
L.) arastirmalari. Ziraat Fakiiltesi Dergisi, 11(1), 169-179.

Benli, D., Tiirkoglu, S. (2017). “The Effect of Some Food Preservatives on Per-
centage of Survival and Longevity in Drosophila melanogaster”. Cumhuri-
yet Science Journal. 38(3), 461-472.

Bigcer Bayram, S. (2020). Kabak ¢ekirdegi zarmin gida takviyesi olarak kul-
lamlabilirliginin belirlenmesi (Master’s thesis, Necmettin Erbakan Univer-
sitesi Sosyal Bilimleri Enstitiisii).

Bishop, N. A., and Guarente, L. (2007). Genetic links between diet and lifespan:
shared mechanisms from yeast to humans. Nature Reviews Genetics, 8(11),
835-844.

Buchon, N., Broderick, N. A., Poidevin, M., Pradervand, S. & Lemaitre, B. (2009).
“Drosophila intestinal response to bacterial infection: activation of host de-
fense and stem cell proliferation”. Cell host and microbe, 5(2), 200-211.

Caylak, E., (2011). “Hayvan ve Bitkilerde Oksidatif Stres ve Antioksidanlar”, Tip
Aragtirmalari Dergisi, 9, 73-83.

Deveci, H.A. (2007). Mastitisli (meme iltihab1) ineklerde kan MDA ve GSH
diizeylerinin arastirilmas: (Yiiksek Lisans Tezi, Kafkas Universitesi Fen
Bilimleri Enstitiisii, Genel Biyoloji Anabilim Dali, Kars).



22 - Mehmet FIDAN & Arif AYAR

Dogan, E. E. (2002). Baz1 Astrozon Grubu Tekstil Boyalarinin Genotoksik Etkisi-
nin Drosophila melanogaster Somatik Mutasyon ve Rekombinasyon Testi
(SMART) ile Arastiriimast, (Yiiksek Lisans Tezi), Inonii Universitesi/Fen
Bilimleri Enstitiisii, Malatya.

Dotan, Y., Lichtenberg, D. and U. Pinchuk. (2000). Lipit peroxidation cannot be
used as a univeral criterion of oxidative stress. Progress in Lipid Research,
43,200-227. DOI: 0.1016/j.plipres.2003.10.001.

Eerl, O. (2004). “A novel automated direct measurement method for total antiox-
idant capacity using a new generation, more stable ABTS radical cation”.
Clinical biochemistry. 37(4), 277-285.

Erel, Ozcan (2005). “A new automated colorimetric method for measuring total
oxidant status”. Clinical biochemistry. 38(12), 1103-1111.

Fang, Y. Z., Yang, S., & Wu, G. (2002). “Free radicals, antioxidants, and nutri-
tion”. Nutrition, 18(10), 872-879.

Graf, U., Schaik, N.V. & Wiirgler, F.E. (1992). Drosophila Genetics. New York:
Springer Verlag.

Giines, E., Bayram, B., Bayram, S. (2019). “Kabak Cekirdegi Zarinin in Vivo Kul-
lanim1”. Ganud International Conference On Gastronomy, Nutrition And
Dietetics. 303-310.

Hamamci, D. (1993). Drosophila melanogaster Oregon Yabanil Tipi Vestigial
Mutant1 Arasinda Omiir Uzunlugu; Antioksidatif Enzimlerin ve ACE Vi-
tamin Kompleksinin Yaslanma fle Olan iliskileri, (Yiiksek lisans Tezi), In-
onii Universitesi/Fen Bilimleri Enstitiisii, Malatya.

Internet:  http://www.oguzlar.gov.tr/oguzlar-77-vevizi. Son erisim tarihi:
11.12.2021

Internet: https://www.oguzlar77.com/oguzlar-cevizi-oguzlar-77/. Son erisim
tarihi: 01.12.2021

Hyrsl, P., Biiytikgiizel, E., & Biiyiikgiizel, K. (2007). The effects of boric acid-in-
duced oxidative stress on antioxidant enzymes and survivorship in Galleria
mellonella. Archives of Insect Biochemistry and Physiology: Published in
Collaboration with the Entomological Society of America, 66(1), 23-31.

Jain, S. K. and Levine, S. N. (1995). Elevated lipid peroxidation and vitamin
E-quinone levels in heart ventricles of streptozotocin-treated diabetic rats.
Free Radical Biology and Medicine, 18(2), 337-341.

Kogtiirk. B.O. ve Giirhan. R. (2007). Degisik ceviz cesitlerinin farkli nem deger-
lerindeki bazi mekanik 6zelliklerinin belirlenmesi. Ankara Universitesi
Ziraat Fakiiltesi Tarim Bilimleri Dergisi. 13 (1): 62-68.

Mitrovic. M., Stanisavljevic. M. and Gavrilovic-danjanovic. J. (1997). Biochemi-
cal composition of fruits of some important walnut cultivars and selections.
Acta Hort. (ISHS). 442:205-208.



Research And Evaluations In Health Sciences - 2023 December * 23

Oksante AR-GE laboratuvari, (2012), “Oksidatif Stres ve Antioksidanlar”, http://
www.oksante.com.tr/oksantest.pdf, (27.07.2018).

Oliveira. 1., Sousa. A., Isabel. C.F.R. (2008). Total phenols. antioxidant potential
and antimicrobial activity of walnut (Juglans regia L.) green husks. Food
Chem Toxicol 2008 doi:10.1016/j. fct.2008.03.017.

Padmanabha, D. & Baker, K. D. (2014). “Drosophila gains traction as a repur-
posed tool to investigate metabolism”. Trends in Endocrinology and Me-
tabolism, 25(10), 518-527.

Pereira. J.A., Oliveira. I. Sousa. A., et al. (2007). Walnut (Juglans regia L.) leaves:
phenolic compounds. antibacterial activity and antioxidant potential of dif-
ferent cultivars. Food Chem Toxicol. 45: 2287-95.

Pereira, J. A., Oliveira, 1., Sousa, A., Ferreira, I. C., Bento, A. and Estevinho, L.
(2008). Bioactive properties and chemical composition of six walnut (Jug-
lans regia L.)

cultivars. Food and chemical toxicology, 46(6), 2103-2111.

Prineas. R.J., Kushi. L.H., Folsom. A.R., Bostick. R.M., Wu. Y., (1993). Walnuts
and serum lipids. The New England Journal of Medicine. 329: 359-360.

Researchgate, (2017). 07 Haziran 2019 tarihinde https://www.researchgate.net/
figure/The-life cycle of-Drosophila-melanogaster-Drosophila-exhib-
it-a-10-day-life-cycle at figdl 315866219 adresinden erisildi.

Sang, J.H. (1956). The Quantitative Nutritional Requirements of Drosophila
melanogaster. Journal of Experimental Biology, 45-72.

Sotibran, A. N. C., Ordaz-T¢llez, M. G., & Rodriguez-Arnaiz, R. (2011). “Fla-
vonoids and oxidative stress in Drosophila melanogaster”. Mutation Re-
search/Genetic Toxicology and Environmental Mutagenesis, 726(1), 60-
65.

Soylu, A. ve Ertiirk, U. (2001). Baz1 Ceviz Cesitlerinde Apomiktik Tohum Olusu-
mu Uzerinde Arastirmalar. I. Ulusal Ceviz Sempozyumu, 5-8 Eyliil, 2001,
Tokat, 133-137.

Sen, S.M. (1986). Ceviz Yetistiriciligi. Eser Matbaasi, Samsun, 229s.

Taskin, V., Kiiclikakyiiz, K., Arslan, T., Col, B. and Gé¢men Taskin, B. (2007).
The biochemical basis of insecticide resistance and determination of es-
terase enzyme patterns by using PAGE in field collected populations of
Drosophila melanogaster from Mugla province of Turkey.

Tettweiler, G., Miron, M., Jenkins, M., Sonenberg, N., Lasko1, P.F. (2005). Starva-
tion and Oxidative Stress Resistance in Drosophila Are Mediated Through
The Eif4e-Binding Protein, d4E-BP. Genes and Development, 19: 1840-
1843.

Uysal, H., Unver, S., Kizilet, H. (2015). “The Effects of Neonicotinoids on the
Longevity of the Male and Female Populations of Drosophila melanogas-
ter”. Ekoloji Dergisi. 24(96), 57-63



24 - Mehmet FIDAN & Arif AYAR

Vijayakumar, R. S., Surya, D. and Nalini, N. (2004). “Antioxidant efficacy of
black pepper (Piper nigrum L.) and piperine in rats with high fat diet in-
duced oxidative stress”. Redox Report, 9(2), 105-110.

Wixon, J. and O’Kane, C. (2000). Featured organism: Drosophila melanogaster.
Chichester: John Wiley Sons.

Yilmaz 1., (2010). “Antioksidan igeren Baz1 Gidalar ve Oksidatif Stres”, indnii
Universitesi Tip Fakiiltesi Dergisi, 17(2), 143-153.

Yigit, A., Ertiirk, U., & Korukluoglu, M. (2005). Fonksiyonel bir gida: Ceviz.
Bahge, 34(1), 163-169.

Yurtsever, S., Olgun, G. (2003). Genetik Laboratuvar Kilavuzu. Trakya Universi-
tesi Rektoriigii Yayinlari, 56.



CHAPTER 2

A BRIEF OVERVIEW
OF DEVELOPMENTS IN
NANOTECHNOLOGY AND
NANOMEDICINE

Assoc. Prof. Dr. Saadet BELHAN"

1 Van Yuzuncu Yil University, Faculty of Veterinary Medicine, Department
of Reproduction and Artificial Insemination, Van, Turkey.

ORCID ID: http://orcid.org/0000-0002-8115-2051



26 * Saadet BELHAN

INTRODUCTION

Today’s achievements in science and technology provide obvious ben-
efits to people, but they also bring with them some problems. These prob-
lems can negatively affect the environment as well as people. Considering
the benefits it provides, nanotechnology, which is considered as today’s
industrial revolution, pioneers many innovations and developments in our
lives.

Nanotechnology is the creation of new structures by changing the
properties of matter through manipulations at the atomic and molecular
levels (Hong et al., 2009). It can also be defined as the science of creating
useful materials suitable for a purpose by manipulating and rearranging
atoms and molecules one by one. Nanotechnology is used in a wide vari-
ety of fields (computer, agriculture, energy, medicine, health, chemistry,
aviation, etc.) (Mamalis, 2007). Nanotechnology is very meaningful and
unique because it integrates different fields, branches of science and dis-
ciplines (health, personal care, defense, etc.) for a certain purpose (Park,
2007). It is possible to see nanotechnological products in every aspect of
our lives (Haverkamp & Marshall 2009). Nanotechnological products have
been produced and offered for human use in many fields, from industry to
textiles, from medicine to electronics (Demirkiran, 2019). Stain-resistant
fabrics, scratch-proof surfaces, color-changing paints, anti-aging cosmetic
products and many more can be given as examples of nanotechnological
products.

Nanoparticles, which are products of nanotechnology, differ from oth-
er materials in both their size and physical, chemical and biological prop-
erties. Development of nanotechnological products; They can be evaluated
as first generation products, second generation products, third generation
products and fourth generation products. Passive nanostructures, intro-
duced in 2000, constitute the first generation products. The products intro-
duced in 2005 are active nanostructures and constitute second generation
products. The products introduced in 2010 constitute the third generation
products. The molecular and atomic sized devices in our lives between
2015 and 2020 constitute the fourth generation products (Demirkiran,
2019).

Two methods are used to create nanostructures. One of these is the
Bottom-up method and the other is the Top-down method. In the first meth-
od, the Bottom-up method, there is an application carried out from atom
to molecule and from molecule to product. In this method, nanoparticles;
They are formed by reducing macromolecules through some applications
such as crushing and grinding. The second method, the Top-down method,
is a method that works from material to molecule and from molecule to



Research And Evaluations In Health Sciences - 2023 December * 27

atom. In this method, the material is separated into atoms and rearranged
by some mechanical or chemical applications (Sanguansri et al. 2006;
Zhao et al. 2010).

1- HISTORICAL DEVELOPMENT OF NANOTECHNOLOGY
and THOSE WHO PIONEERED THE DEVELOPMENT OF
NANOTECHNOLOGY

1-1-Historical development of nanotechnology

In the historical evaluation of nanotechnological products, it is seen
that the use of these products dates back to ancient times. As a matter of
fact, the Lycurgus Cup is a good example of this. This cup is known as
the first nanotechnological product. The cup exhibited in the British Mu-
seum can change color due to the soda-lime glass it contains, gold (1%),
silver and manganese (0.5%). When light is given from the front, it turns
green, and when light is given from the back, it turns red (Tolochko, 2009).
Stained Glass Windows are also a nanotechnological product and have his-
torical value. Stained glass windows were used in European cathedrals and
contain gold chloride and chloride nanoparticles (Tolochko, 2009).

1-2- Those who pioneered the development of nanotechnology

Michael Faraday, who had the biggest role in the development of nan-
otechnology, prepared aqueous colloidal mixtures and investigated the op-
tical and electrical properties of these mixtures in 1857. The researcher
used gold nanoparticles when preparing these mixtures. The concept of
nanometer was first introduced to the literature by Richard Zsigmondy in
1925. Richard Feynman said in 1959 that it was possible to produce prod-
ucts at the size of atoms and molecules. However, Richard Feynman is
considered the father of nanotechnology. Because the term Nanotechnol-
ogy emerged when the physicist named Richard Feynman claimed that
nano-sized structures could be measured and used for certain purposes
(Sahoo and Labhasetwar, 2003; Zhang and Webster, 2009). However, the
first person to use the term nanotechnology was Norio Taniguchi in 1974.
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2-NANOMEDICINE and NANOTECHNOLOGICAL
SYSTEMS

2-1-NANOMEDICINE

Nanotechnological studies carried out in the field of medicine are col-
lected under the title of nanomedicine. Nanomedicine is the use of chemi-
cal, physical, biological, etc., in accordance with the purpose of application
of natural or synthetic nanoscale materials for the early diagnosis of diseas-
es, application of necessary treatments and taking precautions. It emerged
as a result of taking advantage of its features (Tiiylek, 2019). It is a field
used to monitor and treat human biological systems with some nanostruc-
tured devices (Zhang and Webster, 2009). Nanomedicine deals with the
production of molecular tools for early diagnosis, treatment and protection
by keeping cellular functions under control and using molecular informa-
tion in the body (Syed et al. 2013). The primary aim of nanomedicine is
to examine human biological systems at the molecular level and provide
the necessary improvement (Zhang et al. 2014). The US National Institute
of Health maintains its global leadership in the field of nanomedicine by
using nanotechnological applications necessary for the prevention and di-
agnosis and treatment of diseases (Park, 2007).

Materials used today such as smart drug carriers, orthopedic prosthe-
ses, cardiovascular implants, neural and dental implants, insulin pumps,
medical imaging devices, biosensors, nanorobots, implants and artificial
tissue can be counted among the products developed with nanotechnology
(Sahoo et al. 2007; Zhang et al. .2014). Abciximab, which is also produced
using nanotechnology, can be counted among these. Abciximab reduces
the chance of heart attack because it is used in percutaneous coronary treat-
ment to open the blocked heart vessel (Sahoo et al. 2007). In the healthcare
sector, nanotechnology is used in many areas such as drug development
and drug delivery systems, gene transfer, patient monitoring and treatment
(Singh et al. 2009; Sahoo et al. 2007; Staggers et al. 2008). Significant de-
velopments have been achieved in many areas such as gene therapy, drug
delivery systems, and new drug discovery through nanomedicine (Zhang
and Webster, 2009).

Nanosensors produced through nanotechnology are used in the early
diagnosis of some diseases. Parkinson’s disease, cancer and diabetes melli-
tus can be given as examples. In studies, the affinity of PLGA nanoparticles
to tumor cells was investigated and it was determined that the retention of
this nanoparticle to tumor cells was high. In another study, the binding rate
of the same PLGA nanoparticle on lung cancer cells was increased (Chung
et al. 2010; Nafee et al. 2007).
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Nanostents used in heart patients are designed using nanotechnology
and are used in blood clotting and treatment processes (Naschie, 2006).
Nanotechnology has been used in the field of oncology, especially for the
diagnosis and delivery of chemotherapeutic drugs (Laiva et al. 2015).

2-2- NANOTECHNOLOGICAL SYSTEMS

Biochip, biosensor, nanosphere and nanorobot applications are nano-
technological systems used in the field of medicine.

2-2-1-Nanospheres

The surface and release properties of nanospheres used to trap, attach
or adsorb drugs may vary depending on the preparation method (Behera
etal., 2010).

2-2-2-Nanorobots

Respirocytes created in the laboratory are created by mimicking eryth-
rocytes in living tissues. Respirocytes are known as nanorobots. Running
for 15 minutes without breathing or staying under water for 4 hours with-
out breathing is possible with these respirocytes.

2-2-3-Biosensors

In recent years, more advanced biosensor designs have been made
based on performance criteria such as sensitivity, selectivity, ease of con-
struction and cheapness. Nanomaterials are used to increase the perfor-
mance criteria of biosensors (Gooding, 2006).

2-2-4-Biochips

Biochips, which are electronic devices made to perform certain bio-
logical functions, have the ability to perform many tests simultaneously
and within seconds and result in thousands of biological reactions. It has
the ability to be programmed to perform different functions. When the ma-
jority of today’s analyzes begin to be performed thanks to biochip technol-
ogy, applications such as electrophoresis and gel preparation kits will be
used less (Cheng et al., 1999).
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3- HEALTH BENEFITS OF NANOTECHNOLOGY, RISKS
AND CONCERNS ABOUT NANOTECHNOLOGY

3-1-HEALTH BENEFITS OF NANOTECHNOLOGY

With specific materials and devices prepared using nanomaterials,
treatments with very low side effects and high therapeutic effectiveness can
be performed (Sahoo et al. 2007). Nanotechnology can provide a unique
benefit, especially when it comes to drug delivery in the body. Nanomed-
icines have distinct advantages over conventional drugs. While controlled
releases stand out among these advantages, there are also some features
that cannot be ignored, such as reaching the target region and showing
its effect only on this region. In addition, the therapeutic effectiveness of
nanomedicines prepared using nanoparticles is longer, as their dissolution,
retention time in the blood (bioavailability) and retention time in the body
are increased. Since they are prepared by protecting them from interaction
with the biological environment, they have many advantages, such as re-
ducing premature deterioration and improving their retention within the
cell (Park, 2007). Since the drugs reach the target directly, healthy tissues
are not damaged (Atli-Sekeroglu 2013).

Nanotechnology not only provides significant benefits in many diseas-
es such as neurodegenerative diseases, diabetes and cancer, but also makes
positive contributions to humanity in terms of improving the quality of life
(Maheshwari and Gupta, 2012). Regarding cancer, benefits have been ob-
tained from nanomedicine in terms of imaging and drug delivery systems
(Kawasaki and Player, 2005). Tumor structure can be detected by using
magnetic iron oxide nanoparticles. Special antibodies developed against
the tumor sought in the body and marked with iron oxide nanoparticles are
given to the body. If the relevant tumor is present in the body, the labeled
antibodies attach to antigens on the tumor surface. Iron oxide particles
found in antibodies collected in the tumor tissue send some signals, and
thus the tumor structure can be detected with MRI.

In the nano-ear used in those with hearing loss, nano devices, nanopar-
ticles and drugs are carried to the damaged area in the inner ear by means
of chips and transmitted to the brain from there. Thus, the person with
hearing problems is enabled to hear better (Abeer 2012). In addition, nano-
fibers obtained by nanotechnology can be used in wound care and burn
treatment. Nanofibers have a healing role on the cell due to their highly
porous structure and large surface area (Hromadka et al., 2008).
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3-2- RISKS AND CONCERNS ABOUT NANOTECHNOLOGY

Nanotechnology has provided convenience in many areas with the
opportunities it offers, and has started a new era for humanity with the
tools and equipment produced in various fields. So much so that people’s
lifestyles have changed thanks to these nanotechnological products (Sia
2017). Although nanotechnology has so many benefits, it also has some
risks and uncertainties (Moore 2006; Medina et al. 2007; Yazic1 2009).
For example, nanoparticles that can enter the body and cells may accumu-
late excessively in cells and tissues and damage the defense mechanism
(Moore 2006). Some nanoparticles that can pass into the blood may neg-
atively affect some organs (Chau et al. 2007). Particularly metal nanopar-
ticles enter the cell and the nucleus, causing DNA damage and creating
free radicals above physiological limits. When nano titanium dioxide was
used in pregnant mice, it was determined that the offspring had brain dam-
age and reproductive problems in the male offspring. Brain damage was
detected in fish exposed to nanoparticles for 48 hours (Syed et al. 2013;
Donaldson et al. 2010).

In addition, it is not clear what by-products may occur in the pro-
duction of nanoparticles and what consequences they will have in the en-
vironment. It is also not known what the consequences of long-term use
on living tissue will be (Celik, 2011). Problems experienced in the use of
nanodevices may not be understood by immediate observation. Or even if
it is understood, the problem may not be eliminated or solving the relevant
problem may require separate expertise. The issue of safety is of great im-
portance in nanomaterials used for therapeutic purposes. Nanotechnology
studies in all fields require both a good budget and expertise in their safe
use. It should also be noted that defensive policies may also be necessary
(Staggers et al., 2008).

CONCLUSION

Thanks to nanotechnology, changes can be made in materials and sub-
stances can be obtained at the atomic and molecular level. All of these add
value to our standard of living. Nanotechnology, which has an important
role in improving the quality of life, seems to offer humanity a healthier
and safer living space with the gains it creates in the field of medicine.
Thanks to nanotechnology, efficiency is increased and labor and time are
saved. It seems that in the near future, thanks to nanotechnology and nano-
medicine, there will be developments in the field of health that we cannot
even imagine. In fact, developments in the field of nanomedicine will de-
velop depending on our imagination. However, when incorporating this
technology into our lives, a solid infrastructure must be created. Therefore,
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it may be necessary to train expert personnel in this field and provide train-
ing on developping technology.
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Patient safety is an active and systematic approach implemented
during the delivery of health services to minimize harm that patients may
encounter. It encompasses the prevention, reduction, and mitigation of er-
rors, adverse events, and other preventable harms, with the ultimate goal
of improving the patient’s well-being. Patient safety is defined as “the re-
duction of risk of unnecessary harm associated with healthcare to an ac-
ceptable minimum” (WHO, 2019). This definition emphasizes the need to
identify and address potential risks and hazards in healthcare services, ac-
knowledging that complete elimination of all risks is not always possible.
It underscores the importance of a risk-based approach prioritizing the pa-
tient’s welfare and aiming to achieve an acceptable level of safety (WHO,
2019). Another definition of patient safety describes it as the “prevention
of harm due to errors or negligence in the delivery of healthcare.” This
definition highlights the role of healthcare providers in ensuring safe care,
addressing both procedural issues (e.g., medication errors) and negligence
(e.g., diagnostic errors or treatment delays) that could harm the patient
(AHRQ, 2021).

In Turkiye, the Ministry of Health evaluates patient safety indicators
in healthcare facilities through biannual internal audits. Independent teams
appointed by the Ministry conduct these assessments (Saglik Bakanligi,
2023). The regulations outlined in the ‘Regulation on Ensuring Patient and
Employee Safety’, published in the official journal in 2011, define patient
safety practices and plan their implementation in healthcare institutions.
These practices include identifying and verifying patient identity, obtain-
ing patient consent for interventional procedures, ensuring communication
safety in healthcare service delivery, ensuring medication safety, ensuring
transfusion safety for blood and blood products, ensuring surgical safety,
preventing patient falls, ensuring radiation safety, and planning for dis-
abled patients.The Turkish Ministry of Health updated the National Patient
Safety Goals in December 2022. New quality criteria were established by
the Ministry in March 2023, aligning with the 23 goals under the National
Patient Safety Goals (Saglik Bakanligi, 2023).

Ensuring patient safety in healthcare services is crucial, especially
in surgical clinics and departments, given the significant risks associated
with surgical interventions (WHO, 2011; OECD, 2015; Kohn et al., 2000).
Surgical clinics and departments, characterized by complex procedures,
intense work traffic, and potential risks, prioritize patient safety in all
processes (WHO 2011). Surgical interventions, with their immediate and
long-term impact, emphasize the importance of prioritizing patient safety
to prevent any harm (Kohn et al., 2000; Giiner et al., 2018).
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Key Dimensions of Patient Safety:

Patient-centered care, emphasizing the active involvement of patients
in their own care, is a fundamental dimension of patient safety. It under-
scores the importance of addressing patient values, preferences, and con-
cerns and providing personalized health experiences (Epstein and Street,
2011). Patient engagement and empowerment are crucial for promoting
patient safety in health information management. Engaging patients in
their care, providing access to their health information, and involving them
in decision-making contribute to a safer and more patient-centered health-
care system. Safety culture expresses the shared values, beliefs, attitudes,
and practices related to safety within a healthcare organization. It plays a
significant role in shaping the overall approach to patient safety, encour-
aging open communication, and accountability (Epstein and Street, 2011;
Ginsburg et al., 2012).

Effective communication and collaboration are critical dimensions
for patient safety. Communication breakdowns can lead to errors and un-
desired events, making it essential to ensure accurate and timely infor-
mation exchange (Manser, 2009). Continuous learning and improvement
are vital dimensions for patient safety. Healthcare organizations should
actively identify improvement areas, analyse adverse events, and adopt an
initiative-taking approach to prevent future errors (Leistikow et al., 2010).
The integration of technology and innovation is an increasingly import-
ant dimension of patient safety. Advances in health technologies, such as
electronic health records and clinical decision support systems, can reduce
errors while coordinating care and treatment (Bates et al., 2014).

Ethics is a critical dimension of patient safety, emphasizing respect for
patient autonomy, privacy, and confidentiality. Ethical rules and principles
guide healthcare professionals in making decisions that prioritize patient
welfare and safety (Beauchamp and Childress, 2001).

The integration of evidence-based practice into healthcare delivery is
a fundamental dimension of patient safety. Using the best available evi-
dence, clinical expertise, and patient values guides health decisions and
interventions (Melnyk and Fineout-Overholt, 2018).

Environmental and physical safety is another important dimension
for ensuring patient safety. Healthcare organizations must ensure that the
physical environment is safe and suitable for providing care. Verifying pa-
tient identity is one of the most critical aspects of patient safety. Standard-
ized protocols and technologies for patient identification are recommended
to reduce the risk of misidentification and medical errors (AHRQ, 2017).
Obtaining informed consent is a crucial ethical principle and a legal re-
quirement in healthcare services. It ensures that patients understand their
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diagnoses, treatments, associated risks, benefits, and alternatives, support-
ing autonomous decision-making and strengthening legal procedures for
patient safety (Beauchamp and Childress, 2001).

Effective and safe communication is vital for ensuring patient safety
during health service delivery. Maintaining communication safety involves
protecting patient information, preserving privacy, and facilitating accu-
rate and timely communication among healthcare professionals

Electronic Health Records (EHR): The use of Electronic Health
Records (EHRs) has become widespread in healthcare service de-
livery. EHRs facilitate the storage, access, and sharing of patient
information among healthcare providers (Adler-Milstein et al.,
2017).

Health Information Exchange (HIE): Health Information Ex-
change (HIE) enables secure sharing of patient information among
different healthcare organizations and systems (Adler-Milstein et
al., 2017).

Secure Messaging Systems: Secure messaging systems provide a
secure and effective method for healthcare professionals to com-
municate and share patient information (Adler-Milstein et al.,
2017).

Privacy Policies and Procedures: Healthcare organizations should
establish clear privacy policies and procedures for managing pa-
tient information, and addressing the collection, storage, and shar-
ing of patient data (Adler-Milstein et al., 2017).

Access Control Measures: Implementing strong access control
measures is crucial to protect against unauthorized access. Assign-
ing unique user identities and passwords, limiting access privileg-
es based on job roles, and implementing multi-factor authentica-
tion are necessary (Adler-Milstein et al., 2017).

Secure Communication Systems: Communication systems play
a crucial role in facilitating communication among healthcare pro-
fessionals, especially in emergency situations. Implementing secure
communication systems is essential to safeguard patient information
and maintain confidentiality (Adler-Milstein et al., 2017).

Encryption and Decryption Protocols: Encryption and decryption
protocols help secure the transmission of patient information.
These protocols ensure that data is transmitted and stored in a se-
cure format, protecting it from unauthorized access (Adler-Mil-
stein et al., 2017).
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Training and education are essential components of ensuring patient
safety in health information management. Healthcare professionals should
receive adequate training on privacy laws, security measures, and the proper
handling of patient information (Adler-Milstein et al., 2017). Compliance
with privacy regulations possess a fundamental aspect of patient safety
in health information management. Healthcare organizations must adhere
to local and international privacy laws to protect patient information and
avoid legal consequences (Adler-Milstein et al., 2017). Usability and user
experience are essential considerations in the design and implementation
of health information management systems. Systems that are user-friendly
and intuitive contribute to better patient safety outcomes by reducing the
risk of user errors and improving overall efficiency. Interoperability is a
critical factor in ensuring patient safety in health information management.
Seamless exchange of information among different healthcare systems and
providers improves care coordination, reduces errors, and enhances overall
patient safety (Williams et al.; 2019).

Continuous monitoring and auditing of health information manage-
ment systems are essential for identifying and addressing potential secu-
rity breaches and vulnerabilities. Regular audits help ensure compliance
with privacy and security policies, safeguarding patient information (Ad-
ler-Milstein et al., 2017). Establishing an incident reporting and response
system is crucial for addressing and mitigating potential breaches of pa-
tient information. Healthcare organizations should have clear protocols for
reporting and responding to incidents, including investigating and remedy-
ing security breaches. Confidentiality agreements play a role in ensuring
patient safety in health information management. These agreements estab-
lish legal obligations for individuals with access to patient information,
emphasizing the importance of maintaining confidentiality and preventing
unauthorized disclosure (Adler-Milstein et al., 2017). Data encryption is a
fundamental security measure to protect patient information in health in-
formation management. Encrypting sensitive data helps prevent unautho-
rized access and ensures that patient information remains confidential and
secure. Error prevention and reporting are crucial dimensions of patient
safety. Identifying and addressing potential errors and system failures can
significantly reduce the likelihood of adverse events and harm to patients.
A culture based on error reporting and learning is critical in promoting an
initiative-taking approach to patient safety (Evans et al., 2015; Adler-Mil-
stein et al., 2017).

Disaster recovery and business continuity planning are essential com-
ponents of patient safety in health information management. Establishing
robust plans ensures that patient information remains secure and acces-
sible, even in the event of disasters or system failures (Adler-Milstein et
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al., 2017). Conducting regular risk assessments and implementing risk
management strategies are essential for patient safety in health informa-
tion management. Identifying and addressing potential risks helps prevent
security breaches and protects patient information (Adler-Milstein et al.,
2017). Implementing patient identification protocols is crucial for ensur-
ing patient safety in health information management. These protocols help
prevent misidentification and ensure that patient information is accurately
matched to the correct individual (AHRQ, 2021).

Robust authentication measures are essential for patient safety in
health information management. Implementing strong authentication pro-
cesses, such as multi-factor authentication, helps ensure that only autho-
rized individuals have access to patient information (Adler-Milstein et al.,
2017).

Collaboration and information sharing among healthcare organiza-
tions are essential for patient safety in health information management.
Establishing effective communication channels and sharing relevant infor-
mation contribute to better care coordination and improved patient out-
comes. Ensuring the accuracy and integrity of patient data is fundamental
for patient safety in health information management. Implementing mea-
sures to verify and maintain the accuracy of patient information helps pre-
vent errors and supports informed decision-making. Developing and im-
plementing clear health information privacy and security policies is crucial
for patient safety in health information management. These policies guide
the responsible and secure handling of patient information, protecting it
from unauthorized access and disclosure (Adler-Milstein et al., 2017).

Providing ongoing training and ensuring the competency of staff in-
volved in health information management is essential for patient safety.
Well-trained and competent staff are better equipped to manage patient
information securely and contribute to overall data accuracy and integ-
rity. Educating patients about health information privacy is an important
aspect of patient safety in health information management. Informing pa-
tients about how their information is used and protected fosters trust and
supports their active engagement in their healthcare (Bates et al., 2014).).

Adhering to legal and ethical considerations is paramount for patient
safety in health information management. Healthcare organizations must
comply with relevant laws and ethical standards to protect patient infor-
mation and maintain the trust of patients and the public (Adler-Milstein et
al., 2017).

These key dimensions collectively contribute to creating a compre-
hensive framework for ensuring patient safety in health information man-
agement. By addressing these dimensions, healthcare organizations can
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establish robust practices and systems that safeguard patient information,
promote privacy and security, and support high-quality care delivery. Pa-
tient safety in health information management is an ongoing process that
requires continuous monitoring, assessment, and improvement to adapt to
evolving technologies, threats, and regulatory requirements. It is a shared
responsibility among healthcare organizations, healthcare professionals,
technology vendors, policymakers, and patients to collaboratively work
towards achieving and maintaining patient safety in health information
management.

Examination of Patient Safety in the Context of European Union
Health Policies

The European Union (EU) is an organization formed by a group of
European countries to promote economic cooperation, political stability,
and social harmony (Dinan 2017; Nugent 2017; Peterson and Shackleton
2016). The EU was established in 1993 with the Maastricht Treaty and has
since grown in size, currently being one of the world’s largest economies
with a population exceeding 447 million. The roots of the EU trace back
to the post-World War II period when several European countries sought
closer economic ties to promote growth and stability (Jones 2019; Kele-
men 2018).

1. Maastricht and Copenhagen Criteria: The Maastricht and Copen-
hagen Criteria are essential requirements that countries must meet
to join and become members of the European Union (EU) (Euro-
pean Commission, 2021).

*  Maastricht Criteria: Also known as convergence criteria, these
were established by the Maastricht Treaty in 1992. They are eco-
nomic in nature and designed to ensure that countries aspiring to
join the EU have stable and sustainable economies compatible
with the EU’s single market (European Council, 1992; Harris,
2015).

*  Copenhagen Criteria: Also known as political criteria, these were
defined at the Copenhagen European Council in 1993. These cri-
teria are political and intended to ensure that countries aspiring
to join the EU have stable democratic systems, respect human
rights, and uphold the rule of law (European Council, 1993; Jen-
sen, 2006).

2. Turkey’s EU Membership Process: Turkey first applied to join
the European Economic Community, the precursor to the EU, in
1959. However, it did not officially apply for EU membership un-
til 1987. Since then, Turkey has embarked on a lengthy and com-
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plex negotiation and reform process aimed at meeting the EU’s
accession criteria.

Stages of the EU Membership Process for Turkey:

*  Application Process: The first step is Turkey’s formal application
for EU membership, which involves submitting an official appli-
cation to the European Commission, subsequently evaluated by
EU member states (Ulgen, 2017).

*  Screening Process: After receiving the application, the Europe-
an Commission conducts a screening process to assess whether
Turkey is ready to adopt and implement EU laws and regulations.
This involves a comprehensive review of Turkey’s legal and insti-
tutional frameworks (Ulgen, 2017; White, 2011).

* Negotiation Process: If the screening process is successful, formal
accession negotiations begin. These negotiations cover various
policy areas, known as chapters, and require Turkey to align its
legislation and practices with EU standards (Ulgen, 2017).

*  Accession and Ratification: Once negotiations are concluded, the
EU and Turkey sign an accession treaty. Subsequently, the treaty
must be ratified by the existing EU member states and the Turkish
government (Ulgen, 2017).

European Union Acquis: The European Union Acquis refers to the en-
tirety of laws and regulations that have been adopted by the member states
of the European Union (EU) and are binding for all EU institutions and
member states (European Commission; 2019). The term “Acquis” denotes
the accumulated body of laws and regulations developed by the EU since
its inception. The EU Acquis encompasses a variety of instruments, includ-
ing EU treaties, regulations, directives, decisions, and other legal tools that
cover diverse areas of EU policy such as competition law, environmental
law, consumer protection, and human rights (Peers and Ward, 2017).

These legal instruments play a crucial role in shaping the functioning
of'the EU as a single market and legal community. Having a common legal
framework ensures that all member states share the same legal foundation
and provides the necessary legal tools for EU institutions to implement
policies (Maurer and Poti, 2016).

Importance of the EU Acquis: The EU Acquis serves as a fundamental
element of the EU’s legal system and plays a critical role in ensuring the
functioning of the EU as a political and economic union. It establishes a
shared legal framework that regulates the activities of EU institutions and
member states. Additionally, it ensures a level playing field for businesses
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operating in the EU and protects consumers from unfair practices (Papa-
filippou and Vlachos, 2018). Furthermore, the EU Acquis is instrumental
in the expansion process of the EU. As new countries seek to join the EU,
they are required to adopt the EU Acquis and align their legal systems with
EU standards. This alignment helps new member states fully integrate into
the EU and contribute to the common goals of the union (Vandeginste,
2019).

The health-related section of the EU Acquis is a key area that influ-
ences EU laws and regulations affecting patient safety. It covers various
aspects, including the regulation of medicines, medical devices, and the
rights of healthcare workers, as well as measures related to disease preven-
tion and the promotion of health (European Commission, 2017).

One significant benefit of the health-related section is its provision of
a common framework for ensuring high standards of patient safety across
the EU (European Commission, 2013). By establishing common rules and
regulations for health products and services, the EU Acquis helps ensure
that patients receive consistent and high-quality care regardless of their
location within the EU. The EU has created a unified framework for patient
safety standards throughout the union. However, the EU remains com-
mitted to improving patient safety by enhancing regulatory frameworks
to meet changing needs (Permanand, Mossialos, and Baeten, 2017; San-
chez-Recio, Marquez-Calderon, and Valdés-Ortiz, 2018).

European Union Competence Framework: The European Union has
identified a set of competencies that its citizens need to fully participate
in today’s rapidly changing society. The European Commission has pro-
posed competencies, including digital skills, language skills, social and
civic competencies, health literacy, and cultural competencies. These com-
petencies are relevant to patient safety and represent important areas for
development for both healthcare professionals and patients (Kushniruk et
al., 2016).

» Digital Skills: The European Commission recommends that all
citizens of member states possess basic digital literacy. This in-
cludes the ability to use digital tools and technologies for commu-
nication, information management, and problem-solving. Digital
technologies have been shown to enhance patient safety by re-
ducing medication errors, improving the clinical decision-making
process, and enhancing communication between healthcare pro-
viders and patients (Kushniruk et al., 2016). Additionally, digital
technologies empower patients to manage their health more effec-
tively and access information about their treatments (Berkowitz
etal., 2017).
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» Language Skills: Considering the diversity of languages spoken
in the EU, the European Commission suggests that all citizens
should have at least basic proficiency in at least two EU languag-
es. This approach promotes intercultural communication and un-
derstanding and is particularly crucial for healthcare professionals
to communicate effectively with patients who speak different lan-
guages (Karliner et al., 2010).

* Social and Civic Competencies: The European Commission rec-
ommends that all citizens have basic social and civic competen-
cies, including the ability to collaborate with others, participate
in democratic decision-making processes, and respect diversity
and human rights. These competencies can contribute to creating
a culture of safety and respect in healthcare settings and are vital
for promoting patient safety. Other social and civic competencies,
such as collaboration with other professional groups and partici-
pation in democratic decision-making processes, are essential for
promoting patient safety. Teamwork and communication in health-
care settings are critical for ensuring that patients receive safe and
effective care. By promoting social and civic competencies, the
European Commission helps healthcare professionals work effec-
tively in teams, communicate with patients and families, and ad-
vocate for patient safety (European Commission, 2019).

* Health Literacy: The European Commission emphasizes the im-
portance of health literacy for all citizens of member states. Health
literacy includes the ability to understand and use health infor-
mation, make informed decisions about health services, and ef-
fectively navigate the healthcare system (European Commission,
2019).

e Cultural Competency: Cultural competency is another crucial
competency for healthcare professionals. Patients from different
cultural backgrounds may have diverse health beliefs, practices,
and expectations, and healthcare professionals need to be aware
of these differences. The European Commission also highlights
the importance of cultural competency for healthcare profession-
als, especially as healthcare services become more globalized and
diverse (Lambert et al., 2021). By promoting cultural competen-
cy, the European Commission helps healthcare professionals ef-
fectively collaborate with patients from different cultural back-
grounds and ensures that they are equipped to provide safe and
effective care (European Commission, 2019). The competencies
proposed by the European Commission are based on research and
best practices in the health sector and, when implemented, have
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significant positive effects on patient safety and health outcomes
(European Commission, 2019).

European Skills/Competences, Qualifications and Occupations
(ESCO) Framework: The ESCO classification system, initiated by the
European Commission, aims to improve the transparency, recognition,
and comparability of skills and qualifications across different countries
and sectors. The ESCO system is based on a standard language that de-
fines skills, competences, qualifications, and occupations, making it easier
for employers, job seekers, and educational institutions to understand and
compare different aspects of the labour market in the EU (Papafilippou and
Vlachos, 2018).

Enhancing Institutional Capacity in the Scope of Patient Safety: The
ongoing global changes affect all sectors, with patient safety being a crit-
ical concern for healthcare organizations. Patient safety is on the agenda
of all international organizations, and various approaches have been de-
veloped to enhance patient safety (WHO, 2011b). Achieving sustainable
practices in patient safety and ensuring the adoption of these practices by
all employees require the development of institutional capacity. Capac-
ity development is defined as the process of increasing knowledge and
skills through training (WHO, 2011b; UNDP, 2009). Capacity develop-
ment involves enhancing the abilities of individuals, groups, institutions,
and communities. This approach supports the development of health pol-
icies during the adaptation process of our country to the European Union.
Enhancing the capacities of healthcare institutions is a topic emphasized
by other international organizations as well (WHO, 2018; OECD, 2018;
UNDP, 2009; EU, 2022).

The accession process to the European Union involves various dimen-
sions related to institutional capacity, partnership structures, and the de-
velopment of patient safety (Veronesi and Martinelli, 2020). Developing
institutional capacity for EU candidate countries is characterized by the
improvement of the workforce, institutions, policies, and knowledge, lead-
ing to the strengthening of the international partnership network of the in-
stitution, positively impacting patient safety (Stegeman et al., 2009; Aroni,
2012; Greer et al., 2019; WHO and EU, 2020). The support of healthcare
infrastructure, human resources, and equipment investments associated
with improving the quality of health services strengthens with the acces-
sion process (Atun et al., 2015). The accession process to the EU requires
candidate countries to strengthen their institutional capacities in various
areas, contributing to the effective management of health systems, resource
allocation, and the effective delivery of health services (Kutzin et al., 2019).
The accession process leads to the adoption of EU health policies and reg-
ulations, standardizing health practices and ensuring high-quality care for
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patients (Mladovsky et al., 2012). By promoting evidence-based practices
and the adoption of quality standards, the accession process supports the
improvement of patient safety (Cameron et al., 2018). The EU membership
process requires candidate countries to meet requirements such as reducing
medical errors, improving care quality, and strengthening patient safety
(Tarnovska and Liaropoulos, 2019). This process supports the develop-
ment of new partnerships for both the candidate country and its health
institutions, encouraging knowledge exchange and sharing best practices
(OECD, 2015). It also encourages partnerships between health sector and
other organizations outside the health sector.

In summary, the steps to be taken for the regulation of health services
within the scope of patient safety in the EU membership process are out-
lined as follows (Brown et al., 2001; Labonte and Laverack, 2001a; UNDP,
2008; Stegeman et al., 2009; WHO, 2010; Aroni, 2012; ECDPC, 2015;
EC, 2016; WHO, 2019; Zhu and Lee, 2021; EU4Health, 2021):

Institutional Capacity Development:
*  Strengthening regulatory frameworks for health service delivery,
e Improving health systems and processes,

*  Organizing capacity development training for healthcare workers,
Development of Partnership Structures:

* Developing partnerships between public institutions, civil society
organizations, and institutions to improve health services,

* Collaboration with international organizations, including the
World Health Organization, the European Commission, and the
European Centre for Disease Prevention and Control,

*  Collaboration with patient organizations and other relevant stake-
holders to promote patient-centred care, Patient Safety:

* Developing and implementing policies and procedures to improve
patient safety,

*  Developing systems for reporting and analysing adverse events,

» Establishing patient safety committees and teams to make im-
provements in patient safety,

* Implementing measures to empower patients and encourage their
participation in their care.

Conclusion: During the European Union (EU) accession process, it
has been emphasized that establishing partnerships and networks in the
development of capacity-building programs related to patient safety is a



Research And Evaluations In Health Sciences - 2023 December * 49

fundamental element. The enhancement of institutional structures is an-
other crucial aspect in the capacity-building process. Studies suggest that
evaluating practices in this process should be incorporated into the scope
of quality management (Brown, LaFond, and Macintyre, 2001; Labonte
and Laverack, 2001a; UNDP, 2008; Stegeman et al., 2009; Aroni, 2012).
Various studies propose including the assessment of these practices with-
in quality management (Crisp, Swerissen, and Duckett, 2000; Potter and
Brough, 2004) or evaluating them under a separate title (Labonte and Lav-
erack, 2001b; WHO, 2001; UNDP, 2008). European Union policies place
significant importance on the evaluation processes in healthcare services
and the monitoring of incidents related to patient safety (Stegeman et al.,
2009; EC, 2016; EU4Health, 2021).

Another crucial aspect in capacity-building practices is the develop-
ment of employees’ skills and competencies through training. Research
highlights this as a fundamental element in capacity-building (Crisp et al.,
2000; Potter and Brough, 2004; UNDP, 2008; Rowe et al., 2010; WHO and
EU, 2020). Access to information is also a key topic in capacity-building
efforts within the scope of patient safety based on EU health policies (Crisp
et al., 2000; Stegeman et al., 2009; Aroni, 2012; Greer et al., 2019; WHO
and EU, 2020).

The EU collaborates closely with international organizations such as
the World Health Organization (WHO) and the United Nations Develop-
ment Programme (UNDP) to support capacity-building in patient safety in
healthcare organizations. Consequently, EU health policies have a global
impact on healthcare services and support their development. The EU plac-
es significant importance on capacity-building in healthcare organizations,
as evident in joint reports with the WHO and the 2021-2027 health strategy
reports. Specifically, the EU prioritizes strengthening “effective, accessi-
ble, and innovative health systems” to enhance the quality of healthcare,
develop the workforce, and provide high-quality and universal health ser-
vices.

The European Commission emphasizes patient safety as a central
theme in all its reports and research related to the health system. Patient
safety is consistently placed at the forefront of all health-related policies
of the EU (EC, 2016; Greer et al., 2019; WHO and EU, 2020; EU4Health,
2021).
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1. Drug and Artificial Intelligence Relationship

Despite progress in the understanding of disease etiology and ex-
treme advances in innovation, bringing novel drugs to market remains a
time-consuming and sumptuous process, primarily due to the significant
costs associated with failures in clinical trials (Schneider, 2020).

If the pharmaceutical form transport processes of the molecule devel-
oped after drug candidate development and design should be exemplified
for institutions such as FDA, EMEA, TITCK: It consists of pre-clinical,
Phase I, Phase II, Phase III, and ongoing phase IV in the clinic. In all of
these stages, economic burden and time are essential criteria. But today,
after the development of computer science and the emergence of the con-
cept called artificial intelligence, the concepts of time and economy have
turned into an advantage.

Figure 1. Relationship-Diagram
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As time progresses, the value given to information science is increas-
ing day by day, and to eliminate the time taken for drug design in Figure
1, the concept of artificial intelligence takes its place in drug development.

Artificial intelligence, in short, can be called the ability to process
data. It is known as machine learning and deep learning as its sub-steps.

It involves drug research and development processes and can some-
times result in frustration. It is an undeniable fact that preliminary results
reduce the possibility of this disappointment. In these preliminary predic-
tions, benefiting from auxiliary elements such as machine learning, deep
learning, and artificial intelligence provides many advantages.

For example, if in silico methods were used to survey the cytotoxic
effects of Inula viscosa extract, both less time and less material would have
been used to determine the activity values (Hepokur, 2019).

On the contrary, in this study by C6l et al., time and economic effi-
ciency were provided by using in silico studies in some of the studies (Col,
2022).

2. Al for Drug Discovery

2.1. Drug Discovery with Artificial Intelligence

The concept of artificial intelligence emerged in the mid-20th century
with the claim that computers could think. It is a general field that encom-
passes artificial intelligence, machine learning, and deep learning, but also
does not involve any learning (Chollet, 2021),(Figure 3).

Figure 3. Cluster representation of artificial intelligence and its sub-branches

Artificial intelligence is becoming a widespread application in many
fields. Especially the developments in the range of natural language pro-
cessing have shed light on the use of artificial intelligence in drug discov-
ery stages. Sub-fields of artificial intelligence, called machine learning and
deep learning, have developed over time. The use of machine learning and
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deep learning in drug research and development studies is increasing and
becoming widespread day by day. These developments lead to a swift in-
crease in studies in this field (Raschka, 2017) (Figure 4).

Answers Machine
and data Learning

Figure 4. Artificial intelligence principles

2.3. Artificial Intelligence in Silico Studies

When artificial intelligence and in silico studies are the common key-
words, the first concept to emerge in the name of drug development will be

Computer-aided drug design.
Pharmacopfore
Modeling
Molecular
Docking
Based of
- m

Figure 5. CADD Diagrams

Indispensable in chemoinformatics is the chemical discipline and the
effort to provide maximum chemical data that these disciplines will pro-
vide to wet experiments (Gasteiger, 2003).
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As seen in Figure 5, the distinction between ligand and target-based
design is mentioned, and when evaluated in terms of artificial intelligence,
the main distinction is the way they use databases. While compound li-
braries are used in ligand-based design, illuminated bioinformatics data
of the target is used in target-based design (Bacilieri and Stefano Moro,
2006),(Russel, 2023).

High-efficiency virtual scanning studies are a set of studies that in-
clude the use of databases and the principles of elimination or elimination
according to some rules. These studies have been brought together in the
connection of artificial intelligence in drug development works, both man-
ually and automatically (Mayr, 2009).

Pharmacophores capture the nature and three-dimensional arrange-
ment of chemical functionalities in ligands that are relevant for molecular
interactions with the macromolecular target. Thus, chemical functionalities
are classified according to more general pharmacophore properties such
as hydrophobic domains, aromatic ring systems, hydrogen bond accep-
tors, hydrogen bond donors, negatively ionizable groups, and positively
ionizable groups. Less common types of interactions that contribute to li-
gand binding, such as metal coordination and halogen bonds, are either
already implemented in most software packages or require user definition
(Schaller, 2020).

At the first stage of rational drug design, parts of existing compound
molecules with new structures can be created by combining them or using
optimization algorithms such as genetic algorithms. With the rapid devel-
opment of computer science and high-performance computing, artificial
intelligence (AI) approaches have been successful in areas such as picture
processing, pattern recognition, and natural language processing. In recent
years, machine learning, particularly deep learning, has also been applied
to drug discovery, such as predicting compound properties and activities
and their interactions with protein targets. In the last few years, deep gen-
erative models that attempt to learn the probability distribution of training
data, extract representative features, produce a low-dimensional contin-
uous representation, and eventually generate new data by sampling the
learned data distribution have attracted increasing attention (Tong, 2021).

Different applications of generative models have displayed outstand-
ing results in rendering images. When applied to construct molecules, the
essence of the generative model is to learn the distribution of molecules in
the training set so as to obtain molecules similar to but different from the
molecules in the training set. By combining the evolutionary algorithm or
reinforcement learning, the specified properties of the produced molecules
can be further optiimized. In this Perspective, we focus on the applica-
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tion of generative models in de novo drug design. Primarily, the models of
recurrent neural networks, autoencoders, generative competitor networks,
converters, and deep generative (Tong, 2021).

We briefly introduce frequently used generative models, such as hy-
brid models that combine with reinforcement learning. Second, we exten-
sively review benchmarks and benchmarks to evaluate the latest develop-
ments in the application of various generative models in drug design and
their performance. Finally, we discuss the possibility of generative models
for drug design (Tong, 2021).

2.4. Machine Learning in Drug Design

The goal of QSAR studies in drug development is to find the math-
ematical relationship between the activity of the molecule and its chem-
ical properties. In particular, on a related data set in QSAR studies with
the Random forest algorithm; easily interpreted, robust models with good
predictive performance have been established, for example, Profile-QSAR
(pQSAR). This RF algorithm allows for an appropriate chemical and bio-
logical interpretation of the molecular identifiers and structural motifs con-
sidered important by the model. SVM is another popular technique used in
QSAR studies. in QSAR studies (Ramsundar, 2015).

There are also studies focusing on the effects of the size of the data set
and parameter values on the performance of SVM. Various deep learning
algorithms have been used in multi-target studies. 37.8 million experimen-
tal data of over 200 target 1.6 million compounds and extended finger-
prints of these molecules were created. The multi-target neural network
outperformed logistic regression, RF, and single-target neural networks.
Although performance improvements resulting from multi-target deep
neural networks have been reported by many different groups, few studies
have focused based on this effect (Xu, 2017)

In one of their studies, Xu et al found that a task embedded in a multi-
tasking deep neural network can “borrow” information from other QSAR
tasks during the training process. It has been shown by many studies that
deep neural network models show better results in QSAR studies than tra-
ditional machine learning models. There is not yet an optimal way to adjust
the hyperparameters of the deep neural network model. In a study, it was
shown that tuning certain hyperparameters, including the activation func-
tion, dropout, number of hidden layers, and the number of neurons it has,
significantly affects the performance of the deep neural network model
(Wu,2018).

Inappropriate ADMET properties can lead to late-stage failure of drug
candidate molecules and withdrawal of approved drugs. It is important to
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determine the ADMET properties of a compound at the beginning of drug
development studies. Therefore, the development of in silico models that
can reduce these problems has become one of the main points of industry
and academic studies. In recent years, models that predict ADMET prop-
erties based on molecular properties have been developed with artificial
intelligence techniques (Morgan, 2012).

Models that affect the pharmacokinetic properties of molecules and
rapidly predict physicochemical parameters (such as LogP, KC¢) have
been developed. The physicochemical properties of a drug candidate com-
pound affect the absorption, distribution, metabolism, elimination, toxicity,
and ADMET properties, potency, and selectivity, and thus significantly af-
fect the treatment process (Duran-Iturbide, 2015).

Minor molecule drug candidates must exhibit sufficient solubility and
permeability to reach their sites of action and bind to their targets. In this
context, it is very focal better understand and accurately predict the phys-
icochemical properties for the design of compounds with desired pharma-
cokinetic and pharmacodynamic profiles(Waring, 2010).

3. Artificial intelligence for Drug Production

While focusing on the pharmaceutical industry, the role of artificial
intelligence cannot be ignored due to its wide applications at various stag-
es. Artificial intelligence has a huge impact on all stages of pharmaceuti-
cal products, from drug discovery to product development. Artificial in-
telligence technologies are used in both drug discovery and drug design.
In pharmaceutical product development, artificial intelligence is used to
select appropriate excipients, select the development process and ensure
that specifications are achieved according to compatibility during devel-
opment. Methods such as model expert system (MES) and artificial neu-
ral networks (ANN) are used in pharmaceutical product development. In
production, artificial intelligence is used in automatic and personalized
production by matching production errors according to limits. Artificial
intelligence technologies such as meta classifier and tablet classifier are
used to achieve the desired quality in the final product. Incorporating Al
into clinical trials helps select subjects and monitor the trial, and machine
learning (ML) is being used in clinical trials. Additionally, artificial intel-
ligence technologies such as ML and natural language processing (NLP)
tools are used in market analysis, product positioning and product costing
(Bhattamisra, 2023).

Producing a commercial product from a simple formulation or
more complex formulations with properties such as controlled release is
time-consuming and complex. An initial formulation is usually prepared
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with a variety of excipients and one or more active ingredients, and as de-
velopment progresses, their selection and quantities and the manufacturing
process are optimized through intensive, time-consuming experimentation.
This process results in large amounts of data that are difficult to process
and understand. In recent years, it has been shown that artificial neural
networks will provide an alternative approach to manage this process more
easily. Neural networks are mathematical structures that can “learn” rela-
tionships within data without requiring any prior knowledge from the user.
The neural network makes no conventions about the functional form of the
relationships; it creates and evaluates a series of simulations to determine
the one that best fits the experimental data provided to it. Therefore, arti-
ficial neural networks are increasingly used to model complex behavior in
problems such as pharmaceutical formulation and processing (Ibric, 2009).

Leading pharmaceutical companies are collaborating with Al suppli-
ers and leveraging Al technology in R&D, drug discovery and manufactur-
ing processes. Reports show that approximately 62 percent of healthcare
organizations are considering investing in Al in the near future, and 72
percent of companies believe Al will be very critical in the future. In or-
der to better understand the future of artificial intelligence in the industry,
Pharma News Intelligence examines in depth the current artificial intelli-
gence use cases, the best uses of the technology, and the future of artificial
intelligence and machine learning. According to researchers, the use of
these technologies improves decision-making, optimizes innovation and
increases the efficiency of research/clinical trials (Aziz, 2022).

The use of Al and ML in drug discovery and development in FDA
applications has been increasing since the 2010s and therefore the FDA has
had to investigate how to regulate this nascent form of therapeutic develop-
ment, application and selection. In 2019, the FDA published a discussion
document titled “ Proposed Regulatory Framework for Changes to Artifi-
cial Intelligence/Machine Learning (AI/ML) Based Software (SaMD) as
a Medical Device - Discussion Paper and Request for Feedback “, which
primarily aims to raise users’ awareness of self-learning and machine
learning-based changes and developments and to confirm that the risk as-
sessment of these changes is carried out during and after the FDA approval
process (Parvathaneni, 2023).

Artificial intelligence can be used in a variety of ways, such as pre-
dicting the behavior of drug carrier systems in the body, predicting drug in-
teractions and optimizing drug formulations. Machine learning algorithms
can be used to analyze large datasets of drug behavior in the body and pre-
dict drug response. This may be useful in designing optimized drug deliv-
ery systems for specific patient populations. Machine learning algorithms
can be trained on large datasets of drug behavior in the body to predict the
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optimal formulation for a given drug, reducing the time and cost associated
with formulation development and leading to better drug efficacy. Anoth-
er example of an Al-supported drug delivery system is the use of neural
networks to predict drug interactions. Neural networks can be useful in
designing drug carrier systems that minimize drug interactions and reduce
side effects by training on large datasets of drug interactions to predict
potential interactions between different drugs. Artificial intelligence can
play an important role in the optimization of drug delivery systems by de-
signing new drug carriers, predicting drug release profiles, and optimizing
drug dosages (Gupta, 2023).

3.1. Using Artificial Intelligence in Drug Formulation

With advances in new drug discovery methods, the use of advanced
drug delivery systems is rapidly expanding, providing benefits in areas
such as safety, efficiency and patient compliance. Compared to traditional
drug carriers, advanced drug carrier systems can increase the effectiveness
and stability of drugs while reducing their adverse effects, and targeting is
also possible with these systems. However, the preparation of a suitable
carrier system is quite complex as it depends on the active ingredients,
excipients and conditions (such as temperature, time and mixing speed).
Experiments alone cannot screen all of these parameters. In addition to
determining the molecular target and biological activity of a drug, artifi-
cial intelligence can also accurately predict the conditions for creating the
drug’s optimal carrier system (Lu, 2023).

Shamay at al. designed quantitative structure-nanoparticle assembly
prediction (QSNAP) models to identify and legalise electrotopological
molecular descriptors as highly predictive indicators of nanoparticle size.
This method also revealed important molecular structural features that al-
low self-assembly and formation of nanoparticles. With the help of sul-
fated indocyanine, these drugs were formed into nanoparticles with 90%
loading efficiency. Moreover, the created nanoparticles selectively targeted
kinase inhibitors in caveolin-1-expressing human colon cancer and autoch-
thonous liver cancer models to achieve high therapeutic effects while pre-
venting pERK inhibition in healthy skin. These findings enable the com-
putational design of nanopharmaceuticals based on quantitative models for
the selection of drug load (Shamay, 2018).

Leonardi at al. have prepared chitosan microparticles containing
benznidazole for use in the treatment of Chagas disease. In this study, pro-
cess parameters such as encapsulation efficiency, size, yield and dissolu-
tion rate were optimized using artificial neural networks (ANN). Valida-
tion experiments were performed to show that the optimized properties
were in good agreement between the predicted and experimental values.
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This study demonstrated that ANNs are a valuable tool for the develop-
ment of optimized benznidazole chitosan microparticles (Leonardi, 2009).

Takagaki et al. created a tablet database containing various active in-
gredients for a standard tablet formulation. Tablet hardness and disintegra-
tion time were measured before and after storage for 30 days at 40°C and
75% relative humidity. An ensemble artificial neural network (EANN) was
used to predict responses to differences in the amounts of excipients in the
tablets and the physical-chemical properties of the active ingredients. The
prediction abilities of EANNs using linear, radial basis function, general
regression and multilayer perceptron algorithms are compared. EANNS us-
ing the general regression algorithm accurately predicted pharmaceutical
responses in tablet hardness and disintegration time. This study has shown
that EANNs with a general regression algorithm, when used in conjunction
with a tablet database, may have the capacity to identify acceptable candi-
date tablet formulations (Tagaki, 2010).

3D printing (3DP) is a recent technology in pharmaceutical formu-
lation development. Despite its promising advantages, its transition to
clinical settings remains slow. In order to make the transition to clinical
applications and improve patient care, 3DP needs to make use of modern
technologies. Machine learning (ML), which is an effective branch of ar-
tificial intelligence, may be important for 3DP. Together, 3DP and ML can
make use of human learning-based intelligence to accelerate drug product
development, confirm stringent quality control, and design innovative dos-
age forms. Thanks to the capabilities of ML, 3DP drug delivery can enable
personalized treatment. Advanced forms of machine learning, including
ANN:Ss, along with pharmaceutical 3DP, have also been extensively trialled
by traditional pharmaceutical technologies, providing numerous success-
ful examples (Elbadawi, 2021).

3.2. Using Artificial Intelligence in Drug Release Studies

The release of a drug is very important for the treatment of the disease.
Developing drugs that release depending on the differences in various or-
gan and tissue physiological signals can increase the effectiveness of the
drug and achieve safe and definitive treatment by preventing toxic and
side effects caused by release in non-targeted areas. Drug release in the
designed carrier systems can occur depending on pH, temperature, osmotic
pressure and many endogenous substances such as enzymes, various ions.
At this point, Al can facilitate the evaluation of drug release and provide
feedback for the formulation of drug carriers through machine learning
(ML) (Lu,2023).
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Boztepe et al. synthesized doxorubusin hydrogels. Release studies
were carried out on the prepared hydrogels and then these data were suc-
cessfully modeled using artificial neural network (ANN), least squares sup-
port vector machine (LS-SVM) and support vector regression (SVR) meth-
odologies. To evaluate the performance of these models, four statistical
parameters were calculated: correlation coefficient (R), root mean square
error (RMSE), mean square error (MSE), and mean absolute percentage
error (MAPE). Results obtained from ANN, LS-SVM and SVR methods
used to model doxorubicin release behavior from hydrogels showed good
agreement between predictions and observations. It was thought that the
ANN model, which showed the best performance among these, could be a
reliable method for modeling drug release behavior from highly swellable
pH and temperature sensitive hydrogels (Boztepe, 2020).

3.3. Artificial Intelligence in Quality Control and Quality
Assurance

Through the great integration potential within the quality by design
framework, starting from formulation development, these data science
tools enable a better understanding of pharmaceutical formulations and
related processes. The current approach to pharmaceutical development
should be based on quality by design (QbD) principles. The first step in
the QbD approach is to define the quality target product profile (QTPP)
and then define the critical quality attributes (CQA) of the product. The
most important aspect of QbD is the establishment of the relationship(s)
between critical material properties (CMA) and/or critical process param-
eters (CPP) that influence CQAs. Once these relationships are defined and
measured, design space can be assigned to provide the opportunity to op-
timize and continuously control the quality of the product. Assignment of
quantitative analysis and design area; It is based on experimental design,
regression methods, and traditional statistical analysis. However, there are
no limitations on the methods that can be used for quantitative assessments
in the context of QbD. In fact, there is a wide range of techniques available
under data science that can be used efficiently for various QbD elements.
ML algorithms, especially ANN, have been used in numerous examples
of QbD-based pharmaceutical development, particularly due to their non-
linear nature and ability to capture complex relationships between CMAs
and/or CPPs and CQAs for various pharmaceutical dosage forms (Djuris,
2021).

Maintaining consistency between batches produced and performing
quality control tests on products require human intervention. This shows
the need for artificial intelligence application right now. Artificial intelli-
gence can also be used to regulate in-line production processes in order to
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achieve the target product standard. The freeze-drying process is moni-
tored using an ANN-based method that uses a combination of self-adaptive
evolution, local search, and backpropagation algorithms. Additionally, an
automated data entry platform such as the Electronic Laboratory Notebook
combined with advanced, intelligent algorithms can ensure product quali-
ty. Data mining in total quality management expert system and knowledge
discovery techniques can be used as valuable approaches in making diffi-
cult decisions, this can lead to the development of new technologies for
intelligent quality control (Wanare, 2022).
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ABSTRACT

Frequent exercise has many health advantages and lowers the risk of
metabolic and cardiovascular disorders. Additionally, studies have demon-
strated that in high-risk populations, a regular exercise and diet regimen
can halve the risk of major health issues like type 2 diabetes. Even though
scientists have long explained the advantages of regular exercise for
health, the number of people who lead sedentary lifestyles is rising daily.
But research into the molecular mechanisms of exercise in the body has
shown that it alters gene expression across a wide range of bodily tissues.
Similarly, it was only recently discovered that regular exercise could alter
the human genome’s overall DNA methylation pattern. Frequent exercise,
particularly in skeletal muscle tissue, is also beneficial for mitochondrial
biogenesis and adapting to increased oxidative capacity. Regular exercise
is directly linked to living a long and healthy life. It has been suggested that
mitochondria may play a role in the improvement of metabolic health in
skeletal muscle brought about by partial training. Conversely, low aerobic
capacity brought on by a sedentary lifestyle plays a role in the emergence
of health issues like metabolic disease and low muscle mitochondrial con-
tent. Exercise training causes many tissues, particularly skeletal muscle, to
adapt. Cellular adaptations in skeletal muscle are driven by both extra- and
intramuscular factors. Exercise-induced intracellular signaling enhances
mitochondrial function and leads to changes in gene and protein structure,
which improves skeletal muscle. Cell perturbations include variations in
oxygen tension, energy levels, pH, and temperature. The purpose of this
review is to provide an explanation of the advancements in the fields of
epigenetics and regular exercise.

Key words: Exercise Adaptation, Skeletal Muscle Metabolism, DNA
methylation, exercise epigenetics.
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OZET

Diizenli yapilan egzersiz metabolik ve kardiyovaskiiler hastaliklarin
riskini azalttig1 gibi sagliga da bircok sayisiz faydasi vardir. Ayrica, diizen-
li egzersiz ve diyetle olusturulan yasam tarzinin yiiksek risk gruplarinda
tip 2 diyabet gibi ciddi saglik sorunlar1 olusturan hastalik riskinin yariya
indirilebilecegi de gosterilmistir. Arastirmacilar uzun yillardir diizenli eg-
zersizin sagliga faydalarimi agiklamalarina ragmen hareketsiz yasam siiren
insanlarin sayis1 her gecen giin siirekli artmaktadir. Bununla birlikte, eg-
zersizin viicutta olusturdugu molekiiler mekanizmalar aragtirilmis ve eg-
zersizin birgok dokuda gen ekspresyonu degistirdigi belirlenmistir. Keza,
yakin zamana kadar diizenli egzersizin insanlarda genom g¢apinda DNA
metilasyon modelini degistirebilecegi bilinmiyordu. Ayni zamanda diizenli
egzersiz mitokondriyal biyogenez ve dzellikle de iskelet kas1 dokusunda
gelismis oksidatif kapasiteye adaptasyonda da etkilidir. Diizenli egzersiz
ile uzun ve saglikli yasam arasinda dogru orantili bir iligski vardir. Bu da
kismi antrenmanina bagl olusan iskelet kasindaki metabolik sagligin iy-
ilesmesinin mitokondrierle iligkili olabilecegi bildirilmistir. Aksine, hare-
ketsiz yasam tarzina bagli olusan diisiik aerobik kapasite, kas mitokon-
driyal icerigi ve metabolik hastalik gibi saglik problemlerinin gelisimine
katkida bulunur. Birgok doku 6zellikle de iskelet kasi egzersiz egitimine
adapte olur. Kas dis1 ve kas igi faktorleri iskelet kasindaki hiicresel adap-
tasyonlar1 yonlendirilir. Egzersizin uyardig hiicre i¢i sinyaller, oksijen
gerilimi, enerji seviyeleri, pH ve sicakliktaki degisiklikler gibi hiicresel
pertiirbasyonlar araciligiyla gelisen mitokondriyal fonksiyonlar iskelet
kasini iyilestirerek gen ve protein yapisinda degisikliklere yol acar. Bu
derleme, diizenli egzersiz ve epigenetik alanindaki gelismeleri agiklamak
adina diizenlenmistir.

Anahtar Kelimeler: Egzersiz Adaptasyonu, Iskelet Kas1 Metabo-
lizmasi, DNA Metilasyonu, Egzersiz Epigenetigi.
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INTRODUCTION

Chronic illnesses linked to obesity and/or inactivity are growing more
prevalent in today’s society. The health benefits of exercise are numerous
(Khan MAB et. al., 2020). Additionally, it is well established that exercise
helps prevent a wide range of chronic illnesses, such as type 2 diabetes,
non-alcoholic fatty liver disease, cardiovascular disease, and certain types
of cancer. Numerous adaptive responses in other tissues, mainly in skeletal
muscle, are also brought on by regular exercise. Numerous adaptations
are beneficial consequences of exercise that enhance overall health (Khan
MAB et. al., 2020-3; Lee CG, et. al., 2002; Zhang X, et. al., 2017).

It is noteworthy how little research has been done on humans to ex-
amine how consistent physical activity affects epigenetic adaptation. Not
everyone can achieve the levels of exercise necessary to reap the many
health benefits of exercise for various reasons. Nevertheless, depending
on the type, intensity, and duration of exercise, it is not possible to predict
with our current data the intensity and duration of exercise that results in
such intricate disruptions to homeostasis. Still, it would be naive to ex-
pect that medications could replicate all of the health benefits of exercise
that result in such intricate disruptions of homeostasis. There is growing
evidence regarding the influence of environmental modifications on epi-
genetic adaptation, leading to changes in health and illness across multiple
generations. There has been a rise in interest lately in using drugs to mimic
the overall health benefits of exercise (Corinne C, et. al., 2015; van Tienen
FHJ, et. al., 2012; Poppelreuther M, et. al., 2023; Kostek M, 2019; Keller
P, et. al., 2011; Dillon EL, et. al., 2019; Fritzen AM, et. al., 2020; Lotte L,
et. al., 2010; Islam H, et. al., 2018; McGee SL, et. al., 2006). Studies on the
molecular mechanisms underlying this phenomenon imply that the struc-
ture of skeletal muscle’s exercise-responsive genes undergoes structural
changes over time (Muhammad S, et. al., 2022). Novel therapeutic mo-
dalities that mediate this response might be discovered by comprehending
the underlying molecular mechanisms. It has been discovered that certain
environmental contaminants, like benzo[a]pyrene and dioxin, are linked to
epigenetic modifications in DNA methylation. Exercise has been shown
to cause genome-wide changes in DNA methylation regardless of an in-
dividual’s presence or absence of metabolic diseases like Type II diabetes
(Dolinoy DC, et. al. 2007) . An increasing number of people are interested
in improving their lifestyles through exercise training and dietary selection
and restriction. These practices can lead to positive, heritable epigenetic
changes that enhance disease-protective transcriptional programs, such as
those that prevent cancer, heart disease, and metabolic dysfunction (Sato
F, et. al., 2011). The objective of this review is to present a conceptual
summary of exercise adaptations, their multitude of health benefits, and
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the hierarchy of molecular mechanisms underlying them. It has also been
investigated to highlight how knowledge of exercise biology identifies
molecular targets that can be treated therapeutically to yield major health
advantages.

METHYLATION OF DNA

Up until recently, little was known about whether exercise affects a
person’s epigenetic makeup. Numerous biological processes are influenced
by epigenetics, with DNA methylation being the most well-studied marker.
The cytosines in CpG dinucleotides undergo DNA methylation in differen-
tiated mammalian cells. Methyl groups are added to the mammalian ge-
nome by DNA methyl transferases (DNMTs), which include DNMTI,
DNMT3a, and DNMT3b. DNMTs are involved in methyl group transfers
and have S-adenosyl methionine as an auxiliary substrate. Since increased
DNA methylation can draw transcriptional co-repressors and histone
deacetyltransferases (HDACS), it has been linked to decreased transcrip-
tional activity and suppression of transcription factors’ binding to promoter
regions (McNamee MJ, et. al., 2009; Gray B, Semsarian C., 2020). Inac-
tive genes and a dense chromatin structure are further effects of DNA
methylation. Additionally, recent techniques have demonstrated that DNA
methylation may affect alternative splicing events and/or has a positive
correlation with active gene transcription in gene bodies (Ling C. and
Groop L., 2009; Pesta D, et. al., 2021). It’s likely that the function of DNA
methylation varies depending on the external stimuli and genomic context,
resulting in a complex relationship with transcription of genes. In one
study (Gensous N, et. al., 2019), it was discovered that the DNA methyla-
tion of 2817 and 7663 genes (or near) in skeletal muscle and adipose tissue,
respectively, had been altered after multiple testing was corrected for using
false discovery rate analysis. The majority of the identified genes exhibited
increased DN A methylation in adipose tissue in response to exercise (Brons
C, et. al., 2010), whereas approximately 75% of the genes showed de-
creased DNA methylation in skeletal muscle (Jacobsen SC, et. al., 2012).
This suggests that epigenetics may have different effects in the two tissues.
This shows that muscles are sensitive to the hormone adiponectin, which is
released by adipocytes. On the other hand, we can state that skeletal mus-
cle and adipose tissue exhibit altered DNA methylation of type 2 diabetes
candidate genes as a result of exercise. People who are genetically predis-
posed to diabetes may exercise more frequently as a result of this informa-
tion. The muscle and fat papers (Malmgren S, et. al., 2013; Liu J, et. al.,
2021) demonstrated that high DNA methylation directly impairs transcrip-
tional activity and also found a correlation between differential DNA meth-
ylation and gene structure. MEF2A, a transcription factor that controls the
expression of glucose transporter member 4 (GLUT4) in human muscle in
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response to exercise (Sandovici I, et. al., 2021), NDUFC2, a gene that en-
codes a protein involved in the first complex of the respiratory chain,
RUNX1, a transcription factor that is known to be regulated by exercise
(Taillandier D, Polge C., 2019), and THADA, a type 2 diabetes candidate
gene (Zhang Y, et. al., 2023) are among the genes investigated using the
luciferase assay. In addition, it was discovered in a study (Huntera DJ, et.
al., 2019) that physical activity lowers the DNA methylation of PPARG-
C1A, the transcriptional co-activator PGCla (peroxisome proliferator-ac-
tivated receptor gamma coactivator 1 alpha), which is known to control the
expression of genes influencing the skeletal muscle’s mitochondrial oxida-
tive phosphorylation. The luciferase assay is utilized to exhibit how adipo-
cytes’ elevated methylation of the RALBP1 promoter results in a reduction
in transcriptional activity (Swiatowy W1J, et. al., 2021). This gene has a
history of being linked to the pathophysiology of metabolic syndrome (Liu
J, et. al., 2021; Sandovici I, et. al., 2021), and it has been demonstrated to
affect Glut4 trafficking in response to insulin. By raising RALBP1 DNA
methylation and lowering mRNA expression, the luciferase assay is a test
used to replicate the conditions in adipose tissue following exercise. Re-
ducing the expression of two genes in cultured adipocytes (HDAC4 and
NCOR2, which demonstrated increased DNA methylation and decreased
expression in fat in response to exercise) causes an increase in lipogenesis
in adipocytes, simulating the conditions in human adipose tissue (Chelsea
MP, et. al., 2023; Dayeh TA, et. al., 2013).Exercise increases nutrient stor-
age in adipocytes and decreases glucose and/or lipid uptake in other or-
gans, such as the liver, muscle, and pancreas, if it regulates genes that in-
duce lipogenesis in adipose tissue. Together, these studies found that
middle-aged sedentary men who engaged in regular, moderate-intensity
exercise twice a week for six months showed improvements in their clini-
cal and metabolic traits. These improvements may have been caused by
epigenetic modifications that were followed by altered expression in tis-
sues that play a key role in metabolism. In an intriguing contrast to what
was observed during exercise, young men were placed on bed rest for nine
days in a different study by Alibegovic et al. In response to bed rest,
PPARGC1A DNA methylation rose and gene expression dropped in skele-
tal muscle (Brens C,, et. al., 2020). In a similar vein, young men exposed
to a high-calorie, high-fat diet for five days saw an increase in PPARGC1A
DNA methylation in their skeletal muscle (Martinia M, et. al., 2020; Calen
PR, Christopher WK, 2020). Moreover, patients with type 2 diabetes ex-
hibit decreased PPARGC1A DNA methylation and increased DNA meth-
ylation (Ahmed SAH, et. al., 2020). Conversely, both short-term and long-
term exercise reduced PPARGC1A DNA methylation [Brens C,, et. al.,
2020]. When considered collectively, these findings imply that while exer-
cise has the opposite effect on a person’s “poor epigenetic phenotype,” a
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sedentary lifestyle, which includes neither physical activity nor a high-cal-
orie diet, may cause one. According to a different study, variations in the
enzymes that control the quantity of methyl donors in top athletes may
have an impact on myoblast differentiation and proliferation, which in turn
may have an impact on muscle mass (Hunter DJ, et. al., 2021). In addition
to assessing the degree of DNA methylation at individual CpG sites, other
assays measure multiple CpG sites in repetitive elements dispersed across
the genome to ascertain the overall level of DNA methylation. Using this
method, it has been shown that exercise raises the global DNA methylation
levels in peripheral blood cells (Nitert MD, et. al., 2012). Additionally, the
study by White et al. (2019) revealed that increased exercise raises the
level of DNA methylation. Because cancer patients have lower global
DNA methylation levels, the results are consistent with the previously re-
ported link between exercise and a lower risk of developing the disease.
Restrictions enzymes are an additional technique for measuring global
DNA methylation, and their application has been shown to result in a glob-
al reduction in leukocyte DN A methylation in response to physical activity.
It is obvious that more investigation is required to comprehend the differ-
ences in DNA methylome between various genomic regions and cellular
subfractions within a tissue. The precise function of medications that target
epigenetic factors—such as HDAC inhibitors—is still unknown, despite
the fact that they are currently used to treat a number of illnesses, including
cancer and epilepsy. According to recent research, regular exercise alters
the genome-wide epigenome, which may pave the way for the creation of
medications that replicate this effect. Additionally, since physical activity
lowers the risk of cancer, some research has looked at the effects of exer-
cise on DNA (Helios P-G, et. al., 2014). It’s interesting to note that in pe-
ripheral blood leukocytes of breast cancer patients taking part in a ran-
domised clinical exercise study, six months of moderate-intensity aerobic
exercise changed the DNA methylation of 43 genes (Zeng Y, et. al., 2021).
Physical activity may impact the epigenetic regulation of tumour suppres-
sor genes following a breast cancer diagnosis, according to Zeng et al.
(2021). Additionally, two studies on rodents have demonstrated that exer-
cise can alter the brain’s epigenetic makeup (Horsburgh S, et. al., 2015;
McEwen BS, Bulloch K, 2019). Moreover, Abel and colleagues proposed
that the beneficial impacts of exercise on behavior in teenagers can be ex-
plained by epigenetic modifications in their brains (McEwen BS, Bulloch
K, 2019). Lastly, it can be challenging to investigate how genetics and
epigenetics influence a phenotype because of their potential interactions
(Jacobsen SC, et. al., 2012; Huntera DI, et. al., 2019; Sandovici I, et. al.,
2011). Exercise’s impact on the epigenome may therefore also be influ-
enced by an individual’s genotype. Thus, it is important to think about how
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genetic, epigenetic, and non-genetic factors—like exercise—interact with
disease phenotypes in future research.

ENZYMES REGULATING DNA METHYLATION IN
SKELETAL MUSCLE DURING EXERCSIE

There are currently few studies looking at how exercise affects DNA
methylation in skeletal muscle. According to the information that is cur-
rently available, acute exercise lowers skeletal muscle gene methylation.
Barres et al. (2012), for instance, demonstrated that in human skeletal
muscle, high-intensity exercise (80% VO2 max) resulted in an abrupt de-
crease in methylation levels at the promoter regions of PGCla, PDK4, and
PPARJ, which was linked to increased transcription of these genes (Barre’
s R, et. al., 2012) But the same exercise modality at 40% VO2 max, which
is a lower intensity, did not change DNA methylation. This implies that
the level of exercise may have a significant impact on DNA methylation.
Some of these results were confirmed in a mouse study, which revealed
that exercise reduced PGCla promoter methylation, which was linked to
higher basal transcription of this gene (Lochmann TL, et al. 2015). In a
different study, it was shown that cycling for 120 minutes at 60% of one’s
maximum oxygen consumption (VO2 max) increased methylation in the
promoters of the genes FABP3 and COX4L1, which was linked to lower
expression of these genes in healthy people (Lane SC, et al. 2015). These
studies clearly show that DNA methylation may be an important part of
the immediate physiological response to an acute exercise, and they also
suggest that changes in DNA methylation may occur more quickly than
previously believed. The precise control of DNMTs and enzymes involved
in DNA demethylation is probably crucial in this process, even though the
precise mechanism underlying the changes in DNA methylation patterns
in skeletal muscle after exercise is unknown. TET1 has been linked to hy-
poxia-induced and upregulation of glycolytic gene expression in several
cell lines (Tsai SQ, et al., 2014), and in vitro knockdown of DNMT3B has
been demonstrated to prevent saturated fatty acid-induced methylation of
the PGCla promoter in a muscle cell line (Barres R, et al. 2009). However,
little is known in this field. To fully comprehend the role of DNA methyl-
ation and demethylation in the adaptive response to acute exercise, more
research is required. Finding out whether these changes persist over time
and how soon they disappear before another exercise is needed to have the
same impact would be especially interesting.
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CONCLUTION

Gene structure responses in all organisms are regulated by epigenetic
mechanisms that control gene structure in response to environmental cues.
As of now, posttranslational modification of histones and methylation of
DNA have been identified as the main epigenetic control mechanisms that
have been studied in experimental settings. We still don’t fully understand
the complex spatially and temporally dependent interactions between DNA
methylation and various histone modifications at particular gene loci, but
these interactions should become clearer as the technology to study them
becomes more widely available. The role of epigenetics in phenotypic ad-
aptations to exercise and transcriptional responses is currently poorly un-
derstood. According to preliminary research, this response is influenced
by acute reductions in DNA methylation and increases in histone acetyl-
ation. Further research indicates that class Ila HDAC regulation plays a
significant role in exercise adaptations. Given that several metabolites are
known to be exercise-rate limiting, another developing field of study will
be how variations in muscle metabolism impact epigenetics and exercise
adaptations. Reactions or the activity of epigenetic modifiers are directly
regulated by epigenetic modification. Lastly, whether our knowledge of
the epigenetics of exercise can be used to identify therapeutic targets and
eventually cure diseases like obesity, type 2 diabetes, and cardiovascular
diseases—diseases that are exacerbated by inactivity—will be an exciting
field for future research. In order to provide an exercise-epigenetic road-
map, future research should methodically investigate the effects of exercise
modality, intensity, and duration while examining the interactions between
epigenetic mechanisms. This will become feasible with the integration of
new omics technologies, such as unbiased proteomics that includes post-
translational modifications into current epigenetic pipelines. This could
have significant implications for comprehending the health benefits of ex-
ercise that may be applied to medicine.
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Introduction

The immune system is likened to a team effort with many different
players interacting with each other to provide a strong defense against in-
vading pathogens such as foreign macromolecules, bacteria, viruses, para-
sites, neoplastic cells or harmful attacks. (Alpert, 2019; Elmadfa & Meyer,
2019; Sompayrac, 2022). While recognizing and eliminating pathogens,
situations such as recognizing, tolerating, and storing non-threatening an-
tigen sources in immunological memory must also be corrected and kept
under control (Calder, 2013; Chaplin, 2010; Elmadfa & Meyer, 2019). The
organism distinguishes between self and non-self through innate and adap-
tive immune systems (Alpert, 2019; Gartner & Hiatt, 2007; McComb et
al., 2019). Both systems include blood-borne factors and many different
immune cells (Alpert, 2017; Calder, 2013).

It is reported that micronutrients increase body resistance to infections
and inflammation by modulating immunity and that they are necessary to
maintain immune sufficiency (Alpert, 2017; Chandra, 2002; Wintergrest et
al., 2007). These nutrients protect immune cells from oxidative stress by
maintaining antioxidant/oxidant balance (Calder & Kew, 2002). It is stated
that micronutrients such as iron, folic acid, and zinc are involved in the
synthesis of nucleotides and nucleic acids (Calder, 2013).

Folate, also known as vitamin B9, is the general term for the fam-
ily consisting of folic acid and its derivatives such as 5-methyltetrahy-
drofolate, 5-formyltetrahydrofolate, 10-formyl-methyltetrahydrofolate,
5,10-methylene-methyltetrahydrofolate, unmodified methyltetrahydrofo-
late (Scaglione & Panzavolta, 2014; Wright et al., 2005). Folate, a major
micronutrient; it serves as a cofactor in one-carbon metabolism that gives
methyl groups to creatine, adrenaline, choline phospholipids and DNA
(Scaglione & Panzavolta, 2014; Shulpekova et al., 2021). Since mammals
cannot synthesize folate, folate must be obtained externally through sup-
plements in the form of folic acid, folinic acid or 5-methyltetrahydrofo-
late (Mitchell et al., 2014; Shulpekova et al., 2021). Folic acid, which is a
member of the vitamin B family, is water-soluble, oxidized, and synthetic.
In order for folic acid, which is inactive as a coenzyme, to be transformed
into the active tetrahydrofolate form in nucleic acid and protein synthesis,
it must go through several metabolic stages within the cell (Forssen et al.,
2000; Mikkelsen & Apostolopoulos, 2019).

Folic acid was first discovered by Lucy Wills as a result of her work
on poor pregnant textile workers. It is derived from the Latin word “foli-
um” meaning leaf and was isolated from spinach in 1941 (Shulpekova et
al., 2021). This acid, an important component for cellular functions, plays
a role in DNA synthesis, repair, cell division, energy production, meth-
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ylation, maintenance of cellular/humoral immune functions and mainte-
nance of this balance. Deficiency or excess may lead to negative changes
in immune functions. It is said that folic acid, in particular, has significant
effects on Treg cells (Alpert, 2017; Henry et al., 2017; Kunisawa et al.,
2012; Mansouri et al., 2016; Meadows et al., 2015; Mikkelsen & Apostol-
opoulos, 2019). It works together with vitamin B12 and vitamin B6 to con-
vert homocysteine into methionine in methylation reactions (Mikkelsen &
Apostolopoulos, 2019). Folate and vitamin B12 metabolism are closely re-
lated, as methylcobalamin is required in the regeneration of tetrahydrofo-
late from methyltetrahydrofolate. Therefore, the balance between vitamin
B12 and folate is important (Elmadfa and Meyer, 2019; Paul & Selhub,
2017). It is also stated that folic acid has a protective effect against isch-
emic events and cancer (Shulpekova et al., 2021). Studies have reported
that insufficiency or excess folate intake causes many health problems. Es-
pecially during pregnancy, folic acid deficiency can cause neural tube de-
fects in the fetus (Barry et al., 2023; Morris & Wald, 2023). It is stated that
excessive folate load during the embryogenesis period can cause disorders
in brain development and may have a growth advantage for precancerous
altered cells (Shulpekova et al., 2021).

This study aims to provide information about the effects of folic acid,
an effective micronutrient in important functions of the body, on immune
cells.

Folic Acid and Immune Cells

A diet containing plenty of fresh fruits and vegetables is essential to
strengthen the immune system. In recent years, studies have been reported
that vitamins and their metabolites have specific effects on the immune
system (Alpert, 2017; Kunisawa & Kiyono, 2013; Mansouri et al., 2016).
Continuous renewal and maintenance of immune cells depends on ade-
quate energy and nutrient supply. B group vitamins, which are necessary
for cytotoxic cellular immunity, have a critical role in the modulation of T
cell responses (Ibrahim et al., 2017; Katona & Aktona-Apte, 2008). Vita-
min B9, one of the B group vitamins, is known as folate or folic acid. Folic
acid serves as a cofactor in many physiological events, especially amino
acid metabolism, energy metabolism and nucleic acid synthesis. It also has
regulatory effects on immune responses. (Elmadfa & Meyer, 2019; Man-
souri et al., 2016; Paul &Selhub, 2017). Responding quickly and effective-
ly of the immune system to antigens and neoplastic formations depends on
the distribution of lymphocyte and granulocyte subsets (Abe et al., 2013;
Shirato et al., 2007).
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Monocytes

Monocytes, one of the mononuclear cells of the immune system,
differentiate into macrophages and dendritic cells against cytokines and
microbial agents (Mikkelsen & Apostolopoulos, 2019). Macrophages in
connective tissue spaces produce cytokines necessary for inflammatory
and immune responses and present epitopes to T lymphocytes (Hiatt &
Gartner, 2007). The effect of folic acid on DNA methylation is important
in regulating monocyte subgroups and functions (Xiang et al., 2022). Ad-
ditionally, folic acid inhibits homocysteine-induced nuclear factor kappa
B, which has a critical role in the regulation of proinflammatory cytokines
in macrophages (Au-Yeung et al., 2006). In vascular injuries, mononuclear
cells bind to damaged endothelial cells, leading to the formation of vascu-
lar diseases. Folic acid prevents the formation of atherosclerotic plaques by
reversing these processes (Kolb & Petrie, 2013; Xiang et al., 2022).

Lymphocytes

Lymphocytes, one of the most important members of immunity, are
divided into 3 functional classes as T lymphocytes (cells), B lymphocytes
(cells) and null cells. These cells, which are not functional in the circu-
lation, show their immune functions when they pass into the connective
tissue. While B lymphocytes are responsible for humoral immunity, T lym-
phocytes play an important role in cell-mediated and partly humoral im-
munity (Hiatt & Gartner, 2007; Sauls et al., 2023). The best-known T cells
are CD4+T cells, CD8+T cells, and T regulatory cells. These cells can rec-
ognize through their T cell receptors (TCR). T cell function varies depend-
ing on the type of T cell (Lyu et al., 2019; Sauls et al., 2023). CD4+T cells
are responsible for humoral immunity as they activate B cells to produce
immunoglobulin as well as cell-mediated immunity (Bourne et al., 2019;
Mikkelsen et al., 2017; Shen et al., 2019). There are three different sub-
types of CD4+T cells as TH1 CD4+T cells (in autoimmune reactions and
diseases), TH2 CD4+T cells (in helminthic infections), and TH17 CD4+T
cells/MALIT cells (in mucosal immunity and fight against extracellular bac-
teria/fungi). In activation of macrophages and intracellular infections, TH1
CD4+T cells secrete the cytokines IFN-gamma and TNF-alfa, while TH2
CD4+T cells produce 1L-4, IL-5 and IL-13 in helminthic infections. Addi-
tionally, TH17 CD4+T cells secrete IL17A, IL17F, and IL-22 for pro-in-
flammatory function (Sauls et al., 2023). CD4+T cells have an important
role in recruiting polymorphonuclear leukocytes to inflammation regions
and in regulating immune responses with the secretion of cytokines and
chemokines (Mikkelsen et al., 2017; Zhu & Paul, 2008). CD8+T cells per-
form the killing function when they find their antigenic target through the
production of TNF-a and interferon gamma (cytokines), the release of per-
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forin and granzymes (cytotoxic granules), and caspase-triggering Fas/FasL.
interactions (Dhur et al., 1991; Lyu et al., 2019). T regulatory cells are
involved in the modulation of immune responses and inhibition of autoim-
mune processes (Batista-Duharte et al., 2018; Jeon & Oh, 2017). Diets low
or high in folate lead to permanent DNA damage, faulty nucleotide synthe-
sis, disorders in lymphocyte production, and defective cell cycles (Elmadfa
& Meyer, 2019; Henry et al., 2017; Kunisawa et al., 2012; Mikkelsen &
Apostolopoulos, 2019). In addition, the high expression of folate receptor
4 (FR4), as a Treg cell marker, on the surfaces of these cells indicates that
folic acid plays a critical role immunologically in the survival and differen-
tiation of Treg cells (Kunisawa et al., 2012; Mansouri et al., 2016).

Elmadfa & Meyer (2019) report that B group vitamins modulate T cell
responses and are necessary for cytotoxic cellular immunity. Studies have
shown that folic acid affects the immune system by making changes in the
rate, number and differentiation of T cells (Henry et al., 2017; Kunisawa et
al., 2012; Mikkelsen & Apostolopoulos, 2019; Wu et al., 2017). Folic acid
deficiency inhibits CD8+T cell activity, reducing lymphocyte proliferation
and natural killer cell activity, and as a result, immune resistance against
infections decreases (Elmadfa & Meyer, 2019; Mansouri et al., 2016). One
of the important effector lymphocytes of the innate immunity are natural
killer cells (NK cells). These cells, which are constantly located in the
bloodstream, have the ability to directly kill pathogens through cytotox-
ic pathways (Mikkelsen et al., 2017). Studies have reported that high or
low folate status also causes impaired NK cell functions because it causes
disorders related to blood production (Bayer & Fraker, 2017; Paniz et al.,
2017). Moreover, it has been reported that there is a decrease in Treg cells
in case of deficiency of folate, which acts as a Treg cell marker (Yamaguchi
etal., 2007). It has been reported that the number of B lymphocytes is more
sensitive than T lymphocytes and NK cells in rats fed a diet deficient in
folic acid. In summary, it is stated that folate deficiency causes lymphocy-
topenia and granulocytopenia in a cell-specific manner (Abe et al., 2013).

Granulocytes

Neutrophils, which constitute the majority of white blood cells and are
granulocytes, are phagocytes that eliminate bacteria occupying connective
tissue spaces by using the contents in their granules. It is stated that eo-
sinophils, a member of leukocytes, eliminate antigen-antibody complexes
and parasite invasions while basophils, which are functionally similar to
mast cells, initiate the inflammatory process. (Gartner & Hiatt, 2007). It is
known that folic acid plays an active role in the production of these blood
cells originating from pluripotent hemopoietic stem cells (McNulty, 2022).
Abe et al. (2013) reports that neutrophil and eosinophil numbers decrease
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in folic acid deficiency. The same researchers found that in the cell ratio
analysis, the decrease in the number of eosinophils was greater than the
number of neutrophils.

McNulty (2022) says that the earliest morphological change in the
hematopoietic system caused by folate deficiency is hypersegmented neu-
trophils in the peripheral blood. It has been reported that the number of
segments in neutrophils, which normally have three or four nuclear seg-
ments, increases as a result of abnormal cell replication (McNulty, 2022;
Metz, 2008). Following this, anemia characterized by the formation of
macroovalocytic erythrocytes also occurs (Chan et al., 2013). It has been
reported that there is an inverse relationship between the number of eosin-
ophils (Denlinger et al., 2017), which play an significant role in the emer-
gence, development and treatment of asthma, a chronic airway disease, and
serum folate level. The formation of this situation also affects the immune
system (Wen et al., 2023). Studies have reported that serum folate levels
are an effective factor in the pathophysiology of asthma, which has a mul-
tifactorial etiology (Han et al., 2020; Kim et al., 2022; Wen et al., 2023).
Affecting DNA methylation and increasing or decreasing asthma-prone
gene expressions are important in the pathogenesis of asthma (Wen et al.,
2023). As is known, folate, which has an important place in cell growth
and proliferation by regulating DNA and RNA synthesis and stabilization
(Abe et al., 2013), serves as a methyl donor source for DNA methyla-
tion and is also necessary for purine and pyrimidine synthesis (Naderi &
House, 2018). Abe et al. (2013) report a temporary increase in the number
of circulating basophils despite a decrease in the number of neutrophils
and eosinophils in rats fed a diet deficient in folic acid. This increase is
thought to reflect decreasing plasma folate levels. As a result, it is argued
that the basophil production mechanism follows a different path than other
granulocytes (Shirato et al., 2006), and that the number and cell ratio of
basophils in the bone marrow should also be taken into account, as well as
changes in plasma folate levels (Abe et al., 2013).

Effects on The Offspring’s Health of Maternal Folic Acid

Iron and folic acid supplementation is important in reducing maternal
deaths that occur as a result of anemia, which is frequently seen in pregnant
women (Sanghvi et al., 2010; WHO, 2007). Folic acid, which mediates
DNA methylation in one-carbon metabolism, is one of the maternal nutri-
ents (Liu et al., 2020; Wolff et al., 2009). Folic acid is considered an essen-
tial nutrient for the development of a healthy fetus and placenta (Bulloch et
al., 2018; Kalhan & Marczewski, 2012). S-adenosylmethionine, the meth-
yl donor for 5-methylcytosine, is derived from folate one-carbon metabo-
lism. Epigenetic information encoded by 5-methylcytosines has an import-
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ant place for fetal development, brain development and offspring health
(Liu et al., 2020; Roza et al., 2010). It is very important to have adequate
amounts of folate during events such as cell division, angiogenesis, tropho-
blast invasion and endothelium-dependent vascular relaxation (Williams et
al., 2011). Folate, which is effective in the development of the central ner-
vous system, plays an important role in the synthesis of many neurotrans-
mitters by affecting neuronal/glial growth and proliferation (Craciunescu
et al., 2004). During pregnancy, the need for folate also increases due to the
increase in the total number of cells dividing for fetal growth. A decrease
in erythrocyte folate level, an increase in homocysteine concentration, and
megaloblastic changes in the bone marrow and rapidly dividing cells oc-
cur in the offspring when this increased need cannot be met (Lassi et al.,
2013). It is reported that maternal and even paternal folate status are effec-
tive in childhood diseases and can lead to congenital malformations (Liu et
al., 2020; Sahara & Matsuzawa, 2019). Maternal folic acid intake is char-
acterized by DNA methylation changes in the offspring (Richmond et al.,
2018). Maintaining DNA methylation balance, especially during pregnan-
cy, is very important to prevent congenital malformations, neurodevelop-
mental disorders such as hyperactivity and schizophrenia, and behavioral
and emotional problems in later life in the offspring (Gonseth et al., 2019;
Kofink et al., 2013; Roza et al., 2010; Zaganjor et al., 2016; Zammit et al.,
2007). For this reason, the United States Food and Drug Administration
has mandated folic acid supplementation since 1998 (Liu et al., 2020).

Many studies have been conducted investigating the relationship
between the risk of congenital heart defects, one of the birth defects of
newborns, and folic acid supplementation before and/or during pregnancy.
While some of them find that folic acid supplementation can reduce the
risk of congenital heart defects, others suggest that it increases this risk or
has no relationship (Leirgul et al., 2015; Mao et al., 2017; Obermann-Borst
et al., 2011). Lassi et al. (2013) declared that folic acid supplementation
throughout pregnancy showed improvement in average birth weight and
reductions in the risk of megaloblastic anemia. It is stated that folic acid
supplementation may help prevent the development of preeclampsia,
which is important for maternal and newborn health. Continuing folic acid
supplementation throughout pregnancy may protect against the high plas-
ma homocysteine concentration associated with preeclampsia (Bulloch
et al., 2018). Caffrey et al. (2021) stated that folic acid supplementation
during pregnancy contributes to the child’s neurocognitive development
by affecting cognitive performance and brain function.

Folate concentrations in different trimesters of pregnancy are said to
be of critical importance for the occurrence of certain childhood diseases.
While it is stated that folate deficiency causes especially neonatal neural
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tube defects such as spina bifida and anencephaly (Roza et al., 2010; Za-
ganjor et al., 2016), orofacial clefts (Gonseth et al., 2019; Jahanbin et al.,
2018) and neurodevelopmental disorders (Craciunescu et al., 2004; Kofink
et al., 2013) in the first trimester of pregnancy, it is suggested that exces-
sive folate in the perinatal period can also cause immune diseases, autism
and lipid disorders in the offspring (Liu et al., 2020). Kiefte-de Jong et
al. (2012) found periconceptional and first trimester folic acid supplemen-
tation to the mother throughout pregnancy to be a risk factor for atopic
dermatitis, an allergic disease, while Fortes et al. (2019) argued that this
supplement had a protective effect. It is also reported that folic acid taken
after the 12th week of pregnancy is associated with wheezing, asthma and
eczema (Liu et al., 2020). Sreenivas et al. (2015) associated the timing of
folic acid intake during pregnancy with childhood asthma. Catrina et al.
(2017) declared that folic acid promotes the allergic phenotype through
changes in DNA methylation, leading to the development of allergic dis-
ease in childhood. Another study showed that the mother’s high folate lev-
el poses a risk of autism spectrum disorders in the offspring (Raghavan et
al., 2018). It is also reported that high folate levels in the mother lead to
lipid metabolism disorders in the offspring, such as high insulin resistance,
colitis, increased body weight, and increases in serum and liver triglycer-
ide levels (Liu et al., 2020).

Conclusion

Folic acid is an important micronutrient that plays a role in many
functions of immune responses by participating in cellular and molecular
mechanisms. Deficiency or excess of this acid, which is a B group vitamin,
can lead to many negative effects. While its deficiency causes disruption of
many processes, from neural tube defects to weakened immune respons-
es, its excess contributes to embryonal brain development disorders and
the development of pre-cancerous cells. Suppression or impairment of im-
mune functions can lead to decreased resistance to all kinds of factors and
susceptibility to infections/diseases. For these reasons, taking folic acid in
sufficient amounts is very important for both organ development during
embryogenesis and the proliferation and functioning of immune cells. Fur-
thermore, many studies have reported that maternal folate concentrations
in different trimesters of pregnancy are important in terms of childhood
diseases. Researchers recommend further research on this subject to deter-
mine the correct dosage and timing of folic acid, which has a very import-
ant role in preventing neurodevelopmental disorders, for the health of the
offspring.
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INTRODUCTION

Health and protection of primary teeth in the mouth; skeletal and mus-
cle development, growth and development of the jaws, occlusion, aesthet-
ics, chewing, speech functions and protection from abnormal habits are
critical in child development (Bolette ef al., 2016). Early loss of primary
teeth is considered an oral health problem due to its functional and psy-
chological damage. The most common etiological causes are trauma, deep
dentin caries, newborn tooth extraction and early root resorption (Nadel-
man et al., 2021).

Dental infection, which can develop with the irritation of the pulp and
periapical tissues in primary teeth, can cause local micro-abscess forma-
tion in the region, digestion of the pulp tissue by proteolytic enzymes, and
finally necrosis of the entire dental pulp. (Rechenberg, 2017; Bjorndal &
Ricucci, 2014).

Root canal treatment is the treatment applied when clinically irrevers-
ible pulp inflammation findings are observed in the radicular pulp tissue
of primary teeth or when signs of pulp necrosis are observed and minimal
or no resorption is observed in the roots of the relevant primary teeth. The
procedure of the root canal treatment consists of excising of the inflamed
or necrotic pulp tissue in the root canals, instrumenting of the intracanal
area at the specified working length, disinfecting the area with appropriate
irrigation agents, and then hermetically filling the canals. The purpose of
this procedure; To eliminate the infection in the primary teeth, to eliminate
and control the inflammation, to alleviate the pain, to prevent the patholog-
ical effects of the inflammation on the successive permanent teeth, and to
prolong the usage period of the primary teeth in the oral cavity (Yu, 2020;
Dalogu & Giizel, 2017; Allen, 1979; Winters et al., 2013).

MORPHOLOGICAL CHARACTERISTICS OF PRIMARY
TEETH

For successful pulp therapy to be performed on the primary dentition,
it is necessary to fully understand root formation, the differences between
primary teeth from permanent teeth, their pulpal morphology and specif-
ic characteristics related to physiological primary tooth roots resorption
(Ralph et al., 2010). Permanent teeth are larger in all dimensions than their
corresponding successive primary teeth (Ralph et al., 2010; Nelson & Ash,
2010). The primary molars’ roots are thinner, narrower, longer in com-
parison with the permanent molars’ roots, and expand outward from the
cervical region, according to the crown-to-root ratio. In addition, the pulpal
cervical region is closer to the apex than permanent molar roots in primary
teeth. This causes the pulp size to be larger than the crown sizes (Ralph et
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al., 2010; Nelson & Ash, 2010; Cameron & Widmer, 2021; Camp, 2006).
Dentin thickness between the enamel and pulp chamber is more in perma-
nent dentition than in primary dentition. The pulp chambers are relative-
ly smaller in permanent teeth compared to the pulp chambers of primary
teeth, and the pulp horns are lower in permanent molars than in primary
molars, especially the mesial horns in permanent molars. Due to the mesial
pulp horns, which are closer to the occlusal surface than permanent teeth,
the risk of exposure to the pulp tissue of primary teeth increases in caries
or trauma (Ralph et al., 2010; Nelson & Ash, 2010; Camp, 2006; Camp,
2008; Dean & Sanders, 2021). The roots of primary anterior teeth are long
and narrow relative to crown width and length. The roots of permanent
molars are less divergent than the roots of primary teeth; this characteris-
tic provides more space for the development of successive premolars be-
tween the roots of primary molars (Ralph ef al., 2010; Camp, 2006; Dean
& Sanders, 2021; Miller, 2017).

In primary dentition, the morphology of the root canals in the ante-
rior teeth shows a structuring in accordance with the shape and form of
the teeth roots. The permanent incisor and canine germs are located and
develop in a position that coincides with the lingual and apical of the pri-
mary and canine teeth. Therefore, physiological root resorption of primary
anterior incisors and canine teeth begins on the lingual side in the apical
third of the roots. In anterior deciduous teeth, which usually have a single
root canal, apical branching, lateral canals and accessory are uncommon.
However; In maxillary primary canines, variations such as double canals
and the presence of accessory roots and root canals can be encountered
(Waterhouse et al., 2011; Cleghorn et al., 2010; Mochizuki et al., 2001).

Root number and position of primary molars and permanent molars
are the same. Maxillary primary molars have one palatal, two facial and
three roots. There are two located roots as mesial and distal for mandibular
primary molars. The inner surface of the primary teeth close to the inter-ra-
dicular septum is usually the area where physiological root resorption be-
gins. (Camp, 2006; Ahmet et al., 2017; Reddy et al., 2018; Meryem et al.,
2019). When root formation is complete in primary molars, each root has
a single root canal. However, with continued dentin deposition, isthmus or
lateral canals may form, which can split the root canals into two or more,
connecting the canals. In primary teeth, it has been reported that second-
ary dentin deposition occurs after root length formation is complete. This
may produce variations in the size and number of root canals, resulting in
some changes in the initial basic root canal morphology. Secondary den-
tin deposition begins simultaneously with the onset of physiological root
resorption. Changes in canal form are observed more prominently in teeth
with root resorption (Camp, 2006; Reddy et al., 2018; Hibbaed, 1957). The
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biggest change observed in root canal morphology is dentin agglomera-
tion, which occurs in the mesial roots of maxillary and mandibular primary
molar teeth, which partially or completely separates the root canal into two
or more separate canals. These variations, which are found especially in
the mesial roots of primary molars, can also be found in the distal and lin-
gual roots. However; these are fewer common variations compared to me-
sial roots. Apical branching, lateral canals and accessory canals in the pulp
are observed in 10% to 20% of primary molars (Camp, 2006; Waterhouse
et al., 2011; Ahmet et al., 2017; Reddy et al., 2018; Meryem et al., 2019;
Hibbaed, 1957). In primary teeth series, some canal anomalies such as tau-
rodontism, radix entomolaris, root fusions, enamel pearls, dens evaginates,
C-shaped canals, the fusion that can occur between supernumerary teeth
and primary dentition teeth, accessory canals, apical deltas, para molar ca-
nals in the furcation region, dilacerations in the roots can be encountered.
Due to the accessory canals seen in primary molars, destruction and lesion
in the bone can be found in any area along the root structure, especial-
ly in the interradicular area in the furcation region (Camp, 2006; Ahmed
& Dummer, 2018; Moskovitz & Tickotsky, 2016). The unusual internal
geometry of the pulp cavity occurs when dentin accumulates within the
root canal system after beginning root resorption of primary teeth, which
can remarkably change the size, number, and/or form of root canals. For
these reasons, endodontic treatment of primary teeth is considered quite
complex (Dean & Sanders, 2021; Reddy et al., 2018; Katge & Dixit, 2022;
Ozcan et al., 2016).

Since the root lengths of primary teeth are shorter compared to perma-
nent teeth, root development is completed in a shorter time (Camp, 2006;
Li et al., 2017). After about 16 to 20 months with eruption into the oral
cavity, the roots of the primary teeth are completely occurred. At roughly
three years, the primary tooth roots begin to resorption from the apex or a
lateral surface close to the apex (Salama ef al., 1992).

INDICATIONS AND CONTRAINDICATIONS FOR PRIMARY
ROOT CANAL TREATMENT

Root canal treatment is applied to primary teeth in the following cases;
radiographically and clinically, the existence of acute or chronic infection
in the root pulp or pulp necrosis, minimal or no root resorption, interroot
bone loss not exceeding 1/3 of the root, spontaneous pain due to the related
tooth, or presence of long-term pain complaint, treatment of the existing
abscess and fistula tract caused by pulpal infection, presence of infected
primary teeth in congenital deficiency of the consecutive permanent tooth,
unstoppable, dark red colored bleeding or no bleeding, bleeding that lasts
longer than 5 minutes during pulpotomy treatment, minimal mobility in
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the relevant tooth. However, for applying root canal treatment to primary
teeth, the root length of the primary tooth must be at least 4 mm (Cameron
& Widmer, 2021; Camp, 2006; AAPD, 2022; Alagam, 2000).

Root canal treatment is contraindicated in primary teeth in the fol-
lowing cases; presence of irreversible devastated primary teeth, presence
of caries and/or mechanically formed perforation at the pulp base, severe
mobility accompanied by severe loss of bone support and severe peri-
odontal attachment loss in the involved tooth, internal and/or external root
resorption that can be seen in the radiographic examination, the primary
tooth with pathological root resorption and lesion exceeding 1/3 of the
root, presence of periradicular pathology and radiolucency including the
successive permanent tooth follicle, presence of dentigerous and/or fol-
licular cysts, long-term corticosteroid treatment, and advanced systemic
diseases such as leukemia, congenital heart disease (Allen, 1979; Camp,
2006; Moskovitz & Tickotsky, 2016; Alagam, 2000).

EXTIRPATION CANAL PULP IN PRIMARY TEETH

The tooth for which root canal treatment is planned should be isolated
with a rubber cover after the application of local anesthesia. The relatively
uncomplicated nature of canal systems makes root canal access and canal
instrumentation simpler in anterior primary teeth compared to primary mo-
lars. The access cavity is formed like the morphology of the entrance cav-
ity in permanent teeth, which includes the entire pulp chamber in anterior
deciduous teeth. After removing the pulp tissue from the root canal system,
anterior primary teeth are instrumented in the same way as permanent an-
terior teeth (Allen, 1979; Moskovitz & Tickotsky, 2016; Alagam, 2000;
Goerig & Camp, 1983).

In posterior region primary teeth, after anesthesia and rubber cover
application, the entrance opening to the pulp chamber is provided, like
permanent molars. The pulp chamber height is shorter in primary molars.
For this reason, care should be taken not to perforate the pulp base during
the creation of the access cavity. The goal of a successful access cavity is
to remove the dentin protrusions that impede direct access to the canal ori-
fices and to provide full access to the pulp chamber. After the access cavity,
the area is washed with sterile saline solution to remove the macroscopic
pulp residues and debris in the pulp chamber, and the canal openings are
determined. Before instrumentation, the pulp chamber should be washed
with plenty of sodium hypochlorite (Allen, 1979; Moskovitz & Tickotsky,
2016; Alagam, 2000; Goerig & Camp, 1983).

Root canal treatment in primary teeth continues with the use of appro-
priately sized tines for root pulp extraction. Since the root canals of prima-
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ry molar teeth are divergent, tirnerf should be used by giving a slope, and
the root pulp should be removed by placing it inclined to the canals. The
softer dentin of deciduous teeth compared to permanent teeth increases the
possibility of insertion of the incisors into the canal walls. During use, care
should be taken not to allow the tirnerf to meet the side walls of the canal
(Moskovitz & Tickotsky, 2016; Alagam, 2000).

DETECTION OF WORKING CANAL LENGTH IN PRIMARY
TEETH

Endodontic files are used to determine the working length of the canal
in primary teeth. Files are used with vertical angulation in primary incisors
because they are positioned more vertically in the alveolar socket. Files
originating from the divergent root form of deciduous molars should be
placed in the canals by giving an anterior slope in accordance with the cur-
vature. In primary teeth, there is no definite judgment on the endpoint of
root canal treatment in the apical region; accurate determination of work-
ing length is important for the prognosis of treatment (Moskovitz & Tick-
otsky, 2016; Goerig & Camp, 1983; Zehnder, 2006). Excess root canal
filling in primary teeth shows a greater risk of failure in terms of treatment
prognosis and preservation of the successive permanent tooth germ com-
pared to incomplete filling (Ricucci & Langeland, 1998).

The ongoing physiological root resorption in primary teeth causes the
apical foramen position and width to constantly change, the anatomical
apex and apical opening due to oblique development of resorption not be-
ing at the same point, and the loss of the apical narrowing region. This
makes it difficult to determine the working length and increases the risk
of flooding (Camp, 2006; Camp, 1984). Camp (Camp, 1984) reported that
the working length could be determined as 1-2 mm behind the radiological
apex in primary teeth with no resorption started, and 2-3 mm behind the
radiological apex in primary teeth with physiological and/or pathological
root resorption. Garcia-Godoy (Garcia-Godoy, 1987), on the other hand,
includes the inclusion of the entire root length of the primary tooth in the
treatment in cases where the successive permanent tooth germs are in the
bone under the deciduous molar roots; reported that treatment should be
terminated at the occlusal level of the successive tooth germ in cases where
it is in the furcation region.

In addition to the radiological examinations with endodontic files, var-
ious apex locators were used for working length determination. However,
it has been stated that the determination of working length with apex loca-
tors will not provide reliable and positive results due to the presence of lat-
eral and accessory canals, and the widening and changing apical opening.
For this reason, it has been reported that the apex locator and endodontic
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files should be used in combination (Camp, 2006; Enes et al., 2011; Zeren
& Sari, 2014)

MECHANICAL CLEANING OF ROOT CANALS IN
PRIMARY TEETH

Another stage of root canal treatment is to prepare the canal walls. Me-
chanical instrumentation of root canals has traditionally been performed
with K-type and H-type hand instruments. (Alagam, 2000; Yaman, 2002).

It is recommended to enlarge the file up to 3-4 instruments larger
than the first inserted and jammed file in the preparation with hand tools
in deciduous teeth and to prepare canals up to 35-50 handpieces for de-
ciduous teeth and 30-35 for deciduous molars. It is recommended to use
short instruments with a length of 19-21 mm to reduce the risk of flood
instrumentation (Alagam, 2000; Goerig & Camp, 1983). Characterized by
higher flexibility in bending compared to traditional stainless steel instru-
ments, reducing time consumption, helping to preserve the original canal
anatomy, low elastic modulus, high resilience, and corrosion resistance, to
avoid the unwanted shaping effects of traditional files and excessive tissue
elimination from the inside of curved canals, Thanks to its advantages such
as shape memory, Nickel-Titanium (Ni-Ti) systems, which provide more
successful results in root canal treatment and have good fracture resistance,
have become an alternative to traditional instruments (Nagaratna et al.,
2006; Silva et al., 2004; Arikan et al., 2010).

IRRIGATION OF ROOT CANALS IN PRIMARY TEETH

Current endodontic instrumentation techniques result in the formation
of a two-layered layer, called the smear layer, which covers the root canal
walls and dentinal tubules, with a 1-2 pm superficial layer and a 40 um
deep layer that adheres loosely to the tubules. This layer contains com-
ponents such as inorganic dentin chips and organic necrotic pulp tissues,
odontoblast residues, and microorganisms (Demiray et al., 2016; Pintor et
al., 2016; Gupta et al., 2015). It is claimed that during the preparation the
smear layer formed should be removed from the root canal system for suc-
cessful root canal treatment. To ensure irrigation of the canal, the smear lay-
er must be removed from the root canal system. (Demiray et al., 2016; Pin-
tor et al., 2016; Gupta et al., 2015; Vora et al., 2017). Physiological saline,
sterile water, sodium hypochlorite (NaOCI), ethylenediaminetetraacetic
acid (EDTA), citric acid (CA) and chlorhexidine are materials that have
been used as irrigation agents in the endodontic treatment of deciduous
teeth (Moskovitz & Tickotsky, 2016; Zehnder, 2006; Pintor et al., 2016;
Vora et al., 2017, Haapasalo et al., 2005). Sodium hypochlorite (NaOCl),
a solvent for organic tissues such as pulp tissue residues and collagen, high
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antibacterial properties, and effectiveness in removing the organic part of
the smear layer has been the most frequently used irrigation agent. It is rec-
ommended to be used in primary teeth at a concentration of 1% (Moskov-
itz & Tickotsky, 2016; Zehnder, 2006; Silva et al., 2004; Vora et al., 2017,
Haapasalo et al., 2005). EDTA is a solution that has an effective pH range
of 6-10, affects the inorganic and organic parts of the smear layer, and has
found use at 17% concentrations because it increases dentin demineral-
ization at high concentrations. The material is an inorganic tissue solvent
effective solution. Citric acid has been used in various concentrations from
1% to 50%, but at low concentrations, it has found more widespread use
at 10% concentration, as it affects removing the inorganic content of the
smear layer. They effectively dissolve inorganic components and smear
layer with little or no effect on organic tissue (Demiray et al., 2016; Vora et
al., 2017; Dechichi & Moura, 2006; Pérez-Heredia et al., 2006; Hariharan
et al., 2010) . Another agent that has found use in primary tooth root ca-
nal treatments is chlorhexidine material, which has high antibacterial and
antifungal effects, is biocompatible, and has a less caustic effect compared
to sodium hypochlorite. However, its use as the main irrigation agent is
limited in primary teeth due to its insufficient activity in dissolving organ-
ic tissue and its low effectiveness on gram (-) microorganisms (Zehnder,
2006; Haapasalo et al., 2005). Different irrigation agents such as MTAD
(Mixture of doxycycline, citric acid, and detergent), tetraclean, carisolv,
electrochemically activated agents, ozonated water, and herbal agents are
also agents studied for use in deciduous tooth root canal treatment (Vora
et al., 2017). After the irrigation process, the root canals are dried with the
help of sterile paper cones and the filling process is started (Moskovitz &
Tickotsky, 2016).

FILLING ROOT CANALS IN PRIMARY TEETH

Filling the root canals completely with a high-coverage canal filling
paste in the corona-apical direction is the last step in completing the root
canal treatment in primary teeth. (Olmez et al.,1996; Reddy & Ramakrish-
na, 2007). Filling materials applied to permanent teeth are different from
the filling materials used in primary teeth. The ideal canal filling material;
should not damage all of the periapical tissues and the successor permanent
tooth germ, should follow the physiological root resorption with the prima-
ry tooth root and be resorbed at the same rate and rate as the root, should be
resorbed quickly and easily when it overflows into the periapical tissues,
should be easy to apply to the root canals and remove from the canals when
necessary, should have good adaptation and adhesion to the walls, should
not shrink or show minimum shrinkage when hardening, be radiopaque so
that the quality of canal filling can be evaluated, have strong antiseptic and
antimicrobial properties, be tissue-friendly, should not be discolored after
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treatment, not be affected by tissue fluids, and should not dissolve easily
from canals. should not completely harden and block the eruption path
of successive permanent teeth (Moskovitz & Tickotsky, 2016; Olmez et
al.,1996; Kimoglu, 1964).

Canal sealers for root canal filling; can be applied to the canal with
different techniques such as injection technique with pressure syringe, in-
cremental technique, and lentil spiral technique. (Aminabadi et al., 2020;
Bawazir et al., 2007). After the root canals are hermetically filled, the ex-
cess paste residues in the pulp chamber are cleaned using an excavator
or moist cotton pellets. Afterward, to complete the treatment, it is neces-
sary to restore the relevant tooth with appropriate materials and perform
a radiographic control to evaluate the treatment (Moskovitz & Tickotsky,
2016; Alagam, 2000).

CANAL FILLING MATERIALS USED IN PRIMARY ROOT
CANAL TREATMENT

The commonly used pastes in root canal treatments of primary teeth
are pastes containing zinc oxide eugenol (ZOE), calcium hydroxide
(Ca (OH),), and iodoform or combinations of these materials (Olmez et
al., 1996).

Zinc oxide eugenol (ZOE), which was first used as a primary tooth
root canal filling paste by Sweet (Sweet, 1930) in 1930, ZOE can be used
alone or combined with some fixative agents such as paraformaldehyde,
formocresol, formaldehyde, camphor, monochlorophenol, and menthol
(Holan & Fuks, 1993; Vakil et al.,2019). The negative features of zinc ox-
ide eugenol are that it is a slow-resorbing material that does not choke with
physiological root resorption, and that it causes a foreign body reaction
after overflowing into the periapical tissues (Holan & Fuks, 1993; Mass &
Zilberman, 1989; Bramante & Berbert, 1987; Meryon et al., 1988).

lodoform (triitodomethane) is an organoiodine compound with a lem-
on-yellow color, consisting of hexagonal bright crystals and a sharp odor
(Estrela et al., 2006). KRI paste is the most widely used iodoform root
canal sealer and contains 4.86% camphor, 1.215 % menthol, 2.025 % para
chlorophenol (PCP), and 80.8% iodoform. lodoform paste, which is fre-
quently used for root canal filling in primary teeth due to its antiseptic fea-
ture, is resorbed in harmony with the roots of primary teeth. In addition, it
does not harm the successive permanent tooth germ (Holan & Fuks, 1993).
In studies, clinical success rates after treatment with CRI paste were found
to be 84% to 100% (Holan & Fuks, 1993).

Maisto paste; It is a lice paste containing 42 grams of iodoform, 14
grams of zinc oxide, 42 grams of thymol, 3 cc of chlorophenol camphor,
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and 0.5 grams of lanolin, designed to prevent the resorption of KRI paste
in the root canals (Mass & Zilberman, 1989). It has been stated that Maisto
paste is effective in providing bone regeneration, supports the healing of
pathologies occurring in the furcation region. In addition, the paste has a
strong antimicrobial effect (Reddy, 1996).

Endoflas with powder containing tri-iodomethane and iodine dibuty-
lorthocresol (40.6%), calcium hydroxide (1.07%), zinc oxide (56.5%), bar-
ium sulfate (1.63%); Eugenol is obtained by mixing the liquid consisting
of paramonochlorophenol materials. While Endoflas can be resorbed if it
overflows into the periapical tissues; With its zinc oxide eugenol content,
it can remain without resorption in the root canals (Moskovitz ef al., 2005;
Pandranki ef al., 2017). With its hydrophilic feature, Endoflas can be ap-
plied to moist root canals. However, with its broad antimicrobial spectrum,
the paste can disinfect the deep surfaces of the dentinal tubules and hard-
to-reach areas that are mechanically prepared. With its successful adapta-
tion to the root canal walls, it forms a good seal in the canals and has high
biocompatibility (Fuks et al., 2003).

Calcium hydroxide material (Ca (OH),) is an odorless white powder.
The solubility of this material, which has a relatively low water solubil-
ity, declines as the temperature increases. It is insoluble in alcohol and
has a high pH (12.5-12.8) (Farhad & Mohammadi, 2005). The paste has
a bactericidal or bacteriostatic effect depending on the pH concentration.
In addition, it is a biocompatible material that can be easily resorbed from
the tissue after overflow to the periapical tissues, does not harm the succes-
sive permanent tooth germ, and provides remineralization. (Reddy et al.,
2020; Foreman & Barnes, 1990). Ca (OH),, which has been used as a canal
filling paste in the endodontic treatment of primary teeth with its low tox-
icity, healing of periapical lesions, resorption, and antibacterial properties
in recent years, has provided successful endodontic treatments (Chawla
et al., 1998; Hendry et al., 1982). The major disadvantage of the material
is that, despite its antiseptic and osteoconductive properties, it tends to be
resorbed from the canals before physiological root resorption (Rajsheker
etal, 2018).

Calcium hydroxide paste with iodoform, which was created by com-
bining calcium hydroxide and iodoform was first produced and used in
Japan as its trade name Vitapex. Vitapex is available as a ready-to-use
mixture in syringe form as a viscous mixture of iodoform-calcium hydrox-
ide, containing 30.3% Ca (OH),, 22.4% silicone oil, and 40.4% iodoform
(Nurko & Garcia-Godoy, 1999). The addition of silicone oil to Vitapex
increases the fluidity and permeability of the material (Hunter et al., 1998).
It has been reported that the material is easy to apply, resorbs slightly faster
than the roots that have completed endodontic treatment and does not cause
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any harmful effects in case of protrusion of the successive permanent tooth
germ into the apical tissues (Nurko & Garcia-Godoy, 1999; Nurko et al.,
2000; Nakornchai et al., 2010). It has been stated that the iodoform-calci-
um hydroxide paste is the paste that most meet the ideal canal filling paste
characteristics (Nurko & Garcia-Godoy, 1999). Researchers have reported
that iodoform calcium hydroxide paste is resorbed from the canal early, but
this does not harm the success of root canal treatment (Nurko ef al., 2000;
Nakornchai et al., 2010; Ozalp et al., 2005).

EVALUATION OF SUCCESS OF CANAL TREATMENT IN
PRIMARY TEETH

Root canal treatment success is evaluated by clinical and radiographic
controls. Root canal treatment is considered successful in clinical evalua-
tion if there is no fistula, mobility, sensitivity on percussion, pain, and simi-
lar signs of infection, and if the physiological root resorption is maintained
in a healthy way (Dummet & Kopel, 2002). There is no consensus among
researchers on the issue of radiographic success. Garcia-Godoy considered
the treatment successful when the radiolucency resolved and/or the lesion
did not progress. Dummett et al. On the other hand, they reported that for
the treatment to be considered successful, complete healing of the lesion or
reduction in lesion size should be observed (Garcia-Godoy, 1987; Dummet
& Kopel, 2002).

In the radiographic evaluation, it is expected that pathological root re-
sorption associated with the bone will not be seen, the lesions in the apical
and furcation areas will shrink and disappear over time, and no new lesions
will be observed (Moskovitz & Tickotsky, 2016; Alagam, 2000; Dummet
& Kopel, 2002). It should be underlined that the lesions should be evaluat-
ed correctly in the follow-up sessions, with the prediction that the lesions
observed radiographically will heal within 6 months after the completion
of the root canal treatment procedure. Root canal treatments are expected
to ensure the survival of primary teeth in the mouth until the time of phys-
iological exfoliation. Annual clinical and radiological follow-ups during
the physiological decline are important for the management of the process
(Moskovitz & Tickotsky, 2016; Dummet & Kopel, 2002).

CONCLUSION

Root canal treatment applied in primary teeth is a treatment protocol
that allows the teeth to be kept in the mouth until the physiological fall.
The process steps in root canal treatments of primary teeth are similar to
root canal treatments applied to permanent teeth. However; Physiological
root resorption observed in primary teeth as well as secondary dentin depo-
sition and changing root canal morphologies lead to some differences in
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the way the treatment is applied. Success rates in root canal treatments may
vary due to parameters such as the health status of the tooth, its restorabili-
ty, the patient’s dental age, the differences in the preparation and irrigation
protocols applied to the canals, the changes in the canal filling materials
used and the application methods of the materials, and the differences in
the restoration of the related tooth after the root canal treatment. However,
high success results are achieved by performing the treatment under appro-
priate indications and conditions, making it a preferred treatment option in
pediatric dentistry.
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1. Melatonin as an anticarcinogen

The prevalence and fatality of cancer, a foremost contributor to global
mortality, are experiencing a precipitous escalation. In the year 2020, a
staggering 19.3 million novel instances of cancer emerged, concomitant
with an approximate 10 million demises were attributed to the malignancy
(Sung et al., 2020). Cancer treatment typically involves a multifaceted
approach, commonly incorporating surgical procedures alongside che-
motherapy and/or radiation therapy. However, low survival rate and poor
prognosis do not fully provide the expected benefit from these treatments.
Prevention of cancer and the development of treatment methods are the
top priority to protect human health from this serious threat and to improve
patients struggling with cancer (Wang, Wang & Choi, 2022).

Melatonin, a hormone found in nature that undertakes a central func-
tion in overseeing the circadian rhythm of sleep and wakefulness, has cap-
tured the interest of researchers owing to its observed anti-cancer proper-
ties. A cohort of researchers, dedicated to enhancing the effectiveness of
prevailing cancer interventions while concurrently pioneering novel ther-
apeutic modalities, manifests a keen interest in the potential of melatonin.
Melatonin, scientifically termed N-acetyl-5-methoxy tryptamine, stands as
an exceedingly multifaceted and adaptable molecular entity (Y1lmaz et al.,
2020). Originally presumed to be exclusive to the pineal gland, contem-
porary understanding recognizes its ubiquitous synthesis across numerous
organs and potentially within the mitochondria of every cell. Melatonin
transcends species boundaries, being present not solely in vertebrates but
also in invertebrates and the botanical realm. Acknowledged as a ‘smart’
molecule, its commendable capacity for modulating molecular physiology
at the cellular level is well-documented (Mir et al., 2022; Sagrillo-Fagun-
des, Bienvenue-Pariseault & Vaillancourt, 2019; Yilmaz et al., 2021). In
this review, we tried to summarise the effect of melatonin on different can-
cer-related signalling pathways.

2. PI3K/Akt/mTOR signaling pathway

The intracellular signaling pathways, Phosphatidylinositol 3-kinase
(PI3K)-Akt and mammalian target of rapamycin (mTOR), constitute piv-
otal elements governing diverse facets of cellular functions. These func-
tions are integral to both normal physiological states and the progression
of various pathological disorders, notably impacting processes such as cell
survival and growth, with particular relevance to conditions like cancer.
The closely interconnection between these two pathways is so pronounced
that, in certain instances, they are regarded as an indivisible entity essential
for orchestrating the regulatory dynamics of the cell cycle (Tewari, Patni,
Bishayee, Sah & Bishayee, 2022).
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The central function of maintaining cell survival during challenging
circumstances is attributed to the PI3K-Akt pathway. Anomalies in the ini-
tiation of this pathway have been linked to diverse forms of human ma-
lignancies, emphasizing its critical significance in exploring compounds
with anti-tumor attributes (Porta and Figlin, 2009). Given the indispens-
able contribution of the PI3K-Akt-mTOR pathways to both normal cellular
physiology and pathological transformations, a heightened frequency of
mutations within this pathway is prevalent in various cancer types (Bar-
tholomeusz and Gonzalez-Angulo, 2012).

The process commences with the activation of PI3K, initiating the
phosphorylation of phosphatidylinositol 4,5-bisphosphate (PIP2). This, in
turn, gives rise to the creation of phosphatidylinositol 3,4,5-trisphosphate
(PIP3). This event triggers downstream signaling cascades. PIP3 orches-
trates the recruitment of Akt to the cellular membrane, where it under-
goes activation through phosphorylation. Upon activation, Akt assumes a
critical function in fostering cellular survival, impeding programmed cell
death, and overseeing the progression of the cell cycle. Subsequent Akt
activation induces the activation of mTOR, a pivotal regulator of cellular
growth and protein synthesis. mTOR manifests in two distinct complexes,
mTORCI and mTORC2. While mTORCI facilitates protein synthesis and
cellular growth, mTORC2 regulates Akt and other signaling molecules.
Irregularities in the activation of the PI3K/Akt/mTOR pathway are a com-
mon occurrence in diverse types of cancer. Genetic alterations, such as mu-
tations or amplifications in genes encoding pathway proteins like PIK3CA
(PI3K), PTEN (phosphatase and tensin homolog), and Akt, can precipitate
hyperactivation of the pathway (Tewari et al., 2022; Chen et al., 2021)
(Figure 1).

Anomalous activation of the PI3K-Akt-mTOR signaling pathway has
been consistently documented across diverse malignant tumors (Aziz, Far-
id, Qin, Wang & Liu, 2018). In their 2021 research, Chen and colleagues
delved into the influence of melatonin on gallbladder cancer, examining
its anti-tumor properties through a blend of laboratory experiments and
studies on living organisms. The results indicated that melatonin demon-
strates restraining impacts on the proliferation, movement, and infiltration
of gallbladder cancer cells by suppressing the phosphorylation of PI3K,
Akt, and mTOR (Chen et al., 2021). Dysregulated PI3K mutations have
been observed in diverse cancer types, encompassing renal cell, bladder
and breast cancers. Akt and mTOR, positioned as downstream targets of
PI3K, are frequently implicated in the uncontrolled proliferation of tumor
cells when abnormally activated (Guo et al., 2015; Ellis and Ma, 2019).
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Figure 1: Representation of PI3K/Akt/mTOR signaling pathway in cancer cell.
Figure was created from free trial version Biorender (Biorender.com).

3. Wnt/B-katenin Signaling Pathway

This pathway constitutes an intricate cascade of protein regulatory
networks intricately linked to diverse biological phenomena, encompass-
ing embryonic development, tissue formation and regeneration, as well
as the initiation and advancement of cancer. Deviations from normalcy in
Whnt signaling activation can instigate various pathological processes, in-
cluding but not limited to cancer, inflammatory and immune disorders, and
metabolic irregularities (Nusse and Clevers, 2017; Zhang and Yu, 2023).
Whnt signaling is triggered by the interaction of Wnt family ligands with
specific membrane receptors. These receptors comprise the Frizzled (FZD)
family, low-density lipoprotein receptor-related protein 5/6 (LRP5/6), and
receptor tyrosine kinase-like orphan receptors (ROR1/2). Following the
initiation of Wnt signaling, a series of transcriptional events is initiated, en-
gaging numerous downstream effectors. Incoming signals from the exter-
nal environment initiate communication with the interior of the cell by ac-
tivating the intracellular regions of receptors located on the cell membrane.
Subsequently, this activation sets off Wnt signaling cascades, whether de-
pendent on B-catenin or independent of it (Clevers and Nusse, 2012).

Different Wnt pathways, particularly the canonical (p-catenin-
dependent) and non-canonical signaling pathways (Wnt/Ca2+ [calcium]
and Wnt/PCP [planar cell polarity]), display unique characteristics and the
possibility of mutual interference. This intricacy highlights the complex



Research And Evaluations In Health Sciences - 2023 December * 123

regulatory networks inherent in Wnt signaling, as extensively discussed
by Clevers and Nusse (2012), Nusse and Clevers (2017), and Zhang and
Yu (2023).

The Wnt/B-catenin pathway is defined by the interaction of Wnt with
the core receptor complex, comprising either LRP5 or LRP6 and ten mem-
bers from the FZD protein family (Shi, Li, Luo, Wei & Liu, 2017). Under
typical circumstances without the presence of Wnt ligands, the cytoplas-
mic B-catenin experiences phosphorylation orchestrated by a molecular
complex that includes glycogen synthase kinase 3B (GSK3p), casein ki-
nase | (CK 1), Axin, and adenomatous polyposis (APC). Axin assumes piv-
otal function in promoting the assembly of a complex with GSK3f and
APC. In this intricate association, GSK3f facilitates the cytoplasmic phos-
phorylation of B-catenin, while APC coordinates the linking of phosphor-
ylated B-catenin with the ubiquitin-mediated proteolytic pathway in the
cellular cytoplasm (Nusse and Clevers, 2017). When Wnt protein ligands
interact, their connection with the central receptor complex initiates the
onset of Wnt signaling. This induction entails the enlistment of cytosolic
Dishevelled (Dvl) protein, which subsequently impedes the formation of
the Axin/GSK3/APC complex. Consequently, the breakdown of -catenin
is impeded, causing the accumulation of B-catenin within the cytoplasm.
Accumulated cytoplasmic -catenin then migrates to the nucleus, form-
ing a collaborative bond with the transcription factor T cell factor/lymph
enhancer factor 1 (TCF/LEF1). This synergistic interaction serves as the
impetus for triggering Wnt target genes (Bugter, Fenderico & Maurice,
2021; Disoma, Zhou, Li, Peng & Xia, 2022) (Figure 2).

The Wnt/B-catenin pathway assumes a critical role in overseeing fun-
damental cellular operations, dictating cell fate, growth, sustainability, and
differentiation. It intricately oversees embryonic growth, cellular prolifera-
tion, differentiation, apoptosis, and the advancement of inflammation-asso-
ciated cancers, as extensively elucidated by Tewari et al. (Tewari, Bawari,
Sharma, DeLiberto & Bishayee, 2021). Functioning as the primary orga-
nizer pathway, Wnt/B-catenin signaling intricately engages with various
signaling cascades. In the context of breast tumor and intestinal tumor,
a synergistic partnership arises between Wnt/B-catenin and TGFp at the
transcriptional grade, promoting the occurrence of epithelial-mesenchy-
mal transition (EMT) and fibrosis. Similarly, during both developmental
processes and tumorigenesis, Wnt/B-catenin engages in synergistic inter-
actions with the Notch pathway, as detailed by Kwon et al. (Kwon et al.,
2011). The Wnt/B-catenin pathway exercises precise regulation over the
division of cells in the intestinal crypt, along with ensuring the survival and
upkeep of the stem cell environment. Primarily, mutations that activate the
Whnt/B-catenin pathway are implicated in the origin of the majority of col-
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orectal cancers. Boosting Wnt signaling, enabled by coiled-coil receptors
and LRP5/LRP6 co-receptors, results in heightened nuclear -catenin con-
centrations by modulating the function of GSK3p, as elucidated by Raisch
et al. (Raisch, Coté-Biron, Langlois, Leblanc & Rivard, 2021).

Sokolov et al. (2022) observed that the simultaneous application of
melatonin and andrographolide demonstrated inhibitory impacts on colo-
spheroids (CSC), which are spheroids originating from colon cancer cells,
thereby impeding the proliferation of cancer cells. Their observations re-
vealed that the melatonin+andrographolide treatment induced apoptosis
and impeded the growth of CSCs by down-regulating Wnt/B-catenin sig-
naling pathways (Sokolov et al., 2022). At the another study, the effect of
melatonin on the resistance of nasopharyngeal carcinoma cell lines to cis-
platin and the possible mechanisms driving chemoresistance were investi-
gated both in the laboratory and in living organisms. The study showed that
the Wnt/B-catenin signaling pathway mediated cisplatin chemoresistance
in nasopharyngeal carcinoma cells. Melatonin was discovered to not only
overturn cisplatin resistance but also boost cisplatin’s effectiveness against
tumors by inhibiting the movement of B-catenin into the cell nucleus and
diminishing the expression of genes responsive to Wnt/B-catenin signaling
in nasopharyngeal carcinoma cells. In live subjects, the concurrent appli-
cation of cisplatin and melatonin led to a more pronounced reduction in
tumor load in a model involving mice with orthotopically implanted xeno-
grafts, surpassing the outcomes achieved with individual drug administra-
tions (Zhang et al., 2020). Li et al. stated that the overexpression of long
non-coding RNA (IncRNA) JPX in osteosarcoma (OS) cell lines promoted
cell viability, proliferation, and metastasis. Furthermore, they found that
melatonin impeded OS progression by regulating the Wnt/p-catenin path-
way, specifically by suppressing the expression of IncRNA JPX (Li, Zou
& Li, 2021).
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Figure 2: Representation of Wnt/S-katenin Signaling Pathway in cancer cell.
Figure was created from free trial version Biorender (Biorender.com).

4. JAK-STAT signaling pathway

The communication route of Janus kinase (JAK) and signal transduc-
er and activator of transcription (STAT) represents a broadly conserved
sequence crucial for a variety of physiological mechanisms. These include
the creation of blood cells, cellular differentiation, metabolic functions,
and the management of the immune system. Regarding its composition,
the JAK-STAT pathway comprises receptors situated on the cellular mem-
brane, cytoplasmic tyrosine kinases linked to these receptors (JAKs), and
signal transducers along with activators of transcription (STATs) (Barrat,
Crow & Ivashkiv, 2019; Xue et al., 2023). The JAK protein family is com-
posed of four unique members: JAK1, JAK2, JAK3, and TYK?2. Similar-
ly, the STAT family consists of seven proteins: STAT1, STAT2, STAT3,
STAT4, STATSA, STATSB, and STAT6 (Meraz et al., 1996).

The JAK-STAT pathway acts as a signaling cascade initiated by cy-
tokine activation, enabling the transmission of external signals from the
cellular membrane to the nucleus, thereby prompting changes in DNA
transcription (O’Shea et al., 2015). Within this pathway, cytokines initially
bind to receptors, leading to receptor dimerization. Following this, Janus
kinases (JAKs) experience reciprocal phosphorylation, subsequently lead-
ing to the phosphorylation of the receptor by JAK, resulting in the forma-
tion of phosphotyrosine binding sites for the SH2 domain of STAT. When
connected to the receptor, JAK triggers the phosphorylation of STAT, caus-
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ing a structural alteration in STAT that induces its liberation. The phos-
phorylated STAT separates from the receptor, creates dimers, and moves
into the cell nucleus. Once situated within the nucleus, the phosphorylated
STAT attaches to DNA, ultimately initiating alterations in the transcription
of genetic material (Bose et al., 2020) (Figure 3).

The JAK-STAT signaling pathway oversees numerous cellular func-
tions, encompassing cellular expansion, mobility, differentiation, and pro-
grammed cell demise. Its critical regulatory role in immune processes has
been emphasized in research conducted by Fahmideh et al. and Banerjee
et al. (Fahmideh et al.,2022; Banerjee, Biehl, Gadina, Hasni & Schwartz,
2017). Current discoveries propose a dual function for the activation of
JAK-STAT in illnesses. The excessive activation of the JAK-STAT path-
way has been associated with unfavorable consequences in diverse health
conditions, such as melanomas, glioblastomas, and malignancies impact-
ing the head, neck, lungs, pancreas, breasts, rectum, and prostate. On the
flip side, the regulatory functions of the JAK-STAT pathway have exhibit-
ed positive results in scenarios like head and neck squamous cell carcino-
mas, along with prostate and colorectal cancers, as supported by evidence
(Thomas, Snowden, Zeidler & Danson, 2015; Baratchian et al., 2022). In
the realm of oncology research, JAK/STAT is gaining prominence, with
an increasing body of evidence indicating that STAT3 is constitutively ac-
tivated in tumors, playing a pivotal role in cellular carcinogenesis (Teng,
Ross & Cowell, 2014; Jin, 2020).

Recent studies, particularly the work by Mihanfar et al. (2022), sug-
gest a significant interaction between melatonin and the JAK/STAT sig-
naling pathway, particularly in the context of immune cells, notably mac-
rophages (Mihanfar, Yousefi, Azizzadeh & Majidinia, 2022). Melatonin
has demonstrated the ability to influence signaling pathways such as JAK/
STAT and NF-«xB in macrophages. Therefore, it can be deduced that mela-
tonin assumes a regulatory function in the progression of diverse diseases
linked to macrophages, including cancer, as suggested (Xia et al., 2019).
Furthermore, melatonin exhibits a protective effect against angiotensin
II-related damage and apoptosis of podocytes in diabetic nephropathy by
inhibiting the JAK/STAT signaling pathway (Ji and Xu, 2016).
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Figure 3: Representation of JAK/STAT signaling pathway in cancer cell. Figure
was created from free trial version Biorender (Biorender.com).

5. MAPK/ERK signaling pathway

The mitogen-activated protein kinase (MAPK) cascade stands as a
pivotal pathway influencing the survival, invasion, and resistance to drug
therapy in human cancer cells. Consisting of four separate signaling fam-
ilies, specifically the MAPK/ERK family or classical pathway, Big MAP
kinase-1 (BMK-1), c-Jun N-terminal kinase (JNK), and p38 signaling
pathways, this complex network holds a pivotal function in cellular reac-
tions (Cossa et al., 2013; Burotto, Chiou, Lee & Kohn, 2014).

The cellular process termed mitogen-activated protein kinases/extra-
cellular signal-regulated kinase (MAPK/ERK) plays a crucial role in su-
pervising a range of cellular functions such as cell multiplication, special-
ization, movement, aging, and programmed cell demise (Sun et al. ,2015).
The canonical MAPK/ERK pathway comprises three types of MAPKKKSs,
namely A-RAF, B-RAF, and RAF-1 or C-RAF kinases. Noteworthy is the
prevalence of mutations in the BRAF gene at this particular level in human
cancers. Progressing downstream to the subsequent tier, we find the MAP-
KKs, which include MEK1 and MEK?2. Positioned ultimately at a lower
stratum are ERK1 and ERK?2, acting as the final executors of the MAPK
pathway (Robinson and Cobb 1997; Burotto et al., 2014).

The initiation of the pathway occurs through the activation of cell sur-
face receptors, typically triggered by external signals like growth factors
or mitogens. These activated receptors set in motion the activation of RAS
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proteins, pivotal GTPases facilitating signal transmission within the cell.
The activated RAS, in turn, initiates the activation of RAF (Rapidly Ac-
celerated Fibrosarcoma) kinases, crucial components that propagate the
signal downstream (Sigoillot, Evans & Guy, 2002). RAF kinases activate
MEK (Mitogen-Activated Protein Kinase Kinase) through phosphoryla-
tion. Following this, MEK initiates phosphorylation, activating ERK. The
activated ERK then moves into the cell nucleus, where it initiates phos-
phorylation of diverse transcription factors. This nuclear translocation ex-
erts influence on gene expression, thereby regulating cellular responses.
ERK that is in an active state within the nucleus triggers the phosphor-
ylation and activation of numerous transcription factors. This includes
carbamoyl phosphate synthetase II (CPS II), which attaches to DNA, or
p90RSK, stimulating the advancement of the cell cycle (Sigoillot et al.,
2002; Zassadowski, Rochette-Egly, Chomienne & Cassinat, 2012) (Figure
4). The progression of these consecutive occurrences collectively adds to
the stimulation of cell proliferation by MEK/ERK. In immune cells, the
activated state of ERK contributes to the innate response across various
phases of the inflammatory cascade, amplifying the manifestation of tumor
necrosis factor alpha (TNF-a) and inducible nitric oxide synthase (iNOS)
(Arthur and Ley, 2013).

Phosphorylated transcription factors within the nucleus exert a regu-
latory influence on the expression of specific genes, which, in turn, partici-
pate in the modulation of cell cycle progression, cell proliferation, survival,
and various cellular responses. A predominant consequence of the activat-
ed MAPK/ERK pathway in cancer is the facilitation of cell proliferation.
Unrestrained cell growth, a hallmark of cancer, is significantly influenced
by this pathway, contributing prominently to this pathological process.
Concurrently, the pathway plays a pivotal role in promoting angiogenesis,
the formation of novel blood vessels. This mechanism is indispensable for
supplying nutrients and oxygen to the expanding tumor. Furthermore, the
initiation of the MAPK/ERK pathway is intricately connected to increased
invasiveness and the metastatic capability of cancer cells (Asl et al., 2021;
Czyz, 2019).

A thorough grasp of these phases is essential for the formulation of
targeted treatments designed to regulate the MAPK/ERK pathway in the
context of cancer. Ongoing research actively investigates and utilizes
inhibitors targeting various components of this pathway as a strategy in
cancer treatment to disrupt aberrant signaling and impede tumor growth.
Due to its intimate connection with cellular growth and viability, the dis-
ruption of the MAPK/ERK pathway is a widespread feature in numerous
types of cancers. Melatonin has exhibited promising anticancer properties,
partially attributed to its regulatory impact on the MAPK/ERK pathway.
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Melatonin holds the capacity to prompt a halt in the cell cycle and trigger
programmed cell death in cancerous cells by obstructing the ERK pathway.
Consequently, melatonin emerges as an intriguing candidate for adjuvant
cancer therapy, as supported by the studies conducted by researchers (Pan
and Niles, 2015; Mayo et al., 2017; Nikolaev, Robeva & Konakchieva,
2021).
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Figure 4: Representation of MAPK/ERK signaling pathway in cancer cell.
Figure was created from free trial version Biorender (Biorender.com).

Conclusion

While there is encouraging research indicating the potential anti-can-
cer properties of melatonin, it is essential to emphasize that the clinical im-
plementation of melatonin in cancer treatment remains a subject of contin-
uous investigation and study. Melatonin supplements are sometimes used
as complementary therapies alongside conventional cancer treatments, but
their efficacy and safety in specific cancer types and at various stages of
cancer are still under investigation. In this review, we investigated the an-
ticancer properties of melatonin through different signalling pathways. We
hope that this review will make important contributions to the literature.
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Introduction

As in every living thing, after the maturation process is completed in
humans, this process in which physiological reserve capacities and cellu-
lar regeneration rate gradually decrease and life functions are disrupted
accordingly is referred to as old age. It is an inevitable fact that changes in
physiological systems occur with aging. However, because chronological
age and physiological age can differ, age-related changes don’t always oc-
cur in the same ways in different people. Endogenous or exogenous factors
are effective in the formation of this difference. These factors include ge-
netic tendency, hereditary diseases, nutritional disorders, exposure to toxic
and harmful substances and sedentary lifestyle. Considering the factors
listed above, the aging process is a complex set of events involving biolog-
ical, molecular, cellular, genetic and physiological changes. In this section,
we will focus on the changes that occur in physiological systems during
the aging process.

1. Senescence and the cardiovascular system

With ageing weakening of the immune system, increased inflamma-
tion, increased susceptibility to infectious diseases, oxidative stress, mi-
tochondrial dysfunction, dysregulated autophagy and energy deficiency
can lead to cardiovascular system dysfunctions. Cardiovascular disorders,
whose prevalence increases with aging, are one among the primary causes
of morbidity and mortality around the world (1,2). These comprise valvu-
lar heart disease, myocardial infarction, atherosclerosis, coronary artery
stenosis, thoracic aortic aneurysm, and heart failure.

Hematopoietic stem cells are the source of immune system-dominant
cells like T, B, dendritic, and macrophage cells. However, it is an undeni-
able fact that loss of regenerative potential and decrease in proliferative
capacity occur in these stem cells with aging. In addition, it is stated that a
rise in the amount of adipocytes occurs with aging and this increase may
be accompanying with a raise in proinflammatory cytokine levels (TNF-a,
IL-6, IL-1) (3,4). In study involving participants aged 86-94 years, this
was discovered that their levels of pro-inflammatory cytokines IL-6 and
soluble intercellular adhesion molecule-1 increased, while IL-10 levels did
not change. It has been suggested that this change in cytokine profile with
aging may negatively affect the immune system and cause deterioration of
health (5). It has been claimed that these cytokines, which are effective in
the initiation of inflammation, may cause an increase in platelet production
and this increase may contribute to thrombosis. (6). In addition, it is known
that the change in antioxidant capacity in endothelial cells with aging and
susceptibility to oxidative stress, increased collagen accumulation, fibrosis
and functional changes trigger the development and progression of car-
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diovascular diseases (7). Endothelial cell senescence causes a rise in the
production of CD44, one of the cell surface glycoproteins, and according-
ly monocytes exhibit increased endothelial cell adhesion and may cause
vascular inflammation and atherosclerosis formation and/or progression
(8,9). In short, although atherosclerosis is considered to be a disease of
aging associated with increasing age, it is actually a pathological situa-
tion that occurs in both organismal aging and cellular aging. It has been
reported that cell senescence markers, which are characteristics of cell
senescence, increased tendency to cell death and DNA injury, as well as
excessive telomere shortening and dysfunction were identified in the cells
of atherosclerotic plaques (10). It has been stated that Klotho gene, which
is known as an aging suppressor gene, increases klotho protein expression
when overexpressed, thus prolonging life span and accelerating aging-like
phenotypes when disrupted in mice. Additionally, it was determined that
increasing the expression of this anti-aging protein shows vascular pro-
tective effects and may be an important step for new treatment protocol
(11,12). In another study, that was suggested that apoptosis and aging in
vascular endothelial cells have a strong connection to the development of
atherosclerosis and that Klotho protein may be a humoral factor that de-
creases oxidative stress-induced apoptosis and cell senescence in blood
vessel cells (13). The primary fibrinolytic system inhibitor, plasminogen
activator inhibitor-1 (PAI-1), induces a hypofibrinolytic, prothrombotic
state which can contribute to the emergence of cardiovascular disorders.
PAI-1 has also been found to be overexpressed in various cell types re-
lated to plaques of atherosclerosis in human coronary vessels, suggesting
that this biochemical marker, which is also effective in the aging process,
mediates pathways that are effective in both cellular aging and organismal
aging (14,15). Morphological and molecular changes and cell death are
expected to be observed in atherosclerosis and apoptosis is the most em-
phasised and investigated pathway in this process. In advanced stages of
atherosclerosis, it was recently defined that endoplasmic reticulum (ER)
stress occurs in atherosclerotic plaques and apoptosis is induced accord-
ingly. As a result of defects in ER function, it has been demonstrated that
ER-resident proteins - inositol requiring protein-1 (IRE1), protein kinase
RNA-like ER kinase (PERK), and activating transcription factor-6 (ATF6)
- cause ER stress. Activation of these proteins initially sets off a sequence
of corrective actions. However, when the increased function exceeds the
level to compensate for the impairments, these proteins have been reported
to trigger apoptosis through C/EBP-homologous protein (CHOP) or c-Jun
N-terminal kinase (JNK). ER stress is effective in activating IRE1 by au-
to-phosphorylation, IRE1 is involved in the activation of JNK, JNK stim-
ulates the expression of the proapoptotic protein BIM and deactivates the
antiapoptotic protein BCL2 (16,17).



138 * Goézde ATILA USLU & Hamit USLU

Figure 1. IRE1/PERK/ATF6 pathway in endoplasmic reticulum stress

According to a different study, a number of markers, including homo-
cysteine, oxidized low density lipoprotein, reactive oxygen species, angio-
tensin II, tumour necrosis factor-a, and endothelial cell apoptosis, induce
endothelial cell apoptosis. It is important to consider this early event in the
pathology of atherosclerosis when creating new treatment methods (18).

Only taking endothelial cell development into account when discuss-
ing atherosclerosis development would be incorrect. Macrophages and
vascular smooth muscle cells (VMSCs) play a critical role in the formation
of atherosclerosis, in addition to endothelial cells. Damage to endothelial
cells leads to the accumulation of low-density lipoproteins (LDL) in the
blood vessel wall, which are then transformed into ox-LDL. Subsequently,
monocytes attach themselves to the injured endothelial cells, penetrate the
subendothelial intima, and mature into macrophages. Macrophages phago-
cytise ox-LDL and transform into foam cells, leading to the formation of
early atherosclerotic lesions. Additionally, inflammatory markers such as
cytokines are produced in excess by impaired and foam cells, contribut-
ing to inflammation. These markers cause VMSCs to proliferate from the
media into the intima and surround the plaque, stabilising it and giving
it a fibrous structure. Cell death, the rupture of atherosclerotic plaques,
and thrombosis are caused by progressive inflammation and a hyperin-
flammatory response (18,19,20). Thrombosis formation is frequently ob-
served with aging due to changes in both haemostatic system and vascular
structure as mentioned above. With advancing age, the so-called Virchow
triad of 1. intravascular vessel wall damage, 2. flow arrest, 3. hypercoag-
ulability is frequently encountered and as a result, inevitable thrombosis
situation occurs (21,22). Considering the changes in the haemostatic sys-
tem, it has been stated that the levels of coagulation factors FI, VII, VIII:C,
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X, HMW-kininogen and prekallikrein increase and antithrombin III levels
decrease with ageing, which will lead to increased fibrin formation and/
or delayed fibrinolysis in the elderly. This situation is known to be an im-
portant mechanism responsible for the increased risk of thromboembolic
disorders in the elderly (23,24). Another study found that when elderly
patients were compared to younger patients following heart surgery, there
was an increase in fibrinolysis and platelet activation; in other words, the
elderly patients’ haemostatic system was more activated (25).
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Figure 2. From endothelial damage - to the development of atherosclerosis

Another significant event in the aging process is the shortening of telomeres
at the ends of eukaryotic chromosomes, which protect chromosomes of end-to-
end joining and random double-stranded DNA breaks. Telomere length in body
cells provides information about replication history, and shortening of telomeres
in cells causes chromosomal end-to-end fusions, DNA damage, replicative se-
nescence and apoptosis (26,27). There have been claims that telomere shorte-
ning and endothelial cell dysfunction are closely related, and that telomere shor-
tening-induced replicative ageing contributes to the formation of atherosclerosis
plaques in vessels (28). Minamino et al. (29) found that vascular endothelial cells
with aging-related phenotypes were present in human atherosclerotic lesions and
concluded that endothelial cell senescence induced by telomere shortening may
play an important role in the pathophysiology of atherosclerosis. In another re-
search, it was reported that telomerase expression, which is effective in preser-
ving telomere length after myocardial infarction, increased in cardiomyocytes
and endothelial cells and may play a role in mechanisms regulating tissue repair
after myocardial infarction (30). Bhupatiraju et al. (31) compared hypertensive
individuals with healthy individuals in the Indian population and found that hy-
pertensive individuals had shorter telomere length.
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With aging, not only the scane we call arteriosclerosis occurs, but also very
serious conditions affecting the circulatory system such as increased myocardial
stiffness, decreased myocardial relaxation, increased left ventricular mass, and
hypertension. Cellular senescence is often associated with ageing and cells are
metabolically active even as they age. An exemplary case in point is the secre-
tory phenotype associated with ageing (SASP), which is intimately linked to the
release of cytokines that are proinflammatory (IL-1a, IL-6, and TNF-a), which
are important contributors to inflammation (32,33). With ageing, changes such
as endothelial dysfunction, wall thickening, arterial hardening and loss of elasti-
city occur, due to these changes, vasoconstriction-vasodilatation mechanisms are
disrupted and hypertension is triggered. Of course, hypertension is observed in
both young and elderly people, and early vascular ageing is mentioned in these
people (34). Vascular structures have the flexibility to expand under the influence
of blood pressure, but have the tension and resistance to prevent damage to the
vessel. The extracellular matrix (ECM) in vascular structures is composed of
special proteins such as collagen and elastin, fibronectin and proteoglycans and
therefore has both a structural and regulatory role (34,35). Increasing functio-
nal and structural changes due to age (changing cytokine levels, inflammation,
oxidative stress, SASP factors) lead to changes in the ECM and the ECM is
degraded and remodelled. Enzymes such as matrix metalloproteinases, elasta-
ses and lysyl oxidases play an active role in this remodelling process (36,37).
Changes in the ECM, which is one of the first steps of vasculer reorganisation
in hypertensive conditions, are carried out by matrix metalloproteinases, serine
and cysteine proteases. Mitogen-activated protein kinases (MAPK) and nuclear
factor-kB (NF-kB), which are crucial for the pathophysiology of inflammation,
have been found to be the most significant factors in the activation of these pro-
teinases. After the disruption in the ECM, proteins are re-synthesised and new
bonds are formed between matrix proteins; moreover, hypertrophy, hyperplasia
and calcification processes start in vascular smooth muscle cells and vascular
hardening is observed (37).
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Figure 3. Factors affecting telomere shortening and effects on cardiovascular system
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Disorders in the cardiovascular system are like links in a chain and
trigger each other. One of these disorders is coronary heart disease, and
there is a positive relationship between ageing and the increasing preva-
lence of coronary heart disease. Myocardial infarction (MI) occurs when
a thrombus formed by the breakdown of coronary atherosclerotic plaque
blocks the coronary artery and blood flow stops (9). In a study, it has been
reported that Nrf2 activity decreases after MI and oxidative stress that will
cause aging in infarcted heart cells occurs. Nrf2 has been appears to be an
important mediator in suppressing factors associated with cellular senes-
cence in infarcted hearts and therefore may be a new therapeutic target
(38). Damy et al. (39) found that inhibition of NOS1, one of the NOS iso-
forms, increased left ventricular dysfunction after MI, morever increased
NOSI1-induced NO production was a marker that played an active role in
the regulation of myocardial contractility after MI. It is stated that one of
the factors that are effective in the pathogenesis of MI may be senescent T
cells in which both telomere shortening occurs and these cells show highly
proinflammatory activity and trigger inflammation by stimulating IFN-y
and TNF-a expression (40,41). In a study investigating the ability of the
age of mesenchymal stem cell (MSC) donors to repair aging heart tissue,
It has been reported that the ability to repair was influenced by the donors’
age and that using young, healthy MSCs, old infarcted myocardium could
be repaired (42).

2. Senescence and the respiratory system

Changes occurring in the whole organism with ageing also affect the
respiratory system. In number ofthis process, impairments in respiratory
mechanics-ventilation, transport of blood gases and gas exchange may ca-
use hypoxia conditions to occur (43). Alder et al. (44) founded after telo-
mere dysfunction in type 2 alveolar epithelial cells, a population containing
stem cells, the cells survived but cellular aging was observed. It has been
suggested that this dysfunction stimulates the immune system and sub-
sequently triggers inflammation in the lung through cytokines. There is a
rise in the frequency of chronic respiratory system diseases due to ageing.
One of these diseases is chronic obstructive pulmonary disease (COPD).
COPD is a disease characterised by restriction of airflow due to chronic
bronchitis and emphysema caused by chronic bronchitis and emphysema
caused by excessive mucus production and mucus plugs due to irritation
of bronchi and bronchioles by air pollution, smoke, irritant gases, etc (45).
It has been reported that the development of COPD does not only occur in
response to agents that irritate the respiratory system, but that alpha-1-pro-
tease inhibitor deficiency is also an important factor. Deficiency and/or
absence of this enzyme has been found to cause the development of seve-
re emphysema (46). Chronic airflow limitation triggers the development
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of inflammation and/or abnormal inflammatory response (47). It has been
stated that COPD disrupts the balance between oxidants and antioxidants
and triggers the formation of oxidative stress, and the increase in oxida-
tive stress causes epithelial damage, mucus hypersecretion, migration of
neutrophils into lung tissue and increased expression of proinflammatory
markers (48). Although it has been demonstrated that cytokines play an
essential part in the regulation of inflammation and many cytokines play an
active role in the inflammatory process in COPD, their role in the pathop-
hysiology of COPD has not been fully elucidated (49). In another study,
it was found that the percentage of CD8+ and TC2 cells increased in the
lungs of patients with COPD, moreover, the number of cells expressing
cytokines such as IFN-y, IL-4, TNF-a increased (50). Calabrese et al. (51)
found that there was overexpression of IL-32 in the periphery of the lung
in surgically resected specimens of smokers with COPD, and that there
was a positive correlation between 1L-32 level and the presence of TNF-a
with a level of obstruction in the airway. Many factors, including protea-
se/antiprotease imbalance, abnormal inflammatory response and impaired
oxidant-antioxidant balance, which are effective in the development of
COPD, are reported to promote apoptosis (52). Imai et al. (53) found that
apoptosis markers such as Bax and Bad and cell proliferation increased
in emphysematous lungs. Although both apoptosis and proliferation have
been reported to increase in emphysema, it has been shown that there is no
balance between them and a decrease in lung surface area occurs. Zhang et
al. (54) reported that inhibition of PI3K/AKT/mTOR pathway suppressed
autophagy but induced apoptosis in alveolar epithelial cells in COPD. In
another study, it was stated that CD8/CD28null T cells increased in both
the pulmonary tissue and blood of mouses who breathed smoke from ciga-
rettes, and that the expression of molecules stimulated by these cells could
have a role in inflammation and/or autoimmune reactions in COPD (55).

Idiopathic pulmonary fibrosis is one of the chronic lung diseases in
which a decrease in lung compliance occurs as a result of altered cellular
composition and excessive accumulation of extracellular matrix in the lung
and severe loss of lung function is observed (46,56). It has been reported
that micro-injuries in lung alveolar epithelia may be the trigger of pathop-
hysiological changes in idiopathic pulmonary fibrosis. As a result of these
micro-injuries, disruption and destruction of the alveolar epithelial layer
occurs, which then leads to activation of the coagulation cascade and an
imbalance between proteases and antiproteases leading to increased accu-
mulation of extracellular matrix (56). Zhang et al. (57) found that IL-18
strongly stimulates lung fibroblast senescence and SASP by blocking the
Klotho pathway and IL-18 binding protein can neutralise IL-18 and sup-
press lung fibroblast senescence and show antifibrotic effect. Therefore,
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they suggested that IL-18 may be an important target in new treatment pro-
tocols developed for pulmonary fibrosis. Rana et al. (58) found that aging
of alveolar type II (ATII) cells has important effects on the pathogenesis
of idiopathic pulmonary fibrosis and that these cells stimulate profibro-
tic gene expression in alveolar macrophages via cytokines such as 1L-4
and IL-13. In addition, in this study, it was stated that TGF-B1, a strong
profibrotic cytokine, contributed to the development of lung fibrosis by
inducing PAI-1 and p16. In another study, it was found that PTEN levels
decreased, NF-xB increased, and aging biomarkers such as P21WAF1,
P16ink4a and SA-B-gal increased in aging alveolar epithelial cells. It has
also been stated that collagen accumulation is facilitated in the fibroblasts
of aging cells under the influence of the PTEN/NF-«B pathway, and lung
fibrosis develops accordingly (59). Sanders et al. (60) pointed out that
cellular aging associated with variable apoptosis sensitivity is effective in
the pathogenesis of aging and age-related diseases, and although the exact
mechanism has not been elucidated, it has been pointed out that there is a
relationship between fibroblast aging and apoptosis resistance. They found
that compared to control fibroblasts, aging human diploid fibroblasts exp-
ressed more Bcl-2 and less Bax, which increased their ability to resist oxi-
dative stress-related cell death.

Cancer, now recognised as the plague of the age, has become among
the most prevalent leads to of death worldwide. The role of lung cancer in
these deaths is too high to be ignored. It has been reported that the preva-
lence of lung cancer increases with age, especially after the age of 60 years
(61). It is an inevitable fact that lung cancer, which has a close relationship
with age, will continue to be a very common public health problem in
the future as the geriatric population increases (62). According to some
reports, it can be challenging to diagnose lung cancer early, particularly in
older patients who have a history of chronic respiratory conditions. There
is also a greater chance of missing symptoms associated with the disease
(63). The age of human cells, tissues, and organs has allegedly been mea-
sured by biomarkers called “epigenetic clocks” according to DNA meth-
ylation (DNAm) levels. It has also been suggested that by measuring the
acceleration of epigenetic age, one can determine whether one will be at an
elevated risk for getting cancer of the lungs (64,65). It has been reported
that tissue damage caused by chronic infection and inflammation in the
lungs may be related to the occurrence of lung cancer. It has been suggest-
ed that elevated C-reactive protein, one of the markers of inflammation,
is connected with increased likelihood of lung cancer, and the chemopre-
ventive feature of chronic NSAID administration is due to COX inhibi-
tor activities (66,67). According to reports, there is a link between COPD
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and lung cancer because of their shared etiology, and COPD patients have
twice a possibility of developing lung cancer (68,69).

3. Senescence and the nervous system

Since 1961, when the concept of cellular ageing was introduced by
Leonard Hayflick and Paul Moorhead, a great deal of research has been
carried out and is still being carried out, especially on how to prevent age-
ing or how to reduce the negative effects of ageing (70). Although advanc-
ing age leads to deterioration of many systems and related mechanisms,
it perhaps affects the brain and nervous system the most. As a matter of
fact, with advancing age, there is an accumulation of cells that have lost
their ability to divide, but have not undergone cell death and are called
senescent cells (71). Age-related increases in reactive oxygen species
generated by neurons and increased blood brain barrier permeabilization
result in a decline in cells’ defense mechanisms and an increased suscep-
tibility to damage. In addition, it causes a decrease in phagocytic activity
in microglia, astrocytes to be more sensitive to reactive oxygen species,
increased inflammatory signals, and slowdowns in myelination, deteriora-
tion and breakage of myelin sheaths in oligodentrocytes (71,72). Studies
have shown that neurogenesis, subventricular zone and dentate gyrus sig-
nificantly decrease with age in mice (73,74). A study showed that old mice
have more olfactory interneurons in total than young mice, however, they
do not differ from young mice in their ability to discriminate two different
odours. However, it was determined that old mice had significantly poor
discrimination capacity in distinguishing similar odours that require fine
discrimination (74). In a study conducted on human subjects aged between
14 and 79 years, it was reported that neurogenesis in hippocampal brain
tissue continues in the elderly brain, but elderly people have less angio-
genesis and neuroplasticity, especially in the anterior dentate gyrus, and
have a smaller and immobile neuron pool compared to younger people
(75). As a result, although neurogenesis continues in old age, it is known
to decrease with age (76). Most DNA polymerase enzymes are incapable
of replicating the terminal ends of linear DNA in any way. The telomerase
enzyme is the only one that fully possesses this characteristic. Telomerase
is not expressed by the majority of mammalian cells, though. As a result,
the absence of this telomere-protecting factor leads to telomere shorten-
ing and restriction of cell proliferation and ultimately telomere depletion,
interrupting the cell cycle and leading to cell senescence (77,78). In bio-
logical aging, which is defined as the progression of age, the role of com-
pensatory mechanisms such as oxidative damage and autophagy is very
important in addition to telomere shortening. Because mitochondria play a
part in the production of reactive oxygen species, researchers have recently
directed more of their attention toward autophagy disorders in aging and
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mitophagy. Autophagy and mitophagy are involved in the pathophysiology
of numerous age-related disorders, including Parkinson’s and Alzheimer’s
disease (79).

In the brain, cells that should normally be subjected to cell death but
escape this process and accumulate can often cause chronic inflammati-
on and neurodegenerative diseases like Parkinson’s and Alzheimer’s (71).
With age, the risk of developing a variety of pathological conditions, inc-
luding neurological disorders, raises significantly. Higher life expectancy
as a result of medical advances increases the number of people struggling
with geriatric neurodegenerative disorders like Parkinson’s and Alzhei-
mer’s (80). The World Health Organization (WHO) estimates that over 55
million people worldwide suffer from dementia, with 10 million new peop-
le added each year. While there are many conditions that cause dementia,
Alzheimer’s disease accounts for 60 to 70 per cent of all cases (81). There
are also types of dementia such as Parkinson’s disease, Vascular demen-
tia, Lewy body dementia, Frontotemporal dementia, Huntington’s disease,
Creutzfeldt-Jakob disease, Hydrocephalus, posterior cortical atrophy, Kor-
sakoff syndrome and Mixed dementia (82). It should not be forgotten that
dementia is the world’s seventh leading reason for passing away (81).

The 51-year-old patient named Auguste D, who was examined by the
famous scientist Alois Alzheimer in 1901, went down in history as the
first person to be diagnosed with the disease bearing the same name as the
scientist. The symptoms of the disease first manifested themselves in the
form of strong feelings of jealousy, increasing memory disorders, confu-
sion, and the feeling that someone would harm himself. After 4.5 years of
illness, he died in 1906 from septicaemia caused by decubitus ulcers in
the sacral and left trochanteric regions. Microscopic examination of the
brain revealed moderate hydrocephalus, cerebral atrophy and suspected
atherosclerosis of small cerebral vessels (83). Alzheimer shared this case
with the scientific world 1 year after he presented it at the congress in 1906
and it has been known by his name since then (84).

Many changes occur in brain tissue with ageing. It is reported that the
normal brain weight is 1.2 - 1.4 kg, the weight starts to decrease from the
ages of 45 - 50 and reaches its lowest level at the age of 86. It has been de-
monstrated that a decrease in gyrus, a decline in white matter quantity, and
a decrease in the number of neurons are all related to a decreasing brain
weight as one ages. It has also been reported that the dura mater thickens
and the arachnoid membrane becomes cloudy and thickened (84). Current-
ly, Alzheimer’s disease is recognised as a progressive neurodegenerative
disorder and is considered to be one of the major causes of dementia in old
age. Numerous theories, including the cholinergic, tau, AB, and inflamma-
tory hypotheses, have been put forth to explain this multifactorial disorder
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(85). Alzheimer’s disease is morphologically characterised by brain atrop-
hy and cerebral ventriculomegaly due to accumulation of cerebrospinal
fluid or enlargement of fluid-filled spaces. Biochemically, it is characte-
rised by a decrease in choline acetyltransferase levels. Pathophysiologi-
cally, it is associated with intracellular accumulation of amyloid B plaques
and neurofibrillary tangles, inflammation and oxidative damage in neurons
(86). Autophagy is the main cellular mechanism responsible for the re-
moval of these AP plaques and tau neurofibrillary tangles accumulated in
the brain. However, the accumulation of immature autophagic vacuoles in
dystrophic neurites in the brains of Alzheimer’s patients suggests that the
autophagy process is impaired in this disease (87). Studies have shown that
the autophagy mechanism is much more effective in young neurons than
in old ones. This is due to the fact that as we age, autophagy-associated
proteins like Atg5, Atg7, and beclin-1 will decrease, which will probably
hasten the beginning of neurodegenerative disorders like Alzheimer’s and
Parkinson’s (88,89). Numerous studies have also connected leukocyte te-
lomere length to Alzheimer’s along with dementia (90,91,92).

Nowadays, it is well known that not only the diet but also the cooking pro-
cedures in the preparation of food affect the occurrence of many diseases. In
particular, the accumulation of toxins, especially advanced glycation end produ-
cts, which occur during different cooking techniques during the course of aging
may result in the development or exacerbation of neurodegenerative illness like
Alzheimer’s (93). It is also emphasised that the consumption of vegetables, fruits
and fish, xanthophyll carotenoids and omega-3 fatty acids can optimise cogniti-
on and reduce the risk of developing Alzheimer’s disease, especially in the aging
process (94). It is thought that former smoking history, as well as active smoking,
promotes Alzheimer’s disease pathology through cerebral oxidative stress and
that a reduction in smoking prevalence will reduce the global prevalence of Al-
zheimer’s disease in later life (95). Contradictory results emerge in alcohol use.
Actually, low-dose alcohol consumption lowers the prevalence of Alzheimer’s
illness; moderate alcohol consumption may protect against A accumulation;
and heavy alcohol consumption raises the risk of the disease, according to epi-
demiological studies (96,97). Indeed, there is still disagreement over whether
alcohol consumption decreases the risk of developing Alzheimer’s and, if it does,
how much alcohol causes different effects.

There have been many drug trials over the treatment of Alzheimer’s
as well as the main drug that has demonstrated substantial enhancements
in the cognitive function of patients is cholinesterase inhibitors (98,99). In
addition, NMDA receptor antagonists such as memantine are another drug
utilized for symptomatic therapy of severe Alzheimer’s (99). Nevertheless,
the neuronal degeneration associated with the disease persists (98). The
most prevalent type of dementia, accounting for 60% to 70% of cases, is
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Alzheimer’s. According to March 2023 WHO data, the amount of Alzhei-
mer’s patients in worldwide is around 33-38.5 million. Unfortunately, this
number continues to increase day by day (99). Considering that there’s no
curative therapy for this illness yet and the existing treatment methods are
mostly aimed at suppressing the symptoms, it is obvious that additional
investigation is required on the subject.

James Parkinson published the paper “An Essay on the Shaking Pal-
sy” in 1817, marking the first time the illness was identified. James Par-
kinson described the disease, which is known by his name, as the patient’s
involuntary tremors with decreased muscle strength even when immobi-
lised or even supported, a propensity to tilt his body ahead and to swit-
ch from walking to running, as well as the absence of any impairment in
mental health and senses. Parkinson named this syndrome he discovered
as ‘Shaking Palsy’ or ‘Paralysis Agitans’ (100). Currently, Parkinson’s ill-
ness is the 2nd most common neurodegenerative illness after Alzheimer’s
illness and it is the most widespread neurodegenerative movement system
disorder (101). While tremor, muscle stiffness, bradykinesia-akinesis, and
postural instability are the main motor symptoms (102), it is now widely
acknowledged that non-motor symptoms can also occur in all stages of the
illness and can significantly lower the standard of life. These symptoms
include sleep disturbances, cognitive dysfunction, emotional disturbances,
autonomic dysfunction, and pain (103). The loss of dopaminergic neurons,
which are primarily found in the substantia nigra, and the buildup of mis-
folded alpha-synuclein in Lewy bodies in the brainstem are the hallmarks
of Parkinson’s disease. When 60% to 80% of dopaminergic neurons are
lost, motor symptoms become prominent (104,105,106).

Recent data suggest that 6 to 7 million people worldwide suffer from
Parkinson’s disease. Only 4 per cent of people with Parkinson’s disease
are under 50 years of age. However, its prevalence rises to 41 per 100,000
at the age of 50 and to 1900 per 100,000 in people aged 80 and over. In
addition, the prevalence rate is 1.5 times higher in men than in women at
all ages. These results show that the prevalence of the disease increases
significantly with age and age is the primary factor in the aetiology of the
disease (107,108).

Recent research demonstrated that 183 individuals suffering from Par-
kinson’s disease with a baseline age of 59.7 years enjoyed considerably
greater amounts of neutrophils, monocytes and high-sensitivity C-reactive
protein (Hs-CRP) and a decreased number of lymphocytes in comparison
with healthy people of similar age group. These results suggest that Hs-C-
RP may be a marker for Parkinson’s disease progression and treatment
response (109). Vitamin D deficiency in Parkinson’s disease is also a re-
markable conditionIlndeed, many cross-sectional investigation showed that
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serum vitamin D level is correlated with the motor part of the Unified Par-
kinson’s Disease Rating Scale and Hoehn and Yahr stage (110,111,112).
According to studies, PARP-1 both promotes cell death or functional dec-
line in old age or pathological conditions, as well as shields cells against
aging under physiological circumstances. NAD+ is decreased, SIRT1 is
suppressed, and telomere shortening is aided by activated PARP1 (113).
There is ongoing debate regarding PARP1’s impact on telomere shortening
or elongation induction. (114). Nonetheless, PARP1 plays a crucial part in
the repair of DNA damage. In primary cultures of cells derived from naked
mole rats—a rodent species known for its long lifespan and resistance to
tumors—it was found that PARP1 was abundantly expressed (115,116).

Many researchers agree that dietary habits are related to the develop-
ment of Parkinson’s illness. Many researchers have suggested that phytoc-
hemicals in fruits and vegetables may slow the progression of Parkinson’s
disease by reducing the functional decline associated with ageing, in addi-
tion to their general health benefits (117,118). It has also been reported that
the risk of Parkinson’s disease is reduced in men and women who consume
vegetables such as tomatoes, potatoes and peppers containing nicotine and
who have never smoked (119). Some studies have shown that genistein,
a soya bean isoflavone, could lower the chance of getting Parkinson’s in
postmenopausal women (120), while others have reported that genistein
treatment in Parkinson’s disease protects dopaminergic neurons against
lipopolysaccharide-induced damage by inhibition of microglia activation
(121). It has also been reported that caffeine (122) and tea (Camellia si-
nensis) (123) have neuroprotective effects and may have protective effe-
cts against Parkinson’s disease. However, there are highly contradictory
results between eating a fatty diet (124,125), consumption of meat and
meat products (126,127), carbohydrate consumption (128,129), alcohol
consumption (125,130) and Parkinson’s disease.

For the symptomatic treatment of Parkinson’s disease, levodopa, do-
pamine agonists, COMT inhibitors, MAO-B inhibitors, amantadine, and
anticholinergic medications are commonly used. In addition, surgical
procedures may be used in some cases. In addition, physical and mental
exercises, physiotherapies and special diets are often recommended due to
their complementary effect. Despite all these methods, there is still no cure
for Parkinson’s disease (131,132). None of the drugs currently developed
are successful in stopping or delaying the degeneration of dopaminergic
neurones (104,105,106). As in many neurodegenerative diseases that cause
dementia, the lack of an effective treatment method in Parkinson’s disease
makes research on the subject much more valuable.
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Conclusion

As in all living organisms, it is inevitable for humans to enter a process
in which physiological reserves and cellular regeneration rate gradually
decrease and consequently vital activities deteriorate after the growth and
subsequent maturation process. In this process, scientifically called aging,
the cardiovascular system, respiratory system and, of course, the nervous
system are among the most adversely affected physiological systems. In
today’s conditions, it does not seem possible to prevent cellular ageing,
and the common opinion of scientists is to ensure healthy ageing.
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INTRODUCTION

Migraine is a chronic, multiphasic, common, familial, primary head-
ache disorder which interferes with personal daily activities and it is as-
sociated with a number of neurological symptoms. The prevalence of mi-
graine disorder, which is more common in women, is 15-18% among the
general public. In the Global Burden of Disease Study 2010 (GBD2010),
it was ranked as the third most common disease in the world. Moreover, it
was anked as the third highest cause of disability in men and women under
50 in GBD2015.'2

Migraine is a primary headache that lasts between 4-72 hours, in-
creases with physical activity, and it is usually localized on one side of the
head. It consists of four successive phases. The first stage, known as the
pre-warning phase, is the autonomic symptoms that occur hours/days be-
fore the headache begins. Frequent urination, fatigue, poor concentration,
and mood changes can be counted among these symptoms. The second
stage, observed in approximately one third of migraine patients, is called
‘aura’, a series of sensory distractions and disturbances, which occurs just
before the migraine attacks. The third stage is the phase in which a throb-
bing headache occurs and it is known to occur as a result of the activa-
tion of the trigeminal sensory pathways. Headache gradually increases and
negatively affects daily activity. Headache may be accompanied by pho-
tophobia, phonophobia, osmophobia, nausea and vomiting. In the fourth
stage, which is called poststrom, weakness, fatigue, intolerance to noise
and lack of concentration are observed, and the symptoms increase in di-
rect proportion to the duration of the pain and can last up to 48 hours.!3*

Migraine pain usually occurs on the frontotemporal parts of the head.
However, in individuals diagnosed with migraine under the age of 18, un-
like adults, the pain is usually bilateral. As opposed to adults, localization
to one side is seen in young adolescence and young adulthood.'

Migraine is handled under two main headings; with aura and with-
out aura: Migraine without aura is characterized by headache with specific
characteristics and associated symptoms. In order to diagnose migraine
without aura, the following features must be present.

A. Having at least five attacks that meet criteria B-D is sufficient to diag-
nose migraine without aura.

B. Treatment-resistant headache attacks lasting 4-72 hours.
C. The headache must have at least two of the following features:
1. Unilateral location

2. Pulsating quality
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3. Moderate or severe pain

4. Pain intensity increases with physical activity

D. Presence of at least one of the following symptoms during the headache:
1. Nausea and/or vomiting

2. Photophobia and phonophobia™®’

As for migraine with aura, it usually progresses with focal neurolog-
ical symptoms that occur before the headache. Usually slowly developing
headaches are accompanied by specific migraine symptoms. Recurrent
attacks of reversible visual, sensory, and/or other central nervous system
symptoms occur. In order to diagnose migraine with aura, the following
features must be present:

A. Having at least two attacks that meet criteria B, C is sufficient to diag-
nose migraine with aura.

B. Presence of at least one of the following reversible auras;
visual

sensory

lingual

physico motor

medulla spinals

retinal

. Having at least three of the following features:

- 0O 9 vk w b o=

At least one aura symptom that develops slowly within 5 minutes
The consecutive appearance of at least two aura symptoms

Each aura symptom lasts 5-60 minutes

At least one aura symptom is unilateral

At least one positive aura symptom

AN

Headache accompanies the aura or follows it within 60 minutes®’

Although the pathogenesis of migraine is unclear, there is increasing
evidence that the neurovascular system is involved in the development of
migraine. It has been proven that the headache phase occurs with the ac-
tivation of meningeal nociceptors at the origin of ‘the trigeminovascular
system’ (TGVS). TGVS consists of the trigeminal nucleus, trigeminal gan-
glion, trigeminal nerve, and the meningeal and ocular vascular networks
innervated by the nerve.'® It is known that visual aura is seen in 1/3 of
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migraine with aura patients. It is thought that meningeal nociceptors play
a role in the emergence of aura and signals are transmitted from the dura
mater to the cortex, and the most common visual auras in migraine are light
flashes, decreased visual acuity and black dots. !!

Migraine-type photophobia affects approximately 90% of patients,
which is the finding that most affects routine daily functions. It has been
reported that stimulation of retinal ganglion cells containing melanopsin,
which has high sensitivity to blue light, is the cause of photosensitivity
in migraine. It has been thought that blue light may be the basis for pho-
tophobia in migraine and that the symptom may decrease by blocking
blue light.">! Tt is known that vasodilation and vasoconstriction during
migraine attacks cause perfusion disorders and occur in retinal vessels as
well as cranial vessels. Although vascular events during migraine attacks
are temporary, they cause permanent damage to the brain and retina. In
the past, it was thought that migraine disease might be related to retinal
vascular diseases. It has also been suggested that it may be a risk factor for
ischemic disease occurring in the retina and optic nerve.'*

It can be demonstrated that all these retinal changes with Spectral Do-
main - Optical Coherence Tomography (SD-OCT), which is a noninvasive
method. SD-OCT is an imaging technology that creates detailed cross-sec-
tional images. This system enables noninvasive optical biopsies of living
tissues using infrared light that can penetrate the tissue to a depth of several
hundred microns. The device measures with an interferometric setup to
reconstruct the depth profile of the sample with backscattered light.!

In the study, macula and optic nerve focused measurements were
made by means of SD-OCT. The size of macular thickness was evaluated
with Macular OCT, ganglion cell damage with ‘Ganglion Cell Complex’
(GCCQ), and optic nerve damage with Retinal Nerve Fiber Layer (RNFL).
Vascular changes of migraine disorder were taken into consideration by
investigating retinal and optic nerve changes between migraine patients
and healthy volunteers.

1. METHOD

1.1. Study Design and Patient Specifications

A prospective, single-center, comparative study was conducted with
48 eyes (Group I-study group) of 24 patients who were previously diag-
nosed with Migraine Without Aura (MWoA) disorder and did not receive
any treatment other than migraine attacks, who applied to Nigde Omer
Halisdemir University Hospital Ophthalmology Polyclinic between Janu-
ary 2022 and April 2022. 48 eyes of 24 healthy individuals (Group II-con-
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trol group) were included in the study. Full ophthalmological examina-
tions of the patients were performed. Anterior segment examinations were
performed with slit lamp biomicroscopy. Posterior segment examinations
after pupil dilation were performed with a 90 D Volk lens. Individuals
whose ophthalmological examinations did not reveal any pathology were
included in the study. Macular thickness, RNFL and GCC (Topcon Amer-
ica, Paramus, NJ, USA) examinations were performed on all participants
with SD-OCT and the results were recorded.

Macular section was taken with SD-OCT and central macular thick-
ness was measured.

The peripapillary RNFL optic nerve was imaged in four quadrants (su-
perior, inferior, nasal and temporal) from the internal limiting membrane to
the ganglion cell layer.

With GCC, measurements were made in six quadrants (superior, supe-
rior temporal, superior nasal, inferior, inferior temporal and inferior nasal)
from the internal limiting membrane to the internal plexiform layer. These
parameters were calculated automatically by means of the 3D Wide Report
protocol.

Inclusion criteria:
*  Being between the ages of 18-65,

*  For Group I, having previously been diagnosed with migraine disor-
der without aura,

*  Not having any neurological disease other than migraine disorder,

* Not having any ophthalmological disease and not having undergone
ocular surgery.

Exclusion criteria:
*  Being under the age of 18 or over the age of 65,

*  Having any neurological and/or systemic disease other than migraine
disorder,

*  Having had previous ocular surgery,

*  Chronic drug use.

1.2. Statistical analysis

Statistical analysis was performed through Statistical Package for the
Social Sciences (SPSS Inc., Chicago, Illinois, USA) version 23. P<0.05
value was considered statistically significant. Meantstandard deviation and
percentage values were used in the supplementary statistics of the data. The
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conformity of the obtained data to normal distribution was evaluated with the
Kolmogorov-Smirnov test. Parametric tests for data with regular distribution;
Non-parametric tests were applied for data where the distribution was not reg-
ular. To evaluate the variables between two independent groups, parametric in-
dependent groups t test and nonparametric Mann-Whitney U test were applied.

2. RESULTS

Out of the 48 participants (96 eyes) included in the study, 42 (87.5%) were
female and 6 (12.5%) were male. The average age of the participants between
the ages of 18-60 is 32.91£9.90. The average age of 24 patients (48 eyes) includ-
ed in Group 1 was 35.41+11.27; 23 (95.8%) were female and 1 (4.2%) was male.
The average age of 24 patients (48 eyes) included in Group 2 was 30.41£7.78
years; 20 (83.3%) were women and 4 (16.7%) were men. There was no statisti-
cally significant difference between the groups in terms of age and sex (p>0.05).
The demographic characteristics of the participants are given in Table 1.

Table I: Demographic characteristics

P Group | Group 11 Total
Age 35.41+11.27 30.41+7.78 32.91+£9.90
P=0.80
Sex 95.8/4.2 83.3/16.7 87.5/12.5
K/E (%) P=0.16

The mean macular thickness values of the right eye were determined
as 234.66+18.46 in Group I and 235.37+£20.15 in Group II. No statistically
significant difference was detected between the two groups (p=0.9). The
mean values of left eye macular thickness were determined as 236.33+18.01
in Group I and 236.66+£22.98 in Group II. No statistically significant differ-
ence was detected between the two groups (p=0.9).

The five values in the RNFL analysis were considered separately. The
mean value of right eye RNFL was found to be 91.70+£8.74 in Group 1
and 99.9146.94 in Group II, and a statistically significant difference was
found between the two groups (p=0.001). The mean value of left eye
RNFL was found to be 91.83+8.95 in Group 1 and 99.75+6.81 in Group I,
and a statistically significant difference was found between the two groups
(»=0.002). The mean value of the right eye RNFL superior was found to be
108.794+12.70 in Group 1 and 117.62+9.90 in Group 11, and a statistically
significant difference was found between the two groups (p=0.01).

The mean value of the left eye RNFL superior was found to be
113.25£10.98 in Group 1 and 119.33+12.16 in Group II, and there was no
statistically significant difference between the two groups (p=0.07). The
mean value of right eye RNFL inferior was found to be 113.91£11.85 in
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Group 1 and 113.25+10.08 in Group I1, and no statistically significant differ-
ence was found between the two groups (p=0.83). The mean value of left eye
RNFL inferior was found to be 114.25+13.34 in Group 1 and 114.00+=10.37
in Group 11, and no statistically significant difference was found between the
two groups (p=0.94). The mean RNFL nasal value of the right eye was found
to be 70.66+11.92 in Group 1 and 73.00+12.27 in Group II, and there was no
statistically significant difference between the two groups (p=0.5).

The mean nasal RNFL value of the left eye was found to be
68.87£16.33 in Group 1 and 67.41+11.26 in Group 11, and there was no sta-
tistically significant difference between the two groups (p=0.7). The right
eye RNFL temporal mean value was found to be 65.04+12.05 in Group 1
and 61.95+7.99 in Group II, and no statistically significant difference was
found between the two groups (p=0.3). The left eye RNFL temporal mean
value was found to be 63.04+8.95 in Group 1 and 63.16+£8.44 in Group
II, and no statistically significant difference was found between the two
groups (p=0.9). The RNFL values of the participants are given in Table II.

Table II: RNFL values of the participants

Group 1 Group II P

R/RNFL average 91.70+8.74 99.91+6.94 0.001*
R/RNFL superior 108.79+12.70 117.62+9.90 0.01*
R/RNFL inferior 113.91£11.85 113.25+10.08 0.83

R/RNFL nasal 70.66+£11.92 73.00+£12.27 0.5
R/RNFL temporal 65.04+12.05 63.16+8.44 0.9
L/RNFL average 91.83+8.95 99.75+6.81 0.001*
L/RNFL superior 113.25+10.98 119.33£12.16 0.07
L/RNFL inferior 114.25+13.34 114.00£10.37 0.94

L/RNFL nasal 68.87+£16.33 67.41£11.26 0.7
L/RNFL temporal 63.04+8.95 63.16+8.44 0.9

*: p<0.05

Six different values were considered in the GCC analysis. The mean
value of the right eye GCC superior was found to be 79.08+15.07 in Group
1 and 88.50+5.57 in Group 11, and a statistically significant difference was
found between the two groups (p=0.006). The mean value of the left eye
GCC superior was found to be 77.29+17.51 in Group 1 and 88.45+5.90
in Group I, and a statistically significant difference was found between
the two groups (p=0.005). The right eye GCC superiotemporal mean val-
ue was found to be 79.75+10.22 in Group 1 and 84.91+5.74 in Group I,
and a statistically significant difference was found between the two groups
(»=0.03). The left eye GCC superiotemporal mean value was found to be
76.62+16.59 in Group 1 and 84.50+5.95 in Group II, and a statistically
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significant difference was found between the two groups (p=0.002).

The right eye GCC superional mean value was found to be 80.45+£16.04 in
Group 1 and 89.75+5.80 in Group 11, and a statistically significant difference was
found between the two groups (p=0.01). The left eye GCC superionary mean
value was found to be 77.12419.29 in Group 1 and 90.70+6.14 in Group I, and a
statistically significant difference was found between the two groups (p=0.002).
The mean value of the right eye GCC inferior was found to be 78.08+15.04 in
Group 1 and 88.45+5.29 in Group 11, and a statistically significant difference was
found between the two groups (p=0.003). The mean value of left eye GCC infe-
rior was found to be 76.20416.99 in Group 1 and 88.41£5.95 in Group II, and a
statistically significant difference was found between the two groups (p=0.002).

The mean GCC inferotemporal value of the right eye was found to be
81.70+9.12 in Group 1 and 86.75+5.30 in Group II, and a statistically sig-
nificant difference was found between the two groups (p=0.02). The left eye
GCC inferotemporal mean value was found to be 78.33+15.79 in Group 1
and 86.54+4.94 in Group II, and a statistically significant difference was
found between the two groups (p=0.01). The mean GCC inferonasal value
of the right eye was found to be 80.79+15.06 in Group 1 and 90.08+5.57 in
Group 11, and a statistically significant difference was found between the two
groups (p=0.007). The left eye GCC inferonasal mean value was found to
be 77.37+17.68 in Group 1 and 89.75+6.16 in Group II, and a statistically
significant difference was found between the two groups (p=0.002).

Table III: GCC values of the participants

Group 1 Group II P
R/GCC superior 79.08+15.07 88.50+5.57 0.006*
R/GCC superotemporal 79.75+10.22 84.91+5.74 0.03*
R/GCC superonasal 80.45+16.04 89.75+5.80 0.01%*
R/GCC inferior 78.08+15.04 88.45+5.29 0.003*
R/GCC inferotemporal 81.70+9.12 86.75+5.30 0.01*
R/GCC inferonasal 80.79+15.06 90.08+5.57 0.007*
L/GCC superior 77.29+17.51 88.45+5.90 0.005*
L/GCC superotemporal 76.62+16.59 84.50+5.95 0.002*
L/GCC superonasal 77.12+£19.29 90.70+6.14 0.002*
L/GCC inferior 76.20£16.99 88.41+5.95 0.002*
L/GCC inferotemporal 78.33+15.79 86.54+4.94 0.01*
L/GCC inferonasal 77.37+17.68 89.75+6.16 0.002*

*: p<0.05

Macular thickness, RNFL and GCC values of Group I patients with mi-
graine disorder were compared between right and left. It was found that there
was no statistically significant difference between the right and left eyes (p>0.05).
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3. DISCUSSUON

In this study, very striking data were obtained from 48 participants
(n=48), 24 of whom had migraine disorder and 24 of whom were healthy
individuals. Considering whether migraine disorder made a difference
according to sex, results supporting women were obtained between both
sexes. On the other hand, migraine disease varies depending on age. Data
from the study showed that migraine disorder was more common, especial-
ly in women. In their review, Aguilar-Shea AL et al. reported that migraine
affects 18% of women and 6% of men found that it was more common in
women.'® Moreover, in their review of individuals with migraine disorders,
Flynn et al. found the prevalence of migraine to be 19%. In addition, it was
found to be more common in women, with a frequency of 23% in women
and 12% in men."’

According to the data in line with the result of the first research ques-
tion of the study; when considering the average macular thickness between
patients with migraine disorders and healthy participants, it was found that
there was significant difference between both groups (p>0.05). In a study
conducted by Ozcift et al., in which they compared 38 individuals with
migraine disorder and 38 healthy individuals, it was found that there was
no significant difference of the mean macular thickness value between the
groups.'®

The data obtained in this study reveal the effect of migraine disor-
der on the optic nerve through RNFL data. In this context, peripapillary
RNFL average and superior thicknesses are tninner in Group I. In a study
conducted with 26 studies, Feng YF. et al., in their meta-analysis to eval-
uate RNFL thickness in migraine disorder, 432 migraine disorder and 288
healthy participants were examined. As a result of the study, it was found
that the average RNFL thickness was significantly thinner in those with
migraine disorders.' In a study collected with the review of 26 studies on
1530 migraine disorder and 1105 healthy individuals by Lin X et al., they
investigated RNFL thicknesses. As a result of the study, the mean RNFL
thickness was found to be significantly lower in the migraine group.?® In
their study Kurtul et al., 23 pediatric migraine without aura and 23 healthy
participants were included. It was found that there were no significant dif-
ference values between the two groups in terms of RNFL.2! Liu Z et al.,
in their review of 16 studies consisting of 379 migraine with aura, 583
migraine without aura and 658 healthy participants found that peripap-
illary RNFL values in individuals with migraine and without aura were
lower than the healthy group.?> The most important result obtained in this
study shows that all values obtained from GCC are lower in patients with
migraine disorder (Group I). For this reason, it is obvious that the study
will contribute to the literature in a positive manner. Yulek et al. exam-
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ined the changes in RNFL, GCC and macular thickness in a study consist-
ing of 30 participants with migraine disorder with aura, 20 patients with
migraine disorder without aura and 50 healthy participants.The average
RNFL thickness is thinner in individuals with migraine disorder than in
healthy individuals; moreover, they do not detect any significant difference
in terms of other findings.”® Colak HN. et al., in their study evaluating
OCT values of 45 migraine with aura disorder and 45 healthy individuals,
superior and inferior quadrant RNFL values were found to be thinner in
the migraine group, while no difference was found between GCC values.*
Reggio E. et al., 21 migraine with aura, 12 without aura. They evaluated
OCT values in a study consisting of migraineurs, 44 chronic migraineurs
and 42 healthy controls. RNFL and GCC thicknesses were found to be
significantly thinner in patients with migraine disorders than in healthy
individuals. ?* Kanar ES et al., published a study in which they examined
RNFL and GCC values, including 37 participants with migraine without
aura, 40 with migraine disorder with aura, and 50 healthy participants. In
this study, it was found that superior and inferior quadrant RNFL thick-
nesses were thinner in the migraine group with and without aura than in
the healthy group.

Superior and inferior quadrant GCC thicknesses were also found to
be thinner in the migraine with and without aura group.”® Raga-Martinez
et al., compared the possible changes in RNFL, GCC and macular thick-
ness in chronic migraine patients with healthy controls. In the study of 90
chronic migraine disorder and 90 healthy individuals, the average macula,
RNFL superior quadrant, and average and GCC thicknesses were found
to be thinner in patients with chronic migraine disorder than in healthy
individuals.”’

CONCLUSION

As a conclusion, the strengths of this study are as follows; it reveals
that migraine disorder has a negative effect on ganglion cells and optic
nerve fibers. It is predicted that neurovaMigrainescular dysfunction seen
in migraine disorder may disrupt blood flow in ocular tissues, cause hy-
poperfusion; moreover, it may cause permanent damage to ocular tissues.

It was considered that limitations of this study included the limited
number of patients and the fact that only migraine without aura disorder.
There might be some future studies which could be conducted with larger
participants as well as including migraine subclasses.

It is obvious that the RNFL and GCC thicknesses are significantly
thinner in patients with migraine disorders, and this study will contribute
to the literature. Although there are several studies in the literature on this
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subject, the results are controversial. It is thought that this study will con-
tribute to supporting ocular tissue hypoperfusion caused by autoregulation
disorder seen in migraine disorder.
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1. Introduction

Endothelium is mesoderm-derived single-fold squamous epitheli-
al tissue that covers the inner layer of the vessels in the vascular system
(Fig. 1) (Carlomosti et al., 2017; Lakna, 2017; Medina-Leyte et al., 2021)
During its early discovery, the epithelium was assumed to be a simple
barrier that exchanges water and small molecules and furnishes the inner
wall of the vessels (Adler et al., 2000; Kharbanda & Deanfield, 2001).
However, by the time, despite its simple organization, epithelium and its
components were accepted as a critical tissue functioning in multiple pro-
cesses such as the maintenance of body homeostasis and vascular tonus,
and the regulation of cellular adhesion, inflammation, vascular permeabil-
ity, and blood coagulation (Fishman, 1982; Muniyappa & Sowers, 2013).
This single-layer structure, which consists of endothelial cells (ECs) and
covers the circulating system from the heart to the tiniest capillary vessels,
functions not only by forming a barrier isolating vascular space and tissues
but also by playing critical roles in the regulation of several physiologi-
cal and pathological processes (Limaye, 2007; Yaylali, 2011). Endothelial
dysfunction (ED) refers to the transition from a still endothelial pheno-
type into a defense-response status called endothelial activation (Hansson,
2005). Even though the term ED is used to define pathological conditions
such as the alterations in anticoagulant and anti-inflammatory features of
endothelium and impaired modulation of vascular development, it is com-
monly defined as the vasorelaxation defect in endothelium due to the loss
of nitric oxide (NO) bioactivity on the vascular wall (Urbich, Kuehbacher,
& Dimmeler, 2008). Under normal conditions, there is a sensitive balance
in aerobic cells between the oxidant and antioxidant levels. On one hand,
the oxidant status of a cell is determined by the levels of reactive oxygen
species (ROS) produced after a redox reaction between an oxygen mole-
cule and an electron. On the other hand, the antioxidant status is the ability
of a cell to fight against the ROS. The imbalance in favor of ROS levels or
the insufficient detoxification rate by the antioxidant system results in ROS
accumulation within the cell which is defined as oxidative stress (Lund,
2018; Victor et al., 2009). Thereafter, increased ROS levels or insufficient
clearance of ROS curbs the bioavailability of NO and causes ED. Elevated
oxidative stress is closely associated with cardiovascular risk factors such
as diabetes, hypercholesterolemia, renal failure, aging, hypertension, and
smoking (Lund, 2018; Victor et al., 2009). ED can play a role in the patho-
geneses of atherosclerosis, hypertension, diabetes, hypercholesterolemia,
and cardiac insufficiency as well as it can emerge as a result of these pa-
thologies (Munzel, Sinning, Post, Warnholtz, & Schulz, 2008).
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2. Structure and Functions of Endothelium

ECs have unique and significant functions in the context of vascular
biology due to their location between the blood and vascular walls of the
endothelium. ECs play several roles in the circulatory system including;
the regulation of blood flow by easing the blood transition throughout the
vessels via providing an active antithrombotic surface, fibrinolytic func-
tions, inhibition of thrombocyte aggregation, and regulation of vascular
tonus. Together, the endothelium also provides the regulation of thrombo-
cyte adhesion and substance exchange between blood and tissues (Limaye,
2007; Yaylali, 2011). Inflammation and perturbations taking place in high
hydrodynamic shear stress can distort these activities and engage the ECs
to form prothrombic and antifibrinolytic microenvironments (Roberts &
Porter, 2013). ECs are negatively charged owing to glycoproteins and gly-
cosaminoglycans on their plasma membrane (Fig. 2), in which there are
various receptors providing connection with intracellular and hormonal
molecules (Medina-Leyte et al., 2021; Muniyappa & Sowers, 2013; Yay-
lali, 2011).

2.1. Physiological Functions of Endothelium

Previously, the endothelium was considered to have unspecific and
simple functions like transiting water and electrolytes through the vessels
however, together with the advancements in the field it is evident that its
functions are more complicated (Muniyappa & Sowers, 2013). It spreads
throughout the circulating system namely from tiny capillary vessels to the
heart’s most complicated arteries and functions as a specific barrier provid-
ing exchange between blood and tissues as well as host most of the recep-
tor-based signaling pathways (Limaye, 2007; Medina-Leyte et al., 2021;
Ross, 1999). The endothelium is also involved in the regulation of hemo-
stasis in the vascular system. Moreover, it regulates several processes e.g.,
vascular tonus, maintenance of circulation and blood flow, coagulation,
and inflammatory responses. The endothelium is also responsible for the
synthesis of several vasoactive and connective tissue components (Emre,
Ocal, & San, 2004; Gonzalez & Selwyn, 2003; Ross, 1999). Including the
secretion of vasodilators and vasoconstrictors and the modulation of the
vascular wall as a signal modifier by interacting with circulatory factors,
the endothelium carries out many vital physiological functions. Among
autocrine and paracrine functions of ECs, the syntheses of several vital
molecules exist, which sustain vascular tonus, reduce leukocyte migration,
control permeability, regulate the migration and proliferation of smooth
muscle cells, and regulate thrombocyte aggregation (Sena, Leandro, Azul,
Seica, & Perry, 2018).



178 + Meral URHAN KUCUK & Menderes Yusuf TERZI

Tunica externa

Tunica media

Tunica intima —< ==

Elastin

Endothelial Cells i)

Fig. 1. Structure of endothelium. Endothelium, which covers the inner wall of the
vessels, consists of a single layer of ECs. Modified from (Medina-Leyte et al., 2021).
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Fig. 2. Endothelial layer in vasculature. The barrier formation by the tight
junctions between two ECs and the negatively charged glycoproteins and
glycosaminoglycans. Modified from (Medina-Leyte et al., 2021).

The endothelium-specific functions and related mediators are depict-
ed in Fig. 3. In its essence, the endothelium is a paracrine, autocrine, and
endocrine tissue that consists of tightly connected ECs and plays a role in
several processes like constructing a connection between blood and tissues
(Mizuno, Jacob, & Mason, 2011). The wall formed by endothelium be-
tween the arterial layer and the blood cells is smooth and thorough (Emre
et al., 2004; Gonzalez & Selwyn, 2003; Ross, 1999).
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Fig. 3. The primary functions of ECs. Regulation of vascular tonus, control
of vascular smooth muscle cell proliferation, inflammation, permeability,
angiogenesis, metabolism, and homeostasis. Modified from (Sena et al., 2018).

Owing to its natural location, the endothelium provides signal trans-
duction to its neighboring environment. Thus, it maintains the regular
functions of the vascular wall meanwhile providing physical protection
(Baykal, Ozet, & Kocabalkan, 1998). The functions of ECs as the building
blocks of endothelium can be summarized under 5 bullet points:

e Endothelium as a Barrier.

The endothelium is a semi-permeable structure allowing the transition
of water and molecules < 6 nm in diameter into the subendothelial space
(Medina-Leyte et al., 2021; Mundi et al., 2018). Another critical function
of endothelium is the regulation of soluble substances’ exchange through
the vascular endothelial barrier (Minshall & Malik, 2006). Whereas the
substance exchange in circulation takes place mostly in capillaries and
pos-capillary venules. Lipophilic and small molecular weighted hydrophil-
ic substances can move easily between the blood and tissues, endothelium
builds a semipermeable barrier to macromolecules. This feature is of vital
importance for keeping the balance between intra- and extra-vascular flu-
id (Emre et al., 2004; Medina-Leyte et al., 2021; Ozdogu, 2007). Barri-
er function is sustained by means of glycocalyx and junction complexes
which cover the endothelium luminal surface (Medina-Leyte et al., 2021).
Glycocalyx supports the regulation of vascular permeability, provides

179
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a negative charge to ECs, and protects against pathogenic infections by
forming a barrier. The net negative charge on the surface repels blood cells
which are thrombocytes, erythrocytes, and leukocytes. On the other hand,
junction complexes (tight, adherens, and gap junctions) contribute to the
barrier function by supporting endothelial maintenance (Medina-Leyte et
al., 2021). There are 2 transfer mechanisms in the endothelium; the first is
called the transcellular way which transfers large molecules (e.g., plasma
proteins like albumin) via the vesicular system (endocytosis, exocytosis),
and the second way is the paracellular way that transports proteins through
transcytosis (between the cells). The primary objective of transcytosis is to
regulate the albumin and immunoglobin distribution, thereof to control the
oncotic pressure of tissues and host defense mechanism. The paracellular
transfer induced during inflammation takes place through the adherence
and tight junctions between ECs (Fung, Fairn, & Lee, 2018; Medina-Leyte
etal., 2021; Minshall & Malik, 2006). Albeit the term “vascular permeabil-
ity” refers to the total structural and functional alterations on the vascular
wall, in essence, atherosclerosis-causing transition of macromolecules, lig-
uids, and cells into intima arises from the alterations in endothelial func-
tion (Mundi et al., 2018). The binding of neutrophils to endothelium during
inflammation causes ED-inducing oxidant formation and permeability el-
evation. Additionally, thrombin, one of the inflammatory mediators, in-
creases endothelium permeability (Medina-Leyte et al., 2021; Mundi et
al., 2018; Ozdogu, 2007). ED initiates an irregular trans-endothelial flow
which leads to abnormal accumulation of cells and other molecules in in-
tima (Mundi et al., 2018).

e Endothelium as an Anti-coagulant Surface.

Anti-coagulation feature is of vital place in the inner homeostasis and
thrombosis mechanisms of the endothelium. Under physiological condi-
tions, ECs block thrombosis by several anticoagulant and antithrombotic
mechanisms (Medina-Leyte et al., 2021). In healthy status, ECs form an
anticoagulant surface via several mechanisms e.g., inhibition of coagulant
activation and platelet aggregation and fibrinolysis activity by secreting
various mediator substances (e.g., tissue plasminogen activator, plasmin-
ogen activator inhibitor, prostaglandin 12, prostacyclin, NO, CD39, etc.).
In the case of ED or inflammation, ECs behave like procoagulant by se-
creting thrombosis-triggering substances (e.g., thrombomodulin, von Wil-
lebrand factor, thromboxane A2, etc.) (Emre et al., 2004; Medina-Leyte et
al., 2021; Ozdogu, 2007; Zoghi & Nalbantgil, 2002). In the last decade,
signaling pathways and molecules playing a role in the inhibition of pro-
thrombic incidents have been described (Kirsch et al., 2016; Medina-Leyte
et al., 2021; Wu, Hu, Jiang, Wang, & Gong, 2019). Among these, the
mitochondrial thioredoxin system blocks the ROS production in ECs. In
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thioredoxin reductase 2 knock-out mice, the endothelium phenotype was
demonstrated to be prothrombic which was considered of systemic origin
(Kirsch et al., 2016). The inhibition of the Sirt1/FoxO1 signaling pathway
was also reported to cause an increase in prothrombic von Willebrand fac-
tor secretion (Wu et al., 2019). Discovering the novel genes and pathways
related to vascular endothelial function is of critical importance to uncover
promising pharmacological approaches that are conceived to adjust endo-
thelial activity for the treatment of thrombotic and cardiovascular disorders
(Medina-Leyte et al., 2021).

e Endothelium in Regulation of Vascular Tonus.

ECs regulate the vascular tonus by secreting endothelium-derived
factors such as vasodilators e.g., prostaglandin, NO, and prostacyclin and
vasoconstrictors e.g., endothelin 1 (ET-1) and platelet-activating factor
(Godo & Shimokawa, 2017; Medina-Leyte et al., 2021; Sagatli, 2009).
Along with these factors, ECs can also be maintained by other vasoactive
substances in circulation such as bradykinin, thrombin, ADP, and ATP.

e Endothelium Supporting Immune System.

The endothelium is involved in the secretion of interleukin-1 while
presenting antigens to immunocompetent cells (Emre et al., 2004; Godo &
Shimokawa, 2017; Zoghi & Nalbantgil, 2002). ECs mediated immune re-
sponse via activation of toll-like receptor signaling. ECs residing in organs
play a critical role in response against bacteria during sepsis (Xia, Menden,
Korthagen, Kume, & Sampath, 2018).

*  Endothelium in Assign of Lipoproteins’ Functions.

Endothelium assigns the function of lipoproteins, which transit to the
subendothelial space, by involving in the metabolism of lipoproteins in
circulation (Emre et al., 2004; Ozdogu, 2007; Zoghi & Nalbantgil, 2002).
The mediators that are associated with the specific functions of endotheli-
um are summarized in Table 1. As healthy endothelium plays vital a role
in vascular homeostasis, it has been previously reported that ED is impli-
cated in the pathogeneses of vasospasm, thrombus formation, and vascular
proliferation-associated diseases (Gavriilaki et al., 2019; O’Riordan et al.,
2005).
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Table 1. Endothelium-specific functions and endothelial mediators.

Function Specific Function Mediators
Transition though cells and
Barrier Exchange of small cytoplasm via diffusion, osmosis,
function and large molecules | vesicular transport; endocytosis,
exocytosis
Thrombocyte Von Willebrand factor, P-selectin,
adhesion and E- selectin, thrombocyte activating
Homeostasis activation factor
and oo . Plasminogen activator inhibitor-1,
) ) Fibrinolysis . . .
inflammation plasminogen activator, urokinase
. Thrombomodulin, heparan sulfate,
Coagulation . ; .
tissue-type plasminogen activator
Endothelium-derived relaxing
Smoot muscle factor, prostacyclin, bradykinin,
Regulation of | relaxation acetylcholine, nitric oxide,
vascular tonus hyperpolarizing factors
Smooth muscle Thromboxane A2, endothelin 1,
contraction angiotensin I1.
. Monocyte chemotactic protein
Chemotactic yH p ’
Interleukine-8
Heparin-binding epidermal growth
factor, M-colony stimulating factor,
Endocrine and | Growth factors vascular endothelial growth factor,
remodeling platelet derived growth factor,
transforming growth factor
E-selectin, intracellular cell adhesion
Cellular adhesion molecule, vascular cell adhesion
molecule-1

3. Endothelial Dysfunction

ED is the perturbation of the balance between vasodilation and vaso-
constriction (Park & Park, 2015). The term ED was first used to define in-
sufficient endothelium-dependent vasodilation against certain stimulators
namely acetylcholine and bradykinin (Endemann & Schiffrin, 2004).
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Fig. 4. Alterations in endothelium status in case of endothelial dysfunction.
Modified from (Park & Park, 2015).

ED is a multifactorial disorder in which ROS production is included.
Among molecular mechanisms involved in oxidative stress-induced ED,
the inhibition of eNOS by both reactive oxygen and nitrogen species, up-
regulation of ET-1 upon superoxide/hydrogen peroxide production, and
angiotensin-II-mediated activation of NADPH oxidase (Nox1 or Nox2)
are included (Medina-Leyte et al., 2021). In ED, the bioavailability of NO
reduces due to decreased synthesis and elevated oxidative stress levels
which results in an impaired arterial dilatation as a response to biologi-
cal and mechanical stimuli (Fig. 4) (Gavriilaki et al., 2019; Park & Park,
2015). Nevertheless, a broader perspective is required for the definition of
ED; insufficiency in vascular smooth muscle tonus, reduction in antithrom-
botic feature in addition to impaired barrier function, damaged synthesis
function, decreased proliferation of neutrophils and monocytes (Mason,
2018; O’Riordan et al., 2005; Park & Park, 2015). The molecules with
altered expression levels during ED are listed in Table 2.

Table 2. Altered expression of molecules during endothelial dysfunction.
Modified from (Sena, Pereira, & Seica, 2013).

Molecules Alteration
Vasodilators NO, eNOS, PGI2 l
Vasoconstrictors ET-1 1
Adhesion molecules P-selectin, VCAM-1, E-selectin, ICAM-1 1
vWF, PECAM-1, PAI-1 1
Thrombotic factors
t-PA !
Endogeneous inhibitor
of nitric oxide synthase ADMA f
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Pro-inflammatory CRP, IL6, TNF o 1
molecules
Oxidative st

xidative stress ROS i

NO: Nitric oxide, eNOS: Endothelial nitric oxide synthase, PGI2: Prostaglandin
12, ET-1: Endothelin 1, ICAM-1: Intracellular cell adhesion molecule 1, VCAM-
1: Vascular cell adhesion molecule 1, vWF: Von Willebrand factor, PECAM-1:
platelet and endothelial cell adhesion molecule 1, PAI-1: Plasminogen activa-
tor inhibitor-1, t-PA: Tissue-type plasminogen activator, ADMA: Asymmetric
dimethyl-arginine, CRP: C-reactive protein, IL-6: Interleukin-6, TNF-o: Tumor
necrosis factor a, ROS: Reactive oxygen species.

3.1. Endothelial Dysfunction-Related Diseases

As ED can be implicated in several diseases e.g., diabetes, athero-
sclerosis, hypertension, hypercholesterolemia, and cardiac insufficiency,
it can also emerge as a result of these disorders (Sena et al., 2018). The
distinctive characteristic of ED is endothelium-originated NO loss and im-
paired endothelium-dependent vasorelaxation characterized by augmented
oxidative stress. Besides, ED is closely related to cardiovascular risk fac-
tors such as dyslipidemia, arterial hypertension, and metabolic syndrome
(Lund, 2018; Sitia et al., 2010). The impaired insulin signaling in diabetes
is also associated with ED by attenuating endothelial nitric oxide synthase
activity and NO levels (Endemann & Schiffrin, 2004; Favero, Paganelli,
Buffoli, Rodella, & Rezzani, 2014; Versari, Daghini, Virdis, Ghiadoni, &
Taddei, 2009; Yang & Ming, 2006). ED plays a critical role in athero-
sclerosis onset and prognosis (Davignon & Ganz, 2004). Hence, the un-
derlying mechanisms of diabetic ED-related atherosclerosis are critically
significant (Dong et al., 2017).

3.1.1. Atherosclerosis

Atherosclerosis is an inflammatory/fibrotic disease of arterial intima
that emerges in the presence of atheroma or focal plaque formed by the
accumulation of lipid and fibrous elements in the inner layer of middle and
large arteries (Etli, Yavuz, Kayan, & Sezer, 2012; Lusis, 2000). Athero-
sclerosis is one of the major factors in the physiopathology of cardiovascu-
lar diseases as the primary cause of death in developed countries (Drouet,
2002). The deformations in the endothelium result in both structural and
functional impairments. Hence, the blood flow gets damaged, the permea-
bility to macromolecules like LDL increases, and therefore fragile regions
develop in favor of atherosclerotic lesion formation in vascular endotheli-
um (Mizuno et al., 2011).
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Fig. 5. Implication of immune system cells in different stages of
atherosclerosis progression Modified from (Jebari-Benslaiman et al., 2022).
Atherosclerotic lesion progression increases with the risk factors
namely hypertension, hypercholesterolemia, diabetes, and smoking. The
accumulation of monocyte-originated macrophages and LDL in arterial in-
tima produces a fatty streak (Etli et al., 2012).

Tunica Externa:

Endothelium

Tunica Media

Tunica Intima
- 5 —
Atherosclerosis Atherosclerosis Atherosclerosis
(cross-section, 0. normal) (cross-section, 1a. fatty streak) (cross-section, 1b. intermediate

lesion) l

© @

Atherosclerosis Atherosclerosis Atherosclerosis
(cross-section, 3. rupture and (cross-section, 2. fibrous plaque) (cross-section, 1c. fibrous plaque)
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Fig. 6. Atherosclerosis progression in vascular system Modified from (Jebari-
Benslaiman et al., 2022).

Within the first 10-year lifespan of a human being, these fatty streaks are
observed in the aorta ensuing coronary and cerebral arteries. Early atheroscle-
rotic lesions are composed of macrophages stacked with cholesterol under en-
dothelium, which are called “foam cells” (Fig. 5). Then the lesion formation in
endothelium occurs together with dynamic alterations in the blood flow. The
growth factors and cytokines secreted by inflammatory cells lead to a layer for-
mation that consists of smooth muscle cells, collagen content, and fat fibrils. This
whole process takes place by the activation of inflammation and protease secre-
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tion (Etli et al., 2012). Fatty streaks, which may not be clinically relevant, can
be a prognostic indicator for more progressive lesions. The progressing lesions
that might be as advanced as blocking blood flow can result in thrombosis and
blood coagulant-inducing myocardial infarction and brain stroke (Fig. 6) (Jeb-
ari-Benslaiman et al., 2022; Lusis, 2000; Mizuno et al., 2011). Atherosclerosis
together with hyperlipidemia lead to ED. In the case of hypercholesterolemia,
the increased transition rates of LDL into intima from vascular lumina, owing to
its high lipid content, causes lipid accumulation. Thus, the luminal lipid aggre-
gation causes inflammation that leads to the formation of enzyme and oxygen
radicals and eventually ROS which damages the endothelium integrity by bring-
ing about cytotoxicity after the lipid peroxidation of the EC plasma membrane
(Onder & Nalbantgil, 1997). EC damage can be considered as the first stage of
atherosclerosis and cardiovascular diseases’ onset (Fig. 7) (Park & Park, 2015).
The migration of vascular smooth muscle cells into intima is a prerequisite for
the progression of vascular disorders. The following stage is ED-induced ath-
erosclerosis (Milutinovic, Suput, & Zorc-Pleskovic, 2020). Last but not least,
the growth factors and endothelium-derived adhesion molecules are of critical
importance in the formation and progression of atherosclerosis. The main ones
of these molecules are fibroblastic growth factor, platelet-derived growth factor,
vascular and intercellular adhesion molecules, and endothelial leukocyte adhe-
sion molecule. These factors lead to collagen formation within the endothelial
layer by inducing the proliferation and migration of smooth muscle cells and the
chemotaxis of inflammatory cells (Etli et al., 2012).

Diabetes Leukocyte Adhesion &
Inflammation

Obesity J / Lipid Deposition

Endothelial Progression of
Smoking —» Oxidative | — DYSfunFtiO"_Req‘!ced Vascular Smooth Muscle Atheroasncc:erosw
Stress NO Bioavailability Cell Proliferation ST

Disease

Hypertension [ \‘

\ Vasoconstriction

Platelet Aggregation &

Dyslipidemia Thrombosis

Fig. 7. The role of endothelial dysfunction in atherosclerosis-induced
cardiovascular diseases. Modified from (Park & Park, 2015).

3.1.2. Hyperlipidemia

The increased levels of cholesterol and LDL cause morphological
changes in the vascular wall by altering inflammation and proliferation
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rates. These modulations increase the tendency towards atherosclerosis
and eventually contribute to ED by decreasing endothelium-depended va-
sodilatation response. In the case of hypercholesterolemia, elevated circu-
lating cholesterol levels reduce NO activity in ECs while superoxide rad-
icals increase NO levels counteractingly which causes eventual increased
LDL oxidation. Oxidized LDL exacerbates ED by augmenting the ROS
production (Giirel, 2009). Besides, oxidized LDL mediates the foam cell
formation in the atherosclerotic plaques after being taken up by macro-
phages. Macrophages phagocytose oxidized LDL and store it in the form
of cholesterol esters that accumulate in the cell as fatty droplets. This pro-
cess continues until the macrophage transforms into a lipid-loaded foam
cell (Libby, 2000; Lusis, 2000; Zengin, 2012). Hypercholesterolemia im-
pairs the NO-dependent vascular dilatation. NO is a fast-reacting local-
ly active agent that is produced after catalysis by nitric oxide synthase
(Ignarro, 1989). NO initiates vasodilation by activating guanylate cyclase
within the smooth muscle cells which results in intracellular cGMP eleva-
tion. Eventually, this dephosphorylates weak myosin chains and leads to
a reduction in intracellular Ca*" levels and vasodilatation. Hypercholes-
terolemia reduces the NO levels as well as inactivates the NO via oxygen
radicals produced due to the inflammation appearing during atherogenesis
(Giiltekin, Ersanli, & Kiiglikates, 1996).

3.1.3. Diabetes Mellitus

Diabetes is a metabolic disease characterized by high fasting and sa-
tiety plasma glucose levels (Zoghi & Nalbantgil, 2002) and it is among
the capital risk factors for cardiovascular diseases (Keskin & Balci, 2011).
Hyperglycemic conditions cause oxidative stress and increase antioxidant
enzymes in human ECs (Ceriello, dello Russo, Amstad, & Cerutti, 1996).
Previous studies reported that hyperglycemic status directly leads to ROS
formation (Giugliano, Ceriello, & Paolisso, 1996). Considering the fact
that ROS is one of the factors involved in the NO bioavailability loss and
thereof ED emergence, hyperglycemia can be accounted for as one of the
ED risk factors (Harrison, 1997). ED plays a pivotal role in the onset and
progression of atherosclerosis as the major mechanism of diabetic macro-
vascular complications (Jiang et al., 2015). The high glucose levels in dia-
betic patients often cause elevations in TNF-a, [L-6, and IL-1f and thereof
boost inflammation (Hotamisligil, Arner, Caro, Atkinson, & Spiegelman,
1995; Spranger et al., 2003). The elevating levels of TNF-a, IL-1B, and
NF-xB increase atherosclerosis together with cardiovascular complica-
tions (Ait-Oufella, Taleb, Mallat, & Tedgui, 2011; Kleemann, Zadelaar,
& Kooistra, 2008; Popa, Netea, van Riel, van der Meer, & Stalenhoef,
2007; Ramji & Davies, 2015; Shanmugam, Reddy, Guha, & Natarajan,
2003; Tedgui & Mallat, 2006). The increasing levels of growth factors in
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diabetes mellitus induce both ET-1 upregulation and smooth muscle cell
proliferation and neovascularization. Insulin paves the way for inflamma-
tion by increasing ET-1 secretion while hyperglycemia-inducing glycation
end products promote proinflammatory cytokine secretion by interacting
with ECs (Coco et al., 2019; Giirel, 2009).

3.1.4. Hypertension

Endothelium under normal conditions keeps vascular homeostasis
against mechanical and biochemical stimuli. The disturbance in endothe-
lial vasodilatation-vasoconstriction balance lays the ground for hyperten-
sion (Gtirel, 2009). The altered expression of endothelial mediators during
ED increases peripheral vascular tonus. NO, secreted from the endothe-
lium, supports the regulation of arterial blood pressure via relaxing the
smooth muscle cells beneath the endothelial layer (Park & Park, 2015;
Zoghi & Nalbantgil, 2002). The attenuated NO secretion and the weakened
response of vascular smooth muscle cells to NO cause the dysregulation
of endothelium-dependent vasodilation which is attributed to the essential
hypertension. During hypertension, despite the normal levels of ET-1, as
a strong vasoconstrictor, it has been asserted that ET-1-mediated vasocon-
strictive activity can remain high (Gtirel, 2009; Zoghi & Nalbantgil, 2002).
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