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Therapeutic Effect of Sinapic Acid against 5-Fluorouracil-Induced Oxidative Stress and Inflammation in Rat
Ovarium: An Experimental Approach
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ABSTRACT

Tissue toxicity caused by 5-fluorouracil (5-FU) is associated with
increased reactive oxygen species and inflammatory cytokines.
Sinapic acid (SA) has both antioxidant and anti-inflammatory
activities. Although SA has been shown to ameliorate chemical-
induced tissue damage in various experimental models, its effects
against 5-FU-induced ovarian damage have not yet been
investigated. It was therefore aimed to evaluate the therapeutic
potential of SA against 5-FU-induced ovarian damage in rats,
together with the mechanisms of oxidative stress and inflammation
in this study for the first time. Thirty rats were distributed into five
groups: control, 5-FU (100 mg/kg) 5-FU+SA (2.5 and 5 mg/kg) and
SA (5 mg/kg). 5-FU was applied to rats intraperitoneally on the 1%
day of experiments and then SA was administrated for 3 consecutive
days. The levels of lipid peroxidation [malondialdehyde (MDA)],
oxidative stress (total oxidant status (TOS) and oxidative stress
index (OSI)], antioxidant system [total antioxidant status (TAS), and
catalase (CAT)], DNA damage [8-hydroxy-2'-deoxyguanosine (8-
OHdG)] and inflammatory [interleukin-6 (IL-6)] markers in ovarian
tissues were determined using spectrophotometric methods. It was
determined that a single dose of 5-FU administration in rats
significantly increased oxidative stress and inflammation in the
ovarian tissue and suppressed the antioxidant system compared to
the control group (p<0.05). It was revealed that SA significantly
suppressed ovarian inflammation by decreasing IL-6 levels,
attenuates DNA damage by decreasing 8-OHdG levels, and also
provides restoration of oxidative stress by decreasing MDA, TOS
and OSI levels and increasing TAS and CAT levels in a dose-
dependent manner. In conclusion, we found that SA exhibits
therapeutic effects against 5-FU-induced ovarian damage. These
findings suggest that SA may be a potentially useful agent for
protection against chemotherapeutic-induced ovarian injury.

Keywords: 5-fluorouracil, Inflammation, Ovarian damage,
Oxidative stress, Rat, Sinapic acid

OZET

5-florourasil (5-FU)'nun neden oldugu doku toksisitesi, artan reaktif
oksijen tiirleri ve inflamatuar sitokinler ile iligkilidir. Sinapik asit
(SA) bir fenolik asittir ve hem antioksidan hem de anti-inflamatuar
aktivitelere sahiptir. Cesitli deneysel modellerde SA'nin kimyasal
kaynakli doku hasarini iyilestirdigi gdsterilmis olmasina ragmen, 5-
FU kaynakli yumurtalik hasarina karsi etkileri heniiz
arastirilmamustir. Bu nedenle bu ¢alismada SA'nin siganlarda 5-FU
ile indiiklenen yumurtalik hasarina karsi terapotik potansiyelinin
oksidatif stres ve inflamasyon mekanizmalar ile birlikte ilk kez
degerlendirilmesi amaglandi. Otuz sigan bes gruba ayrildi: kontrol,
5-FU (100 mg/kg), 5-FU+SA (2,5 ve 5 mg/kg) ve SA (5 mg/kg).
Sicanlara deneylerin 1. giinii intraperitoneal yoldan 5-FU, ardindan
3 giin boyunca SA uygulandi. Yumurtalik lipid peroksidasyon
seviyeleri [malondialdehit (MDA)], oksidatif stres (toplam oksidan
durum (TOS) ve oksidatif stres indeksi (OSI)], antioksidan sistem
[toplam antioksidan durum (TAS) ve katalaz (CAT)], DNA hasari
[8-hidroksi-2'-deoksiguanozin ~ (8-OHdG)] ve inflamatuvar
[interlokin-6 (IL-6)] belirteclerinin diizeyleri spektrofotometrik
yontemlerle belirlendi. Siganlarda tek doz 5-FU uygulamasinin
kontrol grubuna goére yumurtalik dokusunda oksidatif stresi ve
inflamasyonu anlamli olarak arttirdigt ve antioksidan sistemi
baskiladig1 belirlendi (p<0.05). SA'nin IL-6 diizeylerini diisiirerek
over inflamasyonunu Onemli olgiide baskiladigi, 8-OHAG
diizeylerini diisiirerek DNA hasarini azalttig1 ve ayrica MDA, TOS
ile OSI diizeylerini diisiirerek ve TAS ile CAT diizeylerini artirarak
oksidatif stresin restorasyonunu doza bagimli bir sekilde sagladigi
ortaya konuldu (p<0.05). Sonug olarak, SA'nin 5-FU ile indiiklenen
yumurtalik hasarina karsi terapotik etkiler gosterdigini bulduk. Bu
bulgular SA'nin kemoterapétik kaynakli yumurtalik hasarina karsi
koruma igin potansiyel olarak yararli bir ajan olabilecegini
distindiirmektedir.

Anahtar Kelimeler: 5-florourasil, inflamasyon, Oksidatif stress,
Rat, Sinapik asit, Yumurtalik hasari
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INTRODUCTION

Cancer is the leading cause of death worldwide.t

Although chemotherapy is one of the most widely used
treatments to treat various types of cancer, the cytotoxic
effect of chemotherapeutic drugs on rapidly
proliferating normal cells remains an unsolved
problem.? With the increasing improvements in cancer
survival rates with chemotherapy, reducing the
significant long-term side effects that affect patients
following treatment is critical. For women, damage
from chemotherapy to the reproductive system results in
premature menopause and/or infertility.® 5-fluorouracil
(5-FU) is a widely used anti-neoplastic agent against a
variety of tumors, including carcinomas of the
gastrointestinal tract, breast, head and neck.* 5-FU
exhibits its effect by inhibiting RNA and DNA synthesis
in rapidly dividing cells, including cancer cells.® The
anticancer effect of 5-FU is due to its ability to inhibit
the enzyme thymidylate synthase and to form
intermediates, such as fluorouridine triphosphate and
fluorodeoxyuridine triphosphate, that are incorporated
into RNA and DNA. All these mechanisms suppress
DNA repair mechanisms that lead to cell death.*
However, 5-FU treatment can lead to significant toxic
conditions resulting in myelotoxicity, neurotoxicity,
cardiotoxicity and mucositis.® Although information on
reproductive toxicity is limited since 5-FU is usually
administered with other chemotherapeutic drugs, it has
been shown that 5-FU administration causes ovarian
damage in experimental animals in recent years.>” It is
well documented that overproduction of reactive
oxygen species (ROS) and inflammatory mediators play
a vital role in the toxic manifestations induced by 5-FU.
Therefore, it is suggested that the use of agents with
antioxidant and anti-inflammatory potential may be
beneficial in eliminating 5-FU-related tissue toxicity.?
The phytochemicals, found in plants, are
reported to have numerous benefits in the treatment of
cancer, liver ailments, diabetes, heart diseases, kidney
ailments, and many more. The use of plant-based
products has therefore increased significantly all over
the world.2 Phenolic compounds have attracted the
attention of researchers as their powerful antioxidant
properties can protect the body against free radicals and
oxidative stress in recent years.® Sinapic acid (3,5-
dimethoxy-4-hydroxycinnamic acid, SA) is a natural
herbal compound included in the phenolic acid group. It
is found in various natural products, such as wheat, rice,

spices, oil seeds, vegetables, citrus fruits, cereals and
vinegar.1®! Antioxidant, anti-inflammatory, anticancer,
antihyperglycemic, antidiabetic, hepatoprotective,
cardioprotective,  renoprotective,  neuroprotective,
anxiolytic and antibacterial activities of SA have been
demonstrated in previous studies.® The tissue
protective role of SA against dimethylnitrosamine,
cisplatin, bleomycin and cyclophosphamide induced
injury have also been previously reported.®t13
Therefore, we hypothesized that SA could effectively
suppress 5-FU-induced ovotoxicity and sought to
explore the therapeutic efficacy of SA against 5-FU-
induced ovarian damage and to uncover the mechanisms
underlying this in the current research for the first time.

METHODS

Chemicals and Kits

Phosphate buffered saline (PBS) tablet, phosphoric
acid, thiobarbituric acid, 1,1,3,3-tetramethoxypropane,
dimethyl sulfoxide (DMSO), SA and 5-FU were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
All chemicals used were of analytical grade. The
bicinchoninic acid (BCA) assay kit used for the protein
levels of tissue samples determination was purchased
from Thermo Scientific (Rockford, IL). Total oxidant
status (TOS) and total antioxidant status (TAS) kits
were purchased from Rel Assay Diagnostics
(Gaziantep, Turkey). Rat catalase (CAT), 8-hydroxy-2'-
deoxyguanosine (8-OHdG) and interleukin-6 (IL-6)
enzyme-linked immunosorbent assay (ELISA) kits were
purchased from Fine Biotech Co. Ltd (Wuhan, China).
Animals

Thirty adult female Sprague-Dawley rats with
weighting 150-170 g and aged 7-8 weeks were obtained
from the Surgical Practice Research Centre of
Karadeniz Technical University. Animals were fed
standard rat chow with free access to tap water and
maintained under light-darkness for 12 h in a room
temperature  (22+3°C) and humidity (50+£20%)
controlled facility. Animals received humane care in
accordance with the guidelines of the US National
Institutes of Health, and the all stages of experiments
were approved by the Local Animal Research Ethics
Committee of Karadeniz Technical University (Protocol
no: 2022/14).

Experimental design

Thirty rats were assigned to 5 groups (n=6/group)
designated as: control, 5-FU (100 mg/kg), 5-FU+SA
(2.5 mg/kg), 5-FU+SA (5 mg/kg) and SA (5 mg/kg)



groups. 5-FU and SA were administered
intraperitoneally (i.p.) to rats. Group 1: Animals in the
control group were treated with saline on the first day
and DMSO for the following three days. Group 2:
Animals in the 5-FU group were administered 5-FU
(100 mg/kg) on the first day and DMSO for the
following three days. Group 3 and 4: The rats were
administered 5-FU (100 mg/kg) on the first day and 2.5
mg/kg and 5 mg/kg of SA for the following three days,
respectively. Group 5: Animals in the SA per se group
were administered saline on the first day and SA (5
mg/kg) for the following three days. 5-FU and SA were
prepared by dissolving with saline and DMSO,
respectively. The doses of 5-FU%4 and SAN16
administered to the rats were determined by considering
the previous literature. At the end of the fifth days, all
rats were sacrificed with cervical dislocation and their
ovaries were excised and stored at -80°C for
biochemical analysis.’

Biochemical analysis

Ovarian tissue was cut into small pieces and
homogenized with 2 mL of ice-cold PBS (pH: 7.4) using
a homogenizer (IKA, T25 Ultra-Turrax, Staufen,
Germany). Residues were removed from the
homogenate by centrifugation at 1800xg for 10 min at
4°C. The protein concentrations of the supernatants
were determined using a commercial BCA assay kit
using bovine serum albumin as the reference standard.

Malondialdehyde (MDA) levels of ovarian
tissues were determined by a previously published
method.*® 1,1,3,3-tetramethoxypropane was used as a
standard and tissue MDA levels were expressed as
nmol/mg protein.

Tissue TOS and TAS levels were determined
using commercial colorimetric kits according to the
manufacturer's recommendations. The TOS/TAS ratio
was used as the oxidative stress index (OSI) and was
calculated using the formula®®:

TOS (umoL hydrogen peroxide equivalent/L)

- x 100
TAS (umolL trolox equivalent/L)

OSI (arbitrary unit) =

Tissue CAT, 8-OHdG and IL-6 levels were
determined using commercial ELISA kits according to

the manufacturer's recommendations. The absorbance
measurement of biochemical markers measured by
ELISA method was performed using a microplate
reader (Molecular Devices Versamax, Sunnyvale, CA,
USA) at 450 nm wavelength. CAT, 8-OHdG and IL-6
levels were expressed mlU/mg protein, ng/mg protein
and pg/mg protein, respectively.

Statistical analysis

Data were analyzed with Statistical Package for the
Social Sciences (Version 23.0, NY, USA). The
compliance of the data to normal distribution was
evaluated with the Kolmogorov-Smirnov test.
Comparisons of the groups were carried out using one-
way analysis of variance (ANOVA) followed by
Tukey’s multiple comparisons test. Statistical
significance was set at p<0.05.

RESULTS

The levels of MDA, TOS, OSI, 8-OHdG and IL-6 in the
ovarian tissue were significantly enhanced in 5-FU-
induced rats compared with normal control rats (112%,
p=0.02; 545%, p=0.0001; 1550%, p=0.003; 591%,
p=0.0001 and 352%, p=0.001, respectively). SA (2.5
mg/kg) treatment significantly reduced only the levels
of 8-OHdG compared with 5-FU-induced rats without
treatment (39%, p=0.008). However, SA (5 mg/kg)
treatment significantly reduced the levels of MDA,
TOS, OSI, 8-OHdG and IL-6 compared with 5-FU-
induced rats without treatment (48%, p=0.038; 78%,
p=0.002; 92%, p=0.003; 81%, p=0.0001 and 78%,
p=0.001, respectively).

The TAS and CAT levels were significantly
decreased by 55% (p=0.02) and 49% (p=0.019),
respectively in the ovarian tissue of 5-FU-induced rats
compared with normal control rats. Treatment with SA
(5 mg/kg) significantly increased the reduced levels of
TAS and CAT by 55% (p=0.02) and 46% (p=0.038),
respectively compared with only 5-FU-treated rats.

In addition, treatment with SA (5 mg/kg) alone
did not show any significant change in the any
biochemical parameter levels compared with the control
group (p>0.05) (Table 1).



Table 1. Effect of SA treatments on ovarian oxidative stress, DNA damage and inflammatory parameters

Control 5-FU 5-FU+SA 5-FU+SA SA

(2.5 mg/kQ) (5 mg/kg) (5 mg/kg)
MDA (nmol/mg protein) 32.7£14.9 69.3+£23.8° 41.7£25.8 35.9+16.7° 29.247.6
TOS (uM H:0; equivalent/L) 9.80+0.68 63.2+£35.32 36.8+£25.0 13.846.26" 11.1+£4.00
TAS (mM trolox equivalent/L) 0.88+0.21 0.40+0.18? 0.60+0.33 0.88+0.32° 0.82+0.15
OSI (arbitrary unit) 1.17+0.28 19.3+13.72 9.724£9.63 1.62+0.54° 1.35+0.55
8-OHdG (ng/mg protein) 172480  118.9+22.4*  73.0£35.0*°  22.6+12.7°°  20.9+17.1
CAT (mlIU/mg protein) 148.8+46.9  76.3+13.0° 103.4+18.3 142.3+£38.1°  158.5+52.9
IL-6 (pg/mg protein) 132.4+46.2 598.9+213.28 347.54332.7 134.3+32.3° 129.4+41.7

5-FU: 5-fluorouracil, SA: sinapic acid, MDA: malondialdehyde, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index,

8-OHdG: 8-hydroxy-2'-deoxyguanosine, CAT: catalase, IL-6: interleukin-6.

P-values according to one-way ANOVA test, post-hoc Tukey test. Data were expressed as mean+SD.

a p<0.05 compared with control group,
b p<0.05 compared with 5-FU group,
¢ p<0.05 compared with 5-FU+SA (2.5 mg/kg) group.

DISCUSSION
5-FU is one of the most widely used chemotherapeutic
drugs in the treatment of various types of cancer.
However, tissue toxicity is one of the most important
side effects of 5-FU. Because 5-FU acts specifically on
tumor cells, but also on normally proliferating cells,
which ultimately results in severe toxicity.?’ Tissue
toxicity due to 5-FU is thought to be initially caused by
increased oxidative stress and associated inflammatory
and apoptotic processes.? Based on the fact that 5-FU
administration causes acute ovarian damage in
experimental models in recent years, it was aimed for
the first time to evaluate the effects of SA on the ovarian
tissue of rats administered 5-FU through oxidative stress
and inflammation parameters in the current study.
There is a constant production of ROS in the
human body as a result of metabolic processes.? In the
normal physiological state, ROS production in the body
is balanced by the cleansing antioxidant system. This
balance is disturbed due to overproduction of ROS
and/or insufficiency of the antioxidant system, and this
is called oxidative stress.? It has been revealed that
oxidative stress plays a role in the etiopathogenesis of
many pathological conditions, such as aging, cancer,
cardiovascular  diseases and  chemical-induced
damage.’®% Scientific evidences have shown that
oxidative stress plays a central role in mediating 5-FU-
induced tissue toxicity. Excessive production of ROS
causes membrane lipid peroxidation, carbohydrate,
protein and DNA damage and ultimately oxidative
cellular destruction.?® MDA is one of the end products
of lipid peroxidation, and an increase in MDA indicates
an increase in oxidative stress and a decrease in

antioxidant enzymes.?’ It is well known that two of the
crucial parameters for evaluating redox balance in
biological systems are TAS and TOS. While TAS
determines the overall ROS scavenging ability in a
biological sample, TOS can be defined as the
cumulative amount of total oxidants in the sample. For
the quantitative assessment of redox homeostasis
disorders, the OSI, which is called the "gold indicator of
oxidative stress", is used.® Oxidative stress also
increases DNA damage, and 8-OHdG is one of the main
products of DNA oxidation.?® Removal of free radicals
in biological systems is achieved through enzymatic and
non-enzymatic antioxidants, which act as the main
defense systems against free radicals.?® CAT, an
antioxidant enzyme, prevents oxidative stress-induced
cell damage by catalyzing the breakdown reaction of
H.O; to water and oxygen.?® The role of oxidative stress
and oxidative stress-induced DNA damage in 5-FU-
induced ovarian toxicity was evaluated by analyzing
markers of MDA, TOS, TAS, OSI and 8-OHdG in this
study. In the current study, ovarian tissue of rats treated
with 5-FU exhibited higher levels of MDA, TOS, OSI
and 8-OHdG, but lower levels of TAS and CAT,
compared to normal rats. These findings are consistent
with data from previous studies showing that 5-FU
increases oxidative stress and DNA damage and
suppresses the antioxidant system.26202631 A
treatments (2.5 and 5 mg/kg) significantly and dose-
dependently  attenuated  oxidative  stress, as
demonstrated by decreased lipid peroxidation, DNA
damage and renewed antioxidant levels compared to 5-
FU-treated rats alone. SA is considered an important
chain-breaking antioxidant that functions efficiently as



a radical scavenger. The role of SA as an antioxidant is
related to its hydrogen atom donating ability and its
ability to stabilize phenoxyl radicals generated through
the conjugate system. It is also reported that the
antioxidant function of SA is much more important than
ferulic acid and caffeic acid.® Alleviation of oxidative
stress and DNA damage parameters by SA treatments
suggested that SA is due to its free radical scavenging
potential and hydrogen atom donating ability. These
results confirmed the results of previous reports.1127:3233

Oxidative stress and inflammatory processes
are closely related, and inflammatory cytokines play an
important role in 5-FU-induced acute tissue injury.?* IL-
6 is a very important cytokine involved in the pro-
inflammatory process and there is a positive correlation
between increased IL-6 levels and the degree of
inflammation.® The role of inflammation in 5-FU-
induced ovarian toxicity was therefore evaluated by
analyzing marker of IL-6 in this study. Ovarian tissue of
rats treated with 5-FU exhibited higher levels of IL-6
compared to normal rats. These findings were consistent
with data from previous studies showing that 5-FU
increases tissue inflammation levels.2%21.26:% However,
IL-6 levels were found to be significantly reduced in the
ovarian tissue of rats which received SA treatment for 3
days after 5-FU injection. This alleviation may be due
to the effective anti-inflammatory activity of SA
resulting from its ability to regenerate the antioxidant
system.®® Consistent with our results, previous studies
have reported that SA can exert beneficial effects in
various models of chemical-induced organ damage,
through its ability to modulate pro-inflammatory
cytokines, including IL-6, tumor necrosis factor-alpha,
interleukin-1 beta, myeloperoxidase and nuclear factor-
kappa B.12.13.27.35.36

CONCLUSION

We demonstrated using an in vivo model that SA can
exert an ovoprotective effect against 5-FU-induced
ovarian injury for the first time. This is most likely due
to the antioxidant and anti-inflammatory activity of SA.
The use of natural antioxidants as potential therapeutic
agents in the abolition of chemotherapeutic-induced
tissue damage is of increasing interest. Our data suggest
that SA may also be useful in ameliorating 5-FU-
induced ovarian injury. However, more extensive
preclinical studies are required to prove its clinical
efficacy.
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OZET

Son zamanlarda yapilan ¢alismalar yag dokusunun yalnizca enerji
deposu olmadigini, bunun yaninda endokrin bir organ oldugunu da
gosterdi. Viicutta artan yag Kkitlesi sonucu olusan obezite artmis
oksidatif stres ve diigiikk dereceli kronik inflamasyonla birlikte
gozlenmektedir. Yag dokusunda gozlenen inflamasyona bagli olarak
dokuda oksidatif stres de artmaktadir. Antioksidan enzimler, daha az
aktif radikal olugsmasia yol agarak veya serbest radikal zincir
reaksiyonunun proteinler, lipidler, karbohidratlar ve DNA {izerine
hasarin1 azaltarak oksidatif stresin siddetini bastirmaya yardimet
olan proteinlerdir. Onemli bir antioksidan enzim olan katalaz (CAT),
H202’yi su ve oksijene pargalayarak oksidatif stresin olusumunu
engeller. Yag dokusunun yiiksek lipit ve diisiik protein igerigine
sahip olmast, lipit interferansinin yiiksek olmasi bu dokuda protein
izolasyonunu  ve  aktivite  Olgiimlerini  zorlagtirmaktadir.
Caligmamizda, yag dokusunda farkli protein izolasyon
yontemlerinin kullanilmasinin CAT aktivitesi iizerine etkisinin
incelenmesi ve Ol¢lim ig¢in gerekli sartlarin ortaya konulmasi
amaglandi. CAT aktivitesi Olglimleri Aebi yontemi kullanilarak
yapildi. Sicanlardan retroperitoneal yag dokusu ¢ikarilip ti¢ farkli
homojenizasyon  yontemi  kullanilarak  aktivite  Glgiimleri
gerceklestirildi. Homojenizasyon 1 (H1)’de organik ¢oziicii olarak
kloroform/metanol, homojenizasyon 2 (H2)’de ve homojenizasyon
3 (H3)’te sadece kloroform kullanildi. Yapilan degerlendirmeler
sonucunda H1 yonteminin ortalama spesifik aktivite degerleri diger
iki yonteme gore daha yiiksek bulundu. Sonug olarak, retroperitoneal
yag dokusunda H1 yonteminin CAT enzim aktivitesi ol¢limiinde
daha uygun olabilecegi kanaatine varildi.

Anahtar Kelimeler: Adipoz Doku, Enzim Aktivitesi, Katalaz

ABSTRACT

Recent studies have shown that adipose tissue is not only an energy
store, but also an endocrine organ. Obesity, which occurs as a result
of increased fat mass in the body, is observed together with increased
oxidative stress and low-grade chronic inflammation. It is an
increase in tissue oxidative stress due to the inflammation observed
in adipose tissue. Antioxidant enzymes are proteins that help
suppress the severity of oxidative stress by leading to the formation
of fewer active radicals or reducing the damage of a free radical
chain reaction on proteins, lipids, carbohydrates, and DNA. Catalase
(CAT), an important antioxidant enzyme, prevents the formation of
oxidative stress by breaking down H202 into water and oxygen. The
fact that adipose tissue has a high lipid and low protein content, high
lipid interference, makes protein isolation and activity
measurements in this tissue difficult. In our study, it was aimed to
investigate the effect of using different protein isolation methods on
CAT activity in adipose tissue and to identify the necessary
conditions for measurement. CAT activity measurements were
performed using the Aebi method. Retroperitoneal adipose tissue
was removed from the rats and activity measurements were
performed using three different homogenization methods.
Chloroform/methanol was used as the organic solvent in
homogenization 1 (H1), only chloroform was used in
homogenization 2 (H2) and homogenization 3 (H3). As a result of
the evaluations, the average specific activity values of the H1
method were found to be higher than those of the other two methods.
As a result, it was concluded that the H1 method may be more
suitable for measuring CAT enzyme activity in retroperitoneal
adipose tissue.

Keywords: Adipose Tissue, Catalase, Enzyme Activity
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GIRIS
Obezite, diinyada ve tlkemizde giin gectik¢e artan

onemli bir toplum sagligi sorunudur ve kisaca fazla
enerji almimima bagli yag dokusu artigi olarak
tanmimlanir. Yag dokusu viicutta enerjinin depolandigi
ana doku olmasinin yani sira, endokrin bir organ olarak
birgok fizyolojik ve patolojik olayda rol alan
adipokinleri ~ de  salgilamaktadir.?  Salgilanan
adipokinler obezite, metabolik sendrom, tip 2 diyabet,
hipertansiyon ve kanser gibi bircok hastaligin
patolojisinde 6nemli rol oynamaktadir.®> Bahsedilen
hastaliklarin molekiiler ve biyokimyasal
mekanizmalarinin ortaya ¢ikarilmasinda yag dokusunda
bulunan protein karakterli molekiillerin izolasyonu ve
Olclimleri oldukg¢a 6nemli ve bilgi vericidir.

Viicutta veya bir dokuda oksidan-antioksidan
dengesinin oksidanlar lehine kaymasi ile oksidatif stres
olusur. Oldukca farkli karakterde oksidan bilesik
bulunmasina ragmen, organizmada oksidatif stresten
genellikle reaktif oksijen tiirler sorumludur. Reaktif
oksijen tiirleri aerobik hiicresel metabolik siireglerde
stirekli olarak tretilir. Siiperoksit ve hidrojen peroksit
gibi serbest radikaller lipitler, proteinler ve DNA gibi
cesitli hiicre i¢ci molekiillerle reaksiyona girerek
hiicrenin yap1 ve fonksiyonlarina zarar verir. Obezite,
tip 2 diyabet, kalp-damar hastaliklar1 ve kanser gibi
hastaliklarda artmig oksidatif stres patolojide 6nemli rol
oynar. Obezitede hipertrofi ve hiperplazi nedeniyle
biiyliyen yag dokusu, adiposit disfonksiyonuna baglh
olarak, normal adipokin profilinin digina ¢ikarak
inflamatuar siireci tetikleyen bir adipokin salgi profili
kazanir (yliksek leptin, TNF-a, IL-6 ve diisiik
adiponektin salgis1 gibi). Ozellikle bu dokudan
salgilanan inflamatuar sitokinlerin artis1 bolgede
bulunan makrofaj ve monositlerden reaktif oksijen ve
azot tiirlerinin sentezinin artmasina yol acar. Ayrica,
artan mitokondriyal oksidasyon ve mekanik yiikte yag
dokusunda oksidatif stresi daha da derinlestirir.
Yukarida bahsedilen etkiler sonucu obezite diisiik
seviyeli kronik inflamatuar bir siire¢ olarak
tanimlanir.®4

Oksidatif stres ayni zamanda yetersiz
antioksidan savunma mekanizmalari ile de ilgilidir.
ROT hiicre i¢i konsantrasyonu, bu bilesiklerin tiretimi
ve bunlarin antioksidanlarca ortamdan uzaklastirilma
hizlarina baglidir. Hiicreler oksidanlarin neden olacagi
hasar1 engellemek ya da tamir etmek icin birgok

antioksidan ~ mekanizmaya  sahiptir.  Ozellikle

antioksidan enzimlerden, Siiperoksit dismutaz (SOD),
katalaz (CAT) ve glutatyon peroksidaz (GPX) oksijen
kullanan tiim hiicrelerin canlilig1 i¢in gereklidir. Bu
enzimlerin sirali reaksiyonlari sonucu siiperoksit
radikali suya indirgenmektedir.®

Katalaz (E.C. 1.11.1.6 ) (CAT) dort alt birimden
meydana gelen antioksidan enzimdir. Her bir alt birim,
NADPH molekiilii ve hem grubu ihtiva eder. CAT
enzimi hidrojen peroksitin, O, ve H,O’ya doniisiimiini
katalizler. Hidrojen peroksit bir radikal kaynagi oldugu
halde, biyolojik Onemi olan molekiillerin ¢ogu ile
reaksiyona girmez. Cu®* ve Fe* iyonlarinm
katalizorliiglinde Fenton reaksiyonu ile en reaktif
oksijen tiirli olan hidroksil radikali olusumunda bir 6n
madde olarak rol oynamaktadir.®

Obeziteye baglh
degerlendirilmesinde de yag dokusunda bu enzimlerin

oksidatif stresin

olgtimii yapilmaktadir.” Ayrica obezite fizyopatolojisi
ile ilgili molekiiler ¢aligmalarda ve tedaviye yonelik
uygulamalarin degerlendirilmesi kullanilan, proteomik,
ELISA, western blot ve enzim dlglimleri gibi yontemler
icin yag dokusundan protein izolasyonu gerekmektedir.
Beyaz yag dokusu, yiiksek yag icerigine sahip olmasi ve
protein miktarmin toplam doku kiitlesinin %2'sinden
daha az olmasi sebebiyle proteinlerinin izolasyonu ve
analizi yoniinden olduk¢a problemli bir dokudur. Ayrica
lipit interferansinin yiiksek olmasi analitik yontemlerin
uygulanmasini  gili¢lestirmektedir. Bu  ¢aligmada,
retroperitoneal yag dokusunda CAT aktivite tayininde
kullanilabilecek literatiirlerde  gecen iic  farkh
homojenizasyon yontemi karsilagtirilip, CAT aktivitesi
i¢in en iyi spesifik aktiviteyi gosteren homojenizasyon
yonteminin belirlenmesi ve 6lgiim igin gerekli sartlarin
ortaya konulmasi amaglandi.

METOD

Beyaz yag dokusu oOrnekleri Recep Tayyip Erdogan
Universitesi Deney Hayvanlar1 Arastirma ve Uygulama
Merkezi’'nde farkli ¢aligmalar icin sakrifiye edilmis
erkek Sprague Dawley irki ratlarin retroperitoneal yag
dokular1 alinarak temin edildi. Alinan yag dokusu
orneklerine tli¢ farkli lipit homojenizasyon yontemi
uygulandi.

Homojenizasyon Yontemi 1
Izolasyon Tamponu Hazirlanmast (pH 7.4)
0.606 g Tris, 0.87 g NaCl ve 0.08 g EDTA tartildi. pH

7.4’e ayarlandi ve son hacim 100 mL’ye tamamlandi.
Yaklagik 100 mg yag dokusu cam tiiplere alindi. 200 pL
izolasyon tamponu ve 750 pL kloroform/metanol
karigimi  (2:1) ilave edilerek homojenize edildi.



Homojenatlar ependorflara aktarilarak 20 dk buzda
bekletildikten sonra 250 uL kloroform ve 250 uL saf su
eklendi ve ependorflar vortekslendi. +4°C 15000
rpm’de 10 dk santrifiij edildi. Santrifiij sonrasinda iki
faz gozlendi. Ustteki siipernatan temiz ependorfa
aktarilarak CAT olgiimii i¢in hazir hale getirildi.’

Homojenizasyon Yontemi 2
HEPES Tamponunun Hazirlanmast (25 mM, pH

8.80)

1.63 g HEPES tartild1. pH 8.80’¢ ayarland1 ve son hacmi
250 mL’ye tamamlandi. Bir 6nceki homojenizasyon
yontemi modifiye edilerek islem gerceklestirildi.
Yaklasik 100 mg yag dokusu cam tiiplere alindi. 200 pL
25 mM HEPES tamponu ¢ozeltisi icinde homojenize
edildi. Homojenatlar ependorflara aktarildi ve 200 pL
kloroform ilave edilerek +4°C°de 15000 rpm’ de 10 dk
santrifiij edildi. Santrifiij ardindan iki faz gozlendi.
Ustteki siipernatan fazi temiz ependorfa aktarilarak
CAT 6lgiimii i¢in hazir hale getirildi.?
Homojenizasyon Yontemi 3

Homojenizasyon Tamponu (pH 7.4)

Bir balon jojenin igine sivi triton X-100 50 pL ilave
edildi ve iizerine 100 mL saf su ilave edilerek ¢ozelti
hazirlandi. 0.05 M 100 mL Tris-HCI hazirlamak i¢in bu
maddeden 0.788 gr tartildi ve bir miktar saf suda
cozlinmesi saglandiktan sonra 100 mL’ ye tamamlandi.
Hazirlanan iki ¢6zelti birbirine karistirildiktan sonra pH
7.4’ e ayarlanarak homojenizasyon tamponu hazirlandi.
150 mg yag dokusu tartilarak buz igine alindi. Buz
iizerinde bekleyen dokunun f{istine 2 mL soguk
homojenizasyon tamponu ilave edildi. Dokular soguk
ortamda 10 saniye boyunca homojenizatorle
homojenize edildi. Homojenize doku +4 °C’de, 3000
rpm’ de, 10 dakika santrifiij edildi. En isteki yag
tabakasi bir pastor pipet yardimiyla uzaklastirilarak
siipernatan alindi. 1 mL siipernatan iizerine 300 pL
kloroform konuldu. Karisim vortekslenerek +4°C” de,
10.000xg’de 15 dk santrifiij yapildi. Elde edilen
siipernatan CAT ol¢iimii igin hazir hale getirildi.®

CAT aktivitesi Aebi yontemi ile 6lgiildii.’ Tablo 1°de
sunulan sekilde pipetlemeler yapilarak 240 nm’de
H>02’nin bozulmasi sonucu absorbanstaki diisiis takip
edildi. Katalaz aktivitesinde birim olarak birinci derece
reaksiyon hiz sabiti (k) kullanildi.® Dort fakli diliisyon
seviyesinde ikili tekrarlar halinde olgiimler yapildi.
Retroperitoneal yag dokularindan elde edilen
homojenatlar da protein tayini i¢in bisinkoninik asit
(BCA) protein 6l¢iim kiti (Thermo Scientific, Pierce™
BCA Protein Assay Kit) kullanildi.

Tablo 1. Katalaz aktivitesi 6l¢limii igin reaksiyon karigimi

Reaktifler Kor (mL) Numune (mL)
Fosfat tamponu 0.25 -

(50 mM, pH 7.0)

Numune 0.50 0.50

H20; (% 30) - 0.25

Istatiksel Analiz

Elde edilen sonuglar ortalama olarak ifade edildi.
Karsilagtirmalar Kruskal Wallis testi ile yapildi ve post
hoc olarak ta Mann Whitney U testi kullanildi. p< 0.05

istatiksel olarak anlamli kabul edildi.

SONUCLAR
Homojenizasyon  yontemlerinde  olgiilen
aktivitelerini  spesifik  aktiviteye ¢evirmek

kullanilan protein miktarlar1 farkli diliisyonlar igin
istatiksel
degerlendirmeler sonucunda H1 ile H2 yonteminden
elde edilen ortalama total protein miktarlar1 arasinda
fark gozlenmemistir (p=0.059). H3 ydnteminde diger
iki yonteme gore anlamli seviyede daha fazla protein

Tablo  2’de  verilmistir. ~ Yapilan

miktari elde edilmistir (p<0.05).
Her {i¢ homojenizasyon yoOnteminin de
diliisyonlardaki spesifik aktiviteleri ~ Sekil
gosterilmistir.  Yapilan istatiksel

bir fark gozlenmemistir (p=0.886).

Tablo 2. Kullanilan 3 yontemde elde edilen protein
miktar1 sonuglar1 (mg/mL)

CAT

farkli

1°de
degerlendirmeler
sonucunda {i¢ yontem arasinda istatiksel olarak anlamli

Seyreltme oram H1 H2 H3

Diliisyonsuz 0.274 0.646 0.994"
1/2 0.176 0.242 0.522"
1/4 0.122 0.117 0.354"
1/10 0.083 0.044 0.177"

*H1 ve H2’ye gore istatistiksel olarak anlaml1 farkli (p<0.05).

25.00

Spesifik Aktivite (kkmg protein)

860
928
83
7M. 751 122
643
379, 543
5.00
R
= .l
000 |
H1 H2 H3

= Dilisyonsuz = 12 = 1/4 110

Sekil 1. Ug homojenizasyon ydnteminin spesifik
aktiviteleri
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TARTISMA
Bu ¢alismasinda, yag dokusu orneklerinde CAT enzim

aktivitesi 0l¢limiinde kullanilabilecek organik solventle
doku  homojenetlarin  delipidasyonu  (lipidlerin
uzaklagtirilmas1) esasmma dayanan ii¢ farkli yontem
karsilastirilmigtir.  Yag hiicreleri  yapisal
sitoplazmalarinda triagilgliserol ve az

kolesterol ve fosfolipit igeren lipit damlaciklarini igerir.
Sitoplazmadaki lipit damlaciklar1 perilipin denilen bir
proteince sartlmistir. Bu hidrofobik proteinlerin klasik

olarak
miktarda

deterjan kullanan ydntemlerle izolasyonu zordur.
Proteinler olusan misel yapilarinin iginde kalmakta ve
izole edilen protein miktar1 azalmaktadir. Ayrica,
deterjanlarin  bir¢ok icin  interferans
yapmaktadir.’

Olgiim

Kullanilan homojenizasyon yontemlerin etkinligi ortaya
koymak i¢in spesifik aktivite degerleri hesaplanmig ve
degerlendirilmistir. Kullanilan ilk homojenizasyon
yonteminde (H1) yag dokusu Sajic ve ark.’ tarafindan
tanimlanan yontem modifiye edilerek homojenize
edilmistir.  Izolasyon  tamponu ile  yapilan
homojenizasyonu takiben kloroform/metanol (1:2)
karsimi ile delipidasyon islemi gerceklestirilmistir.
Ikinci homojenizasyon yonteminde (H2) HEPES
tamponu ile yapilan homojenizasyonu takiben
kloroform ile delipidasyon islemi yapilmustir. Ugiincii
homojenizasyon yonteminde (H3) vyag dokusu
homojenizasyonu yine homojenizasyon ve deterjan
(triton X-100) ile yapilmus, delipidasyon islemi sadece
kloroform kullanilarak gerceklestirilmistir. Elde edilen
sonuglar (Tablo 1) incelendiginde en yiiksek protein
degerlerinin H3’te oldugu goziikkmektedir. H3’te en
yiiksek protein igeriginin olmasinda polar organik
¢Ozelti kullanilmamasinin bir sonucu olabilir. Proteinler
organik ¢oziiciilerle muamele edildiklerinde c¢okerler.
Bununla beraber, bazi hidrofobik proteinler, 6zellikle
hiicre zarlarinda yerlesenler organik ¢oziiciiler etkisi ile
coktiiriilemezler. Hiicre zarlarinda kullanilan organik
¢oziiciiler proteinin hidrofobik pargalart etrafindaki su
Buda, protein
Ayrica bu
homojenizasyon yonteminde kullanilana deterjanda

molekiillerinin ~ yerini  alirlar.

¢Oziiniirliiglin artmasi ile sonuglanir.
protein ¢ozlinlirliiglinii arttirmig olabilir. Proteinlerin
molekiil bityiikliigiine bagl olarak da ¢6kme davranigini
degistirmektedir. Biiylik molekiil agirlikli proteinler
diger 6zellikleri ayni olan daha kii¢iik molekiil agirlikli
proteinlere gbére daha disiik
konsantrasyonlarin da ¢okerler.? Homojenizasyon
yontemleri igersinde tampon/klorofom orani en yiiksek

organik  ¢oziicii
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homojenizasyon yontemi H3’tiir. Bu sebebe bagh
olarak H3’te Olciilen protein miktar1 daha yiiksek
olabilir.

CAT hiicrelerde SOD tarafindan iiretilen hidrojen
peroksiti su ve oksijene doniistiiren enzimdir. CAT’1n
cogunlugu  peroksizomlarda lokalize  olmustur.
Inflamatuvar bir siirec olan obezitede, NADPH
oksidazlar oksidatif stresi indiikleyebilir. Bu enzim bol
miktarda  siliperoksit  anyonu  olusturmaktadir.
Siiperoksidin zararl etkilerinin bertaraf edilmesinde ilk
savunma hatti SOD aktivitesidir. Bu aktiviteye bagh
olusan H;O, de CAT ve glutatyon peroksidaz
aktiviteleri ile bertaraf edilir.®

Farkli seyreltme oranlarinda {i¢ homojenizasyon
yontemi ile elde edilen spesifik aktivite degerleri Sekil
1’de verilmistir. En yiiksek spesifik aktivite degeri
H1’de elde edilmistir, ancak istatistiksel olarak bu fark
anlamli bulunmamugstir (p=0.886). H1 yontemi en diisiik
ortalama protein degerlerine sahip olmasina ragmen en
yiksek CAT  aktivitesine sahiptir. Her {i¢
homojenizasyon yonteminde de yukarida anlatildig
gibi apolar bir organik ¢oziicii (kloroform) ve H1 de
polar organik ¢oziicli (metanol) kullanilmistir. Genel
olarak kullanilan organik c¢oziicliler izole edilecek
proteinlerin  iic  boyutlu yapilarin1  degistirerek
¢oziiniirliiklerinin kaybetmelerine ve ¢okmelerine sebep
olur. Bahsedilen etki 0°C {izerindeki sartlarda daha
belirgindir. Bu yilizden denatiirasyon galigmalarinda,
proteinleri ¢oktiirmek igin organik coziiciiler siklikla
kullanilir. Organik ¢6ziiciiler biyolojik 6rneklerde tiim
proteinlerin ¢dkmesini saglayabilecegi gibi, uygun
deneysel sartlarda protein  fraksiyonlarinin
¢okmeden fonksiyonel olarak ortamda kalmasini

bazi

saglayabilir. Bu yoOntem (polar organik ¢oziici
kullanim1) enzim izolasyon c¢alismalarinda siklikla
kullanilmaktadir.'>  Enzim  katalizi  ile ilgili
calismalarinda, substrat (lar) organik ¢oziiciilerde daha
fazla ¢Oziiniirliige sahip oldugu, arzulanan yonlerde
reaksiyon dengelerinin degistirilmesi, kontaminasyon
riskinin azaltilmasi, termostabilitenin  artirilmasi,
enzimin geri kazanim ve tekrar kullanilabilirligi, ugucu
kullanildiginda

asit anhidritler

verimliliginin
"neme duyarll"

coziiciiler enerji
artirilmasi, gibi

Substratlar/reaktifler kullanmasi gerektiginde, substratin
ozgilligii, oOzglinliigiine ve enantioselektiflik gibi
durumlarda organik ¢oziicii kullanimu tercih edilir.!®
Kullanilan organik ¢6ziicli, enzimlerin tersiyer ve
kuaterner yapilarini etkileyerek Olgiimler sirasinda



domainlerin esnekligini, subsratlarin aktif bolgeye
ulasmasi ve baglanmasi gibi ozellikleri degistirerek
enzim aktivitesi iizerine olan etkisi gerceklestirebilir.*
Polar organik coziiclilerden metanol ve etanol gibi
alkollerin, gliseraldehid 3-fosfat dehidrogenaz, fruktoz
1,6-bisfosfataz ve alkalen fosfataz gibi enzimlerin
aktivitesini onemli 6lgiide arttirdig1 gosterilmistir 4, Bu
olaym kesin nedeni bilinmemekle birlikte, alkollerin
peptitlerde ve proteinlerde yapisal degisiklikler
meydana getirdigi uzun zamandir bilinmektedir.
Alkoller enzimlerin konformasyonel
artirarak  katalitik aktivite icin molekiiler
kayganlastiric1 gibi davranmaktadir.'*

Hl’de yag dokusu homojenize edildikten sonra
kullanilan klroroform/metanol karsimi H2’de kullanilan

esnekligini
bir

kloroforma gore CAT aktivitesini daha iyi korumustur.
Bunda mevcut aktivitenin korunmasi kadar metanoliin
CAT aktivitesini yukarida bahsedilen sekilde artirmig
olmasinin bir sonucu olabilir. H1 ve H2’de hemen
hemen ayni miktarda protein igerigi bulunmasina
ragmen CAT aktivitesinin H2 de daha diigiik olmasinin
nedeni,  proteinin  denatiirasyonla  aktivitesini
kaybetmesi ve /veya kullanilan klorofom miktarinin
CAT fraksiyonunu ¢06ziiniir halde tutamamasinin
sonucu olabilir. Ayrica, organik c¢oziciiler su ile
karigtirildiginda 1s1 iiretimine sebep olmaktadir ve bu
denatiirasyonu daha da artirmaktadir.> H1’de buz
tizerinde numuneler bekletilirken H2’de bu uygulama
yaptlmamigtir, H2 i¢in soguk ortamin saglanmamig

olmasi denatiirasyonu artirmis olabilir. Yukarida
bahsedildigi gibi organik ¢oziictiler subsratlarin
cOziiniirligii lizerinde de etkilidir. Metanoliin
kloroforma gore daha polar olmasi deneylerde

kullanilan H>O>’nin ¢dzliniirligii iizerinden de enzim
aktivitesinin H1’ de daha yiiksek olmasina sebep olmus
olabilir. Elde ettigimiz sonuglar Aebi yontemi ile CAT
aktivitesi 6l¢timil ile ilgilidir. CAT aktivitesi 6l¢iimiinde
kullanilacak farkli yontemlerde (Goth yontemi gibi)
substrat degisikligi gibi faktorler farkli sonuglarin elde
edilmesine sebep olabilir. H3’de en yiliksek protein
miktarina ragmen en diisik CAT aktivitesi
Ol¢iilmesinde deterjan kullanilmasi etkili olabilir. Triton
X-100’tin deterjan etkisi lipid-protein ayrimini tam
anlamiyla yerine getirirken, yliksek miktarda {iriin elde
edilmesine imkan saglarken, apolar karakterinden
dolay1 proteinlerde ciddi denatiirasyona yol a¢mus
olabilir. Yine yiiksek apolariteden dolayr subsrat
¢Oziiniirligliniin  azalmasi, elektron transferinin

zorlasmast gibi olaylar CAT’mn aktivite kaybina
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ugramasina sebep olmus olabilir. Ayrica H2

yontemindeki kullanilan pH’ nin 8.8 degerine sahip
olmasi da katalaz aktivitesini degistirmis ve daha diigiikk
spesifik aktiviteye sebep olmus olabilir.

SONUC

Sonug olarak, retroperitoneal yag dokusunda Aebi
yontemi ile CAT aktivite tayininde kullanilabilecek ii¢
farkli  homojenizasyon yontemi karsilagtirildig
calismamizda, H1 yonteminin (kloroform /metanol
karisimi) CAT aktivitesi tayininde daha yiiksek spesifik
aktiviteye sahip oldugu gdzlendi ve bu etkide daha polar
ozellige sahip metanol varliinin ve soguk ortam
uygulamasinin énemli olabilecegi kanaatine varildi.
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ABSTRACT

Staphylococci are pathogens that cause serious infections in humans
and animals. Nosocomial infections caused by staphylococci,
particularly methicillin-resistant Staphylococcus aureus (MRSA)
strains, are mostly transmitted through healthcare workers, patients,
or contaminated materials and food. In recent years, studies have
been carried out to develop alternative antimicrobial strategies due
to the inadequacy of existing antibiotics in the prevention of
systemic, skin and implant-related biofilm infections caused by these
multi-antibiotic resistant strains. One of these new approaches is the
development of products containing the bacteriophage endolysin,
which is particularly effective against multi-antibiotic-resistant
bacteria. In this study, endolysin genes of bacteriophages
(prophages) integrated into the chromosomes of Staphylococcus
strains were amplified by polymerase chain reaction (PCR) and
cloned into pET SUMO and pET-30b(+) vectors and produced
recombinantly in E. coli. Anti-staphylococcal and antibiofilm
activity of recombinant endolysins against S. aureus, S. epidermidis,
and S. haemolyticus strains isolated from clinical specimens, were
demonstrated using turbidity reduction, biofilm removal in
microwell plates by crystal violet method, and capacity of endolysins
to kill biofilm-forming bacteria by confocal microscopy imaging by
live-dead staining. The combination of endolysin was shown to
reduce bacterial culture turbidity by at least 50% at 60 minutes and
biofilms by approximately 70% at 12 hours. These results show that
endolysins have the potential to be used in the prevention of
staphylococcal infections.

OZET

Stafilokoklar insanlarda ve hayvanlarda ciddi enfeksiyonlara neden
olan patojenlerdir. Stafilokoklarin, &zellikle metisiline direngli
Staphylococcus aureus (MRSA) suslarinin  neden oldugu
nozokomiyal enfeksiyonlar cogunlukla saglik calisanlari, hastalar
veya kontamine olmus maddeler ve yiyecekler yoluyla bulasir. Son
yillarda bu goklu antibiyotik direngli suslarin neden oldugu sistemik,
deri ve implant iligkili biyofilm enfeksiyonlarinin dnlenmesinde
mevcut  antibiyotiklerin  yetersizligi  nedeniyle  alternatif
antimikrobiyal  stratejiler — gelistirmeye yOnelik caligmalar
yapilmaktadir. Bu yeni yaklasimlardan biri, ¢oklu antibiyotige
direngli bakterilere kars1 6zellikle etkili olan bakteriyofaj endolizin
enzimini igeren {iriinlerin  gelistirilmesidir. Bu c¢alismada,
Staphylococcus  suslarinin =~ kromozomlarina  entegre  olmus,
bakteriyofajlarin (profaj) endolizin genleri polimeraz zincir
reaksiyonu (PCR) ile ¢ogalaltilarak pET SUMO ve pET-30b(+)
vektorlerine klonlandi ve E. coli’de rekombinant olarak iiretildi.
Rekombinant endolizinlerin, klinik 6rneklerden izole edilen S.
aureus, S. epidermidis ve S. haemolyticus suslarina karsi anti-
stafilokokal ve antibiyofilm etkileri bulaniklilik azaltma,
mikrokuyucuklu plaklarda kristal viyole yontemi ile biyofilm
uzaklastirma ve konfokal mikroskopi yontemi ile endolizinlerin
biyofilmi olusturan bakterileri &ldiirme kapasiteleri canli ve &li
bakteri gorlintiileme yontemi ile saptandi. Endolizin
kombinasyonunun bakteri kiiltiir bulamikliligin1 60 dakikada en az
%50 ve biyofilmleri 12 saatte yaklasik %70 oraninda azalttigt
gosterildi. Bu sonuglar endolizin enzimlerinin stafilokokal

enfeksiyonlarin  dnlenmesinde kullanilma potansiyeline sahip
oldugunu gostermektedir.
Keywords:  Staphylococcus,  Bacteriophage,  Anti-biofilm, Anahtar Kelimeler: Staphylococcus, Bakteriyofaj, Biyofilm,
Endolysin, Confocal Microscopy Endolizin, Konfokal Mikroskopi.
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INTRODUCTION

The genus Staphylococcus includes more than 30

different species responsible for various infections.
Most of these infections are caused by Staphylococcus
aureus (S. aureus), and many are found in the human
microbiota.! Nosocomial infections often associated
with S. aureus, including methicillin-resistant S. aureus
(MRSA), is transmitted primarily through contaminated
medical devices or direct contact with colonized
healthcare workers or patients. S. aureus, S.
epidermidis, and other coagulase-negative
staphylococci are responsible for 30% of nosocomial
infections.? They cause complications, especially in
people with suppressed immune systems. They can lead
to a prolonged hospital stay and even death due to other
complications. Therefore, alternative approaches are
needed to treat these infections. One such approach
involves the use of lytic bacteriophages alone or in
combination with conventional antimicrobial agents.®
There has been increased interest in studies to
investigate the antibiotic or enzyme-based antibacterial
potentials of Streptococcus pneumoniae, * S. aureus,>
Enterococcus faecalis,” Bacillus anthracis,® and
Pseudomonas aeruginosa,® phages. There many studies
about the prevention of the formation of biofilm or
removing the biofilm structure by the endolysin
enzymes. A  broad-spectrum phage endolysin
(LysCP28) showed both antibacterial, biofilm removal
and biofilm formation inhibition activity against
Clostridium perfringens.!® Simalarly, S. aureus,'*?
Streptococcus  suis,*®  Streptococcus  pyogenes,*
Gardnerella vaginalis®® biofilms are eliminated by
endolysins. Endolysins are enzymes encoded and
released by phages in the final stage of their life cycle to
release newly produced phage particles by disrupting
the host bacterial cell wall.®* When recombinant
endolysin is added exogenously in a culture of gram-
positive bacteria, unlike regular life cycles, the bacteria
result in a short breakdown without the aid of holin
proteins.®1"18 These properties make them attractive
antibacterial agents. There are several advantages to
using phage endolysins over phages and conventional
antimicrobial agents because they can kill susceptible
bacteria with which they come into contact. Since phage
endolysins inactivate target bacteria specifically with a
Iytic effect without damaging the normal microflora, it
is very rare for bacteria to develop resistance against
them.?® These properties of phage endolysins have
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enabled them to be used in various fields, such as
medicine, veterinary medicine, agriculture, the food
industry, and biotechnology.'®?° In another study, an
endolysin enzyme was produced recombinantly and
called PlyC, was used as a disinfectant on inanimate
solid surfaces and showed a disinfection effect by
breaking down the peptidoglycan layer of the bacteria
and showed an antibacterial effect against many
Streptococcus species, including Streptococcus equi.
They report it to be 1000 times more effective when
compared to commercial disinfectants. It was
determined that 1 mg of PlyC showed an antibacterial
effect within 30 minutes against S. equi cells at a
concentration of 108 CFU/mL. Based on these findings,
the researchers put PlyC through a standardized series
of tests, including the dilution methods used for
disinfectants and germicide sprays prescribed by the
Association of Official Analytical Chemists (AOAC).2
In this present study, six endolysin genes belonging to
bacteriophages that lysogenize S. aureus strains isolated
from food and food workers were amplified by PCR and
cloned into pET SUMO and pET-30b(+) expression
vectors and recombinantly produced in E. coli. A
mixture containing recombinant endolysins was
observed to be anti-staphylococcal and antibiofilm
effective against S. aureus, S. epidermidis, and S.
haemolyticus strains isolated from clinical specimens.

METHODS

Bacterial Strains and Culture Conditions

A total of 173 S. aureus strains obtained from the
Samsun Veterinary Control Institute were included in
this study. Tryptic Soy Broth (TSB) and Tryptic Soy
Agar (TSA) media were used for culturingS.
aureus strains and phage endolysin activity tests. The
broth and agar media were prepared following the
manufacturer's instructions, and sterilized by
autoclaving before use. Both broth and agar cultures
were incubated under aerobic conditions at 37°C, and
the broth cultures were incubated by shaking at 220 rpm.
The E.coli strains were routinely cultured in Luria-
Bertani (LB) broth and agar (ThermoFisher Scientific,
USA).

Phage Endolysin Gene Amplification

The chromosomal DNA from S. aureus strains was
isolated by the standard lysostaphin-phenol/chloroform
method using 3 mL overnight broth cultures. Following
the chromosomal DNA isolation, the presence of the
endolysin gene was screened by PCR. The pET SUMO
(Invitrogen, USA) and pET-30b(+) vectors (Merck,
Germany). The following two sets of primers designed



based on the published endolysin genes ofS.
aureus DW?2 phage (Acc. No. KJ140076) stored in the
gene bank were used: Lys-F1: 5'-ATG CGT AGA ATA
AGA AGA CCT AAG -3 and Lys-R1: 5-TTA TTT
CTT ATC GTA AAT GAA TTG -3' for pET SUMO
cloning and expression; ELys-F: 5- TAC TTA CAT
ATG ATG CAA GCA AAA CTA ACT AAA AAA G-
3" with Ndel restriction site, and ELys-R: 5'-GTG CTC
GAG TTA ACT GAT TTC TCC CCA TAA GTC-3'
with Xhol restriction site, and cloned
into Ndel/Xhol digested pET-30b(+) vector. The
following reaction conditions were applied for the PCR
reaction containing 100 pg template DNA. Initial
template DNA denaturation at 94°C for 5 min, 30 cycles
at 94°C for 1 min, at 52°C for annealing, at 72°C for 1
min (synthesis), and at 72°C for 7 min of final
extension.

Cloning and Expression of Bacteriophage Endolysin
Genes

The PCR products were cloned into two different
protein expression vectors using T4 DNA ligase. i) the
endolysin gene fragment with a -T overhang at both
ends was directly into pET SUMO expression vector
(Invitrogen,  USA)  following  manufacturer’s
recommandations. ii) the PCR product carrying the
endolysin gene was first cloned into pJET 1.2 PCR
cloning vector (Thermo Scientific, USA), and endolysin
gene was removed from this vector with
Ndel/Xhol double digest then cloned into pET-30b(+)
expression vector (Thermo Scientific, USA), digested
with the same enzymes. The recombinant plasmids
carrying the endolysin genes were first transformed
into E. coli One Shot MachITM-T1R (Invitrogen, USA)
competent cells. The recombinant plasmids were
confirmed by DNA sequence analysis using a Genetic
Analyzer 3130 (Applied Biosystems, USA). The
recombinant plasmids were transferred into E.
coli BL21 (DE3) competent cells (Invitrogen, USA) and
induced with isopropyl-p-D-thiogalactopyranoside
(IPTG) for expression at 20°C.
Briefly, the transformed E. coli BL21 were grown in 5
mL of LB broth containing 50 pg/mL kanamycin at 250
rpm shaking overnight. The flowing morning 4 mL from
overnight culture was seeded into 400 mL LB broth
medium containing 50 pg/mL kanamycin, and induced
with 1 mM IPTG when the culture ODgoonm reached 0.5-
0.6.
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Purification of Recombinant Endolysins

Purification processes of the endolysin protein were
performed with the proBond Purification system kit
(ThermoFisher, USA) in line with the manufacturer's
recommendation. Briefly, cells were collected by
centrifugation and were resuspended in 4-8 ml of lysis
buffer (50 mM K;HPO, pH 7.8, 400 mM NaCl, 100 mM
KCI, 10 % glycerol, 0.5 % Triton X-100, 10 mM
imidazole), followed by three cycles of freeze-thawing
with alternating -20°C and 42°C. The cells were further
disrupted by sonication for 10-sec sonication followed
by 10-sec rest over 3 min (Vibra Cell™ Sonics, USA).
The lysate was centrifuged at a maximum of 12,000 rpm
for 10 min at 4°C to remove the cell debris. The
supernatant was transferred to a sterile tube. The cell
lysate was analyzed for the presence of expressed
endolysins by SDS-PAGE analysis following the
standard procedures. The endolysin-containing cell
lysate was transferred to a purification column
containing the nickel resin and further purified.
Following the wash steps the endolysins were eluted
with 2-8 mL elution buffer (50 mM Tris-HCI pH
8.00). The eluted endolysins were further concentrated
using Pierce™ Protein Concentrators, 30K molecular
weight cutoff (MWCO) (ThermoFisher, USA). The
purity of the recombinant endolysin was checked by
SDS-PAGE analysis, and the concentration of the
endolysins was determined with the Qubit TM Protein
Assay Kit (Invitrogen, USA) following the
manufacturer’s recommendations. The endolysins were
sterilized using 0.22 um pore-sized filters, and stored at
-20°C until use.

Functional Analysis of Recombinant Endolysins

The lytic activities of the recombinant endolysins were
tested by drop assay on the agar plate seeded with
susceptible staphylococci. After 24 hours of incubation
at 37°C, the formation of inhibition zones in the areas
where the enzyme was dropped indicated the Iytic
activity. A turbidity reduction assay was performed in a
96-well microplate. Briefly, 200 pL of overnight
cultures were transferred to 96-well microplate wells in
triplicate. Then, the endolysin mix was added to the
wells at various concentrations and incubated at 37°C
for 60 minutes. After incubation, the bacterial
concentration in the wells was determined by measuring
the decrease in ODggonm.



Anti-biofilm Activities of Endolysins

Crystal Violet Assay for Biofilm Quantification: Three
test strains (S. aureus,S. epidermidis, andS.
haemolyticus) strains were grown overnight in TSB
medium containing 1% glucose (TSBG) and diluted
1/100, 200 pL was transferred to the wells of a 96-well
microplate. The cell was allowed to form biofilm for
24-48 hours. Following the biofilm formation, the
microwells were washed twice with PBS, followed by
the addition of an equal amount of enzymes with
varying concentrations, and incubated at 37 °C for 12
hours. The wells were washed twice with PBS and
stained with 200 uL of 0.1% crystal violet for 5-10 min
at room temperature. The wells were washed twice with
distilled water, and the biofilm was dissolved in 200 pL
of 95% ethanol and read in a microplate reader at
ODsgsnm. The amount of biofilm removed by endolysin
was determined by comparison with the wells treated
with PBS. Experiments were repeated at least three
times.

Confocal Microscope Demonstration of Anti-biofilm
Activities of Endolysins: Biofilms formed on an eight-
chamber coverglass (Thermo Fisher Scientific, USA)
were treated with endolysin for 12 hours. Then living
and dead bacteria were stained with BacLight
LIVE/DEAD (Invitrogen/Thermo Scientific, USA)
according to the manufacturer’s instructions and
examined in three dimensions with Leica DMI8
Confocal Laser Scanning Microscopy with 63X
objective (CLSM, Leica Microsystems, Germany). For
imaging, the wavelength was set at 485/498 nm for
SYTO 9 (fluorescent green) and at 535/617 nm for
propidium iodide (fluorescent red) for the observation
of live and dead bacteria, respectively.

RESULTS

PCR Screening of Phage Endolysin Genes in the S.
aureus Genome

The chromosomal DNA from 173 S. aureus strains was
included in the study as a template (Figure 1) for PCR
amplification of endolysin genes of prophages, which
are integrated into the chromosomes. The endolysin
encoding gene about 1.5 kb in size, was amplified by
PCR from the chromosome of six strains, TSA 2, TSA
4, TSA 5, TSA 6, TSA 22, and TSA 23 (Figure 2). The
six endolysin genes, lys 2, lys 4, lys 5, lys 6, lys 22, and
lys 23 were gel purified using Macherey-Nagel™
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NucleoSpin™ Gel and PCR Clean-up Kit (Macherey-
Nagel, Germany) and cloned into plasmid vectors.

1 23456 78 910111213 1415161718 1920

Figure 1. Agarose gel electrophoresis of chromosomal
DNA from some S. aureus strains.
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Figure 2. Amplification of phage endolysin genes from
the chromosome of S. aureus strains by PCR. M;
molecular weight standard, 1; pozitif control, 2;
negative control, 3; lys 2, 4; lys 4, 5; lys 5, 6; lys 6, 7;
lys 22, 8; lys 23.

Cloning of Phage Endolysin Genes

The gel prified PCR products were cloned into pET
SUMO vector for expression without pre-cloning, and
the pJET 1.2 PCR cloning vector before being cloned
into the the pET-30b(+) vector for expression. Among
six purified endolysin genes only endolysin gene 6 (lys
6) was successfully cloned into the pET SUMO vector
for expression, and five endolysin genes (lys 2, lys 4, lys
5, lys 22, and lys 23) were cloned into pJET 1.2 vector
(Figure 3), which were confirmed by restriction
endonuclease digestion (Figure 4) before subcloned into
pET-30b(+) expression vector.

1 2 3 4 5 6

Figure 3. Undigested recombinant pJET 1.2 plasmids
containing the endolysin genes. 1; control (pJET 1.2
vector without insert), 2; pJET 1.2_lys 2, 3; pJET
1.2 lys 4, 4; pJET 1.2_lys 5, 5; pJET 1.2_lys 22, 6;
pJET 1.2_lys 23.



Figure 4. Confirmation the presence of endolysin genes
cloned into pJET 1.2 vector by cleavage with Ndel and
Xhol restriction enzymes. M; molecular weight
standard, 1; pJET 1.2_lys 2 uncut, 2; pJET 1.2_lys 2 cut
with Ndel and Xhol, 3; pJET 1.2_lys 4 cut with Ndel and
Xhol, 4; pJET 1.2_lys 5 cut with Ndel and Xhol, 5; pJET
1.2_lys 22 cut with Ndel and Xhol, 6; pJET 1.2_lys 23
cut with Ndel and Xhol. The arrow indicates 1.5 kb
endolysin gene.

The endolysin genes from pJET 1.2 vector were excised
with Ndel and Xhol restriction enzymes and cloned into
the pET-30b(+) vector, which was cut with the same
enzymes. Except lys 22, lys 2, lys 4, lys 5, and lys 23
genes were successfully subcloned into pET-30b(+)
plasmid vector, and confirmed by restriction
endonuclease analysis and sequencing.

Recombinant Production of Endolysins

The expression vectors containing the endolysin genes
were expressed in E. coli BL21(DE3) and obtained in
soluble form from the cell lysates of 250-1000 mL
cultures. The high enzyme yield with activity was
obtained if the cells were induced at a cell density of
0.5-0.6 at ODggonm, With 1 mM IPTG addition, and at 22-
24°C incubation for 18-22 hours. The presence of
dissolved endolysins was detected by SDS-PAGE
analysis, and those with lytic activity from these crude
lysates were purified by passing them through nickel
columns (Figure 5).

MW 1 2 3 4 5 6
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Figure 5. SDS-PAGE analysis of recombinant
endolysins. MW,; molecular weight standard, 1; pET
SUMO_lys 6 uninduced culture lysate, 2; pET-30b(+)
_lys 2, 3; pET SUMO _lys 6, 4; pET-30b(+)_lys 4, 5;
PET-30b(+)_lys 5, 6; pET-30b(+)_lys 23.
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Functional Analysis of Endolysins
Anti-staphylococcal  activities of  recombinant
endolysins were tested against three different clinical
Staphylococcus species (S. aureus, S. epidermidis and S.
haemolyticus) in our collection using the agar-drop
assay (Figure 6).

A1 2 3 B 1 2 3 c1 2 3
h o o .9 . » 9

4 5 6 4 5 6 4 5 6
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Figure 6. Demonstration of antibacterial activities of
recombinant endolysins by agar-drop assay. A; S.
aureus TRSA 2, B; S. epidermidis TRSE 6, C; S.
haemolyticus TRSH 1, 1; Control (pET SUMO_lys10),
2; pET SUMO_lys 6, 3; pET-30b(+)_lys 2, 4; pET-
30b(+)_lys 5, 9; pET-30b(+)_lys 23.

It was determined that both vectors (pET-30b(+) and
pET SUMO) functionally produced recombinant phage
endolysins in E. coli. However, these recombinantly
produced endolysins were obtained relatively low
concentrations ranging from 0.4 to 1 mg/L using shake
flask cultures. Therefore, turbidity reduction, anti-
biofilm, and biofilm reduction tests were carried out
using a mixture five endolysins at 1-5 pg/mL after
further concentration.

Turbidity Reduction

The turbidity reduction test was performed to
demonstrate the antibacterial activity of endolysins (33).
The reduction in bacterial cell concentration was
measured at ODsoonm and plotted against time (Figure
7). The growth of three different species of
staphylococci  was inhibited approximately 50%
indicated by the less cell density after 60 minutes
compared to the controls.
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Figure 7. Demonstration of anti-staphylococcal activity
of endolysins.




Anti-biofilm Activities of Endolysins

Crystal Violet Method: The Staphyloccus strains were
grown in TSB medium (TSBG) containing 1% glucose
overnight. The cultures were diluted 100 fold with
TSBG medium and 200 pL was transferred to
microplates with 96 wells, and a biofilm was formed for
24-48 hours as described before.*? Following biofilm
formation, the microwells were washed twice with PBS,
followed by the addition of an equal amount of PBS
containing varying concentrations of endolysin, and
incubated at 37°C for 12 hours. Following the
incubation, the wells were washed twice with PBS and
stained with 200 uL of 0.1% crystal violet for 5-10 min
at room temperature. The wells were washed twice with
distilled water, biofilm was dissolved in 200 pL of 95%
ethanol, and dissolved crystal violet was read in a
microplate reader at ODsgsnm. The amount of biofilm
removed by endolysin was determined by comparison
with wells treated with PBS. Experiments were repeated
at least three times (Figure 8).
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Figure 8. Removal of biofilms by endolysins. A; S. aureus
TRSE 2, B; S. epidermidis, C; S. haemolyticus, E+;
Endolysin added, E -; Endolysin not added.

Confocal Microscopy Method: Biofilms formed on the
eight-well special glass coverslips were treated with
endolysin for 12 hours. Then living and dead bacteria
were stained with BacLight LIVE/DEAD and examined
in three dimensions with Leica brand Confocal Laser
Scanning Microscopy. Live bacteria were stained green
with SYTO 9 dye and dead bacteria were stained red-
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orange with propidium iodide, and the biofilm removed
by endolysin was evaluated qualitatively (Figure 9).
The endolysin-treated biofilms from three different
species of staphylococci were stained red indicating the
death of the cells as compared to untreated biofilms.
The rate of anti-biofilm activity was higher with the
increase in endolysin concentration (Figure 9). Among
all four strains, biofilms or biomass reduction of S.
aureus TRSA 2, and S. haemolyticus TRSH 1 seemed to
be higher by the lytic activity of the endolysins.

Figure 9. Demonstration of the anti-biofilm property of
endolysin by confocal microscopy. Two (2D) and three-
dimensional (3D) confocal microscopy (X630) of the
concentration-dependent effects of recombinant endolysins
on biofilms of staphylococcal strains. I; S. aureus TRSA 2, II;
S. aureus TRSA 8, IllI; S. epidermidis TRSE 6, IV; S.
haemolyticus TRSH 1, A; no endolysin, B; 1 pg/mL
endolysin, C; 2.5 ug/mL endolysin, D; 5 pg/mL endolysin.



DISCUSSION

In this study, endolysin proteins of phages infecting
Staphylococcus aureus strains isolated from various
foods and personnel working with these foods were
produced recombinantly in E. coli, and the potential
anti-staphylococcal and anti-biofilm properties of these
enzymes were observed in vitro. Here we show that
staphylococci carry prophages widely and these
prophages are suitable sources for endolysins and pET
SUMO and pET-30b(+) vectors are suitable for cloning
and recombinant production of endolysin genes.
Although pET- series and several other vectors were
used for the expression of phage endolysins, SUMO
fusion was rarely used for this purpose. In this study,
endolysin proteins of phages infecting S. aureus strains
isolated from various foods and personnel working with
these foods were produced recombinantly in E. coli, and
the potential anti-staphylococcal and anti-biofilm
properties of these enzymes were observed in vitro.
Here we show that staphylococci carry prophages
widely and these prophages are suitable sources for
endolysins and pET SUMO and pET-30b(+) vectors are
suitable for cloning and recombinant production of
endolysin genes. A number of parameters have been
used to increase the yield of recombinant endolysins.
Neither the solubility tags nor co-expressed molecular
chaperones were effective. Only significant vyield
improvement resulted from the induction temperature,
and lysis buffer additives.?? In this study, endolysins
expressed in both pET SUMO and pET-30b(+) had
indistinguishable SDS-PAGE band intensities and lytic
activities, Figure 5 and Figure 6, respectively.

The growth of cultures in the presence of endolysin was
found to be reduced by approximately 50% after 60
minutes compared to the control (Figure 7) as indicated
by the turbidity reduction. Similarly, in the crystal
violet method, biofilms formed with S. aureus TRSA
2, S. epidermidis TRSE 6, and S. haemolyticus TRSH 1
strains were reduced by at least 70% compared to the
control biofilm without endolysins (Figure 8). The
reducing activity of the endolysins, viable and dead
cells was visible using confocal laser scanning
microscopy, which is one of the valuable tools for
biofilm studies.? The use of confocal microscopy not
only provides the 3D structure of the biofilm but also
provides valuable information about the penetration and
action of the endolysin through the biofilm (Figure 9).
Although there are several limitations in this study, such
as growing E. coli cultures in shake flasks in limited
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volumes instead of liters amount in more controlled
fermentors, due to limited resources not being able to
optimize the culture, induction, and cell lysing
conditions, most of all not being able to obtain
endolysins in high yield and purity.

The potential use of phage endolysins to prevent or
remove both gram-positive and gram-negative bacterial
biofilms has been reviewed in several recent studies. 2
25 26,27, 28 | ysins act on the peptidoglycan layer of
bacterial cell wall at the end of Iytic cycles of the phages
from within. Since the activity of lysin is compromized
by the bacterial outer cell membrane of Gram-negative
bacteria, membrane permeability to lysins are achieved
by addition of membrane distabilyzing agents or fusion
of lysin gene with a highly hydrophobic amino acid
residue coding genes. In this study, lysin was expressed
in its native form and was active only against members
of staphylococci. There have been numerous
recombinant phage lysins some of which been in clinical
trials, for the treatment of bloodstream infections such
as bacteremia and endocarditis. This is the first report
on the phage endolysins from staphylococcal temperate
phages from Tiirkiye.

In this work, endolysin encoded by a temperate
bacteriophage in the chromosome of staphylococci
showed hydrolytic activity against three species of
staphylococci. A similar study was reported by phage
DW2 from a bovine mastitis isolate of S. aureus.?®
These results indicate that functional endolysins could
be cloned and recombinantly produced from both Iytic
and temparate phages, which increase the rate of finding
ptentially broad host-range lysins.

It is noteworthy that endolysin genes originating from S.
aureus strain  and produced recombinantly inE.
coli were able to lyse other species of staphylococci,
most probably other relative gram-positive bacteria,
which deserves further studies.

CONCLUSION

In this study, four phage endolysin genes belonging to
the temperate phages integrated into the chromosomes
of S. aureus strains, isolated from nose and hands, and
food processing surfaces were amplified, cloned, and
recombinantly expressed in E. coli. Their potential to
be used as “enzybiotics” were demonstrated against
different species of staphylococci by anti-bacterial,
biofilm prevention, and biofilm removal experiments.
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ABSTRACT

Valproic acid (VPA) is currently a drug that can be used in the
prophylaxis of epilepsy, bipolar disorder, schizoaffective disorder,
schizophrenia and migraine. Valproic acid poisoning can result in
central nervous system depression, shock, acute hyperammonemia,
cerebral edema, coma and death. In this case, we wanted to present
a patient who was treated with levocarnitine, hemodialysis and
meropenem due to severe VPA toxicity. A 41-year-old male patient
was firstly brought to the emergency room and then Intensive Care
Unit with confusion. The patients was intubated because of his
Glasgow Coma Score of 6 and respiratory failure. The patient had
tachycardia, hypotension, and needed vasopressor medication.
While liver function tests were found to be normal,
hyperammonemia was thought to be drug-related. The patient's
blood valproate level was 1055mg/L (therapeutic normal range: 50-
100mg/L). The patient who developed aspiration pneumonia was
given meropenem, which was found to be beneficial in valproic acid
intoxication. Clinical manifestations of valproic acid poisoning are
central nervous system depression, respiratory depression,
hypotension, metabolic acidosis, bone marrow failure, brain edema,
hypoglycemia, hypernatremia, and hyperammonemia. Treatment of
acute valproic acid poisoning usually includes supportive care and
fluid therapy, vasopressor support, electrolyte imbalance, and
correction of acid-base disorders. Since the initial valproate level
was 1055 ug/ml in our case, we applied to hemodialysis as the first
treatment. We used levocarnitine especially because it can be useful
in hyperammonemia. As a result, we observed that combined
treatment of hemodialysis, levocarnitine and meropenem rapidly
decreased the valproic acid level and resulted in a successful
recovery.

Keywords: Valproic acid, Intoxication, Levocarnitine, Dialysis,
Intensive Care.

OZET

Valproik asit (VPA) giiniimiizde epilepsi, bipolar bozukluk,
sizoafektif bozukluk, sizofreni ve migren profilaksisinde
kullanilabilen bir ilagtir. Valproik asit zehirlenmesi merkezi sinir
sistemi depresyonu, ok, akut hiperammonemi, beyin 6demi, koma
ve Oliimle sonuglanabilir. Bu olguda siddetli VPA toksisitesi
nedeniyle levokarnitin, hemodiyaliz ve meropenem tedavisi
uyguladigimiz bir hastay1 sunmak istedik. 41 yasinda erkek hasta
once acil servise sonrasmda Yogun Bakim Unitesi’ne biling
bulanikhigiyla getirildi. Glasgow Koma Skoru 6 ve solunumu
yetersiz  oldugu igin entiilbe edildi. Hastanin tasikardisi,
hipotansiyonu, vasopressor ilag ihtiyaci vardi. Karaciger fonksiyon
testleri normal bulunurken, hiperammoneminin ilaca bagl oldugu
diisiiniildii. Hastanin kan valproat diizeyi 1055mg/L (terapdtik
normal aralik: 50-100mg/L) bulundu. Aspirasyon Pndmonisi gelisen
hastaya valproik asit intoksikasyonunda yararli oldugu saptanan
meropenem verildi. Valproik asit zehirlenmesinin klinik belirtileri,
merkezi  sinir  sistemi  depresyonu, solunum  depresyonu,
hipotansiyon, metabolik asidoz, kemik iligi yetmezligi, beyin 6demi,
hipoglisemi, hipernatremi ve hiperamonyemidir. Akut valproik asit
zehirlenmesinin tedavisi genellikle destekleyici tedavi ve sivi
tedavisi, vazopresor destegi, elektrolit dengesizligi ve asit-baz
bozukluklarinin diizeltilmesini igerir. Olgumuzda baslangi¢ valproat
diizeyi 1055 ug/ml oldugu icin ilk tedavi olarak hemodiyalize
bagvurduk. Levokarnitin &zellikle hiperammonemide yararli
olabileceginden kullandik. Sonug olarak hemodiyaliz, levokarnitin
ve meropenem kombine tedavisinin valproik asit diizeyini hizla
diisiirdiigii ve basarili bir sekilde iyilesme sagladigini gozlemledik.

Anahtar Kelimeler: Valproik asit, Intoksikasyon, Levokarnitin,
Diyaliz, Yogun bakim.
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INTRODUCTION

Valproic acid (VPA) is a drug that can be used for

prophylaxis ~ of  epilepsy, bipolar  disorder,
schizoaffective disorder, schizophrenia and migraine
today.! Side effects related to VPA use are nausea,
diarrhea, vomiting, pancreatitis, leukopenia, anemia,
thrombocytopenia, hypofibrinogenemia, metabolic
acidosis, hypernatremia, hypocalcemia, hypoglycemia,
acute renal failure, hypothermia, hypotension and
tachycardia.?® Valproic acid intoxication may result in
central nervous system depression, shock, acute
hyperammonemia, brain edema, coma and death.* There
is no specific antidote for valproate intoxication.® The
treatment is supportive therapy. Traditional treatment
methods have been defined as activated charcoal,
levocarnitine and hemodialysis. Studies have shown
that naloxone is useful in carbapenem antibiotics.
However, none of them came to the fore as standard
treatment.®”’

In this case report, we present a case in which we
applied levocarnitine, hemodialysis and meropenem
treatment due to severe VPA toxicity in the Intensive
Care Unit.

CASE REPORT

A 4l-year-old male patient with a diagnosis of
schizophrenia and hypertension was brought to the
emergency department and then in the Intensive Care
Unit. When the patient admitted to the Emergency

Table 1. The followed parameters of the patient

department, he was intubated because his Glasgow
Coma Scale (GCS) was 6. There was no abnormality in
the patient's vital signs, except for sinus tachycardia.
Vasopressor support was provided to the patient who
developed deep hypotension during the follow-up
(norepinephrine 0.48 mcg/h). The patient's laboratory
data are summarized in Table 1. He was found to be
taking 50 g valproate. The patient's blood valproate
level was found to be 1055 mg/L (therapeutic normal
range: 50-100 mg/L). The change in the patient's
valproate levels is shown in Figure 1. While liver
function tests were normal, hyperammonemia was
thought to be drug-related. No edema was detected in
brain tomography. Activated charcoal treatment was not
given to the patient whose medication time was
uncertain. Due to hyperammonemia, 6 g bolus L-
carnitine, was given as maintenance 9 g/day.
Hemodialysis (HD) was taken 3 times until the
valproate level fell below 100 mg/L. Every 6 hours,
valproic acid, Artreial Blood Gases (AKG), Complete
Blood Count (CBC), electrolyte, Liver Function Tests
(LFT), ammonia, and ECG were monitored. The
followed parameters of the patient are presented in
Table 1. The patient who developed pneumonia due to
aspiration was given meropenem, which was found to
be beneficial in valproic acid intoxication. The patient's
clinical improvement was extubated on the 5th day. The
patient, whose general condition improved, was
transferred to the psychiatry service.

Paramaters 1 DAY 2 DAYS 3 DAYS 4 DAYS 5 DAYS
Glucose (mg/dL) 129 119 162 128 261
Creatinine (mg/dL) 0.9 0.8 0.81 0.91 0.68
ALT (IU/L) 18 14 12 35 76
Sodium (mmol/L) 142 148 139 144 138
Potassium(mmol/L) 3.8 3.5 34 3.6 3.3
Amylase 171 155 65 49 75
pH 7.38 7.41 7.52 7.36 7.37
PCO2 (mmHg) 36.6 41.1 325 36.4 32.7
PO2 (mmHg) 103 159 164 147 93
O2 support mechanical mechanical mechanical mechanical extubated
ventilation ventilation ventilation ventilation
Lactate(mmol/L) 14 17 12 7 8
HCOs™ (mmol/L) 224 25.9 25.6 24.1 20.1
Leukocytes (1073/uL) 6.25 7.8 114 10.23 6.96
Hemoglobin (g/dL) 15.6 131 12.5 11.3 10.8
Platelet(160x10”3ug/L) 160 153 79 64 108
Valproic Acid (mg/L) 1055 530 127 76 5
Ammonia 56 106 78 714 92
Need for vasopressors + - - - -
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Figure 1. The change in the patient's valproate levels.+-

DISCUSSION

Valproic acid poisoning can manifest with various
symptoms and is directly related to its plasma
concentration. Serious poisonings usually occur above
850 ug/mL and can be life-threatening.* Clinical signs
of valproic acid intoxication are central nervous system
depression, respiratory  depression, hypotension,
metabolic acidosis, bone marrow failure, cerebral
edema, hypoglycemia, hypernatremia, and
hyperammonemia.® CNS depression usually plasma
concentration 180 ug/mL It is observed when it exceeds.
Thrombocytopenia is observed when the plasma
concentration exceeds 450 ug/mL.° Our patient had
central nervous system depression, respiratory
depression, hypotension, thrombocytopenia,
hypernatremia, and hyperammonemia. Activated
charcoal treatment may be beneficial in early
admissions. In our case, activated charcoal was not used
because the drug intake time developed for 12 hours.
Treatment of acute valproic acid intoxication usually
includes supportive therapy and fluid therapy,
vasopressor support, electrolyte imbalance, and
correction of acid -base disorders. In addition, there may
be a need for mechanical ventilation in consciousness
disorders due to central nervous system depression or
brain edema.® Levocarnitine may be especially useful in
hyperammonemia. It is thought that the mechanism of

127

Day

25

76

action of levocarnitine may be effective in reducing the
ammonia level and eliminating the coma picture. The
recommended treatment dose of levocarnitine is 50-100
mg/kg/day.1%! Since our patient had hyperammonemia,
recommended doses of levocarnitine were used.
Valproate level is above 850 ug/mL and severe
neurological or cardiovascular symptoms are
observeD.'? Since the initial valproate level was 1055
ug/ml in our case, we applied to hemodialysis as the first
treatment for the patient. After 3 sessions of
hemodialysis, a significant decrease was found in serum
valproate and ammonia levels.

Khobrani et al., were observed that the mental status of
the patient improved despite the high ammonia level in
which meropenem treatment was applied for aspiration
pneumonia and valproate toxicity together with
levocarnitine treatment.!®* Since our patient had
aspiration pneumonia, meropenem antibiotherapy,
which is known to be beneficial in valproate toxicity,
was preferred as a treatment option. Figure 1 shows the
decrease in valproic acid level after treatment.

CONCLUSION

As a result of the treatments, our patient was
successfully extubated and discharged from the
intensive care unit without any sequelae. As a result, it
was observed that combined treatment of hemodialysis,
levocarnitine and meropenem rapidly decreased the



valproic acid

level and successfully treated the

intoxication of it.

Authorship contribution statement

Consept and desing: CNDS, NY, HB, AE.

Acquisition of data: CNDS, NY, HB, AE.

Analysis and interpretation of data: CNDS, NY, HB,
AE.

Drafting of the manuscript: AE.

Critical revision of the manuscript for important
intellectual content: AE.

Supervision: AE.

Declaration of competing interest

None of the authors have potential conflicts of interest
to be disclosed.

Availability of data and materials

All data generated or analyzed during this study are
included in this published article.

Funding

No financial support was received for this research.

REFERENCES

1.

Lheureux PER, Hantson P. Carnitine in the treatment of
valproic acid-induced toxicity in VPA toxicity. Clin.
Toxicol. 2009; 47 (2): 101-111. DOl:
10.1080/15563650902752376.

Sztajnkrycer MD. Valproic acid toxicity: Overview and
management. J Toxicol Clin toxicol. 2002; 40: 789-801.
DOI: 10.1081/clt-120014645.

Lackmann GM. Valproic-acid-induced thrombocytopenia
and hepatotoxicity: discontinuation of treatment?
Pharmacology. 2004; 70: 57-58. DOI:
10.1159/000074668.

Peces R, Fernandez EJ, Sanchez RJ, Peces C, Montero A,
Selgas R. Hemoperfusion in the treatment of acute
valproic acid poisoning. Nefrologia. 2007; 27 (3): 370-
373.

Arslankdylii AE, Alakaya M, Akyilmaz E, Celik Y,
Delibas A. Severe valproic acid poisoning responding to
hemodialysis. Journal of Pediatric Emergency and

Intensive  Care.  2017; 4(2): 77-79. DOIL:
10.4274/cayd.19483.
Ishikura H, Matsuo N, Matsubara M, Ishihara T,

Takeyama N, Tanaka T. Valproic acid overdose and L-
carnitine therapy. J Anal Toxicol. 1996; 20(1): 55-58.
DOI: 10.1093/jat/20.1.55.

Jung J, Eo E, Ahn KO. A case of hemoperfusion and L-
carnitine management in valproic acid overdose. Am J
Emerg Med. 2008; 26(3): 388.e3-388.e388004. DOI:
10.1016/j.ajem.2007.07.032.

Andersen GO, Ritland S. Life threatening intoxication
with sodium valproate. J Toxicol Clin Toxicol. 1995;
33(3): 279-284. DOI: 10.3109/15563659509018000.
Spiller HA, Krenzelok EP, Klein-Schwartz W, et al.
Multicenter case series of valproic acid ingestion: serum
concentrations and toxicity [published correction appears
in J Toxicol Clin Toxicol 2001;39(1):115]. J Toxicol Clin

26

Toxicol. 2000; 38(7):
100102388.

755-760. DOI: 10.1081/clt-

10. Perrott J, Murphy NG, Zed PJ. L-carnitine for acute

valproic acid overdose: a systematic review of published
cases. Ann Pharmacother. 2010; 44(7-8): 1287-1293.
DOI: 10.1345/aph.1P135.

11. Papaseit E, Farré M, Lopez MJ, Clemente C, Campodarve

I. A case of acute valproic acid poisoning treated
successfully with L-carnitine. Eur J Emerg Med. 2012;
19(1): 57-58. DOI: 10.1097/MEJ.0b013e328345d67e.

12. Garnier R, Boudignat O, Fournier PE. Valproate

poisoning.  Lancet. 1982; DOI:

10.1016/s0140-6736(82)91713-5.

2(8289):  97.

13.Khobrani MA, Dudley SW, Huckleberry YC, et al.

Intentional use of carbapenem antibiotics for valproic acid
toxicity: A case report. J Clin Pharm Ther. 2018; 43(5):
723-725. DOI: 10.1111/jcpt.12705.

To Cite: Duygun-Sahin CN, Yildiz N, Bakal H, Eroglu A.

Hemodialysis, Levocarnitine and Meropenem Application
in the treatment of severe Valproic Acid-Induced Toxicity
in the Intensive Care Unit. Farabi Med J. 2023; 2(2): 23-26.
DOI: 10.59518/farabimed].1222404.



Farabi Tip Dergisi 2(2): 27-32, 2023
Farabi Medical Journal 2(2): 27-32, 2023

FARARI TIP DERGISI

FARABI MEDICAL JOURNAL

https://doi.org/10.59518/farabimedj.1226106

Derleme

Review

https://dergipark.org.tr/tr/pub/farabimed;

Internet Ortaminda ve Sosyal Medyada Dogru ve Giivenilir Saghk Bilgisi Edinebilme

Obtaining Accurate and Reliable Health Information on the Internet and Social Media

Nalan Ozen'", Murat Topbas*

'Karadeniz Teknik Universitesi, Tip Fakiiltesi, Halk Saghgt Anabilim Dali, 61080, Trabzon, Tirkive

*Sorumlu yazar e-posta: dr.nalan.ozen@gmail.com

https://orcid.org/0000-0001-9238-3915
2https://orcid.org/0000-0003-4047-4027

OZET

Giliniimiizde internet, bir¢ok alanda oldugu gibi saglik alaninda da
bilgi edinebilmek i¢gin bagvurulan ilk kaynak haline gelmistir. Ancak
internet ortaminda herkes her istedigini yazip yayimlayabilmekte,
ozellikle sosyal medyada ¢ok kisitli bir kontrol diginda kisisel ve
kurumsal yorumlar rahatlikla yayilabilmektedir. Dolayisiyla
internette, dogru Dbilgilerle birlikte genellikle yanlis veya
dogrulanmamig asir1 bilgilerin hizli bir sekilde yayilmasi durumu
s6z konusu olup bu durum “Infodemi” olarak ifade edilmektedir.
Boyle bir durum igerisinde, ulasilan bilgilerin bilimsel ve ¢agdas tip
uygulamalar1 agisindan dogru olup olmadiginin bilgiye ulasan kisiler
tarafindan degerlendirilememesi onemli bir halk sagligi sorunu
olarak karsimiza ¢ikmaktadir. Yanls bilgi kirliligi i¢inde karigikliga
diismeden saglik sorunlarina yonelik bilingli kararlar alabilmek,
bireylerin hem dogru ve giivenilir bilgiye erisebilme hem de yanlis,
kusurlu veya yaniltmay1 amaglayan bilgiyi giivenilir olandan ayirt
edebilme yetenegine baglidi. Bu derlemede, infodemi,
misenformasyon, dezenformasyon, malenformasyon ve bunlarin
saglik iizerine etkileri hakkinda bilgi vermek; bu durumla miicadele
kapsaminda gelistirilen “Infodemi yénetimi” ve “Infodemiyoloji”
kavramlarin1 agiklamak; bireylerin ve toplumun, hangi bilgiye
giivenilecegi ve neden giivenilecegi hakkinda bilgi sahibi
olabilmelerinin, bilginin ve kaynaklarin giivenilirligi hakkinda
yargida  bulunabilmelerinin, kisaca bilgiyi degerlendirme
yetkinliklerinin gelistirilmesi noktasinda saglik okuryazarliginin ve
ozellikle dijital saglik okuryazarliginin 6nemini vurgulamak;
internet ortaminda ve sosyal medyada saglik ile ilgili bilgilere
ulasmada dikkat edilmesi gereken noktalara deginmek
amaglanmstir.

Anahtar Kelimeler: Dijital saglik okuryazarligi, infodemi, Saglik
bilgisi, Saglik okuryazarligi, Misenformasyon

ABSTRACT

The internet has become the first source used to obtain information
in the field of health. However, on the internet, anyone can write and
publish whatever they want, and personal and corporate comments
can be easily spread, especially on social media, outside of very
limited control. Therefore, there is a rapid spread of false or
unconfirmed excessive information on the Internet, along with
accurate information, and this is referred to as "Infodemic". In such
a situation, it is an important public health problem that the people
who reach the information cannot evaluate whether the information
obtained is correct in terms of scientific and contemporary medical
practices. Being able to make informed decisions about health
problems without falling into confusion due to misinformation
pollution depends on the ability of individuals to both access
accurate and reliable information and distinguish false, defective or
misleading information from reliable information. This review aims;
to give information about infodemic,  misinformation,
disinformation, maleinformation and their effects on health; to
explain the concepts of “Infodemic management” and
“Infodemiology” developed within the scope of combating this
situation; to emphasize the importance of health literacy and
especially digital health literacy, for individuals and society to have
information about what information to trust and why, to be able to
make judgments about the reliability of information and resources,
in short, to improve the competence of individuals and society in
evaluating information; to mention the points that should be
considered in accessing health-related information on the internet
and social media.

Keywords: Dijital health literacy, Health information, Health
literacy, Infodemic, Misinformation
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GIRIS
Internet ortaminda ve sosyal medyada saglik bilgisi
arama

Gﬁnﬁmﬁzde internet, bircok alanda oldugu gibi saglik

alaninda da hayal edilemeyecek diizeyde bir bilgi
denizine, hi¢ olmadig1 kadar kolay erisim saglamaktadir.
Bilgi toplumunda, kisilerin gerek kendi gerekse aile
bireylerinin hastaliklar1, hastaliklarin risk faktorleri,
hastaliklardan korunma yollar1 ve tedavi yontemleri
hakkinda bilgi edinebilmek i¢in internet ortamindan ve
sosyal medyadan yararlandiklar1 goriilmektedir.? Bu
kaynaklar araciligiyla ulasilan ve dogru kullanilan saglik
bilgileri; saglig1 etkileyen yasam tarzi faktorleri, tarama
ve erken tani, hastaliklarla basa gikabilme, semptomlarin
yonetimi, aktif tibbi karar vermeye dahil olma, farkli
tedavi ve rehabilitasyon secenekleri gibi konular
anlamada ve degerlendirmede olduk¢a Onemlidir.
Dolayisiyla dogru ve giivenilir bilgiye, dogru zamanda
ve dogru formatta ulagabilmek oOzellikle saglhigin soz
konusu oldugu bu durumlarda yasam kurtarici
olabilmektedir.® Ancak ulasilan bilgilerin bilimsel ve
cagdas tip uygulamalart agisindan dogru olup
olmadigmin  bilgiye wulasan kisiler tarafindan
degerlendirilememesi kaotik bir duruma neden olmakta
ve Onemli bir halk sagligi sorunu olarak karsimiza
cikmaktadir. Bu derlemede, infodemi, yanlis bilgi
kategorileri ve yanlis bilginin saglik tizerine etkileri
hakkinda
kapsaminda gelistirilen yonetimi”  ve
“Infodemiyoloji” kavramlarini agiklamak; bireylerin ve

bilgi vermek; bu durumla miicadele

“Infodemi
toplumun, hangi bilgiye giivenilecegi ve neden
giivenilecegi hakkinda bilgi sahibi olabilmelerinin,
bilginin ve kaynaklarin giivenilirligi hakkinda yargida

bulunabilmelerinin, kisaca bilgiyi degerlendirme
yetkinliklerinin ~ gelistirilmesi  noktasinda  saglik
okuryazarliginin  ve  Ozellikle  dijital  saglk
okuryazarliginin ~ 6nemini  vurgulamak;  internet

ortaminda ve sosyal medyada saglik ile ilgili bilgilere
ulagsmada dikkat edilmesi gereken noktalara deginmek
amaglanmustir.

ANA METIN

Infodemi ve yanls bilgi kategorileri

Gliniimiizde internet ortaminda herkes her istedigini
yazip yayimlayabilmekte, 6zellikle sosyal medyada ¢ok
kisith bir kontrol disinda kisisel ve kurumsal yorumlar
rahatlikla yayilabilmektedir. internette,

dogru Dbilgilerle birlikte

Dolayisiyla

genellikle yanlig veya
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dogrulanmamis asir1 bilgi yiikklenmesi durumu soz
konusudur. Literatiirde dogru ya da yanlis bilginin hizli
ve genis kapsamli yayilmasini, yanhis veya kusurlu
bilginin ise farkli boyutlarini ifade etmek {izere sunulan
farkli tanim ve terimler bulunmaktadir.
“Enformasyon/bilgi” ile “epidemi/salgin” kelimelerinin
bir araya gelmesiyle olusturulan ve Diinya Saglik Orgiitii
(DSO) genel direktorii Dr. Tedros’un, Subat 2020°de
yaptig1 “Biz sadece bir pandemiyle degil ayni zamanda
bir infodemiyle de savasiyoruz” agiklamasi ile kiiresel
diizeyde glindeme gelmis bir kavram olan infodemi,
DSO tarafindan “bir hastalik salgim sirasinda dijital ve
fiziksel ortamlarda yanlhs veya yaniltici bilgiler iceren
cok fazla bilgi” seklinde tanimlanmaktadir.*® Belirli bir
konuda, biiyiik miktarda, giivenilir olmayan ve
muhtemelen yanlis bilginin, son derece hizli bir sekilde
yayilmasi durumu séz konusudur. Bu durum kisaca
“bilgi salgin1” seklinde de ifade edilmektedir. Genellikle
insanlara yardim etmek amaciyla paylasilan fakat
biitiiniiyle dogruluk icermeyen ya da cesitli finansal
kazanimlar, siyasal cikarlar ve statiiler elde etme
amaciyla korkulardan ve endiselerden beslenerek
iiretilen bilgiler, bu sekilde internet ortaminda giderek
yayginlagmaktadir.®

Yanlis bilgi, saglikla ilgili bir durum veya hastaligin,
ortaya ¢ikisi, nedeni, tedavisi, yayillma mekanizmasi gibi
pek cok konuda iiretilip paylasilabilmektedir. Bununla
birlikte yanlig bilgi, iyi niyetle sunulan ancak yanlis veya
kusurlu bilgi (misenformasyon) seklinde olabilecegi gibi
kusurlu veya yanlis oldugu sunan kisi/kisiler tarafindan
bilinen, kasith olarak yamiltma amach yayilan bilgi
(dezenformasyon) seklinde de karsimiza
¢ikabilmektedir. Bunlarin yani sira tanimlanan bir diger
yanlig bilgi kategorisi ise “kotii bilgi/malenformasyon”
olup bir kisiye, sosyal gruba, kurulusa veya iilkeye zarar
vermek i¢in gercege dayali bilgilerin bozularak
yayilmast seklinde tanimlanmaktadir. Boylece yanlis,
eksik ve karmasik bilginin farkli boyutlarini ifade etmek
iizere farkli tanim ve terimler sunulmaktadir.”® Her iigii
de bireylerin yasamlarimin her yoniinii etkileyebilen ve
sagliklarini tehdit edebilen boyuta ulasabilmektedir.
Yanhis bilginin saghk iizerine etkileri

Internet ortaminda ve sosyal medyada kimi dogru kimi
dogrulanmamis kimi ise yanlis olan ¢ok fazla bilgi
mevcut oldugundan bu durum insanlarin ihtiyag
duyduklarinda giivenilir kaynaklar bulmalarin1 ve karar
verme siireglerini zorlastirabilmekte, hatta onlar1 dogru
karardan uzaklagtirabilmektedir. Normalde ¢ok zor
geligtirilen ya da degistirilen davramig kaliplar1 ve



inaniglar, hizli ve yogun, yanlis ya da dogrulugu teyid
edilmemis bilgi akisi nedeniyle kolayca gelisebilmekte;
ozellikle sagligin s6z konusu oldugu stres altindaki
donemlerde davraniglar hizla  degisebilmektedir.
Dolayisiyla saglik davraniglar1 da dahil olmak {izere
yasamin her yoniinii etkileyebilen yanlis bilgi, bireylerin
dogru davramis ve tercihlerden uzaklasip risk altina
girmelerine neden olabilmekte ve sagliklarini olumsuz
yonde etkileyebilmektedir.®

Internet ortamindan ve sosyal medyadan bilgi edinme
yaklagimi, faydali oldugu iddia edilen ve bireyleri
faydali oldugu diislincesine iten siireglerin yasandigi,
ancak ¢ogu zaman olumlu etkileri yaninda istenmeyen
etkileri ortaya c¢ikabilen, konvansiyonel ilaglarla
farmakokinetik ve farmakodinamik diizeyde etkilesim
nedeniyle cesitli toksik etkilerin meydana geldigi ve
hatta geri dondiiriilemeyen zararlara yol acabilen modern
tip dis1 uygulamalara yonlendirmesiyle onemli saglik
sorunlarina yol agabilmektedir.1%*2

Saglik konusunda ilk bilgi kaynagi internet ortami ve
sosyal medya olan Kisilerin, bu ortamlarda gordiikleri
veya okuduklari hastalik tanilarin1 ve bu dogrultuda
bedensel belirtilerini yanlis yorumlamalari, siddetli
saglik kaygisi ya da diger bir ifade ile “Hipokondriazis”
olarak adlandirilan, ciddi bir hastaliga yakalanmis
olduklar1 ya da yakalanacaklar1 endisesi tasimalarina
neden olmaktadir.®* Bu Kkisiler, birinci, ikinci ve
Uclincli basamak, o6zel ya da kamu farketmeksizin
bir
“Hocam, internette okudugum bilgilerle ben soyle bir

herhangi saglik kurulusuna basvurduklarinda,

hastalik oldugunu diistintiyorum...”,
medyada gordiim. Su ilag ¢ok iyi geliyormus. Sen bana
ondan yaz..” seklinde climleler hekimler tarafindan

“Hocam sosyal

sitkca duyulmaktadir. Ancak dogrusu, hastaliklarin
hekim ile hasta arasinda birlikte karar verilerek ve
birlikte yonetilerek tedavi edilmesi oldugundan, bu
diisiinceler zaman zaman hekim-hasta iletisimini de
olumsuz yonde etkilemektedir.

Sagligin s6z konusu oldugu bir durumla ilgili yanls
bilginin yayilmasi, etkili halk sagligi miidahalelerini
engelleyebilmekte, insanlar arasinda kafa karigikligi ve
giivensizlik yaratabilmektedir. Bu siireg COVID-19
pandemi siirecinde derin bir sekilde yasannmustir.'®
COVID-19 pandemisi gibi aniden ortaya ¢ikan ve ortaya
¢iktig1 andan itibaren giindemde yer alan bir saglik olay1
karsisinda, insanlar bu yeni hastalik ve viriis hakkinda
bilgi edinmek, uygulama ve davramiglarini hizli bir
sekilde degistirmek zorunda kalmislardir. Ancak hizh
ilerleyen bu siirecte, alaninda uzman olup olmadig: belli
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olmayan ya da salgin konusu ile birebir Grtlismeyen
alanlarda uzman olan insanlarla, bilimselligi soru isareti
tagiyan yaklagimlar sergilendigi goriilmiistiir. Ortaya
atilan komplo teorileri ve yapilan yanlis aciklamalar
sonucunda bilginin dogrulugu, yanhshgi, gercekligi,
bilimselligi ve uygulanabilirligi noktasinda bilgi kirliligi
meydana gelmistir. Meydana gelen bu bilgi kirliligi,
bireylerin, maske kullanimi, fiziksel mesafe ve as1 gibi
sagligr korumada en etkili oldugu kanitlanan korunma
yollarindan uzaklagmalarina ve salgindan negatif yonde
etkilenmelerine neden olmustur.®

Infodemi yonetimi ve infodemiyoloji

Infodemi miicadelesi oldukga zor ve kapsamli bir ¢aba
gerektirmektedir. Ortakliklar, paydaslar ve is birligi
olmadan miidahale edilmesi ve sonug¢ alinabilmesi
miimkiin degildir. Infodemi alani, kisisel hak ve
ozgiirliiklerin toplumsal ¢ikarlart tehdit ettigi bir hal
alabilmekte ve bu alan hukuk, ahlak, etik ve bilimin ortak
zemini haline gelmektedir. Ayrica infodeminin ulusal
boyutu olmakla birlikte uluslararas1 ve hatta kiiresel
boyutu daha da &nem kazanmaktadir.® Bu baglamda
DSO tarafindan “infodemi yonetimi” kavrami ortaya
konmustur. Infodemi yonetimi, “saglikla ilgili acil
durumlar swrasinda infodemiyi yonetmek ve saglik
davramslar iizerindeki etkisini azaltmak icin risk ve
kanita dayali analiz ve yaklasimlarin  sistematik
kullanimi” seklinde tanimlanmaktadir. DSO’ye gore
infodemi yonetimi ile; kiiresel diizeyde bilgi kontroli,
dezenformasyon ve misenformasyon izlemi ve yonetimi,
infodemi Ol¢lim ve ydnetimi, kanit sentezi, bilginin
anlagilir hale getirilmesi, risk iletisimi, toplum katilimi
ve mesajlarin giliclendirilmesi gibi faaliyetler araciligiyla
iyi  saglhik uygulamalarma olanak saglanmasi
amaclanmaktadir.* Ancak bu sekilde yanhs bilgi ve
mesajlarin neler oldugu ve nasil yayildigi konusunda
bilgi sahibi olunabilecegi, dogru ve giivenilir bilgi
olusturulabilecegi  ve  kisilere  ulastirilabilecegi
diistiniilmektedir.

Bireylerin ve toplumun bilgi gereksinimlerini énceden
belirlemek ve yanlis bilgiler yayilmadan dogru bilgileri
ulagilabilir hale getirmek olduk¢a Onemlidir. Bu
baglamda yeni bir arastirma disiplini ve metodolojisi
“Internetteki
belirleyicilerinin dagilimi bilimi” olarak tanimlanan
“Infodemiyoloji”, bireyleri kaliteli saglik bilgilerine
yonlendirmede yararli olabilecek saglik bilgilerininin ve

ortaya  cikmustir. bilginin ve

yanlis  bilgilerin  belirleyicilerini  ve  dagilimim

incelemektedir. Ortaya ciktigi ilk zamanlarda yanlis,
hatali, zararli enformasyonun analizi ve ydnetimi



amaciyla gelistirilen infodemiyolojik yontemler daha
sonra internette dolasan saglikla ilgili her tirlii dijital
veri ve enformasyonun izlenerek analizi yoluyla 6nemli
halk sagligi sorunlar1 konusunda ©ngoriide bulunma
amach yontemler olarak yaygimmlagmaya baglamigtir.
Sonu¢ olarak nihai amaci halk saghigi ve kamu
politikasmi bilgilendirmektir,6-18

Bilgiyi degerlendirme yetkinligi ve saghk okuryazarliig
Yanlis bilgi kirliligi icinde karisikliga diismeden saglik
sorunlarina yonelik bilingli kararlar alabilmek, bireylerin
hem dogru ve giivenilir bilgiye erisebilme hem de yanlis,
Kusurlu veya yaniltmayi amaglayan bilgiyi giivenilir
olandan aymrt edebilme yetenegine baghidir. Ancak
konuya nasil yaklasilacagi noktasinda ciddi egitim
eksikligi mevcut olup bu eksiklik, 6zellikle genglerin ve
geng yetiskinlerin internet ortaminda giderek daha fazla
zaman harcadigi giliniimiizde toplum icin biiyiiyen bir
tehdit olusturmaktadir. Dolayisiyla, bilginin ve
kaynaklarin giivenilirligi hakkinda yargida bulunmak,
hangi bilgiye giivenilecegini, neden giivenilecegini ve ne
kadar gilivenilebilecegini bilmek, kisaca bireylerin ve
toplumun bilgiyi degerlendirme yetkinligini gelistirmek
temel bir gereksinim haline gelmektedir.1?? Bu
baglamda, son zamanlarda en ¢ok tartisilan konulardan
biri saghik okuryazarhigi ve ozellikle dijital saglik
okuryazarligidir.

“Insanlarin saglik, hastaligi 6nleme, saghgin tesviki ve
gelistirilmesi ile ilgili giinliik yasamda karar vermek ve
kararlar almak icin saghk bilgilerine erigme, anlama,
degerlendirme ve wuygulama konusundaki  bilgi,
motivasyon ve yeterlilikleri” olarak tanimlanan saglik
okuryazarligi, bireylerin saglik bilgilerini anlamalarina
ve bilingli olarak saglik kararlar1 almalarina olanak
saglamaktadir.??* Giiniimiizde saglik sistemlerinin,
sunulan hizmetlerden yararlanan bireylerden beklentisi,
saglik bakimindaki 6z sorumluluklarinin artirilmasi
yoniindedir. Dolayisiyla bireylerden kendi saglik
sorumluluklarini almalari, bilgiyi anlamalari, kendileri
ve bagkalar1 i¢in dogru saglik kararlar1 vermeleri
yoniinde yeni roller iistlenmeleri istenmektedir. Tiim bu
beklenti ve isteklerin temelinde ise kisilerin saglik
okuryazarlig1 becerileri yer almaktadir. Dijital saglik
okuryazarlign ise “elektronik kaynaklardan saglik
bilgilerini arama, bulma, anlama, degerlendirme ve elde
edilen bilgileri bir saglik problemini ele almak veya
¢ozmek  i¢cin  uygulama  yetenegi”  seklinde
tanimlanmaktadir. Dijital saglik okuryazari olan bireyler,
bir saglik problemini ¢6zmek igin
kaynaklardan bilgi alip kullanabilen,

elektronik
bu bilgiler

30

dogrultusunda kisisel saglik ve bakim sorunlarini daha
iyi yonetebilen kisilerdir. Dolayisiyla internet ve sosyal
medya {izerinden kolaylikla ulasilabilecek saglik
bilgilerinin anlasilmast, yorumlanmast,
degerlendirilmesi ve yararlanilmasi gibi ¢oziimler ile
bireylerin dijital saglik okuryazarlik seviyelerinin
yiikseltilmesi gerekmektedir. Yiiksek dijital saglik
okuryazarligina sahip bir bireyin, internet ortaminda ve
sosyal medyada herhangi bir bilgi ile karsilasmasi
durumunda, baslangictaki odagi; bilginin kaynagi, nasil
iiretildigi ve kurumsal niteligi olmalidir. %%

Saghk ile ilgili bilgilere ulasmada dikkat edilmesi
gereken noktalar

Bilginin kaynagini dogru segmek ve bunun 6tesinde o
kaynagin sayginligi ile giivenilirligini
degerlendirebilmek dogru ve giivenilir bilgiye ulagsmada
oldukga 6nemlidir. Bu baglamda dikkat edilmesi gereken
onemli nokta bilgiyi sunan kisi/kisilerin alan uzmanlhgi
ve gosterilen kanitlarin degeridir. Bilimin dilini veya
diger kiiltiirel sembollerini kullanmak, bir insana
uzmanlik atfedilmesi i¢in yeterli degildir. Ayrica bir
alanda Nobel Odiilii sahibi olsa bile, bu o bilim insaninin

diger alanlarda da uzman oldugu anlamina
gelmemektedir. Ancak gerek internette gerekse sosyal
medyada tiim bilim insanlarina “farklilagsmamis
otoriteler”  goziiyle  bakilmaktadir.  Dolayisiyla

bireylerin, bilimde uzmanligin belirteglerini ve tiim bilim
insanlarimin ayni olmadigimin dnemini anlayabilmeleri
gerekmektedir. Bununla birlikte alaninda uzman Kkisi,
bilimsel kanitlara dayali olarak goriislerini ifade
edebiliyorsa ve onlara uygun bir sekilde bir tanim
yapabiliyorsa, ancak 0 zaman sunulan bilginin dogrulugu
kabul edilmelidir.??°

Uluslararas1 veya wulusal kongrelerdeki panellerde
tartismalar ~ sonucu bilgiler;
bildirilerde tibbi

caligsmalar neticesinde iiretilen, yiiksek kaliteli ve saygin

yapilan retilen

kongrelerdeki sunulan bilgiler;
bilimsel dergilerdeki makalelerde tanimlanan ve sunulan
bilgiler, her ne kadar ortaya konma siireci uzun olsa da
dogru ve giivenilir bilgiler olarak karsimiza ¢ikmaktadir.
Diinya Saglik Orgiitii ve Birlesmis Milletler Cocuklara
Yardim Fonu (United Nations International Childrens
Emergency Fund/UNICEF) gibi kuruluslar basta olmak
tizere, T.C. Saglik Bakanligi, devlet kurumlari, uzmanlik
kurumlari, tipta uzmanlik dernekleri, kanunla kurulmus
meslek orgiitleri (Tirk Tabipler Birligi/TTB, Tiirk
Dishekimleri Birligi/TDB, Tiirk Eczacilar Birligi/TEB
vb.) tarafindan sunulan bilgiler ise akut yani kisa siire
icinde karsimiza ¢ikabilecek dogru ve giivenilir bilgi



kaynaklaridir. Bu kurumsal bilgiler teyid edilme sansi1 ve
olasilig1 yiiksek olan bilgilerdir. Dolayisiyla bireyler bu
kaynaklardaki bilgilere daha fazla gilivenebilirler.

SONUC

Giliniimiizde internet, faydalarimin yani sira biiyiik bir
yanlig bilgi salginina da neden olmaktadir. Bu yanlis
bilgi salgini, 6zellikle genclerin ve geng yetiskinlerin
internet ortaminda giderek daha fazla zaman harcadigi
giiniimiizde, bireyler ve toplum i¢in biiyliyen bir tehdit
olusturmaktadir. Bu tehdit karsisinda Oncelikle, internet
ortaminda ve sosyal medyada yazan her bilginin dogru
kabul edilmemesi gerekmektedir. Bilginin kaynag1, nasil
retildigi ve kurumsal niteliginin olup olmadigi
bireylerin oncelikli odak noktasi olmalidir. Kaynagi
dogru se¢mek ve bunun 6tesinde o kaynagin sayginligi
ile gilivenilirligini degerlendirebilmek hi¢ olmadig:
derecede onem arz etmektedir. Ciinkii edinilen saglik
bilgisi kisilerin saglikla ilgili aldiklar1 kararlarn ve
davranislarin1 dogrudan etkileyebilmektedir.

Bireylerin ve toplumun kanitlar1 yorumlama yetenegi
bilgiye baglidir ancak toplum bunun i¢in gerekli bilgiden
yoksundur. Dolayisiyla toplumun, dogru ve giivenilir
saglik  bilgisinin nasil elde edilecegine ve
degerlendirebilecegine yonelik bilgilendirilmesi, bilgiyi
degerlendirme kapasitesinin gelistirilmesi
gerekmektedir. Kisacasi bu noktada, saglik okuryazarligi
ve dijital saghk okuryazarligi i¢in gerekli yetkinlik
olusturulmalidir. Ciinkii bilginin ¢ok hizli ortaya ¢iktig
ve degistigi bu ¢agda ancak bu yetkinlik kalici degere
sahip olacaktir. Bu baglamda ortadgretim déneminden
baslanarak, miifredatda yer alan “Saglik Egitimi” dersi
kapsaminda, saglik bilgisi arama davranisi, dogru ve
giivenilir saglik bilgisine erisebilme, bilgiyi anlama ve
degerlendirebilme ile ilgili igeriklere agirlik verilmelidir.
Hatta ilkogretim doneminde de ders veya seminerler
kapsaminda bir modiil olusturularak bu konulara yonelik
egitimler verilmelidir. Eriskin bireylerin ise yine ¢esitli
resmi ve ozel egitimler araciligiyla saglik okuryazarligi
ve dijital saglik okuryazarligi seviyeleri arttirilmali,
toplumda genel olarak dijital ortamda yayilan yanlis
saglik bilgileri konusunda farkindalik yaratilmalidir.
saghik bilgisi edinme
bicimlerini anlamak ve elde ettikleri verileri teyit
ettikleri ya da dogruladiklar1 kanallar1 tespit etmek,

Bireylerin dijital ortamda

saglik okuryazarligi calismalar kapsaminda biiyiik Snem
arz etmektedir. Dolayisiyla bireylerin, saglik bilgisine
ulasmak i¢in hangi kanallar1 kullandiklar1 ve elde
ettikleri bilgilerin dogrulugu ile ilgili ne 6l¢iide ve hangi
bigimlerde arastirma yaptiklar: konularinda daha detayli
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bilgi elde etmek i¢in; yas, gelir, bolge ve egitim diizeyine
gore genis temsiliyet saglayabilecek oOrneklemlerle
caligmalar yapilmalidir. Hatta bu konuda derinlemesine
gorlismeler ve odak grup goriismeleri gibi nitel
yontemler  kullanilarak da  galigmalar ~ yapmak
miimkiindiir. Ayrica, infodemi ve saglikla ilgili yanlig
bilgi sorunu tiim diinyay1 ilgilendirdiginden ve olumsuz
etkilediginden,

iilkelerden veri

uluslararas1 projeler yoluyla farkh
toplayp karsilastirmali  galigmalar
yapmak literatiire Onemli katki saglayacaktir. Bu
caligmalar sonucunda kullanicilarin  dijital saghk
bilgisini arama ve teyit etme egilimleri
6l¢ciimlendiginde, dogru ve giivenilir saglik bilgilerinin
hangi kanallar vasitasiyla dagitilmasinin toplumda

onu

karsilik bulacagi ve bdylece saglik okuryazarliginin
gelistirilebilecegi hakkinda fikir yiiriitmek miimkiin
olabilecektir. Bu baglamda, kamu saglig1 ¢ercevesinde
kritik pozisyonda olan saglik iletisimi icin hangi
mecralarin/kisilerin daha “giivenilir ve saygin” olarak
addedildigi tespit edilmeli ve saglik mesajlarinin
iletiminde Oncelikler belirlenmelidir. Saglikla ilgili
kuruluglarin resmi paylagimlarini dijital kanallarda 6n
plana ¢ikartmak, dijital okuryazarlik programlarina ve
haber dogrulama platformlarina kaynak saglamak ve
sosyal medya platformlarmin dezenformasyona karsi
onlemler almasmi saglamak atilabilecek 6nemli
adimlardandir.

Bir diger noktada ise hangi bilginin dogru hangi bilginin
yanlis oldugunu degerlendirmesi gereken kisi her zaman
okuyucu degildir. Onemli olan bireylerin ve toplumun
bilgi gereksinimlerini 6nceden belirlemek, yanlis bilgiler
yayilmadan dogru bilgileri ulasilabilir hale getirmektir.
Bu baglamda bilim insanlarinin sosyal medya basta
olmak iizere ¢esitli dijital
gostermeleri, giincel arastirma sonuglarini ve dogru olan
bilimsel bilgiyi dolagima sokmalar1 gerekmektedir. Bu
noktada Saglik Bakanligi tarafindan, saglik bilgisi
edinmede en ¢ok kullanilan kaynaklar olan internet ve

platformlarda varlik

sosyal medyada yer alan bilgilerin denetimi yapilmalidir.
Bakanlik tarafindan, saglik bilgisi veren sitelerin
yeterliliginin denetlenmesi, bir sertifikasyon sistemi
kurulmas1 saglik konusundaki yogun bilgi kirliliginin
olabilir. Bununla birlikte,

sitelerin  kullanilmamasi

oniine gecmede etkili

yeterliligi  kanitlanmamis
yoniinde toplumu bilinglendirici ¢aligmalarin yapilmasi,
gelistirilecek denetim sisteminin etkinligini
giiclendirebilir. Boylece bu ortamlarda var olan bilgilerin
giivenilirligi, dogrulugu ve bilimselligi kontrol edilerek

halka ulastirllmis olacaktir. Ayrica sosyal medya



kullanicilarinin - dogru ve  giivenilir

saglik bilgisi

sunmalar1 i¢in de yine Saglik Bakanligi tarafindan

“Saglikta Sosyal Medya Kullanom Kilavuzu”
hazirlanmalidir.
Yazarhk katki beyam

Konsept ve dizayn: NO, MT, Makale yazini: NO, MT
Makale revizyonu ve entelektiiel katki: NO, MT
Danigman: MT

Yazar cikar catismasi

Yazarlarin arasinda potansiyel ¢ikar ¢atismasi yoktur.
Destek

Bu arastirma i¢in maddi destek alinmamuistir.
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ABSTRACT

Autism spectrum disorder (ASD) is a neurodevelopmental disorder
that occurs in the early stages of development, characterized by
limitations in social communication and interaction behaviors,
repetitive limiting behaviors, and limited interests. Nutritional
problems and gastrointestinal complaints seen in ASD have been
known since the first diagnosis of the disease and are considered a
feature of the disease. It is known that children with ASD have
feeding problems five times more often than children with normal
development. The most common nutritional problems seen in
children with ASD are food selectivity, difficulty in eating skills,
selective, strange, and unusual eating behavior, sensitivity to a
particular presentation of food, avoidance of new foods, excessive
and persistent intake of one type of food and meal time behavioral
problems. Dietary approaches such as gluten-free, casein-free,
ketogenic, special carbohydrate, Feingold, Candida body ecology,
and eliminated allergy diets are applied. However, the evidence for
these practices is limited. Therefore, it is recommended to monitor
children with ASD in terms of inadequate and unbalanced nutrition
and to consider feeding problems and malnutrition in applying
restrictive and special diets.

Keywords: Autism, nutrition, diet

OZET

Otizm spektrum bozuklugu (OSB), gelisimin erken evrelerinde
ortaya c¢ikan, sosyal iletisim ve etkilesim davranislarindaki
kisitlamalar, tekrarlayici sinirlayict davraniglar ve sinirhi ilgilerle
karakterize edilen norogelisimsel bir bozukluktur. OSB'de goriilen
beslenme sorunlar1 ve gastrointestinal sikayetler, hastaligin ilk
tanisindan itibaren bilinmekte ve hastaligin bir 6zelligi olarak kabul
edilmektedir. OSB'li ¢ocuklarin normal gelisim gosteren ¢ocuklara
gore bes kat daha fazla beslenme sorunu yasadiklari bilinmektedir.
OSB'li ¢ocuklarda en sik goriillen beslenme sorunlari, besin
seciciligi, yeme becerisinde giicliik, segici, garip ve sira dig1 yeme
davranigi, belirli bir besin sunumuna karst duyarlhilik, yeni
besinlerden kaginma, bir tiir besinin asirt ve 1srarli alimi ve yemek
zamani davranis sorunlaridir. Glutensiz kazeinsiz diyet, ketojenik
diyet, 6zel karbonhidrat diyeti, feingold diyeti, Candida viicut
ekolojisi diyeti, elimine alerji diyetleri gibi beslenme yaklagimlari
uygulanmaktadir. Ancak, bu uygulamalar i¢in kanit sinirlidir. OSB'li
¢ocuklarin yetersiz ve dengesiz beslenme agisindan izlenmesi,
kisitlayici ve 6zel diyetlerin uygulanmasinda beslenme sorunlari ve
yetersiz beslenmenin g6z oniinde bulundurulmasi 6nerilir.

Anahtar Kelimeler: Otizm, beslenme, diyet
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INTRODUCTION

Autism Spectrum Disorder (ASD) is characterized by

significant impairment in social interaction and
communication with restrictive and repetitive behaviors,
interests, or activities.! ASD is a heterogeneous group of
diseases that are difficult to diagnose and treat due to the
lack of precise and clear information about the cause of
the neurodevelopmental disorder.? Diagnostic criteria
include three primary headings apparent inadequacy in
social  interaction, qualitative  inadequacy in
communication, and excessive struggle with repetitive
interest.® ASD is a common neurodevelopmental disease
with a rate of approximately 1.7%(1/59) in the United
States.* The etiology of autism remains unclear. There
are opinions that genetic and environmental factors are
associated with autism symptoms.® Genetically based
causes such as chromosomal abnormalities and gene
defects constitute 10-20% of individuals with autism.®
Environmental factors such as radiation, viruses, drug
use, tobacco, alcohol, pesticides, endocrine disruptors,
heavy metals, air pollution, and micronutrient
deficiencies are also thought to play a role in ASD."8
DSM-5 considers the clinical features of ASD in two
dimensions as inadequacy social communication and
repetitive ritual behaviors by bringing a dimensional
approach. These clinical features begin in early
childhood and adversely affect the activities of daily
living. Recognizing these clinical features of ASD varies
according to the severity of its symptoms, the child's
developmental level, and age.® Deficiencies social
communication include problems in social and
emotional interaction, mutual dialogue, non-verbal
communication, and establishing and conducting human
relationships.’® Restricted and repetitive interests,
behaviors, and behavior patterns change with age and
take on a different forms. Children with ASD tend to play
repetitive games with non-functional objects, have
repetitive conversations, show no interest in the typical
toy and play, and examine or line them up rather than
play with toys.!*

Medical treatment of ASD

There is no pharmacological method that affects the
basic symptoms of ASD. There are intervention methods
applied to children with ASD in different approaches.
These; evidence-based practices, comprehensive
treatment models, alternative and complementary
medicine (special nutrition interventions, vitamin-
mineral supplements, etc.), and psychotherapeutic
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drugs.*? Drug therapy is frequently used for comorbid
psychiatric  diagnoses, and behavioral problems
accompanying ASD.* Treatment approaches are
grouped as pharmacological and educational. The basic
approach to alleviate disease-specific symptoms and
increase  functionality is educational therapies.
Educational therapies aim to improve the field of social
communication, reduce unwanted behaviors and gain
new skills.**

Medical nutrition therapy of ASD

It has been observed that children with ASD are more
exposed to parent-induced dietary restrictions, so parents
of these children are more aware of the foods their
children consume or should consume. It has also been
observed that they make more effort to ensure that their
children receive the recommended amount of nutrients.*®
In a cross-sectional study of children with autism, dietary
intake of vitamins A, Bi, Bi, D, and folate, calcium,
magnesium, potassium, iodine, omega-3, omega-6,
linoleic acid, and a-linolenic acid was found
insufficient.!® In a study conducted on children with
ASD, it was seen that there was suboptimal nutrient
intake. Vitamin D, calcium, and bone health should be
taken care of.}” Vitamin B2 and vitamin D deficiency
were significantly detected in children with ASD, and no
significant difference in folate levels was found in
healthy children.

Energy

The metabolic and nutritional status of children with
autism showed many differences when compared to
healthy children. Children with autism have increased
biomarkers indicative of oxidative stress and vitamin
deficiency;  energy  transport,  suffusion, and
detoxification capacity are decreasing. Some of the
biomarkers have been associated with autism severity.*°
In a study conducted on children with ASD, it has been
observed that children with ASD between the ages of 2-
5 are more prone to being overweight and obese, while
children between the ages of 5-11 are more prone to
being thin. In addition, it was found that children
consumed a similar amount of nutrients and those with
autism 4-8 years old children received less energy, zinc,
and vitamins A and C.* No change in energy
requirement has been reported in OSB.?

Carbohydrate

According to studies examining the intake of
macronutrients in children with ASD, it has been shown
that there is no significant difference compared to
healthy children or that macronutrient intake is higher in



children with autism.?>% Although adequate intake of
macronutrients  versus insufficient intake  of
micronutrients is noteworthy, there is inconsistency in
the results.?* In some studies, it is reported that children
with ASD have insufficient energy, carbohydrate,
protein, and fat intake and that they take many vitamins
and minerals inadequately due to their intestinal
permeability and selective nutritional behaviors.?5-%’
Protein

5-20% of the daily energy intake for three years of age
and 10-30% for four or six years of age should be
provided from proteins. There needs to be more
information about how much of the proteins that children
receive should be of vegetable origin and how much of it
should be of animal origin.?® It has been shown that the
protein intake levels of children with ASD are similar to
those of typically developing children.?

The use of camel milk is seen to eliminate or reduce the
behavioral problems seen in ASD. Camel milk, which
does not contain beta-casein and beta-lactoglobulin,
which can lead to cow's milk allergy, is a good source of
protein. Camel milk, which is close to breast milk and
rich in micronutrients such as calcium, phosphorus,
niacin, and iron and strengthens natural immunity, has
been thought to be used in the treatment of ASD.*% 3! In
a double-blind, randomized controlled trial, children
aged 2-12 years were given camel milk for two weeks.
Compared with the placebo group, significant
improvements were observed in the Childhood Autism
Rating Scale (CARS), Social Responsiveness Scale
(SRS), and Autism Treatment Evaluation Checklist
(ATEC) scores in children who received camel milk.%2
Fat

Since omega-3 fatty acid deficiency is seen in children
with ASD, it is thought that this deficiency may cause
some symptoms caused by ASD and it is estimated that
these symptoms will improve with omega-3 fatty acid
supplementation as a supplement.” As a result of the
examination of 143 articles written on this subject, it was
concluded that there is not enough scientific evidence on
the effectiveness and safety of the use of omega-3 fatty
acid supplements for ASD.*® In a study, 30 healthy
children with ASD and 30 healthy children aged 3-11
years were examined and it was found that PUFA
(Linoleic acid, linolenic acid, arachidonic acid,
docosahexaenoic acid) levels were significantly lower in
children with ASD. In the same study, children with
ASD were given two capsules of omega 3 and omega 6
fatty acids twice a day for 3 months. As a result,
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improvements in PUFA levels and behavioral problems
due to supplement use were observed in 20 children with
ASD.% In another study, 12 individuals with ASD aged
18-40 years were given 0.93 g eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA), 5 mg vitamin
E fish oil capsules twice daily for 6 weeks. When the
behavior of individuals is observed, it is concluded that
behavior problems and the incidence of these problems
are significantly reduced.*® Fatty acid supplementation is
thought to be associated with ASD and other
neurological diseases. However, the number of
randomized studies on this subject needs to be increased.
Since the number of participants and the duration of the
experiment vary in the studies conducted, it becomes
difficult to interpret the results systematically.%
Vitamins

Levels of vitamins and minerals have been shown in
many studies to be low in children with ASD.?% 3738 |t is
thought that these deficiencies may be caused by many
factors, such as gastrointestinal (GI) problems, dietary
restrictions, and causes arising from the immune
system.*® These children were found to have deficiencies
in cellular methylation and glutathione-mediated
antioxidant defense in the metabolic process. It has been
suggested that supplementation of vitamin B2, which is
a cofactor in the metabolism of methionine in
transmethylation transsulfuration metabolism, may
increase methylation and antioxidant capacities in these
children.*® In addition, oxidative stress in ASD has
popularized the use of vitamins C and E.*! In one study,
20 children with ASD aged 3-8 years were given
vitamins Bes and C for 3 months. Improvements in sleep
problems and GI problems were seen in children.*? In the
study investigating the effects of vitamin A
supplementation on the intestinal microbiota in children
with ASD, plasma retinol levels and the rate of ASD-
related Bacteroidales increased significantly at the end
of six months. However, the relationship between
vitamin A and ASD and microbiota has not been
explained.® In a study conducted on a 14-year-old boy
with ASD, vitamin Bi levels were found to be low and
homocysteine levels high. The child was given 1000 pg
of vitamin B1, supplementation for the first 5 days, then
1000 ug of vitamin B1, per month (as an injection once a
month) for 8 weeks, and 500 mg of vitamin C and 400
mg of vitamin E daily. According to the results of the
study, improvements in eye contact, touch, and walking
and decreases in repetitive behaviors were seen in the
children.* In another study, children with ASD were



given methylcobalamin by subcutaneous injection and
folinic acid by oral route. The result of the study was an
increase in cysteine and glutathione concentrations and
an improvement in autistic behavior.* Although it is
thought that the comorbidities and symptoms of ASD
can be alleviated with vitamin supplements, more
research is needed on this subject.*®

Mineral

It has been shown in several studies that children with
ASD have a higher prevalence of iron deficiency and
iron deficiency anemia than other children.*°
Inadequate dietary iron intake and malabsorption are
thought to cause iron deficiency.>*5? Inadequate intake
of iron by diet has been associated with frequent food
selectivity in ASD.% Although it is thought that food
selectivity leads to nutrient deficiency in ASD, the
relationship between nutrient selectivity and nutrient
deficiency has not been clearly determined.>* A study on
children with ASD showed that children with ASD were
less likely to take in dairy products and, therefore
calcium.®® It has been suggested that the difference in
copper and zinc levels in children with ASD may cause
concentration difficulties, excessive mobility, and
impulsivity. In one study, it was found that plasma
erythrocyte and zinc levels of children with ASD were
lower than in healthy children.®® Zinc supplement is
frequently seen in ASD.% According to a meta-analysis
study, it was found that the plasma zinc level of the group
with ASD was lower than the control group. However,
no relationship was found between zinc levels and
autism severity.>” It has been suggested that zinc may be
an important mineral in the treatment of ASD because
metallothionein regulates gene expression and reduces
heavy metal toxicity.®® Mousain-Bosc, Roche, et al.
examined the effects of magnesium and B6
supplementation in pervasive developmental disorders
(PDD) and found that 70% of children with PDD aged 1-
10 years improved social interaction, communication,
abnormal/delayed functioning, and limited stereotyped
behaviors.®  Although  vitamin and  mineral
supplementation is a recommended intervention for
ASD, the number of studies on this subject is small.®°
Probiotics

Probiotics are thought to contribute to the improvement
of ASD-related problems by changing the levels of
metabolites that may be harmful in children with ASD.
Another hypothesis that probiotics are thought to be
beneficial is that healthy gut flora has an effect on the
brain and behavior through the gut-brain barrier.
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However, the results of studies on this subject are
contradictory. In a 2012 study of children with ASD,
children were given supplementation containing
Lactobacillus acidophilus for 2 months. It was found that
the ability to focus on work and perform a task increased
in the intervention group compared to the control group.
However, no significant behavioral differences were
found between the two groups.?® Similar results were
found in a placebo double-blind controlled study.
Positive improvements in fecal microbiota, gut function,
and behavior scores were found with the use of
probiotics.%2  According to  current  studies,
neurotransmitters and neuro immune responses in the
microbiota-gut-brain axis may be targeted by probiotics,
but the therapeutic effects of probiotics cannot be
definitively explained. In addition, there is no definitive
report on the improvement of ASD symptoms after
probiotic treatment. Therefore, more studies on the use
of probiotics in ASD are needed.®

Feeding Problems in ASD

Although studies show that the nutritional problems
seen in ASD begin with the transition to
complementary nutrition, the data on this subject is
limited.®* Although selective eating is common in both
healthy children and children with developmental
problems, some researchers say that selective eating
may be a preliminary symptom of autism.®® Since
sensory integration problems are more common in
children with ASD, this situation affects children's
eating behaviors. Sensory sensitivity, such as
consuming foods according to their colors and smelling
foods, can be observed.®® Compared to parents of
healthy children, parents of children with ASD reported
that their children had problematic eating behaviors
more frequently.’® It is stated that GIS complaints,
which are frequently seen in ASD, can lead to
nutritional problems, while nutritional problems can
also lead to GIS complaints.®” %8 Early recognition of
nutritional problems and intervention is very important
in terms of obtaining an effective result. Because eating
disorders seen at an early age can affect cognitive,
behavioral, and motor development and cause different
behavioral problems.5

Symptoms of the gastrointestinal tract in ASD
According to a meta-analysis study conducted by
Berry, Noval et al., it was found that children with
autism had 4 times more Gl complaints than children
with normal development, diarrhea and constipation
were three times more common, and abdominal pain



was twice as high.”® Food selectivity in children with
ASD may cause Gl symptoms such as diarrhea,
constipation, or exacerbation of symptoms. These
problems increase in these children since simple
carbohydrate foods such as sugary foods and snacks are
preferred, and vegetables and fruits are not preferred
much. Carbohydrate-heavy diets are thought to
increase the osmotic load and cause diarrhea.”
Nutritional management is important in the treatment
of Gl problems. However, there is no guidance on the
nutrition of children with ASD. To develop a guideline
that can be used in the clinic, it is necessary to bring
together nutritionists who will be particularly interested
in the nutrition of children with ASD.”

Special diets used in the medical nutrition therapy of
ASD

Common special nutritional approaches in the therapy of
ASD are gluten-free-casein-free diet, ketogenic diet,
special carbohydrate diet, Feingold diet, Candida body
ecology diet, eliminated allergy diet, and multivitamin,
fatty acid, mineral, and probiotic supplements.’
Gluten-free-casein-free diet

The Gluten Free Casein Free (GFCF) diet is widely used
to treat autism.” According to the "Opioid Excess
Theory", there are enzyme defects associated with gluten
and casein digestion in children with autism. As a result,
it is assumed that intestinal permeability increases in
children and the child is adversely affected. Opioids,
which occur when foods containing gluten and casein
cannot be fully digested, increase intestinal permeability,
leak into the bloodstream and cross the blood-brain
barrier. In addition, neurotransmission and endogenous
opiate system may be affected and may cause
impairment of central nervous system function.”’” This
theory explains that gluten and casein-based peptides
play a role in the etiology of autism and form the basis
of GI system problems.”® According to the theory, an
increase in the level of opioid peptides in the urine can
be considered a symptom of autism. Poor nutrition of
these peptides can lower the level in urine and improve
the behavioral symptoms seen in autism.” In the GFCF
diet, all foods and beverages containing gluten and
casein protein are excluded from the diet. Gluten is found
in wheat, barley, oats, and rye, and casein is found in
milk and dairy products.” 8 Although the GFCF diet is
widely wused, controlled studies demonstrating its
effectiveness in the treatment of ASD are limited. A two-
stage, 24-month-long  single-blind  randomized
controlled trial of children with autism included 72
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Danish children with autism aged 4-11 years. In the first
stage, the children were divided into two groups; one
group followed the GFCF diet and the other group did
not. Participants were tested at baseline, at 8 and 12
months. According to the analyzes made in the 12th
month, significant improvements were seen in behavior
problems. In the other stage, participants were tested at
24 months. Although the group in the diet intervention
plateaued in behavioral problems, it was seen that the
improvement continued.®! In the treatment of ASD, it has
been stated that the diet can be applied if an allergy or
intolerance to gluten and casein is diagnosed and there
are positive improvements in the symptoms of autism
with diet therapy.®?

Ketogenic diets

Ketogenic therapy has been applied for years in the
treatment of epilepsy. The ketogenic diet (KD), which is
also a preferred method in the treatment of ASD, is
restricted from carbohydrates and has a low protein and
high-fat content. In classical KD, the ratio of fat to
carbohydrate and protein in grams is 4:1. 90% of dietary
calories come from fats.® Individuals on a ketogenic diet
have changes in insulin and leptin levels, a decrease in
serum glucose, and an increase in serum ketone levels
and mitochondrial functions. The use of ketone bodies as
an energy source has been shown to reduce metabolic
disorders and symptoms in ASD.8 30 children aged 4-
10 years were included in a pilot study, which was
conducted prospectively in children with ASD. The
children were given the John Radcliffe diet. The content
of energy in this diet includes 30% medium-chain fatty
acid, 30% fresh cream, 11% saturated fat, 10% protein,
and 19% carbohydrate. 40% of the children who
participated in the study could not tolerate or adapt to the
diet. Positive changes in CARS scores were seen in
children who completed the study.® Since the ketogenic
diet contains limited amounts of carbohydrates, proteins,
and other nutrients, it can adversely affect growth and
cause weight loss. The application of this diet is thought-
provoking because of the occurrence of eating disorders
in children with ASD and their tendency to have low
body weight. These symptoms can be reduced by adding
thiamine, carnitine, and lipoic acid to the diet. However,
it is recommended to evaluate the risks of dyslipidemia,
beta-oxidation defect, acidosis, and mitochondrial and
cardiovascular diseases that may occur as a side effect of
the ketogenic diet.®* Although the studies showing that
autism symptoms improve with ketogenic diet
application in children with ASD with epilepsy are



limited, it is thought to be promising in the treatment of
these symptoms .8°

Special carbohydrate diet

In treating irritable bowel syndrome and celiac disease,
the Special Carbohydrate Diet (SCD) is applied to ensure
the balance of bacteria in the intestine.®’

In SCD, only monosaccharides are allowed from
carbohydrates, and most  disaccharides and
polysaccharides are restricted.®® Meat, eggs, homemade
yogurt, vegetables, fruit oilseeds, and flours of oilseeds
are included in the SCD diet.®” 8 From cereals, wheat,
oats, and rice, processed meats, canned vegetables and
fruits, dried legumes, milk and dairy products, tuber
vegetables (potato, sweet potato), curry, onion, and
garlic powder are limited.” The studies in a four-year-
old boy diagnosed with ASD and Fragile X Syndrome
investigated SCD efficacy on Gl issues. Improvement
in GI symptoms was found.®® More studies are needed on
the effects of SCD on individuals .*°

Feingold diet

Phenol is an organic compound, and occurs naturally in
salicylates. It is also chemically produced from
petroleum derivatives and used as a protective and
coloring artificial food additive.”? It has been observed
that preservatives and colorants can cause hyperactivity
in children. In addition, phenol sulfur transferase (PST)
deficiency has been detected in individuals with ASD.
Salicylates are a phenol subgroup that can be difficult to
break down at times in individuals with ASD.%! Dr.
Feingold's hypothesis is that hyperactive symptoms
decrease with the elimination of nutrient additives.®
Therefore, it is recommended to eliminate foods
containing protective, coloring, sweetening, flavoring
Beta Hydroxy Acids (BHA), Butylated hydroxytoluene
(BHT) and tertiary butyl hydroquinone (TBHQ) from the
diet. Spices such as almonds, apricots, apples,
strawberries, cucumbers, curries, oranges, honey, grapes,
raisins, peaches, tomatoes, and peppers with common
reactive salicylate content are also restricted.”? A semi-
experimental study was conducted in the city of
Mansoura to investigate the effects of combining the
Feingold diet with language education on language skills
in children with ASD. However, no effect of diet on the
development of language skills of children with ASD
was observed.*

Candida body ecology diet (BED)

Candida albicans, a yeast-like fungus, can cause
infection, especially in individuals with suppressed
immune systems. The excessive increase of Candida
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albicans in the body has been associated with impaired
concentration, hyperactive behaviors, and aggression in
children with ASD. In addition, these problems can be
seen together with headaches, stomach problems, gas
pain, depression, and fatigue.  Antifungal drugs,
probiotic supplements, and sugar-poor diets are methods
applied as preservatives.”” BED is applied to prevent the
excessive growth of candida, protect intestinal health,
and maintain acid-base balance. This diet contains low-
acid-forming foods, easily digestible foods without low
sugar and starch content, and fermented foods. Pickled
varieties from fermented foods, kefir, and yogurt made
from non-animal milk are also included in the diet. In
addition to being a gluten-free diet, BED does not
contain rice, corn, and soy. Quinoa, millet, amaranth, and
whole wheat can be consumed by soaking them neatly.”
Eliminated allergy diets

Children with ASD may have food sensitivity due to
problems in the digestive and immune systems.
Beneficial bacteria in the intestines react to
carbohydrates and amino acids that cannot be digested.
If a child is suspected of food allergy or intolerance, the
necessary tests should be performed, or suspicious foods
should be removed from the diet for two weeks, and
when the same food is added to the diet again, it should
be observed whether there are allergic symptoms. Since
allergic foods are removed from the diet with the
elimination diet, there may be improvements in the Gl
tract, behavior, and attention level. Foods excluded from
the diet include milk, soy, wheat, fish, shellfish, eggs,
nuts, and peanuts.’

Low FODMAP diet

FODMAP  stands for  "fermented  oligo-di-
monosaccharide and polyols.” Carbohydrates in this
group have high osmotic properties. The absorption of
short-chain carbohydrates and polyols, which can be
fermented at high levels, is poor. In this diet, these
carbohydrates, which can ferment, are restricted.
Malabsorption and sensitivity to FODMAP group
saccharides may lead to GI symptoms. FODMAP group
carbohydrates are fermented by bacteria in the intestine
and cause gas formation. In case of malabsorption, the
volume of water in the colon increases and causes
diarrhea.** Foods that are forbidden by a low-FODMAP
diet are removed and reintroduced into the diet.% Apples,
pears, peaches, apricots, and dried fruits with a high
fructose content; because of lactose-containing milk and
dairy products; vegetables and fruits containing fructans
such as artichokes, cauliflower, onions, okra, leeks,



broccoli, chickpeas, lentils, beans, wheat and rye ,
artificial sweeteners such as sorbitol and mannitol are
restricted in this diet.%°"  Although the FODMAP diet
has been shown to provide significant reductions in Gl
complaints in inflammatory bowel diseases such as
Irritable Bowel Syndrome (IBS), the data for its use in
ASD are insufficient.%®

CONCLUSION AND RECOMMENDATIONS

In conclusion, although the studies are promising, the
evidence of diet practices reduce the severity of ASD is
limited. Therefore, it is recommended to monitor
children with ASD in terms of inadequate and
unbalanced nutrition and to consider feeding problems
and malnutrition in applying restrictive and special diets.
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