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RESEARCH ARTICLE

Synthesis of 2-Substitutedbenzimidazolium
Tetrachloroplatinate(II) Compounds and Their
Cytotoxic Activities on Different Cell Lines

Mahmut GOZELLE", Aysun KILIC SULOGLU"

Synthesis of 2-Substitutedbenzimidazolium
Tetrachloroplatinate(Il) Compounds and Their Cytotoxic
Activities on Different Cell Lines

SUMMARY

The aim of the study was the synthesis of novel platinum compounds
having benzimidazole ligands and screening for their in vitro cytotoxic
activity on human cervical carcinoma HeLa, human lung carcinoma
A549, and human lung epithelial Beas-2B cell lines. 2-Substituted
benzimidazole ligands were synthesized by using appropriate
aldehydes and o-phenylenediamine. Subsequently, 2-substituted
benzimidazole ligands and  potassium  tetrachloroplatinate(Il)
(K,PtCl) were used to synthesize 2-isopropylbenzimidazole
tetrachloroplatinate(Il) (K1) and 2-(1-methylpropyl)benzimidazole
tetrachloroplatinate(Il) monohydrate (K2). HRMS, IR, elemental
analysis, 'H-NMR, and melting point were used to characterize
the synthesized compounds. Cytotoxic activities against HelLa,
A549, and Beas-2B cells after 48 h and 72 b incubation of the
platinum compounds were investigated via MTT assay. Cisplatin
and carboplatin were used as reference drugs. The cytotoxic activity
results showed that K2 platinum compound displayed 53.42%+2.21
(at 160 pM) on HeLa, 88.16%+0.22 (at 160 uM) on A549 and
92.09%+0.57 (ar 160 puM) on Beas-2B after 48 b incubation, K2
displayed 27.42%+2.03 (ar 160 uM) on HeLa, 93.95%+0.53
(at 160 pM) on A549 and 91.99+0.22 (ar 160 M) on Beas-2B
after 72 b incubation. Both of the platinum compounds have higher
cell inhibitory effects than reference drug carboplatin afier 48 h
incubation for tested cells.

Key Words: Benzimidazole, platinum complexes, cytoroxic activiy,
Hela, A549, Beas-2B.

2-Siibstitiiebenzimidazolyum Tetrakloroplatinat(Il)
Bilegiklerinin Sentezi ve Cesitli Hiicre Hatlarindaki Sitotoksik
Etkileri

0z

Bu calismanin amaci, benzimidazol ligands tagyyan yeni platin
bilesiklerinin sentezi ve bu bilesiklerin insan servikal karsinoma HeLa,
insan akciger karsinoma A549 ve insan saglikly akciger epitel Beas-2B
hiicre hatlar iizerindeki in vitro sitotoksik etkilerinin arastiribmasidyr.
2-Siibstitiie benzimidazol ligandlar: wygun aldebir tdirevleri ve
o-fenilendiamin kullanilarak sentezlenmigtir. Ardindan, 2-siibstitiie
benzimidazol ligandlar: ve potasyum tetrakloroplatinas(1l) (K PeCl)
kullanilarak 2-izopropilbenzimidazol tetrakloroplatinar(1l)
(K1) and 2-(1-metilpropil)benzimidazol  tetrakloroplatinat(I])
monohidrate (K2) sentezlenmistir. Sentezlenen bilesikler HRMS,
IR, elementel analiz, 'H-NMR ve erime noktast kullanilarak
karakterize edilmistir. Senteglenen platin bilesiklerinin HeLa, A549
ve Beas-2B hiicre hatlarna karst MTT testi kullanilarak sitotoksik
etkileri aragtirilmisnr. Referans ilag olarak sisplatin ve karboplatin
kullanilmstir. - Sitotoksik aktivite c¢alismalarimda, bilesik K2'nin
160 uM konsantrasyonda 48 saatlik inkiibasyonlar: sonrasinda
inhibisyon degerleri HeLa hucrelerinde %53.42+2.21, A549
hucrelerinde %88.16+0.22 ve Beas-2B hucrelerinde %92.09+0.57
bulunmugstur. Her iki platin bilesiginin de test edilen hiicrelere karsi
48 saat inkiibasyon sonucunda referans ilag olan karboplatine gire
daha etkili oldugu goriilmiistiir.

Anabhtar Kelimeler: Benzimidazol, platin kompleksleri, sitotoksik
aktivite, HeLa, A549, Beas-2B.
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INTRODUCTION
According to World Health Organization’s (WHO)

report, an estimated 9.6 million people died of can-
cer in 2018, and cancer is the second leading cause
of death worldwide (WHO, 2019). Lung, colorectal,
prostate, liver, and stomach cancer are the most com-
mon types of cancer in men, although the most com-
mon types of cancers in women are breast, cervical,
lung, colorectal, and thyroid cancer. Cervical cancer
is the fourth most common cancer among women
worldwide, accounting for 7.5 percent of all cancer
deaths in women in 2018, with a reported 570.000
new cases (WHO, 2019; WHO, 2020).

After Rosenberg et al. discovered the antiprolif-
erative effect of cisplatin (cis-diamminedichloroplat-
1965;

Rosenberg et al., 1969), platinum compounds as an-

inum(II)) serendipitously (Rosenberg et al.,

ticancer agents received attention. Cisplatin, carbo-
platin, and oxaliplatin (Figure 1.), which have been
marketed worldwide, have become the most effective

medicines for the treatment of cancers. Platinum

H,N  Cl
‘v
Pt

Cisplatin

compounds, especially cisplatin, are used for neo-
adjuvant chemotherapy in cervical cancer (Biersack,
2017). DNA is the primary target of anticancer activ-
ity for platinum compounds and in vitro studies have
shown that the N7 position of guanine is more pref-
erable to attack over the other bases in DNA (Ghosh,
2019). Although cisplatin has a great success in the
treatment of several tumor diseases, it has several side
effects and restrictive effects, including ototoxicity,
nephrotoxicity, myelosuppression, and neurotoxicity
(Dasari & Bernard Tchounwou, 2014; Daugaard &
Abildgaard, 1989; Pérez et al., 1999). Thus, therapeu-
tic use of cisplatin is limited by especially both tumor
resistance and toxicological considerations (Jamieson
& Lippard, 1999). Owing to the need for platinum
compounds, which have less toxicity, good water sol-
ubility, fewer side effects, and a broader spectrum of
activity, several metal compounds have been synthe-
sized and investigated for their biological effects since

the discovery of cisplatin.

0 i
HN 0 ’/N 0

Carboplatin

Oxaliplatin

Figure 1. Structures of platinum drugs approved for clinical use worldwide.

Benzimidazole nucleus is one of the important
pharmacophores in medicinal chemistry, and ben-
zimidazole compounds have anticancer, antihistamin-
ic, antihypertension, antibacterial, antiviral, and anti-
fungal properties (Gaba & Mohan, 2016; Narasimhan
et al., 2012). The presence of benzimidazole core can
help to improve solubility. Moreover, the benzimidaz-
ole core can bind a wide range of macromolecules in
biological systems due to its ability to act as a proton
donor or acceptor (Beltran-Hortelano et al., 2020).

Platinum compounds containing N-donor ligands
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such as benzimidazole show better biological efficien-
cy with less toxicity (Al-Khathami et al., 2019; Fac-
chetti & Rimoldi, 2019). According to literature data,
benzimidazoles with substituents at the C2 position
have activity a variety of cancer cell types (Gozelle et
al., 2019; Nashaat et al., 2020; Dogan et al., 2021). Sev-
eral platinum compounds bearing substituted ben-
zimidazole ligands were reported previously (Zeyrek
etal., 2017; Eren et al., 2018; Eren et al., 2019; Gozelle
et al,, 2019; Niknam et al., 2019; Ozgelik et al., 2019).



FABAD ]. Pharm. Sci., 47, 3, 281-292, 2022

Doi: 10.55262/fabadeczacilik. 1134520

e

HN__ N{P{
j/ ¢!
0

_/go 2

1
1C54=11.29+3.23 ym

HN__N{Pf
j/ i
HO 5

Inh%=25.92+0.75 (at 80 ;iM)

2

10
Inh%-=31.87+3.76 (at 160 M)

0
pf
o)

2

P 1P
Y | a Cl Cloy 7|
HN_ NP HN__NLPAZ :
o Xl N blC
H 2 2
L ) _CI 12
2 3 4 5

1C59=39.5+1.7 yM

7
Inh%=75+1 (at 160 ;M)

8

1C5y=20.7+3.8 uM

Inh%=28.29+0.69 (at 80 uM)

HN__ N{Pf _N__NiPf H H
- - J)% Cl-Pi-cl
1
B 1, | HO 4, | HO 4,

Inh%=72.06+1.48 (at 40 uM)

9
Inh%=40.31£0.74 (at 40 1)

Q o o A
HN__ NiPf y/ \/Q\N
o Tl
" of cl cl
~Z N
/\L 0 @EQ_\)
2 1 H ‘Q
- )
11 12 13
Inh%=46.62+7.43 (a¢ 160 M) 1C5y=81.7 uM 1C5y=25.46+3.44 yM

Figure 2. Platinum compounds bearing benzimidazole ligands against HeLa cell line.

In previous studies, several platinum compounds
bearing substituted benzimidazole ligands against
human cervical carcinoma HeLa cell line have been
described,
methylbenzimidazole)platinum(II)]

including  cis-[dichloro-bis(2-acetoxy-
(),
chloro-bis(1-methyl-2-(2’-hydroxyethyl)benzim-
(2) (Gumis et al, 2009),
3),
4
(Utku et al., 2010), cis-[dichloro-bis(2-(4-chloroben-
zyl)benzimidazole)platinum(I)] (5) (Ozgelik et al,
2012),

idazole)platinum(II)] (6) (Utku et al., 2014), cis-[di-

cis-[di-
idazole)platinum(II)]

cis-[dichloro-bis(benzimidazole)platinum(II)]

[tetrachloro-bis(benzimidazole)platinum(IV)]

cis-[dichloro-bis(2-hydroxymethylbenzim-

chloro-bis(2-cycloheptylbenzimidazole)platinum(II)]
(7) (Ozcelik et al., 2015), cis-[dichloro-bis(1-meth-
yl-2-(3°
num(ID)] (8), 2 - (3’ - hydroxypropyl) benzimidaz-
olium tetrachloroplatinate (II) (9) (Eren et al., 2018),

- hydroxypropyl) benzimidazole) plati-

oxalate - bis (2-methylbenzimidazole) platinum(II)
(10), oxalate-bis (2 - isopropylbenzimidazole)plati-
num(II) (11) (Gozelle et al., 2019), cis-[dichloro-bis
(2 - (4 - chlorophenyl) benzimidazole) platinum(II)]
(12) (Ozgelik et al., 2019), trans-[dichloro-bis(2-ace-
toxymethylbenzimidazole)platinum(II)] (13) (Eren et
al., 2019) (Figure 2.).
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2+
H
N

(-
Pt 2
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14
IC5y=24.6+0.7 yM

Figure 3. Platinum compound bearing 2-amino-
methylbenzimidazole against A549 cell line.

Cytotoxic activity of 2 - Aminomethylbenzimid-
azol containing diaqua platinum(II) compound (14)
(Figure 3.) was investigated against human lung carci-
noma A549 cell line (Mitra et al., 2016).

In this study, we synthesized two novel platinum

compounds with 2-isopropylbenzimidazole and
2-(1-methylpropyl)benzimidazole and then investi-
gated their cytotoxic activities on HeLa, A549, and

human lung epithelial Beas-2B cells.
MATERIAL AND METHODS
Chemistry

All chemical compounds and solvents were re-
agent grade and purchased locally from Merck and
Sigma-Aldrich. All chemicals and solvents were used
without additional purification. Pre-coated aluminum
thin layer chromatography (TLC) was used to moni-
tor the reactions. Dragendorff reagent, iodine vapor,
and ultraviolet light were used for TLC visualization
methods. The molecular weight of the carrier ligands
was assessed by electrospray ionization mass spec-
trometry (ESI+) in-house on a Waters LCT Premier
XE Q-TOF Mass Spectrometer, also coupled to an
AQUITY Ultra Performance Liquid Chromatography
system (Waters Corporation, Milford, MA, USA). The
purity of the final compounds was determined to be
>97% by UPLC via an ultraviolet light detector. FTIR
spectra were measured on a Perkin Elmer Spectrum
400 FTIR/FTNIR spectrometer (Perkin Elmer, Inc.,
Waltham, MA, USA) and were reported in cm™ units.
Elemental analyses were performed with a LECO-
932 CHNS analyzer (LECO Corporation, St. Joseph,
MI, USA), and proton nuclear magnetic resonance
("H-NMR) spectra were recorded on a Varian Mer-
cury 400 MHz Fourier-Transform (FT)-NMR spec-
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trometer (Agilent Technologies, Palo Alto, CA, USA)
by using TMS as the internal standard (Ankara Uni-
versity, Faculty of Pharmacy). The relative integrals of
peak areas agreed with those expected for the assigned
structures. All chemical shift values were expressed in
ppm (8). Melting points were recorded via an SMP-II
Digital Melting Point Apparatus (Schorpp Geraete-
technik, Uberlingen, Germany) and are uncorrected.

2-Isopropylbenzimidazole (L1). Synthesis and de-
tailed structural analyses of ligand L1 were carried out
previously reported (Gozelle et al., 2019).

R,S-2-(1-methylpropyl)benzimidazole (L2). Syn-
thesis and detailed structural analyses of ligand L2
were carried out previously reported (Gozelle et al.,
2019).

2-Isopropylbenzimidazolium Tetrachloroplati-
nate(II) (K1). A solution of K PtCl, (300.0 mg, 0.72
mmol) in 0.5 N HCI was added to a stirred solution of
L1 (200.0 mg, 1.25 mmol) in 0.5 N HCI dropwise over
30 min at rt. The reaction mixture was stirred at 50
°C for 11 days and protected from light. The resulting
precipitate was filtered off and washed with cold water,
cold ethanol, cold acetone, and diethyl ether several
times before being dried in vacuo.

Infrared (IR) [(Attenuated total reflection (ATR)]:
v (cm?) 3101, 3063, 2969. 'H-NMR (DMSO—dﬁ, 400
MHz) &: 1.47 (d, J=6.8 Hz, 12H), 3.44-3.53 (m, 2H),
7.55 (dd, J=6.0 and 3.2 Hz, 4H), 7.96 (dd, J=6.4 and
3.2 Hz, 4H). Anal. calcd for C, H, N Cl Pt: C 36.43; H
3.97; N 8.50; found C 36.19; H 4.18; N 8.57. mp >360
°C. Yield 20%. High-resolution mass spectrometry
(HRMS) (m/z) calculated for K1 [M+H] 161.1079,
found 161.1077.

2-(1-Methylpropyl)benzimidazolium  Tetrachloro-
platinate(II) Monohydrate (K2). A solution of K PtCl,
(300.0 mg, 0.72 mmol) in 0.5 N HCI was added to a
stirred solution of L2 (218.0 mg, 1.25 mmol) in 0.5
N HCI dropwise over 30 min at rt. The reaction mix-
ture was stirred at 50 °C for 6 days and protected from
light. The resulting precipitate was filtered off and
washed with cold water, cold ethanol, cold acetone,
and diethyl ether several times before being dried in

vacuo.

IR (ATR): v (cm™) 3098, 3034, 2950. 'H-NMR
(DMSO-d,, 400 MHz) 6: 0.88 (t, J= 7.4 Hz, 6H), 1.45
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(d, J= 6.8 Hz, 6H), 1.77-1.91 (m, 4H), 3.24-3.36 (m,
2H), 7.55 (dd, J= 6.0 and 3.2 Hz, 4H), 7.80 (dd, J= 6.0
and 3.2 Hz, 4H). Anal. caled for C,H, N,Cl,Pt.H,O:
C, 37.46; H, 4.57; N, 7.94; found C, 37.09; H, 4.70; N,
7.95. mp >360 °C. Yield 17%. HRMS (m/z) calculated

for K2 [M+H] 175.1235, found 175.1234.
Cell Culture

HeLa cell line was obtained from Foot and Mouth
Disease Institute (Ankara, Turkey). A549 and Be-
as-2B cell lines were purchased from American Type
Culture Collection. Cells were seeded in 25 cm? flasks
using either Dulbeccos modified Eagles medium
(HyClone Laboratories, Inc., Logan, UT) or RPMI
1640 Medium (Invitrogen Corporation, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum
(Cegrogen Biotech GmbH, Germany) and 1% peni-
cillin-streptomycin mixture and then grown for 24 h
at 37°C in 5% CO, in a humidified incubator.

Cytotoxic Activity

Cisplatin and carboplatin were used as reference
drugs. In vitro cytotoxic effects of these compounds
were performed according to MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium  bromide)
assay. 1x10° cells/well were seeded in 96-well plates
for MTT assay. HeLa cells were incubated for 24 h
at 37°C and 5% CO, in a humidified incubator. Cells
were exposed to drugs for 24 h, then the medium was
replaced with 5 mg/mL MTT and incubated for 4 h in
5% CO, incubator. After 48 h and 72 h incubation, the
formazan crystals were dissolved in DMSO/ammonia
and the optical density at 570 nm was measured with
a microplate reader (BioTek Instruments Inc., Win-
ooski, VT). For each compound, three independent
experiments were performed. Results were expressed
as the mean percentage of cell growth in the drug
treatment group/control group. The mean of the con-

0.5N HCl, 50°C

N
@EN\%R L KpCl, — T
H

L1-L2

trol group was assumed as 100% survival.
Statistical Analysis

Statistical analysis was carried out using SPSS ver-
sion 20 software for Windows (SPSS Inc., Chicago, IL,
USA). Data were expressed as meantstandard devia-
tion (SD), and statistical significance was assigned at
the p<0.001 and p<0.005 levels. Results were analyzed
using one-way ANOVA, Tukey’s post-hoc test.

RESULTS AND DISCUSSION

The present paper investigates the in vitro cyto-
toxic effects of 2-isopropylbenzimidazole tetrachloro-
platinate(II) (K1) and 2-(1-methylpropyl)benzimid-
azole tetrachloroplatinate (II) monohydrate (K2).

The first phase in the synthesis step to get the plat-
inum compounds was the synthesis of the benzim-
idazole ligands (L1 and L2). Ligand L1 and L2 were
synthesized according to the procedure described
previously (Gozelle et al., 2019), as shown in Figure 4.
The synthesized yields of benzimidazole ligands were
68% and 70%, respectively. The platinum compounds
K1 and K2 were synthesized, as shown in Figure 5.
The synthesized yield of platinum compounds was
20% and 17%, respectively.

Isobutylaldehyde,

Co(OH)2, Tt @[:\>—<
NH, / H
X :
NH, 2-Methylbutyraldehde,
NaHSO;, 100°C @[H
H

L2
Figure 4. Synthesis of 2-substituted benzimidazole

ligands.
+ 2_
N cl
@[ N\>7R Cl—Bt-cl
N &l
2

K1-K2

Figure 5. Synthesis of platinum compounds.
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HRMS, IR, elemental analysis, 'H-NMR, and
melting point were used to characterize the synthe-
sized compounds. X-ray structure of K1 was reported
in our previous paper (Zeyrek et al. 2017). All charac-
terized information proposed a 1:2 (platinum:ligand)
stoichiometry for the platinum compounds. HRMS
analysis of the platinum compounds K1 and K2
showed only m/z values of the benzimidazole ligands
because K1 and K2 are salts that consist of a square
planar tetrachloroplatinate(II) anion with hydrogen

bonds to 2-substituted benzimidazoles.

Due to the platinum compounds’ insolubility in
the other NMR solvents, the '"H-NMR spectra of the
compounds were acquired by using dimethyl sulfox-
ide-d, (DMSO-d,). It was observed that the peaks of

the platinum compounds shifted towards the para-

magnetic.

The cytotoxic activity of the synthesized com-
pounds, cisplatin, and carboplatin was screened
against HeLa, A549, and Beas-2B cells. Table 1. shows
the inhibition values of compounds and reference
drugs after 48h incubation. The inhibition percentage
of cell viability on HeLa of K1 and K2 platinum com-
pounds were determined as 51.43+0.80 (at 160 pM)
and 53.42+2.21 (at 160 uM), respectively. The inhibi-
tion percentage of cell viability on A549 of K1 and K2
platinum compounds were determined as 54.96+0.47
(at 160 uM) and 88.16+0.22 (at 160 uM), respective-
ly. Compound K2 was determined more cytotoxic

against A549 than carboplatin.

Table 1. Cytotoxic activity values expressed as inhibition % + SD of compounds, cisplatin, and carboplatin after

48h incubation.

Comp. uM HeLa A549 Beas-2B
20 1.62+1.62 i i
- 40 2.19+1.72 18.75+5.42 25.09+4.21°
80 3.8242.32 19.88+3.42 27.23+3.81°
160 4.93+2.67° 24.96+2.80° 29.13+4.18
20 n.i. n.i.
L 40 0.65+0.28 6.68+5.48 16.20+3.75"
80 1.57+0.57 16.02+2.30° 23.33+1.50°
160 2.78+1.78" 19.97+6.35° 23.93+1.63
10 4.7342.73 n.i. 4.65+1.72°
20 5.44+1.50 n.i. 14.93+5.52¢
K1 40 5.42+4.45 0.35+0.60 81.57+1.30°
80 11.51+1.77° 10.01+1.59* 91.85+0.72°
160 51.43+0.80° 54.96+0.47 92.11+0.39*
10 3.67+1.81 n.i. ni.
20 4.85+2.46 6.3143.67° 3.14+0.63°
K2 40 4.89+2.97 17.30+3.43 89.80+1.29°
80 14.38+5.93 37.98+0.87° 90.16+0.58*
160 53.4242.21° 88.16+0.22° 92.09+0.57°
10 1.54+0.22° 10.13+8.53 17.03+3.74"
Carboolati 20 2.03+0.20° 22.30+0.27° 20.43+4.18
arboplatin 40 4.07+0.22° 30.61+1.47° 33.9740.32
80 8.33+0.70° 35.5540.92° 47.28+0.26°
160 14.07+0.2° 41.32+3.45° 51.87+0.85"
5 16.1+0.52° 37.7346.89° 39.65+5.37%
Cisplatin 10 18.81+1.10° 43.89+9.66" 62.18+3.59
20 51.33+0.58° 45.70+6.69* 84.61+0.22°
40 53.68+1.15° 67.58+17.32° 89.76+0.25

The results (mean+SD) of three independent experiments. a: statistically significant from the control group (p<0.01), b:

statistically significant from the control group (p<0.05), n.i.: no inhibition.

286



FABAD ]. Pharm. Sci., 47, 3, 281-292, 2022
Doi: 10.55262/fabadeczacilik. 1134520

The cytotoxic activity of compounds and refer-

ence drugs after 72h incubation was shown in Table 2.

The cytotoxic activity results showed that K1 dis-
played 29.46+5.50 (at 160 pM) on HeLa, 53.47+1.2 at
160 uM) on A549. The inhibition percentage of cell

viability of K2 was 53.47+1.20 (at 160 uM) on HelLa
and 93.95+0.53 (at 160 uM) on A549. Compound K2
was more cytotoxic against human lung carcinoma

cells than carboplatin.

Table 2. Cytotoxic activity values expressed as inhibition % + SD of compounds, cisplatin, and carboplatin after 72h incubation.

Comp. uM HeLa A549 Beas-2B
20 4.98+0.42¢ ni. n.i.
40 3.55+0.13° 16.23+2.14% 19.32+2.44
1 30 2.88+0.92° 16.51+2.08 24.82+3.77
160 3.00+2.32° 19.59+0.29° 26.23+2.49°
20 n.i. n.i. n.i.
40 4.16+3.31 14.65+1.18° n.i.
12 80 4.64+3.79 15.30+1.45° ni.
160 15.52+4.7¢ 20.34+2.32 n.i.
10 13.54+6.79° 1.87+1.68 15.45+2.60°
20 10.54:+1.04° 5.39+2.34 19.36+3.25°
K1 40 15.83+0.35° 9.17+3.88 87.71+1.73
380 13.67+4.66* 26.07+3.62¢ 95.06+0.16°
160 29.46+5.50° 53.47+1.20° 95.15+0.13°
10 ni 1.95+0.59 n.i.
20 ni. 6.97+0.87° n.i.
K2 40 ni. 14.34+1.49° 90.41+0.24°
30 0.86+1.06 36.57+1.17° 91.38+0.57°
160 27.4242.03 93.95+0.53¢ 91.99+0.22¢
10 1.08+0.53 19.63+1.73 22.03+8.41°
20 1.300.50° 25.61+0.17° 33.96+7.79°
Carboplatin 40 18.7920.61° 40.49+0.95° 36.2446.63°
30 26.4+0.80° 46.68+1.22° 62.17+2.85
160 48.17+0.50° 46.73+0.10° 86.05+4.21°
5 21.67+0.70° 42.88+2.20° 60.99+9.51°
10 30.00+1.78* 48.00+0.03° 82.61+3.44°
Cisplatin 20 63.99+0.44° 58.74+1.36° 91.67+2.11°
40 67.67+1.72 87.96+1.78° 93.44+1.63°

The results (mean+SD) of three independent experiments. a: statistically significant from the control group (p<0.01), b:

statistically significant from the control group (p<0.05), n.i.: no inhibition.

Figure 6. and Figure 7. show the inhibition per-
centage of compounds and reference drugs. The
benzimidazole ligands (L1 and L2) show no signifi-
cant inhibition activity on all cell lines after 48h and
72h incubation. The cytotoxic activity of K1 and K2

against human cervical carcinoma after 48h incuba-

tion is higher than 72h incubation. K1 and K2 have
no significant inhibition for HeLa cell line after 72h
incubation. The cytotoxic activity of K2 against hu-
man lung carcinoma after 72h incubation is higher

than 48h incubation.
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Figure 6. Inhibition percentage of cell viability on HeLa, A549, and Beas-2B cell lines treated with different

concentrations of the compounds and positive controls after 48h incubation.
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Figure 7. Inhibition percentage of cell viability on HeLa, A549, and Beas-2B cell lines treated with different

concentrations of the compounds and positive controls after 72h incubation.

As shown in Table 1, the compounds being tested
are arranged in an order to decrease cytotoxic effect
cisplatin>K1~K2>carboplatin on HeLa cells for 48h
incubation. K1 and K2 have a moderate cytotox-
ic effect against HeLa cells for 48h incubation. The
compounds being tested are arranged in an order to

decrease cytotoxic effect cisplatin>K2>K1>carbopla-
288

tin on A549 cells for 48h incubation. Compounds K1
and K2 showed similar selectivity to cisplatin against
HeLa. Moreover, K2 showed more selectivity than the
other compounds against A549.

As shown in Table 2., the compounds being tested

are arranged in an order to decrease cytotoxic effect
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cisplatin >carboplatin>K1=K2 on human cervical
carcinoma HeLa cells for 72h incubation. The com-
pounds being tested are arranged in an order to de-
crease cytotoxic effect cisplatin>K2>K1>carboplatin
on human lung carcinoma A549 cells for 48h incu-
bation. Compounds K1 and K2 showed no selectivity
against HeLa.

CONCLUSION

The main aim of this paper was to investigate
the cytotoxic activities on human cervical carcino-
ma HeLa cells after 48h and 72h incubation of the
platinum compounds. With this purpose, 2-Isopro-
pylbenzimidazole tetrachloroplatinate(II) (K1) and
2-(1-methylpropyl)benzimidazole tetrachloroplati-
nate (II) monohydrate (K2) were synthesized, and el-
emental analysis, IR, and "H-NMR were used to char-
acterize these compounds. Besides, the effects of these
compounds on HeLa, A549, and Beas-2B cells were
examined. The primary data obtained in this study
lead us to conclude that the platinum compounds (K1
and K2) showed higher inhibition values than carbo-
platin against HeLa and A549 cells after 48h incuba-
tion. Moreover, it is observed that the inhibition val-
ues of K1 and K2 against HeLa at 160 uM were similar
to the inhibition value of cisplatin at 40 uM. The inhi-
bition values of K2 against A549 at 160 uM were sim-
ilar to the inhibition value of cisplatin at 40 uM. De-
spite the fact that K2 showed more selective than the
other compounds against A549. This work highlights
the cytotoxic potential on human cervical carcinoma
and human lung carcinoma of platinum compounds
derived from benzimidazole ligands. Those results

must be taken into consideration for further studies.
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ABC, VED, and ABC-VED Matrix Analyses for Inventory

Management in Community Pharmacies: A Case Study
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ABC, VED, and ABC-VED Matrix Analyses for Inventory
Management in Community Pharmacies: A Case Study

SUMMARY

Inventory control methods should be used effectively in community
pharmacies to determine and obtain the needs for pharmaceuticals
and non-pharmaceutical products at appropriate times and with
proper procedures. An effective stock control provides positive outputs
in the community pharmacys economy, the quality of the service to be
provided, and the pharmacys image. In this context, within the scope
of this study, it aims to evaluate ABC, VED, and ABC-VED matrix
analyses in terms of community pharmacies.

In the study, ABC, VED, and ABC-VED matrix analyzes were
applied using the inventory data of a community pharmacy serving
in the city center of Van for the 2019-2020 financial year. For this
purpose, firstly, annual consumption and expenditure data for each
pharmacy item specified for the 2019-2020 financial year were
collected. The data were then transferred to an MS Excel spreadsheet,
and statistical analysis was performed using MS Excel statistical
Sunctions.

As a result of ABC-VED analysis, it was determined that the drugs in
the first category were of great importance for effective stock control,
the drugs in the second category were of medium importance, and the
drugs in the third category were of low importance. They are because
the pharmacy from which the research data is taken is close to the
Jamily health center and the socioeconomic structure of the pharmacys
environment. This categorization is thought to be appropriate.

Key Words: ABC analysis, ABC-VED matrix, Pharmacy, Inventory
control, VED analysis

Serbest Eczanelerde Stok Yonetimi i¢in ABC, VED ve ABC-VED
Matris Analizleri: Bir Olgu Calismas:

0z

Toplum eczanelerinde ilag ve ilag disi diriinlere olan gercksinimlerin
wygun samanlarda ve wygun yontemler ile tespit edilip elde edilebilmesi
igin stok kontrol yontemlerinin etkin bir sekilde kullanilmas:
gerekmektedir. Etkin bir stok kontrolii gerek serbest eczane ekonomileri
agisindan  gerekse sunulacak hizmetin  kalitesi ve eczane imaj
agisindan olumlu ¢iktilar saglamaktadir. Bu baglamda bu calisma
kapsaminda ABC, VED ve ABC-VED matrisi analizlerinin serbest
eczaneler agisindan degerlendirilmesi amaglanmastar.

Calismada Van ili merkezin hizmet sunmakta olan bir serbest
eczanenin 2019-2020 mali yili icin stok verisi kullanilarak ABC,
VED ve ABC-VED matrisi analizlerinin uygulamas: yapilmigtir. Bu
dogrultuda, oncelikle 2019-2020 mali yilz igin belirtilen eczanenin
her bir kalemine ait yillik tiiketim ve harcama verileri toplanmastir.
Veriler daba sonra bir MS Excel elektronik tablosuna aktarilmig
ve MS Excel istatiksel fonksiyonlar: kullanilarak istatiksel analiz
gerceklestirilmistir.

ABC-VED analizi sonucunda birinci kategoride yer alan ilaglarmn
etkili bir stok kontrolii icin bityiik dneme, ikinci kategoride yer alan
ilaglarin orta derecede neme ve digiincii kategoride yer alan ilaglarn
diisiik derecede oneme sahip oldugu saptanmastrr. Aragtirma verilerinin
alindigs eczanenin aile sagltk merkezi yakininda olmast ve eczanenin
bulundugu cevrenin sosyoekonomik yapis: goz oniine alindiginda elde
edilen bu kategorizasyonun wygun oldugu diisiiniilmekzedir.

Anabtar Kelimeler: ABC analizi, ABC-VED matrisi, Eczane,
Stok kontrolii, VED analizi
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INTRODUCTION

Regardless of the size of the business, its field of
activity, and the type of material used or needed, each
company must keep different types and amounts of
inventory to continue its activities. The amount of
inventory held is a critical component that impacts
the economies of organizations. While the amount of
inventory is less than needed, it increases the cost of
being out of stock or drug shortages. At the same time,
its excess can reduce capital power and increase other
expenses (Abromowitz, 1984; Tengilimoglu and Yigit,
2017). For this reason, it is essential to manage inven-
tory correctly. When choosing the inventory control
method, organizations should evaluate the business
size, production and service type, financial possibil-
ities, machinery, and equipment status, building and
warehouse capacity, information flow system, com-
munication, registration, and personnel (Abromowitz,
1984; Tengilimoglu & Yigit, 2017; Fri et al., 2020).

Inventory management is one of the most im-
portant activities that affect community pharmacies’
economic development. It is also essential to main-
tain uninterrupted healthcare services throughout the
pharmaceutical supply chain (Arslan et al., 2021). It
is possible to follow up questions such as when and
how much to order, what level the inventory amount
should be, and the expiration date of a large number
of various drugs and materials in pharmacies with in-
ventory control. Performing inventory management
with appropriate methods can minimize the adverse
effects on pharmacy economies against unexpected
situations such as price changes, seasonal demand
fluctuations, also taking advantage of bulk discounts
(Yiiksel & Duman, 2017; Yilmaz, 2018; Fri et al., 2020;
Fahriati et al., 2021). When the literature is examined,
it is seen that the methods that provide the segmen-
tation of the inventory items are more appropriate to
ensure the effective management of the pharmaceuti-
cal supplies in the healthcare sector. Mani et al. (2014),
Pirankar et al. (2014), Singh et al. (2015), Gupta et al.
(2019), Dora et al. (2020), Bialas et al. (2020) revealed
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that to reduce inventory costs in hospital pharmacies
and to ensure pharmaceutical services without inter-
ruptions, inventories can be categorized according to
their relative importance and can be followed more
optimally. Inventory management techniques clas-
sifying items according to their relative importance
are frequently used in the healthcare sector. Always,
better and control (ABC), vital, essential, and desir-
able (VED), and ABC-VED matrix analyses are the
most preferred among these methods. Nigah et al.
(2010), Anand et al. (2013), Boker and Cetin (2020),
Cil Kogyigit and Dogan Culha(2020), Gizaw and Je-
mal (2021) stated that the most suitable methods for
inventory control in hospitals/health centers are ABC
method, VED method, and ABC-VED matrix meth-
ods. Besides, the need for routine implementation of
these methods is emphasized in these studies. Ceylan
and Bulkan (2020) revealed that the classification of
inventory items is also vital in community pharma-
cy. It is stated that these methods enable material re-
sources and human resources to be used more effi-
ciently by ensuring that the essential inventory items

are checked more frequently.

This case study shows the applicability of these
inventory item segmentation methods in community
pharmacies and increases inventory management per-
formance. In this context, the inventory data obtained
from a community pharmacy was analyzed, and sug-
gestions were presented in the study. It is thought that
the information presented in this study will be a guide
for inventory control, especially for community phar-

macists and pharmacy faculty students.
MATERIAL AND METHODS

Within the scope of this study, ABC, VED, and
ABC-VED matrix analyzes, which draw attention to
inventory control methods, were applied in a com-
munity pharmacy serving in the city center of Van.
The pharmacy is located near a Family Health Center
(FHC). There are five family physicians have been op-
erating in FHC. Also, there is no more pharmacy near
the FHC.
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The study collected annual consumption and ex-
penditure data for each 1540 pharmacy items deter-
mined for the 2019-2020 financial year. Then trans-
ferred, the data to an Microsoft (MS) Excel spread-
sheet, and statistical analysis was performed separate-
ly for each pharmacy item using MS Excel statistical

functions.

Analysis of inventory items was carried out in
three stages. After ABC analysis and VED analysis, re-
spectively, the ABC-VED matrix was created. In ABC
and VED analyzes, items were grouped by the authors
and the pharmacist of the responsible manager of the

concerning pharmacy.

While performing the ABC analysis, the annual
expenditure of inventory items was firstly arranged in
descending order. Then cumulative costs, the cumu-
lative percentage of expenditure, and the cumulative
percentage of the number of items were calculated.
Then items with a cumulative percentage between
0-79.99 are assigned to group A, products between
80-94.99 are assigned to group B, and products be-
tween 95-100 are assigned to group C.

While performing VED analysis, 1540 inventory
items were examined separatelyparallel to the litera-
ture and some other factors such as prescription rates
of FHCs, consumer profile of the pharmacy, etc. In-
ventory classification was made by considering the
studies using VED analysis for pharmacies in the lit-
erature (Ceylan & Bulkan, 2017; Fahriati et al., 2021),
the general prescribing rates of FHCs in Turkey, and
the situation regarding the relevant pharmacy. Yavuz
et al. (2020) put forth nearly 28% of all prescription
requests from FHCs around Turkey are for drugs
prescribed for chronic illnesses, containing hyperten-
sion, dyspepsia, mood disorders, diabetes mellitus,
etc. According to Giiner et al. (2020), the general pre-
scription rate of antibiotics was almost 29% in Tur-
key in 2017, and FHCs' rate of antibiotic prescribing
in Istanbul was nearly 26%. Additionally, the Health
Statistics Yearbook 2019, prepared by the Turkish
Ministry of Health, states that the rate of antibiotics

prescribed by family physicians in Van is around 24%.
The rate of analgesics is about 40%. In addition, the
rate of prescriptions, including injectable drugs, is

around 7%.

In the light of the information presented above,
the allergy drugs, some antidiabetics and antibiotics,
antiasthmatics, antihypertensives, and some others,
and medicines and medical materials must be kept
in the pharmacy according to the Turkish Medicines
and Medical Devices Agency were evaluated under
V (Vital) group. Medicines in many pharmacological
groups, such as analgesics, antibiotics, antifungals,
and antiemetics, which are of moderate importance
for the patient, are in the E (Essential) group. Lastly,
items and medicines that are not vital for the patient,
such as cosmetics, supplements, and pruritus prod-

ucts, are handled under the D (Desirable) group.

In the last stage of the study, inventory items clas-
sified according to ABC and VED analyses in the
ABC-VED matrix were divided into three categories.
The inventory items that make up the first category
are items in the AV, AE, AD, BV, and CV groups. The
items in this category are the group of both vital and
expensive drugs in terms of cost. The inventory items
that make up the second category are the BE, CE, and
BD groups. The drugs in this category are of medi-
um importance in vitality and medium significance
in cost. Finally, non-vital items that make up the third
category are the items in the CD group. These are at
the pharmacist’s initiative according to the pharma-
cy’s characteristics. They are not expensive in terms

of cost.
RESULTS AND DISCUSSION

Inventory control is essential for community phar-
macies, like many businesses. Several methods can be
used in community pharmacies for inventory control.
When the literature is examined, it is seen that the
ABC-VED matrix method is one of the most suitable
methods for pharmacies among them (Ceylan and
Bulkan, 2017; Fahriati et al., 2021). Previous studies
have evaluated ABC, VED, and ABC-VED inventory
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control methods specifically for hospital pharmacies
(Bialas et al., 2020; Dora et al., 2020; Singh et al., 2015).
However, the number of studies dealing with commu-
nity pharmacies is quite limited. To fill this gap, in the
study, the expenditure of 1540 items, amounting to
365361,5121 Turkish Liras (TL), belonging to the year
2019-2020 of X Pharmacy, which provides service in
the city center of Van (one of the biggest cities in the
east part of Turkey), was analyzed using ABC, VED,
and ABC-VED matrix.

Firstly, the number and percentage distribution of
inventory items in ABC analysis, annual expenditure
amount, and annual expenditure percentage are given
in Table 1. The number of items in group A is 342,
the number of items in group B is 491, and group C is
707. The annual expenditure amounts of group A are
292135.43 TL, the amount of items forming group B
is 54944.77 TL, and the amount of items in group C is
18281,2321 TL. Annual expenditure percentages are
79.96% for A group items, 15.04% for B group items,
and 5.004% for C group items.

Table 1. Number of Items and Expenditure Amounts According to ABC Analysis

ABC Number of items % of items Total annual expenditure (TL) | % annual expenditure
A 342 22.21 292135.43 79.96
B 491 31.88 54944.77 15.04
C 707 45.91 18281.2321 5.004
TOTAL 1540 100.00 365361.4321 100

According to Table 1, 22.21% of 1540 items are
in group A, 31.38% in group B and 45.91% in group
C. Group A has the most negligible share in terms of
expenditure amount. These values are also similar to
Yiiksel and Duman (2017), who evaluated the drug

sales data of a community pharmacy in Turkey.

The categorization is not very significant when

only depending on costs. In this regard, the critical

value of inventory items should also be considered
to improve inventory management. Therefore, table
2 includes the inventory item information depending
on the VED analysis result, which analyzes all items
critically. Annual expenditure percentages are calcu-
lated as 3.64% for V group items, 90.23% for E group

items, and 6.13% for D group items.

Table 2. Number of Items and Expenditure Amounts According to VED Analysis

VED Number of items % of items Total annual expenditure (TL) | % annual expenditure
v 57 3.70 13306.88 3.64
E 1302 84.55 329666.7433 90.23
D 181 11.75 22387.80876 6.13
TOTAL 1540 100.00 365361.4321 100.00

The analysis findings made with the VED meth-
od were evaluated together with the total amount of
items; 3.70% of the 1540 items are in the V group,
84.55% in the E group, and 11.75% in the D group. It
can be said that these results show differences from the
current literature in which approximately 50 percent
of the products were evaluated under group E (Pund
et al,, 2016; Devnani et al., Gupta et al., 2007). It is
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thought that this difference in classification is due to
the fact that the existing studies were conducted spe-
cifically for hospital pharmacies.However, according
to Gliner et al. (2020) and the Health Statistics Year-
book 2019, especially antibiotics are seen as essential
drugs for FHCs and pharmacies around them. Con-
sidering that the prescriptions received in the relevant

pharmacy mainly include antibiotics, analgesics, anti-
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allergics, and cold and gastrointestinal system diseas-
es drugs which are categorized in the essential group,

it is seen that the classification is appropriate.

After ABC and VED analyses were done separate-
ly, the ABC-VED matrix was created by cross-tabu-

lation Table 1 and Table2. Table 3, including the sub-
groups that make up the ABC-VED matrix, shows the
number of products in these groups and the annual

expenditure amounts.

Table 3. Number of Products and Expenditure Amounts According to the ABC-VED Matrix Analysis

ABC-VED Matrix A B C
\Y% Category AV BV Ccv
\% Number of Items 19 11 27
A% Annual Expenditure 11646.6 1015.98 644.16
E Category AE BE CE
E Number of Items 309 428 565
E Annual Expenditure 265858.98 48721.61 15091.67334
D Category AD BD CD
D Number of Items 14 52 115
D Annual Expenditure 14629.94 5207.17 2545.39876

After creating these groups, they were classified under three categories of their vital and material values

(Table 4).
Table 4. Number of Category I-II-IIT Drugs and Annual Expenditure
CATEGORY COMBINED CATEGORY Number % of items Total annual % annual
of items expenditure (TL) expenditure

1 AV. AE. AD. BV. CV 380 24.68 293795.66 80.41

1I BE. CE. BD 1045 67.86 69020.45334 18.89

III CD 115 7.47 2545.39876 0.70
TOTAL 1540 100.00 365361.5121 100.00

According to Table 4, 24.68% (380 items) are in
Category I (AV, AE, AD, BV, CV). Considering the
annual expenditure, this group constitutes the high-
est part with 80.41% (293795.66 TL). Category II (BE,
CE, BD) is 67.86% (1045 products), and more than
50% of the annual items are in this group. The an-
nual expenditure amount of the items in this group
constitutes 18.89% (69020,45335 TL) of the total ex-
penditure. The rate of items in Category III (CD) is
7.47% (115 products). The items in this group are at
the lowest level, both in number and value. Consid-
ering the annual expenditure amount, it constitutes
0.7% (2545,39876 TL) of the expenditures.

When the ABC, VED, and ABC-VED matrix

analyseswere evaluated, some differences were seen

between studies conducted in different nations (Mani
et al., 2014; Singh et al,, 2015; Bialas et al., 2020). It
should be noted that these differences can be about the
nations’ health systems, drug pricing and reimburse-
ment systems, drug purchasing policies, the number
of beds in the hospital, the status of the hospital, the
health service profile provided, and the supply chain
(Gizaw & Jemal, 2021; Yilmaz, 2018). From a different
point of view, most of the studies in Turkey were car-
ried out in hospital pharmacies, which is also why the
results are different from national studies in general.
After all, the results are similar to Ceylan and Bulkan’s
(2017) study conducted in a community pharmacy
in Turkey. Therefore, the distributions of these cate-

gories in annual expenditure percentages have closer
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values. In the study conducted by Ceylan and Bulkan
(2017), the annual expenditure percentage of Catego-
ry I was 75.25%, while in this study, it was 80.41%. In
the study, the annual expenditure percentage of Cat-
egory II is found as 22.18%, which Ceylan and Bul-
kan (2017) found as 18.89%. Lastly, while the annual
expenditure percentage of Category III was 2.57%, it
was calculated as 0.70% in this study. It is estimated
that this situation resulting from the comparison is
affected by factors such as the city where the phar-
macy is located, location, patient profile, drug prices
in the year of the study, and differences in drug pur-
chase agreements from drug distribution channels of

pharmacies.

In the light of the study findings, supplier perfor-
mance evaluation should be made, especially for cate-
gory I items. More sensitivity should be shown when
estimating demand for items in groups A than B and
C. For example, wrong planning and purchasing in
group A will increase inventory costs. In this context,
the correct planning of the pharmacy’s needs and the
consideration of equivalent products by making both
pharmacological group-based and company-based
evaluations during this planning will increase efficien-
cy in inventory control. As Bialas et al. (2020) stated,
significant deficiencies in applying such inventory
control methods are frequently discussed theoretical-
ly in academic studies. In this context, increasing the
practical application of such ways is crucial, reducing
pharmacy expenses and saving money by effectively
managing inventories. Therefore, the awareness and
knowledge of pharmacists on this issue should be in-

creased.
CONCLUSION

It is anticipated that inventory management per-
formance in community pharmacies can be improved,
and inventory tracking can be facilitated by using in-
ventory control methods that target the segmentation
of inventory types following the characteristics and

conditions of each pharmacy. Thus, pharmacy and
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country resources can be used more effectively and
efficiently. To increase the knowledge and awareness
of pharmacists about the importance of inventory
control, these issues should be given more place in
both undergraduate pharmacy education and in-ser-
vice training programs. The correct and regular appli-
cation of the inventory control methods discussed in
this study will not only provide economic benefits to
pharmacies. Still, it will also be effective in continuing
service-oriented activities to increase efficiency and

prevent being out of stock.
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Simultaneous Determination of Spiramycin and
Metronidazole in Coated Tablets by Derivative and
Wavelet Transforms of UV Spectra and Ratio Spectra

Doan Thanh XUAN", Vu Dang HOANG™

Simultaneous Determination of Spiramycin and
Metronidazole in Coated Tablets by Derivative and Wavelet
Transforms of UV Spectra and Ratio Spectra

SUMMARY

Signal transformation (derivative and waveler) was applied ro
UV spectra and ratio spectra to directly quantify spiramycin and
metronidazole in binary mixtures. Linear calibration graphs were
examined for either drug in the concentration range of 6.25 — 25
mg/L with R > 0.990. First derivative-transformed (i.e., using
Savitzky-Golay filter) and wavelet-transformed (i.e., using families
such as sym6, haar, db5, bior2.4, rbio2.4, meyr with scaling factor =
256) UV spectraphotometric methods were statistically comparable to
the reversed phase-HPLC reference method (p > 0.05) with regard to
accuracy and precision when assaying spiramycin and metronidazole
in their coated tablets. These analytical methods used only green
solvent, and proved to be time-saving and cost-effective.

Key Words: UV spectrophotometry, derivative transform, wavelet
transform, spiramycin, metronidazole, coated tablets, RP-HPLC

UV Spektrum ve Oran Spektrumlarmin Tiirev ve Dalgacik
Déniigiimleri ile Kaplanmis Tabletlerde ~ Spiramycin  ve
Metronidazoliin Eszamanls Belirlenmesi

0z

kil karspmlarda  spiramisin - ve  metronidazoliin ~ dogrudan
kantitatif analizi icin UV spektrumlarma ve oran spektrumlarina
sinyal dondisiimii (tiirev ve dalgacik) uygulands. Her iki ilag igin
de R > 0.990 ile kalibrasyon grafikleri 6.25 — 25 mg/L dogrusal
konsantrasyon aralignda ¢alisilds. Birinci tirevle doniigtiiriilmiis (yani,
Savitzky-Golay filtresi kullanilarak) ve dalgacikla doniistiiriilmiis
UV spektrofotometrik yintemler yani skala faktirii = 256 olan
sym6, haar, db5, bior2.4, rbio2.4, meyr gibi aileleri kullanarak,
kaplanmig tabletlerinde spiramisin ve metronidazol test edilirken
dogruluk ve kesinlik agisindan RP-HPLC referans yontemiyle (p >
0.05) istatistiksel olarak karsilagtirilabiliv bulundu. Bu calismada
analitik yontemlerde yalnizca yesil solvent kullanildr ve yontemlerin
zamandan tasarruf ve diisiik maliyetli oldugu kanitlands.

Anabtar Kelimeler: UV spektrofotometrisi, tiivev doniigiimii,

dalgacik  doniigiimii,  spiramisin, metronidazol,  kaplanmag
tabletler, RP-HPLC
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INTRODUCTION

Spiramycin (SPI) is an antiparasitic and antibi-
otic, first isolated in 1954 from Streptomyces ambo-
faciens. This macrolide is chemically composed of a
16-member lactone ring with the substitution of two
amino sugars (mycaminose and forosamine) and one
neutral sugar (mycarose) (Figure 1A). It is a mixture
of three major components: I (3-OH) being the most
important (accounted for at least 85%) together with
IT (3-O-acetyl) and III (3-O-propionyl), showing a
greater activity against Treponema than other macro-
lides such as erythromycin or oleandomycin (Kwon,
2017). The conversion factor of International Unit
(IU) to milligram (mg) for SPI is 10~ (Drugs.com,
2022).

Metronidazole (MET) is a synthetic drug that
chemically belonged to the family of nitroimidazole
antibiotics. Since its development in 1959 specifically

for trichomoniasis treatment, this 5-nitroimidazole

HO o|-|

(A)

medication (Figure 1B) has been still prescribed for
anaerobic infections (both parasitic and bacterial)
and listed among the ‘essential medicines’ according
to the World Health Organization. This fact is very
likely associated with MET’s pleiotropic mode of ac-
tion, separating it from most other antimicrobials i.e.,
it does target many molecules rather than a few or ex-
actly a single one as it enters the cell and is reduced
to its nitro group under low oxygen concentrations
(Leitsch, 2017).

As early as the 1980s, the in vitro activity of Rodo-
gyl (SPI-MET combined tablet) was reported against
putative periodontopathic bacteria (Quee et al,
1983). It was proved that there is synergy between SPI
and MET in treating polymicrobial infections (Brook,
1988). The SPI-MET combination (1500000 units/250
mg, three times a day) could mostly eliminate bacte-
rial pathogens in the treatment and follow-up treat-
ment of patients with active periodontitis (except for

Fusobacterium spp.) (Poulet et al., 2005).

N
ozN/q»\CH3
(_oH

(B)

(4R,5S,6R,7R,9R,10R,11E,13E,16R)-10-{[(2R,5S,6R)-5-

(dimethylamino)-6-methyltetrahydro-2H-pyran-2-yl]oxy}-9,16-
dimethyl-5-methoxy-2-oxo-7-(2-oxoethyl)oxacyclohexadeca-

2-(2-methyl-5-nitroimidazol-1-yl)
ethanol

11,13-dien-6-yl 3,6-dideoxy-4-O-(2,6-dideoxy-3-C-methyl-a-L-
ribo-hexopyranosyl)-3-(dimethylamino)-a-D-glucopyranoside

Figure 1. Chemical structure and IUPAC name of (A) SPI and (B) MET.
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In pharmaceutical analysis, the quantification of
either drug alone in their bulk, single and combined
dosage forms could be done by various chromato-
graphic methods (Akay et al.,, 2002; Chepkwony et
al., 2001; Horie et al., 1988; Tavakoli et al., 2007),
NMR spectroscopic methods (Salem & Mossa, 2012;
Salem et al., 2006), Visible light (VIS) and Near In-
frared (NIR) spectrophotometric methods (Saffaj et
al., 2004; Saffaj et al., 2006; Abdel-Kader & Hashem,
2021; Sakira et al., 2021), and electrochemical meth-
ods (Li & Xu, 2014). It was also reported that MET
could be co-assayed in multicomponent mixtures
by using derivative and chemometrics-assisted UV
spectrophotometry (Erk & Altun, 2001; Mahrouse &
Elkady, 2011; Elkhoudary et al., 2014; Korany et al.,
2015; Attia et al., 2016), direct and ratio-subtraction
UV spectrophotometry (El-Ghobashy & Abo-Talib,
2010), kinetic spectrophotometric H-point standard
addition method (Issa et al., 2013). To the best of our
knowledge, there has not been any pharmacopoeial
monograph for SPI-MET combined tablets yet. In the
literature, the co-assay of SPI and MET in pharma-
ceutical mixtures was reliably performed by HPTLC
and/or RP-HPLC (both isocratic and gradient) (Ma-
her & Youssef, 2009; Elkhoudary et al., 2016). In 2010,
Khattab and co-workers used different UV spectro-
photometric techniques to determine SPI and MET
in bulk and tablets (Khattab et al., 2010). Their study,
nonetheless, has some limitations, such as (i) using
methanol as the spectrophotometric solvent that is
environmentally unfriendly and (ii) impossibility
to determine SPI and MET simultaneously by ze-
ro-crossing point technique.

This study was undertaken to develop and validate
UV spectrophotometric methods for simultaneous
determination of SPT and MET in coated tablets by us-
ing both signal transform algorithms: derivative and
wavelet. It proves to be better than the above-men-
tioned study by Khattab and co-workers with regard
to (i) the use of a much less toxic solvent (ethanol)
(Hansen, 2020) and (ii) the outperformance of wave-

let transform over derivative transform in resolving

UV spectral overlaps of binary mixtures as pointed
out by Din¢ and co-workers in reviews (Ding, 2013,
Ding¢ & Yazan, 2018) and experimental studies (e.g.,
Ding et al., 2005, Ustiindag, O., & Ding, E., 2021).

MATERIALS AND METHODS
Apparatus and software

A double-beam UV-1800
(Shimadzu, Japan) equipped with 1-cm pairs of quartz

spectrophotometer

cuvette was employed. Absorption spectra were reg-
istered in the range of 200 - 400 nm with a 0.1-nm
fixed slit width, slow scanning speed and 0.1-nm sam-
pling interval. Spectral manipulation (i.e., arithmetic,
transformation such as smoothing and derivative)
was performed using built-in UV Probe software.
For wavelet transform, the spectral processing was
done using MATLAB R2020a software (MathWorks,
Natick, MA, USA).

RP-HPLC analysis was performed using an Agilent
1200 Series Diode-Array-Detector chromatograph
(Agilent Technologies, USA). The chromatographic
operating conditions were used exactly as proposed
by Elkhoudary et al. (Elkhoudary et al., 2016).

Reagents and standard solutions

Chemical reference standards (HPLC purity): SPI
(97%) and MET (99.65%) were provided from LGC
Standards - UK. All chemicals and solvents were
of analytical grade. Stock solutions of SPI and MET
(1250 mg/L) were freshly prepared in ethanol. These
solutions were appropriately diluted with ethanol to
make a set of standard solutions in 25-mL volumetric
flasks.

Sample solutions

Four coated tablet formulations (containing SPI
750000 IU + MET 125 mg) were purchased at local re-
tail pharmacies i.e., Rodogyl (Sanofi Aventis, France),
Novogyl (Mekophar, Vietnam), Arme-Rogyl (Arme-
phaco, Vietnam), and Zolgyl (Bidiphar, Vietnam). For
each formulation, twenty tablets were carefully peeled
off the film coating using a very thin blade, then ac-

curately weighed and finely pulverized in a mortar.
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An accurate quantity equivalent to one-half of a tablet
was dissolved in about 70 mL of ethanol in a 100-mL
volumetric flask by 15-min sonication that was filled
subsequently to the calibration mark with the same
solvent. Further dilution in 25-mL volumetric flasks
was required to obtain the test solutions i.e., SPI 12.5
mg/L + MET 6.25 mg/L (for SPI assay) and MET 12.5
mg/L + SPI 25 mg/L (for MET assay). Unless stated
otherwise, only Rodogyl’s transformed UV spectra
and ratio spectra were displayed as “sample” in all
Figures to demonstrate the applicability of our UV

spectrophotometric methods.
RESULTS AND DISCUSSION

Figure 2 displays the zero-order UV spectra of
SPI, MET and their corresponding mixtures at work-
ing concentrations, showing that SPI and MET have
broad absorption bands peaked at 226.6 and 308.8
nm, respectively. This observation could be attribut-
able to the electronic transition n > 7%, provided that
the drugs under study are constituted of the chromo-
phores (i.e., 16-member lactone ring and carbonyl
group in SPI, and 5-nitroimidazole structure in MET)

and auxochromes (i.e., methyl, hydroxyl, and amino

groups). In comparison with the data published by
Khattab et al (Khattab et al., 2010) (i.e., SPI and MET
peaked at ca. 232 and 311 nm in methanol, respective-
ly), the hypsochromic shift for both drugs was noted
under our spectrophotometric conditions. It is prob-
ably ascribed to the broadening of n - n* electronic
transition in ethanol, which is a hydrogen bond donor

stronger than methanol.

It is clear to indicate that (i) the obedience of the
law of spectral additivity was reasonably justified in
the range 200 - 400 nm, and (ii) the assay of SPI in bi-
nary mixtures was hindered since MET absorbed UV
radiation markedly in the SPI spectral peak region.
Although a direct determination of MET in the bina-
ry mixture could be done in the range of 280 - 360 nm
as suggested by Khattab et al. (Khattab et al., 2010), it
is still advisable to apply signal processing techniques
(such as derivative and wavelet transforms) for MET
quantification. This is because such signal transfor-
mation may effectively eliminate baseline drift as well
as unwanted spectral absorption of the sample matrix.
Thus, in our study, signal transformation was applied
to both UV spectra and ratio spectra for the assay of
SPI and MET in binary mixtures.

1.2
226.6 nm —_MET 12,5 mglL + SPI 25 mglL
- - MET 6.25 mg/L
7 ——MET 12.5 mg/L
- - SPI 125 mglL
—SPI 25 mg/L
3 08 - ——SPI12.5 mg/L + MET 6.25 mg/L
|
(o]
8
@ 0.6 - T
Q0
< 308.8 nm
0.4 -
0.2 -
0

280

320 360 400

Wavelength (nm)

Figure 2. UV absorption spectra of SPI, MET and corresponding SPI-MET mixtures at working
concentrations
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By using the Savitzky-Golay smoothing and
differentiation filter (Savitzky & Golay, 1964), the
first-derivative transform is based on the convolution
operation exquisitely fitting pieces of 17 data points
inclusive of former and later data to a polynomial us-
ing least-squares regression. This signal processing

was optimally implemented with AX = 4 nm. In Fig-

ure 3 A, the first-derivative spectra of SPI and MET
exhibited zero-crossing points at 289.8 and 259.8 nm,
at which the amplitude of MET and SPI signals was
not annulled accordingly. However, the assay of SPI is
not feasible herein because a good correlation is not
secured for a linear relationship between its derivative

response and concentration (Table 1). Figures 3 B and
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Figure 3: First-order derivatives of UV spectra (A) and UV ratio spectra (B and C)
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C present the first-order derivatives of ratio spectra
with suitable divisor standard concentrations found
to be SPI 25 mg/L (for MET assay) and MET 6.25
mg/L (for SPI assay). The working wavelengths 228.8
and 330.8 nm were subsequently selected to deter-
mine SPI and MET, respectively, for their derivative
amplitudes were the highest and directly proportional
to the concentration ranges under investigation of SPI
and MET (6.25 - 25 mg/L).

In the wavelet transform procedure, a signal is de-
composed into a set of basic functions (a.k.a. wave-
lets) by dilating and translating a prototype mother
function ¥(t) (Kaiser, 2011). Spectral data, explicitly
speaking, are subjected to mathematical processing
for conversion into various coefficients, and each co-
efficient is then analyzed at a resolution matched to its
scale. It means that concerning a wavelet expansion,
the representation of spectra could be realized by us-
ing coeflicients in a linear combination of the wave-
let functions. In this study, different wavelet families
such as continuous (i.e., Symlets, Coiflets, Mexican
hat function, Meyer, Dmeyer, Gaussian, BioSplines,
ReverseBio, Morlet) and discrete (Haar, Daubechies)
were scrutinized at different dilation parameters (a) to
separate overlapping spectral bands of SPI and MET
in their binary mixtures. It was shown that the best
spectral recovery values were obtained with a = 256.

Figures 4 and 5 selectively present the wavelet-trans-

N

N
L

1 —sP16.25-25 mgiL
—MET 6.25 - 25 mg/L

Wavelet transfrom (Haar) of UV spectra

—sample SPI 12.5 mg/L + MET 6.25 mg/L

formed UV spectra and ratio spectra, respectively.
It is essential to indicate that SPI and MET could be
simultaneously determined at 287.6 and 300.4 nm,
respectively, by using rbio2.4-based transformed UV
spectra. Moreover, the wavelet transform-based am-
plitudes were higher than the corresponding deriva-
tive ones, as expected. This is always true, in particu-
lar, for the assay of SPI using signal transformation of

UV ratio spectra.

The suitability of our spectrophotometric assay
was examined by repeating the absorbance measure-
ment of SPT and MET standard solutions at working
concentrations (RSD < 1%, n = 6). The developed
spectrophotometric methods were validated in con-
formity with ICH guidelines for some criteria such as
linearity, accuracy, within-run precision (repeatabil-
ity), and ruggedness (intermediate precision) (ICH
Harmonised Tripartite Guideline, 2005). Calibra-
tion curves were established for SPI and MET at the
working wavelengths with R? > 0.990 for six standard
points in the concentration range of 6.25 - 25 mg/L,
suggesting a good relation between two variables:
concentration - signal amplitude. Based on the statis-
tical analysis of calibration curve data, LOD and LOQ
values (expressed in mg/L) for all the UV spectro-

photometric methods proposed were also calculated
(Table 1).

210 230 250

270 290 310

Wavelength (nm)
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Wavelet transform (bior2.4) of UV spectra
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Figure 4. Wavelet transform of UV spectra: (A) haar, (B) bior2.4, (C) rbio2.4, (D) meyr
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Wavelet transform (haar) of UV ratio spectra Wavelet transform (haar) of UV ratio spectra

Wavelet transform (db5) of UV ratio spectra
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Figure 4. Wavelet transform of UV ratio spectra: (A)-(B) sym6, (C)-(D) haar, (E)-(F) db5
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Figure 5. A typical HPLC chromatogram of the mixture of MET 6.25 mg/L + SPI 12.5 mg/L
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Table 1. Statistical analysis of 6-point calibration graphs of the proposed spectrophotometric methods (6.25

-25mg/L)
Method Compound  Wavelength a b Sa Sb Syx R? LOD LOQ
(nm) (x10%  (x10%)  (x10%)  (x10%  (x10%
Derivative transform
UV spectra MET 289.8 12.68 1.050 0.189 3.09 2.74 0.9991 0.71 2.16
UV ratio spectra SPI 228.8 2370 923.2 33.2 542 481 0.9992 0.67 2.03
MET 330.8 1449336 582381 28240 460039 408274  0.9984 0.93 2.82
Wavelet transform
UV spectra
haar SPI 257.4 1047 747.6 18.3 297 264 0.9987 0.83 2.52
bior2.4 MET 315.2 2304 -474.5 232 377 335 0.9995 0.48 1.45
rbio2.4 SPI 287.6 -3533 -2404 8.68 141 126 0.9975 1.17 3.57
MET 300.4 1705 84.55 17.1 278 246 0.9995 0.48 1.44
meyr MET 363.2 -772.6 309.6 6.05 98.6 87.5 0.9997  0.37 1.13
UV ratio spectra
symoé6 SPI 260.0 -9969 - 14764 128 2084 1849 0.9993  0.61 1.85
MET 287.0 - - 36668 597338 530142  0.9986 0.88 2.67
1984345 441943
haar SPI 245.6 13567 5720 164 2670 2370 0.9994 0.57 1.74
MET 269.4 - - 8623 140473 124667  0.9987 0.84 2.54
489942 189578
db5 SPI 246.4 -13261 -31312 142 2320 2058 0.9995 0.51 1.55
MET 255.8 442718 173415 10983 178923 158790  0.9975 1.18 3.59
Y = aC + b; where C is concentration in mg/L and Y is signal amplitude in arbitrary unit.
a: slope; b: intercept; Sa: SD of the slope; Sb: SD of the intercept; Sy.x: SD of the residuals; R%: coefficient of determination;
LOD = 3.3x8yx/a; LOQ =10xSy.x/a
Table 2. Assay results for SPT and MET in coated tablets
% of label claim (mean + SD, = 6)
Method Rodogyl Novogyl Arme-Rogyl Zolgyl
SPI MET SPI MET SPI MET SPI MET
RP-HPLC  100.1+12 995+13 1004+10 1002+11 999+0.9 993+12 1008+14 100.9+15
Derivative transform
UV spectra - 100.2 + 1.5 - 99.5+ 1.7 - 99.0+1.8 - 1014 +2.1
UV ratio spectra  99.8 £ 1.5 100.1+£1.7 100.8+14 99.8+ 1.8 1003+£1.5 993+1.8 100.1=*1.8 101.4+£1.9
Wavelet transform
UV spectra
haar 100.0+ 1.4 - 101.0+ 1.6 - 999+ 1.8 - 100.3 £ 1.8 -
bior2.4 - 999+1.7 - 999+ 1.6 - 99.6 £ 1.9 - 101.0 £ 2.1
rbio2.4 100.3+1.3 99.6 + 1.6 100.7 £ 1.8 1000+ 1.8 100.1+1.9 99.9+2.0 100.5%2.0 1009 £ 1.9
meyr - 100.2+1.8 - 99.7 £ 1.7 - 99.8 £1.7 - 101.5+1.9
UV ratio spectra
symoé6 99.7 £ 1.6 1003+1.6 100.5+1.7 1005+1.8 1003+19 99.5+2.1 100.5%1.9 101.0 £2.2
haar 999+14 999+1.5 100.6 £+ 1.8 100.2+1.9 99.8£1.7 99.7+£1.9 100.8+1.7 100.7 £ 1.8
db5s 1002+1.6  99.8+1.5 100.8 +1.9 99.9+1.8 99.9+1.8 99.9+1.9 100.1 2.1 101.7 £ 2.0
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Table 3. Evaluation of one-way ANOVA and Bartlett tests at the significance level 5% for assay results

One-way ANOVA test

Source of variation ~ Compound Between-groups Within-groups Total
Sum of squares SPI I 1.680 72.10 73.78
1I 1.491 92.50 93.99
I 1.526 98.25 99.78
v 3.103 116.8 119.8
MET I 3.733 112.9 2.976
11 4.320 130.6 134.9
I 4.573 150.3 154.8
v 5.520 169.9 175.4
Degree of freedom SPI 6 35 41
MET 8 45 53
Mean of squares SPI I 0.2800 2.060
II 0.2486 2.643
I 0.2543 2.807
v 0.5171 3.336
MET I 0.4667 2.509
1I 0.5400 2.902
III 0.5717 3.339
vV 0.6900 3.776
Calculated F value SPI I 0.1359
II 0.0941
I 0.0906
v 0.1550
MET I 0.1860
1I 0.1861
III 0.1712
I\ 0.1828
Tabulated F value SPI 2.371
MET 2.152
Bartlett test
Degree of freedom SPI 6
MET 8
Calculated y? value SPI I 0.6167
1I 2.295
III 2.997
v 0.8994
MET I 0.6654
1I 1.630
11T 1.641
v 0.8768
Tabulated x* value SPI 12.592
MET 15.507

I: Rodogyl; II: Novogyl; I1I: Arme-Rogyl; IV: Zolgyl

The accuracy was accessed using the standard ad-

dition technique (i.e., spiking a pre-assayed sample
with a known amount of standard substances equal
to 20% of the nominal content), revealing that the to-
tal recovery of standard addition was 98.5 - 101.4%
(data not shown). Table 2 displays the analytical re-
312

sults when applying these UV spectrophotometric
methods for the assay of SPI and MET in their coated
tablets commercially available, clearly demonstrating
the good precision of our methods (RSD < 2%) and
the actual content of both drugs ie., 97.7 + 101.0%
for SPI and 99.3 + 101.7% for MET as compared to
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the label claim. Assay results obtained by two differ-
ent analysts on two different days (n = 6 for each day)
were found to be insignificant different (p > 0.05) with
RSD values < 1.9%, meaning that our methods could
be considered to be rugged enough. In our study, RP-
HPLC proposed by Elkhoudary et al. (Elkhoudary et
al., 2016) was used as the reference method. Figure 5
displays a typical HPLC of the binary mixture of MET
6.25 mg/L + SPI 12.5 mg/L, obviously showing that
MET and SPI were respectively well resolved at ca. 5.0
and 7.9 minutes with tailing factor < 1.5 and accept-
able column efficiency (number of theoretical plates
> 2000). Statistical interpretation of both RP-HPLC
and UV spectrophotometric data shows that they are
comparably precise (Bartlett test: calculated x* values
smaller than tabulated ones) and accurate (one-way
ANOVA test: calculated F values smaller than tabu-
lated ones) at the significance level of 0.05 (Table 3). It
also indicates that the excipients used in the pharma-
ceutical dosage forms under study did not interfere

with the specificity of our spectrophotometric assay.
CONCLUSION

The signal transformation was successfully ex-
ploited for UV spectrophotometric assay of SPI and
MET in their binary mixtures requiring no separation
step for either drug. With regard to the assay of SPI,
especially, wavelet transform manifested some no-
ticeable advantages over derivative transform, such
as the higher signal amplitude in transformed UV ra-
tio spectra and the possibility to determine SPI and
MET using transformed UV spectra simultaneously.
In comparison with the work previously reported by
Khattab and co-workers (Khattab et al., 2010), our
spectrophotometric methods used only ethanol (a less
toxic solvent than methanol) and offered the possibil-
ity of co-assaying SPI and MET in binary mixtures by
zero-crossing point technique (i.e., transforming UV
spectra by the mother wavelet rbio2.4). They were
also statistically comparable with the RP-HPLC ref-
erence method (Elkhoudary et al., 2016) in terms of

accuracy and precision when assaying SPI and MET
in their combined coated tablets. Taking into consid-
eration that they used only green solvent and proved
to be time-saving and cost-effective, these analytical
methods are strongly suggested for the routine analy-
sis of SPI-MET coated tablets.
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Quercetin Based Standardization of Polyherbal Anti-Gout
Remedy and Its Molecular Docking Study Against Anti-Gout
and Anti-Inflammatory Protein Targets

SUMMARY

A five-herb-containing traditional homemade medicine is extensively
used to treat gout bur has not been standardized for quercetin
content. Therefore; the current study describes a reversed-phase liquid
chromatographic method for quercetin determination in traditional
herbal remedy. The elution was carried out using aqueous 2.0% acetic
acid, acetonitrile, and tetrahydrofuran (55:40:5, VIVIV) as mobile
phase ar a flow rate of 0.8 mL/min, and detection was performed
using diode array detector operated at 370 nm. The detectors response
was linear in the range investigated (2.5-160.0 pg/mL) with R2 =
0.996. The results of recovery (98.26-103.22%, SD<5%), intraday
accuracy and precision (94.68-104.08%, RSD<5%), and interday
accuracy and precision (92.31-104.92%, RSD<5%) showed that
the method was reliable, repeatable and reproducible, hence may be
used for determination of quercetin in herbal remedy. The medicine
contained 0.2425 mglg quercetin. The molecular interactions of
this marker compound were also studied against anti-gout and
anti-inflammatory protein targets. Hence, the developed RP-HPLC
method may be applied to standardize anti-gout medicine for
quercetin content. Moreover, the molecular interactions help in the
understanding of the underlying mechanism of action of this marker
compound against gout.

Keywords: Polyberbal, quercetin, RP-HPLC, standardization

Anti-gut Poliherbal Hlacin Kersetin Tabanly Standardizasyonu
ve Anti-gut ve Anti-inflamatuvar Protein Hedeflerine Kars:
Molekiiler Yerlestirme Caligmas:

0z

Bes bitki igeren gelencksel ilag, gut tedavisinde yaygin olarak
kullanilmaktadsy, ancak kersetin icerigi bakimindan standardize
edilmemistir. Bu  nedenle, mevcut calisma, ~ gelencksel  bitkisel
ilagta kersetin tayini icin ters fazl swi kromatografik bir yontemi
agtklamakradyr. Eliisyon, mobil faz olarak sulu %2.0 asetik asit,
asetonitril ve tetrahidrofuran (55:40:5, VIVIV) kullanilarak 0.8 mL/
dk akis hizinda gerceklestirilmis ve 370 nmde calistirilan diyot dizi
dedektirii kullanilarak tanimlama yapilmigtir. Dedektoriin yanin,
R2 = 0.996 ile arastirilan aralikta (2.5-160.0 pgiml) dogrusaldur.
Geri kazanim (%98,26-103,22, SD<5), giin igi dogruluk ve
kesinlik (%94,68-104,08, RSD<%5) ve giinler aras: dogruluk ve
kesinlik (992,31-104,92, RSD<%35) sonuglars, yintemin giivenilir,
cogaltlabilir ve tekrarlanabilir oldugunu, dolayiszyla  bitkisel
ilaglarda kersetin tayini icin kullanilabilecegini gistermistir. Ilag
0.2425 mglg kersetin icermektedir.. Bu isaretleyici bilesigin molekiiler
etkilesimleri gut dnleyici ve iltihap onleyici protein hedeflerine kars:
da incelenmistir. Bu nedenle, gelistirilen RP-HPLC yontemi, kersetin
igerigi bakimindan standardize edilmis gut onleyici ilag viretmek icin
kullanilabilir. Ayrica, molekiiler etkilesimler, bu isaretleyici bilesigin
gut hastaligima kars: altta yatan ethki mekanizmasinin anlasilmasina
yardimer olacaktsr.

Anabtar Kelimeler: Poliherbal, kersetin, RP-HPLC, standardizasyon
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INTRODUCTION

A folklore polyherbal medicine reported in the
literature is being extensively used for curing gout
(Shaukat et al., 2020). Herbal formulations are incon-
sistent in terms of chemical constituents due to vari-
ous genetic, growing, harvesting, and environmental
factors. Hence, for a reproducible claim, herbal prod-
uct needs to be standardized prior to pharmacologi-
cal evaluation. The markers and characteristics com-
pounds found in the ingredients of the traditional
remedy can be used as analytical markers to develop
various analytical methods for herbal product stan-
dardization (Li et al., 2008).

Quercetin, a flavonoid, found in the ingredients
of the remedy, is also reported to have xanthine ox-
idase inhibitory potential (Zhu et al, 2004; Lin et
al., 2015; Nile et al., 2017). Hence, it was selected as
an analytical standard to develop HPLC method for
standardization of the remedy. The literature review
indicated various reversed-phase HPLC methods for
the determination of quercetin in extracts, serum,
urine, tea, and different matrices using diode array
detector, solid-phase extraction and UV detection,
electrochemical detection, and coulometric electrode
array detection (Careri et al., 2003; Ishii et al., 2003;
Fasolo et al., 2007; Goo et al., 2009; Phani et al., 2010;
Liu et al., 2011). Most of the methods were expensive,
time-consuming and laborious. Hence, there is a need
to develop a simple and specific RP-HPLC method for
quantification of quercetin which can easily be per-
formed in less equipped laboratories for standardiza-

tion and routine quality control of the remedy.

Molecular docking is a commonly used struc-
ture-based drug design strategy due to its extensive
applications in finding molecular interactions and
binding energy. Docking uses a scoring function that
ranks candidate dockings by searching high-dimen-
sional spaces effectively (Meng et al., 2011; Kalyaana-
moorthy and Chen, 2011). Xanthine oxidase (XO)
is an essential enzyme catalyzing the hydroxylation

of hypoxanthine to xanthine and xanthine to uric
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acid, which is excreted by kidneys. Excessive pro-
duction and, or inadequate excretion of uric acid re-
sults in hyperuricemia and gout (Borges et al., 2002).
Quercetin inhibits xanthine oxidase due to its hydro-
phobic interaction with the enzyme and binding of
the 3-hydroxyl group on benzopyrene ring of quer-
cetin with isoalloxazine ring of FAD domain of the
enzyme (Lin et al., 2002; Rasoulzadeh et al., 2009;
Nessa et al, 2010). Prostaglandins are generated
from arachidonate by the action of cyclo-oxygenase
(COX) isoenzymes, and their biosynthesis is blocked
by nonsteroidal anti-inflammatory drugs (NSAIDs).
Prostaglandins play a vital role in the generation of
the inflammatory response, their biosynthesis is sig-
nificantly increased in inflamed tissue, and they con-
tribute to the development of the cardinal signs of
acute inflammation (Ricciotti and Fitzgerald, 2011).
Quercetin inhibits COX-2, thus inhibiting the release
of inflammatory mediators involved in inflammation,
thus, inhibits carrageenan-induced inflammation in
experimental rats (Morikawa et al., 2003). The inhibi-
tion of carrageenan-induced hind paw edema of rats
is well correlated with inhibition of such inflammato-
ry mediators as reported in literature (Shaukat et al.,
2021). Phospholipase-A, hydrolyze cell membrane
phospholipids (ester bonds) to produce arachidon-
ic acid and fatty acid (lysophosphatidylcholine and
lysophospholipids), playing an essential role in the
production of inflammatory lipid mediators, mainly
eicosanoids. Hence, they are considered pro-inflam-
matory enzymes, and their inhibition is regarded as
a desirable therapeutic target (Yedger et al., 2006).
Quercetin selectively inhibits phospholipase A, thus
inhibiting mediators of inflammation (Lindal and Ta-

gesson, 1997).

The present studies are performed to simulate
the wet lab results with dry lab studies, hence, a free-
ly available software was used for the blind type of
docking to evaluate all possible active sites as well as
allosteric sites. Therefore, the present study aimed to

quantify quercetin in herbal remedy and to under-
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stand its molecular interaction with anti-gout and an-

ti-inflammatory protein targets.
MATERIAL AND METHODS
Chemicals and solvents

The chemicals and solvents used in the current
study are acetonitrile, methanol, tetrahydrofuran,
quercetin, acetic acid and sodium acetate (Merck,
Germany). The double distilled water prepared in-

house was used, where required.
Instruments

Double beam UV/Visible spectrophotometer
(Model-2550, Shimadzu Scientific Instruments, USA,
equipped with Operating system UV Probe 2.21),
Fourier Transform Infrared Spectrophotometer (IR
Tracer-100, Shimadzu Japan). A liquid chromatogra-
phy system (Agilent Technologies, 1200 series, Ger-
many) equipped with an isocratic pump (G1310A),
auto-sampler (G1329A), thermostatically controlled
column oven (G1316A), and diode array detector
(G1315B)
Other equipment used included a pH meter (WTW

were used in the current study.

series, Ino lab) and ultrasonicator (Memmert, Ger-

many).
Preparation of anti-gout remedy

The anti-gout remedy was prepared by using
method reported in the literature (Shaukat et al.,
2020).

Preparation of standard solutions

A stock solution of quercetin (1.0 mg/mL) was
prepared in HPLC-grade methanol. Working stan-
dard solution having concentration range of 2.5-160
pg/mL was prepared by diluting the standard stock

solution with the mobile phase.
Method development

A volume (20 ul) was eluted by the isocratic mo-
bile phase comprising 2.0% acetic acid, acetonitrile,
and tetrahydrofuran (55:40:5, V/V/V) at 0.8 mL/min
flow rate through the C , column (Agilent 5 TC-C
(2) 250x4.6 mm) that was maintained at 35°C. The

detection was carried out using DAD, 370 nm detec-
tion wavelength, and 360 nm reference beam. The
chromatogram obtained was used to determine sys-

tem suitability.
System suitability

The system suitability was ensured by determining
the number of theoretical plates (N), height equiva-
lent to theoretical plate (HETP), capacity factor (k”),

tailing factor, and peak asymmetry.
Method validation

Linearity, Beer’s range, limit of detection and

quantification

The working standard solution having a concen-
tration range of 2.5-160 pg/mL was analyzed in trip-
licate. The plot between concentration and peak area
was constructed, and linearity was evaluated visually
by applying the linear regression equation. The cor-
relation of data points was assessed by the correlation

coeflicient.

The sensitivity, Limit of detection (LOD) and Lim-
it of quantification (LOQ), were determined using the
statistical method. Briefly, five standard solutions of
quercetin (5.0-80.0 pg/mL) were analyzed in quintu-
plicate. The standard calibration curve was construct-
ed to determine the mean slope (S) and standard de-
viation of intercepts (o) to determine LOD and LOQ
using Equations 1 and 2, respectively.

Recovery

For recovery, the dried herbal extract (20 mg)
was spiked with 1 mL of working standard solutions
containing quercetin (5.0, 10.0 and 20.0 pg/mL). Un-
spiked samples were treated in a similar procedure to
prepare respective blanks. The spiked and un-spiked
samples were analyzed in triplicate, the peak corre-
sponding to standard was identified, and the peak
area was used to determine the amount of quercetin
using the calibration curve. The calculated amount
was then compared with the spiked amount to assess

recovery.
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Intra-day and inter-day accuracy and precision

Intra-day and inter-day accuracy and precision were
determined using each of the three mixed standard solu-
tions used for recovery studies which were analyzed six
times in a single day and once daily for six consecutive
days, respectively. Accuracy was determined by quanti-
fication of each standard from the respective standard
curve, constructed on each day, whereas the RSD of the

six readings was taken as precision.
Robustness

The working standard solution of quercetin was
analyzed by changing mobile phase pH (+ 0.1), de-
tection wavelength (+ 2 nm) and column temperature
(£2°C).

Quantification of quercetin in polyherbal an-

ti-gout remedy

The sample for HPLC analysis was prepared by
acid hydrolysis of the herbal remedy using the meth-
od reported in the literature (Ewais et al., 2016). The
sample solution having a concentration of 20 mg/mL
was prepared for quantification of quercetin in tradi-
tional herbal remedy. The amount of quercetin was
calculated using linear regression equation obtained

from the standard calibration curve of quercetin.
Molecular docking studies

The 1-Click Docking Mcule and UCSF Chimera
1.12 Software were used for docking and determining
the hydrogen-bonding affinity of the ligands against
xanthine oxidase, prostaglandin G/H, synthase,

prostaglandin G,/H, synthase and phospholipase A..

Quercetin was used as ligand. The data input was
in the form of SMILES of the ligands, taken from
the PUB-Chem database. The SMILES code of quer-
(C1=CC(=C(C=C1C2=C(C (=0)
C3=C(C=C(C=C302)0)0)0)0)0), allopurinol
is C1=NNC2=C1C(=O)NC=N2 and diclofenac is
1=CC=C(C(=C1)CC(=0)0)NC2=C(C=CC=C2ClI)
Cl. The PDB file of each ligand was evaluated using
UCSF Chimera 1.12 to find hydrogen bonding and
bond lengths.

cetin is given as
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Interpretation of molecular docking

The least binding energies (kcal/mol) were noted
for the ligand-protein interaction. The amino acids
involved in interaction and bond angles were noted.
The best possible binding pose showing hydrogen
bonding of ligand was explored.

RESULTS AND DISCUSSION

In plants, phenolic compounds often occur as gly-
cosides and sugar moieties affect their elution pattern.
Moreover, the presence of the type of sugar makes the
selection of standard difficult. Therefore, in the pres-
ent study, the sample of polyherbal anti-gout remedy
was subjected to acid hydrolysis to break the glycosid-
ic bond. The aglycone-containing fraction was then
extracted by partitioning with ethyl acetate. Ethyl ac-
etate was not miscible with water, so it was removed
and the samples were made with the mobile phase.
This extraction produced aglycone-rich samples, free
from interfering substances. Moreover, it helped to

make the method more specific and sensitive.

Quercetin exhibits maximum absorbance at two
wavelengths (280 nm due to benzoyl ring and 370 nm
due to cinnamyl ring) which can be used to develop
UV absorbance-based methods (Duan, 2014). How-
ever, it exhibits intrinsic absorption at 370 nm due to
functional groups in the flavonoid ring giving a broad
absorption peak at this wavelength (Yao et al., 2004;
Dmitrienko et al., 2012). Therefore, in the present
study, 370 nm wavelength was selected to detect quer-
cetin using diode array detection. In plants, quercetin
is also found in the form of glycosides (rutin); hence,
the samples of polyherbal anti-gout remedy were pre-
pared like the determination of phenolic and poly-

phenolic compounds.

The chromatogram of the standard quercetin solu-
tion obtained using the optimized chromatographic
condition is given in Figure 1. These results showed
that the peak of the standard appeared at 5.480 + 0.1
min. Moreover, the peak was symmetrical/Gaussian

which could be used to determine system suitability.
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Figure 1. HPLC chromatogram of standard marker (quercetin)

The system suitability parameters are given in conditions were suitable to be used for quantitative
Table 1. The results were within the specified limits, purposes. Hence, the method can be validated for the

which indicated that the chromatographic system and  standardization of anti-gout remedy.

Table 1. System suitability parameters calculated from chromatogram of quercetin.

Parameters Values Reference values
Capacity(retention) factor k”’ 448 K=2
Peak asymmetry/Tailing factor As 1.0 T<2
Number of theoretical plates N 12012.16 N > 2000
Height equivalent to theoretical plate 20.81 The smaller the value, the higher the efficiency of the column

The plot of concentration versus peak area of querce-  the method was linear in the concentration range in-

tin is shown in Figure 2. These results indicated that  vestigated (2.5- 160 ug/mL).

3000

y=15.313x+13.126
R?*= 0.9968

)

-2
Lh
=]
o

Peak area(mAU*S

0 0 T T T 1
0 50 100 150 200
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Figure 2. A plot of concentration versus peak area of quercetin.
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The sensitivity of the method - LOD and LOQ - and 1.10 pg/mL, respectively (Table 2). These results

was determined statistically using the standard devi-
ation of intercepts and the mean slope (S) of standard

calibration curves (n=5), which was found to be 0.36

indicate that the method can be used to quantify this

marker even at the sub-microgram level.

Table 2. Limit of detection (LOD) and limit of quantification (LOQ) of quercetin by RP-HPLC

Standard curve | Concentration(ug/mL) Linear regression equation Slope Intercept
1 5.0-80.0 Y=14.299x+19.925 14.299 19.925
2 5.0-80.0 Y=13.126x+22.383 13.126 22.383
3 5.0-80.0 Y=13.067x+21.023 13.067 21.023
4 5.0-80.0 Y=12.996x+19.819 12.996 19.819
5 5.0-80.0 Y=12.928x+18.454 12.928 18.454

Mean slope (S) = 13.283

Standard deviation (SD) =1.46

LOD=3.3SD/S = 0.36 pg/mL

LOQ=10SD/S = 1.10 pg/mL

The mean recovery of spiked samples with three
different concentrations (5.0, 10.0 and 20.0 ug/mL)
are given in Table 3. The recovery was found to be
ranging from 98.26 to 103.22%, with (SD) less than
5%. These results were within acceptable limits, which
showed that the developed method was reliable. The
results of intra- and inter-day accuracy and precision

are shown in Table 3. The Intra- and Intra-day accu-

racy for quercetin was found to be (94.68-104.08%;
92.31-104.92%) with the relative standard deviation
of less than 5%, which indicated that the developed
method was repeatable and reproducible. The chro-
matograms of the remedy showed that the peak of
quercetin was well resolved without the interference
from any other component. Hence, the developed

method is specific for the determination of quercetin.

Table 3. Recovery, Intraday, inter-day accuracy and precision of the HPLC method for the determination of

quercetin (n = 6)

Intra-day analysis Inter-day analysis
Concentration (ug/ | Mean recovery (%)+ — -
mL) sD Accuracy Precision Accuracy Precision
% RSD % RSD
5.0 102.27+0.057 104.08 1.97 104.92 2.12
10.0 103.22+0.173 97.05 0.52 98.03 1.90
20.0 98.26+0.152 94.68 0.22 92.31 0.46

The developed method was robust since slight
variation in mobile phase pH (£ 0.1), column tem-
perature (+ 2°C) and detection wavelength (+ 2 nm)

did not affect the chromatographic resolution.

The chromatogram of the polyherbal anti-gout
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remedy is given in Figure 3. The peak of the standard
was identified by comparing retention time, and the
peak area was used to quantify the marker in the poly-
herbal anti-gout remedy. The amount of quercetin in

the anti-gout remedy was found to be 0.2425 mg/g.
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Figure 3. Chromatogram of polyherbal anti-gout remedy; Quercetin (1)

In the present study, we have used quercetin as
an analytical marker to standardize a polyherbal an-
ti-gout remedy. The sensitivity of the method was
found to be more than the method reported in the lit-
erature Sladkovsky et al. (2001), and lesser than some
of the studies (Chen and Xiao, 2010; Savic et al., 2013).

Amino acid residues of xanthine oxidase ALA
1054.D, SER 1057.D formed two hydrogen bonds
with quercetin and four hydrogen bonds with allo-
purinol(GLY 772.D, PHE 773.D, GLN 1169.D). The
least binding energies of -9.2 and -6.4 were noted for
quercetin and allopurinol, respectively (Figure 4 and
Figure 5).

‘

~

'*

Figure 4. Interaction of quercetin with xanthine oxidase
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Figure 5. Interaction of Allopurinol with xanthine oxidase

The lower values for the binding energy showed
the good binding affinities of ligands with the en-
zymes. The interaction occurs through the forma-
tion of hydrogen bonding between hydroxyl groups
of quercetin and allopurinol and catalytic residues of
the binding sites, which results in the formation of a
conjugated pi-system responsible for stabilizing inter-

action with the active site.

The docking of prostaglandin G,/H, with querce-
tin showed that two hydrogen bonds were involved in
the binding interaction of SER 499.C and THR 175.C

with quercetin (Figure 6). Two hydrogen bonds were
involved in the binding interaction of TYR 354.C and
SER 499.C with diclofenac (Figure 7). The docking
studies of enzyme prostaglandin G,/H, have shown a
strong binding interaction via formation of two hy-
drogen bonds with quercetin and one hydrogen bond
with diclofenac (Figure 8 and Figure 9). The docking
studies of enzyme phospholipase A, have shown a
strong binding interaction via formation of two hy-
drogen bonds, each with quercetin and diclofenac

(Figure 10 and Figure 11).

Figure 6. Interaction of quercetin with prostaglandin synthase G,/H,
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Figure 9. Interaction of diclofenac with prostaglandin G,/H, synthase
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Figure 11. Interaction of diclofenac with phospholipase A,

The results of ligand-protein binding, binding en-
ergy involved in amino acids and bond length of the
ligand quercetin and standard antigout compound
(allopurinol) and anti-inflammatory compound (di-
clofenac) with enzymes (xanthine oxidase, prosta-
glandin G/H,, prostaglandin G /H, and phospholi-
pase A)) are given in Table 4.

In mcule software used in the study, few of the en-
zyme targets (animal origin) show docking sequence
with ligand because in mcule, the gene sequence of
a particular enzyme in humans is not studied com-
pletely, while studied in animals having biochemical

and target sequence of animal enzymes showing re-
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semblance to human biochemistry. Hence, to main-
tain consistency in the study using single software,
mcule was used with different organisms enzymes
targets available/studied. Moreover, animal enzymes
are easily available to further pursue this research for
wet-lab screening, sorting and optimizing the SAR.
The animal enzymes considered for this study exhibit
sufficient homology with human structure. Homolo-
gy with human enzymes, resolution, availability, cost-
effective approach and integrity of structure especially
and other complicated errors related to software are

considered vital.
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Table 4. Molecular interaction of different enzymes with quercetin and standard compounds (Allopurinol and diclofenac)

: . . . Binding energy
Enzyme Ligands PDB ID Organism Amino acid (kal/mol) Bond length
. _ ALA 1054.D 2280 A
Quercetin 2elq Homosapien SER 1057.D -9.2 2457 A
Xanthine oxidase Allopurinol GLY 772.D 2.054 A
(standard 2el Homosapien PHE 773.D 6.4 22624
i i ¢4 omosaple GLN 1169.D o 2.265 A
0 GLN 1169.D 1970 &
) SER 499.C 3274 A
Quercetin 3 mqe Mus musculus THR 175.C -8.2 3118 A
Prostaglandin o
synthase G,/H, l?sltc ch;ilc 3 mqe Mus musculus TYR354.C -8.0 2451 A
S a s muscuiu SER 499.C ' 3.094 A
inhibitor)
. - ARG 88.B 1.917 A
Quercetin 1ht5 Ovis aries ARG 88.B -7.4 2323 A
Prostaglandin Diclof
synthase G /H 1clotenac
Y e (standard 1ht5 Ovis aries SER 498.B -7.8 2428 A
inhibitor)
. _ GLY 29.A 1.890 A
Quercetin Idb4 Homosapiens ALA 18.A -8.0 2100 A
Phospholipase Diclof
A Lcotenac ASP 48A 22234
2 . .
Fstz{n(.iard Idb4 Homosapiens HIS 47 A -7.7 2213 A
inhibitor)

The literature review indicated computational
tools such as Metapocket and Autodock for finding
molecular interaction of phospholipase A, with dif-
ferent phytochemicals (Shivashankar et al., 2019).
Numerous studies reported that phenolic compounds
and flavonoids inhibit eicosanoid biosynthesis, 5-lip-
oxygenase and cyclooxygenase pathways (Laughton
etal., 1991; Ferrandiz and Alcaraz, 1991). Hence, they
reduce the release of arachidonic acid and inhibit in-
flammation (Kim et al., 1998; Rathee et al., 2009).

CONCLUSION

The method developed in the present study was
simple, reliable, sensitive, repeatable and reproduc-
ible, hence may be used to standardize polyherbal an-
ti-gout remedy. The marker quercetin has shown good
binding affinity with amino acid residues of xanthine
oxidase, prostaglandin G,/H, synthase, prostaglandin
G,/H, synthase and phospholipase A,. The binding

energies of quercetin against anti-inflammatory and

anti-gout targets confirm the anti-gout activity of

polyherbal medicine.
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Leukotriene D4 Levels In Patients With Breast Cancer
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Leukotriene D4 Levels In Patients With Breast Cancer
SUMMARY

Leukotriene D4 (LTD4) is an inflammatory mediator synthesized
from LTC4 via gamma-glutamyltransferase (GGT) enzyme in the
arachidonic acid pathway and has been reported to induce cell
proliferation and survival in cancer. In recent studies, it has been
shown that there is an increase in GGT enzyme activity in breast
cancer. In recent studies, it has been shown that there is an increase
in GGT enzyme activity in breast cancer. The aim of this study is
to determine whether there is a change in serum LTD4 levels in
patients with breast cancer and to examine the relationship between
LTD4 and GGT. For this purpose, serum samples were taken from
43 patients diagnosed with breast cancer and eight healthy controls.
Patients were divided into five subgroups, Luminal A, Luminal
B, Luminal B-HER2(+), HER2(+), and triple-negative. LTD4
levels were measured by the ELISA method. Mean levels of LTD4
in the patients were significantly higher than in healthy controls (p
< 0.05). Based on the molecular subtypes, serum LTD4 levels were
Jound to be considerably higher in the Luminal A, Luminal B, and
Triple (-) subgroups than in the controls (p <0.01, p <0.005, and
p <0.005, respectively). Higher levels of LTD4 have been observed
in post-menopausal patients than in premenopausal patients (p
<0,05). A statistically significant positive correlation was observed
between GGT activity and LTD4 levels in the whole study group
and post-menopausal patients (R=0.349, p=0.014, and R=0.437,
p=0.042, respectively). According to the literature, this study is the
Jirst to examine LTD4 levels in breast cancer and supports other
studies showing the role of leukotrienes in cancer. Because of LTD4s
ability to induce proliferation and inbibit apoptosis, increased levels
of LTD4 in our study may be associated with cancer development,
especially in post-menopausal women.

Key Words: Leukotriene D4, Gamma-Glutamyltransferase, Breast
Cancer, Post-menopausal Status

Meme Kanseri Hastalarinda Likotrien D4 Diizeyleri
0z

Likotrien D4 (LTD4)  arasidonik  asit  yolaginda  gama-
glutamiltransferaz (GGT) enzimi araciligs ile LTC4 ten sentezlenen
inflamatuar bir aracidir ve kanserde hiicre cogalmasini ve sag kalymin:
indiikledigi bildirilmigtir. Son yillarda yapilan calismalarda, meme
kanserinde GGT enzim aktivitesinde artis oldugu gisterilmektedir.
Bu ¢alismada, meme kanserli hastalarda serum LTD4 diizeylerinde
de bir degisiklik olup olmadigini ve LTD4 ile GGT arasindaki iligkiyi
incelemeyi amagladik. Bu amagla meme kanserli 43 hasta ve 8 saglikls
kontrolden serum drnekleri alinds. Hastalar, Luminal A, Luminal B,
HER?2 (+), Luminal B-HER?2 (+) ve diclii negatif olmak iizere bes alt
gruba ayrilmsnar.

Lékotrien D4 seviyeleri ELISA yontemi ile olciilmiistiir. Hastalardaki
ortalama LTD4 seviyeleri saglikls kontrollerle karsilastirildiginda
anlamly derecede yiiksek bulunmugstur (p<0.05). Molekiiler alt tiplere
gore serum LTD4 diizeyleri; Luminal A, Luminal B ve Uglii (-) alt
gruplarinda kontrollere gire anlamly derecede yiiksek bulunmugtur
(srastyla p <0,01, p <0,005 ve p <0,005). Menopoz-sonras
hastalarda menopoz-incesi hastalara gore daha yiiksek LTD4 seviyeleri
gozlenmistir (p <0,05). Tiim ¢aligma grubunda ve post-menopozal
hastalarda GGT aktivitesi ile LTD4 seviyeleri arasinda istatistiksel
olarak anlamly  bir pozitif korelasyon  gozlenmistir (R=0.349,
p=0.014 ve R=0.437, p=0.042, sirastyla). Bu arastirma literatiire
gore, meme kanserinde LTD4 diizeylerini inceleyen ilk calysmadir
ve lokotrienlerin  kanserdeki roliindi  gisteren diger caligmalar:
desteklemektedir. LTD4iin hiicre proliferasyonunu  indiikleme ve
apoptozu inhibe etme yetenegi nedeniyle, caliymamizda bulunan
artmis LTD4 seviyelerinin, ozellikle menopoz sonrasi kadinlarda
kanser gelisimi ile iliskili olabilecegi diisiiniilmektedir.

Anabtar Kelimeler: Likotrien D4, Gama-Glutamiltransferaz,
Meme Kanseri, Po.vt—menapaza/ Durum
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INTRODUCTION

Despite many advances made in research in re-
cent years, cancer remains the leading cause of death
worldwide. Changes in the tumor microenvironment,
including dysregulated immunity, contribute to car-
cinogenesis and cancer progression. In 1863, Rudolf
Ludwig Carl Virchow described the relationship be-
tween inflammation and cancer. He supposed that the
inflammatory process could provide a suitable envi-
ronment for tumor development and infiltrated im-
mune cells show the place where cancer lesions start
in the inflamed tissue (Korniluk, 2017). Inflammation
is responsible for removing dead cells, cell prolifera-
tion, and tissue repair, this type of inflammatory re-
sponse is self-limiting and ceases after the repair is
completed. On the other hand, uncontrolled inflam-
mation can become chronic, and cause sustained re-
lease of growth factors and reactive oxygen that inter-
act with the DNA of the proliferating epithelium and
result in genomic changes which lead to induce tumor
initiation and triggers malignant growth in surround-
ing tissues (Todoric, 2016). Inflammatory cells release
pro-inflammatory mediators, including eicosanoids,
chemokines, growth factors, and cytokines, which can
transform the microenvironment into an abnormal
environment (Bellamkonda, 2016). The synthesis of
leukotrienes (LTs) is initiated by 5-lipoxygenase-ac-
tivating protein (FLAP), which presents arachidonic
acid to 5-lipoxygenase (5-LOX) enzyme. Although
the clinical value of LTs comes from their bronchoc-
onstriction properties during allergic inflammation,
they are inflammatory mediators with potent biolog-
ical activities in the pathogenesis of many diseases.
Commonly LTA4 and LTB4 are considered known as
LTs. On the other hand, Cysteinyl leukotrienes (Cys-
LTs) mention LTC4, LTD4, and LTE4, and these in-
flammatory mediators are structurally different from
LTA4 and LTB4 (Almutlaq, 2017). CysLTs are main-
ly synthesized by leukocytes and dendritic cells such
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as eosinophils, basophils, mast cells and monocytes/
macrophages (Peters-Golden, 2007). CysLTs activate
their specific receptors (CysLT R and CysLT R) locat-
ed on the cell membrane. CysLT1R has a high affinity
for LTD4 while CysLT2R has a lower affinity (Mag-

nusson, 2011).

The main function of the gamma-glutamyl trans-
ferase (GGT) enzyme found in the extracellular
membrane is to degrade the extracellular glutathione
by transferring the gamma-glutamyl group to ac-
ceptor substrates thus providing the cell with intra-
cellular cysteine to re-synthesis glutathione (Verma,
2015). Another essential function of this enzyme, also
known as gamma-glutamyl leukotrienase (GGLT),
is to catalyze the synthesis of LTD4 by removing the
gamma-glutamyl group from LTC4 (Funk, 2001). In
recent years, increased GGT enzyme levels in various
types of cancer, including breast cancer have been
reported (Corti, 2010). This study aimed to examine
LTD4 level and its correlation with GGT to estimate

the effect of chronic inflammation in breast cancer.
MATERIALS AND METHODS

Forty-three patients with breast cancer who were
followed up by Istanbul University, Institute of Oncol-
ogy, Department of Clinical Oncology, Oncology Sur-
gery Unit were included in this study. Patients have
been received and understood all the research-re-
lated information before the operation date, and the
informed consent was obtained from them. Serum
samples were taken from 43 patients before the op-
eration, and eight healthy people admitted to the
clinic for breast reduction surgery were also included
in this study as controls. Serum samples were taken
from healthy women before the operation. Samples
were stored at -80°C until use. Baseline characteristics
and laboratory results of the patients and controls are
summarized in Table 1. Ethics approval for this study

was approved by The Clinical Research Ethics Com-
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mittee of the Istanbul Faculty of Medicine (Ethics
Committee 28.03.2016/106748). Molecular classifica-
tion of the patient group was performed according to
the evaluation criteria of estrogen/progesterone hor-
mone receptor, Ki67, and cerB2 (HER2) (Goldhirsch,
2011).

Accordingly, patients were classified as Luminal

A (10 patients with estrogen receptor [ER] positive

and, or progesterone receptor [PR] positive, human
epidermal growth factor receptor 2 [HER2] negative,
low Ki67 expression), Luminal B (8 patients with ER+
and, or PR+, HER2-, Ki67 high), Luminal B/Her2+ (7
patients with ER+ and, or PR+, HER2+, Ki67 high),
Her2+ (8 patients with ER-, PR-, HER2+), and tri-
ple-negative/basal type (10 patients with ER-, PR-,
HER2-).

Table 1. Baseline characteristics and laboratory tests of patients and controls.

Variables Patients (n=43) Controls (n=8)
Age (SD) 51.3(11.9) 39.0 (14.7)
Menopausal Status

Premenopausal (%) 20 (46.5) 7(87.5)

Postmenopausal (%) 23 (53.5) 1(12.5)
Cancer Stage, n (%)*

I 3(7.0) -

11 18 (41.9) =

111 21 (48.8) -

*One missing data

Leukotriene D4 Analysis

Serum Leukotriene D4 (LTD4) levels were mea-
sured using a commercially available ELISA kit (Ox-
ford Biomedical Research, MI 48371 U.S.A.). In the
96-well microplate, the standards and the samples
were analyzed by the kit procedure. Samples were
purified using extraction columns before measure-
ment, and then the kit procedure was applied. Mea-
surements were carried out in absorbance (A)
at 400 nm. All data are expressed as mean (standard

deviation, SS).
Statistical analysis

The homogeneity of the data was evaluated with
the Kolmogorov-Smirnov test. Since the data were
not normally distributed, the results were compared
using nonparametric tests. Mann-Whitney U test was
used to compare differences between patients and

healthy controls. Spearman-correlation test was used

to examine the relationship between the parameters
for the non-normally distributed data. P values of less
than 0.05 were regarded as statistically significant.
Statistical analyzes were performed using the SPSS 22
Package Program (SPSS Inc, USA).

RESULTS AND DISCUSSION

To determine whether the data from serum
LTD4 analysis were distributed normally, a Kolm-
ogorov-Smirnov test was used. According to test
results, LTD4 data did not show a normal distribu-
tion (p<0.05). Mean LTD4 levels in total patients
were significantly higher than those in healthy con-
trols (p<0.005). According to the molecular subtypes
of breast cancer, patients in Luminal A, Luminal B,
and Triple (-) groups had significantly higher LTD4
levels than in healthy controls (p<0.01, p<0.005,
and p<0.005, respectively) (Table 2). Patients in the
Her2(+) group had lower LTD4 levels than those in
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other subtypes. However, there was no statistically
significant difference between the groups in terms of
LTD4 levels in general. Several studies show the direct
effect of 5 lipoxygenase derivatives on cellular growth,
cell migration, and invasion in cancer cells (Bishayee,
2011).

Here, we demonstrate for the first time the high
LTD4 levels in breast cancer patients. It is known that
the proinflammatory leukotriene D4 (LTD4) has been
observed to increase proliferation, survival, and cell
migration (Paruchuri, 2003; 2005). One study showed
a significant correlation between high expression of
CysLT R in tissue from breast cancer patients and
histological grade (Magnusson, 2011). Interestingly,
other studies showed that the LTD4 receptor CysL-
T R is highly expressed in human colon cancer and

negative correles with patient survival (Bellamkonda,

2016; Ohd, 2003). Also, LTD4 has been found to in-
duce migration and proliferation of colon cancer cells
(Salim, 2014). In addition to that, LTD4 was reported
to have a growth-stimulating effect on human gastric
cancer cells (Shimakura, & Boland,1992). In con-
trast, one study showed that LTB4 and LTD4 inhibit
MCE-7 breast cancer cell growth, and a leukotriene
receptor antagonist and a 5-LO inhibitor were able
to abolish the inhibitory effect of LTB4 and LTD4 on
cell growth, suggesting that the leukotriene receptors
mediate this effect (Przylipiak, 1998). Increased 5-LO
expression and the cysteinyl leukotriene (CysLT)
pathway prepare the tumor microenvironment could
be by activating different signal pathways and produc-
ing inflammation (Tsai, 2021). Findings from studies
seem heterogeneous, so more studies are needed to

understand the role of the LTD4 in cancer.

Table 2. Levels of serum LTD4 in both patients and healthy controls.

LTD4 Levels
N Mean(SD) P
Controls 8 1.30 (0.39) -
Total patients 43 3.42 (2.13) 0.002*
Luminal A 10 3.11 (2.18) 0.006*
Luminal B 8 4.11 (2.56) 0.002*
Patients in molecular Luminal B+Her2 7 3.68 (2.56) 0.104
subtypes of breast cancer
Her2(+) 8 2.70 (2.12) 0.114
Triple(-) 10 3.58 (1.52) 0.003*

* compared with controls

In our study, post-menopausal patients had
higher levels of LTD4 than pre-menopausal patients
[4.13 (2.35) ng/mL vs 2.61 (1.51) ng/mL, respective-
ly] (p< 0.05). Although there is no study examining
leukotriene levels in breast cancer, one study has
shown the role of inflammation in the pathogenesis
and progression of post-menopausal estrogen-de-

pendent breast cancer (Madeddu, 2014). Another
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study reported that regular use of aspirin, ibuprofen
or other NSAIDs may have a significant protective
effect against the development of breast cancer in

post-menopausal women (Harris, 2003).

The mean GGT activity was found to be signifi-
cantly higher in total patients than in healthy controls
[27.89 (11.21) vs. 18.85 (4.41), respectively] (p<0.05).
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pausal patients (c).
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When the whole study group was examined, a sta-
tistically significant positive correlation was observed
between GGT activity and LTD4 levels (R=0.349,
p=0.014) (Figure 1a). However, a positive but not sta-
tistically significant correlation was observed between
GGT activity and LTD4 levels in patients (Figure 1b).
There was also a positive correlation between these
parameters in post-menopausal patients (R=0.437,
p=0.042) (Figure 1c). A significant correlation be-
tween high GGT activity and LTD4 levels in breast
cancer patients shows the role of GGT in producing
LTD4. Data from previous studies demonstrated the
function of the GGT family could be catalysis LTC4
to LTD4 (Hanigan, 2014). Here we indicate that GGT
participates in the inflammatory response in breast
cancer patients. Our findings are consistent with the
studies that showed the importance of the GGT fam-
ily in the inflammation process in mice (Shi, 2001),

and pulmonary epithelial cancer cells (Lukic, 2016).
CONCLUSION

In conclusion, our study is the first to examine
LTD4 levels in different molecular subclasses of breast
cancer, higher LTD4 levels were observed in patients
with both hormone-dependent and triple (-) breast
cancer than controls. The participation of GGT in
LTD4 synthesis, and the correlation between GGT
and LTD4 indicates the important role of these two
parameters in breast cancer. More studies with larger
numbers of molecular subgroups may reveal the effect

of inflammation in groups.
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Patients’ Drug Compliance
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The Role of Community Pharmacists in Increasing Patients’
Drug Compliance

SUMMARY

In this study, the importance of compliance to treatment for the
patient to benefit from the treatment, and the effects of patient
compliance were determined. The study is a decisive type of research.

The forms with 5-point Likert-type questions created by the
researchers were asked to community pharmacists via the Internet.

110 pharmacists from different parts of Turkey participated in the
survey. The data obtained in the research were analyzed with the
SPSS ver. 25.0 program. The significance level (o) was determined
as 0.05 in the analyzes made in the study. The Cronbach-alpha
reliability coefficient for the developed scale was found ro be 0.847.

In this study, it is found that community pharmacists make an
effort to increase the drug compliance of patients. There was no
significant difference between the age and professional experience of
the pharmacist in improving patient compliance. Pharmacists need
to work more systematically to improve patients’ drug compliance. It
is thought that the concept of drug compliance is frequently included
in the education curriculum of Pharmacy Schools. Still, the necessary
educational content and learning opportunities are not sufficient to
increase it.

Keywords: compliance, drug compliance, community pharmacy,
pharmacist

Hastalarm  Tlag
Eczacilarinin Rolii

Uyumunun  Arttirdmasmmda  Toplum

0z

Bu calismada, hastanin tedaviden yarar gormesi icin tedaviye
uynwmunun onemi ve hasta uyumunun nelerden etkilendigi
belirlenmistir.  Caligma,  betimleyici  tiptedir.  Arastirmactlar
tarafindan  olusturulan 5 Likert tipi sorularm bulundugu
Jormlar, anket teknigi ile toplum eczacilarina internet ortaminda
wygulanmagtir. Ankete Tiirkiyenin farkly yerlerinden 110 eczaci
katilmustir. Aragtirmada elde edilen veriler SPSS ver. 25.0 program
kullanilarak analiz edilmistir. Arastirmada yapilan analizlerde
anlambilik diizeyi (o) 0,05 olarak belirlenmistir. Gelistirilen
olgek icin Cronbach-alpha giivenirlik katsayisi 0,847 olarak
bulunmugtur. Bu ¢alymada, toplum eczacilarinin  hastalarin
ilag wyumunu artirmak icin ¢aba sarf ettikleri goriilmektedir.
Hasta wywmunu arttirmada eczacinmin yas ve mesleki deneyimi
arasinda anlamly bir fark goriilmemistir. Eczacilarin hastalarin
ilag wyumunu artirmak icin daba sistemli calismasi gerekmektedir.
Eczacilik Fakiiltesi egitim miifredatinda ilag wyuwmu kavraminin
stklikla yer aldigs ancak arttirmak icin gerekli egitim icerigi ve
agrenme firsatlarinin yeterli olmadig: diisiiniilmektedir.

Anabtar Kelimeler: wyum, ilag uyumu, toplum eczaciligs, eczact
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INTRODUCTION

The patients compliance with medication is
following the instructions regarding the treatment
and taking an active role in this process. Compliance
ensures that the patient obtains optimum benefit
from drug therapy. Lack of compliance leads to
negativities in the treatment process. From diagnosis
to prescribing, from patient education to monitoring,
every step of the process affects compliance. From
the beginning of the treatment, the last contact of
the patient is often the pharmacist. It is thought that
compliance will increase if the pharmacist informs
the patient correctly and adequately, determines
and resolves the problems, and makes necessary
suggestions (Toklu, 2010).

Patient compliance is the patient’s ownership and
maintenance of treatment. In history, Hippocrates
(400 BC)

patients were not taking their prescribed medication

was the first to notice that some

and later complained that the treatment was not
working. Then in 1882, for the first time in modern
medicine, Robert Koch referred to noncompliant
patients with tuberculosis, the term patient non-
compliance was coined in the 1970s to analyze
why people did not comply with medical directives
(Vrijens, 2012). Patient non-compliance was defined
as “the extent to which an individual’s behavior
(in terms of taking medication, following diets, or
implementing lifestyle changes) does not align with
medical or health advice” (Ulmer, 1976). Before
1980, when the medical mandate was expanded, and
physician authority increased, patient compliance
was seen as a tool for understanding when and why
medical efforts failed (Spencer, 2018).

Patient compliance has clinical and economic
importance. Irregular, under, or excessive drug
consumption will affect the economy and the clinic
of the patient. Some drugs should be taken long
after symptoms have disappeared, some drugs are
dangerous when taken in excess, and many are

ineffective unless certain critical medication levels are
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taken. Thus, it is well known that patient compliance
with medication and other treatment regimens can
have a profound effect on outcomes. Compliance and
persistence affect treatment efficacy, treatment costs,
adverse event rates, disease-related sequelae rates and
severity, general health, and quality of life (Kadambi,
2012).

In this study, the importance of compliance
to treatment for the patient to benefit from the
treatment, and the effects of patient compliance were

determined.
MATERIALS AND METHODS

This study is a decisive type of research. The forms
with 5-point Likert-type questions created by the re-
searchers were asked to community pharmacists via
the Internet. A convenience sampling method was

used.

One of the variables that are frequently tried
to be measured in educational research is attitude.
Attitude has been defined as a ‘learned tendency to
react positively or negatively to a particular object,
situation, institution, concept or another person’
The most widely used one to measure the attitudes,
tendencies, and views of individuals and groups is
the Likert scale, which was developed as a simplified
version of the Thurstone scale (Willoughby,1932).

The sample size of 26,748 pharmacies in Turkey
was determined as 96 with a sampling error of 0.10
and a probability of occurrence of 0.5 (Calikusu, 2021;
Buyukoztiirk, 2019). Expert opinion was taken about
the questions prepared for the questionnaire, and a
preliminary application was made. Ethical approval
was obtained for the survey study with the decision of
Ankara University Rectorate Ethics Committee dated
12.04 2021 and numbered 60.

RESULTS

Pharmacists also need to play a role in
ensuring patient compliance. The results of the
survey conducted to determine what community

pharmacists do to increase patient compliance and
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how much they care about this issue are given in the
tables below. 110 pharmacists from different parts of
Turkey participated in the survey. The data obtained
in the research were analyzed with the SPSS ver. 25.0

program. The significance level (a) was determined as

Table 1. General Information About the Participants

0.05 in the analyzes made in the study. The Cronbach-
alpha reliability coefficient for the developed scale
was found to be 0.847. General information about the

participants is given in Table 1.

Age Frequency Percent

30 and below 43 39.1
31-40 23 20.9
41-50 15 13.6

50 and above 29 26.4

Professional Experience (Year)

10 and below 60 54.5
11-20 18 16.4
21-30 12 10.9

30 and above 20 18.2
Total 110

The average age of the pharmacists participating
in the survey is 39 years, and the average time spent
by community pharmacies is 14 years. The highest
participation in the study was from the age group of 30

and below; the lowest participation was from the age

group of 41-50. In terms of professional experience,
the highest participation was found at 54.5% with 10
and below, and the lowest was 10.9% with 21-30 years.
In Table 2, the results of the participants’ attitudes

towards increasing drug compliance are given.

Table 2. Results on the Attitudes of Community Pharmacists Towards Improving Patient Compliance with

Medication

Average Star?dzTrd

Deviation
1) I provide education about the disease and medication to increase the patient’s commitment to treatment. 4.02 1.031
2) To increase the commitment of my patients to treatment, I contact their physicians. 3.30 1.216
3) I test whether my patients use their previous medications properly. 4.06 0.989
4) I examine the reasons for my patients who do not use their medications correctly. 3.93 1.055
5) I give written information notes to my patients as well as verbal information about their medications. 4.08 1.142
6) I test patients’ understanding of what I tell them about their medication by asking questions. 4.08 1.033
7) I want my patients to inform me from time to time about the use of their medications. 3.45 1.224
8) I congratulate and reward my patients who use their medicines rationally. 2.14 1.208
9) I monitor my patients in their drug use processes. 3.34 1.191
10) I care that the patient is satisfied with the service I provide. 4.68 0.676
11) I create opportunities for my patients to reach me quickly. 4.60 0.780
12) I think a mobile application where my patients will always reach me would be beneficial. 3.58 1.480
13) I discuss the treatment results of my patients’ medications with them. 3.83 1.108
14) I stay in contact with my patients more when using multiple drugs. 3.75 1.127
15) My one-to-one care with the patient increases the patient’s drug compliance. 4.66 0.707
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Analysis of Variance (ANOVA)
to analyze the pharmacists’ responses to improve

Table 3. ANOVA Test Results

test was applied

patient drug compliance in treatment. The test results

are shown in Table 3.

Age Groups N Average Score Standard Deviation Sig. (2-tailed)
30 and below 43 59.1628 6.88660
31-40 23 50.5652 10.21063
0.001*
41-50 15 59.8000 9.20559
50 and above 29 59.3793 9.09636
Professional Experience by year
10 and below 60 55.7833 9.34479
11-20 18 59.7222 7.27450
0.180
21-30 12 60.5000 7.97154
30 and above 20 58.9000 10.34103
Total 110

According to the ANOVA test results;

v" While there is no significant difference between
professional experience by years, a significant dif-

ference (p<0.05) was found between age groups.

v" Ithasbeen determined that pharmacists in the age
group of 30 and below, 41-50, and 50 and above try
to significantly increase the patient’s drug compli-
ance in treatment compared to pharmacists in the

age group of 31-40.
DISCUSSION

In different languages, terms such as commitment,
compliance, and cooperation are used instead of
‘patient compliance’. Definitions include terms that
can mean obedience or shelve collaboration with the

patient. In this study, the word ‘compliance’ is based.

The patient’s non-compliance with drug use is
significant as it affects the patient’s quality of life, the
clinic of the disease, and the economy (Nasseh, 2012).
In addition, it is thought that pharmacists have a great
responsibility to increase the drug compliance of the
patients. They have competencies related to rational
drug use in the national core education program.
There are also many studies on the pharmacist’s role
in rational drug use (Toklu, 2015; Pehlivanli, 2021;
Khalil, 2021).
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74.6% of the pharmacists who participated in the
survey stated that they gave information to the patient
about medicine and disease. In the studies conducted,
it was determined that patient compliance increased
when the pharmacist gave information to the patients
(Goggin, 2010; Jimmy, 2011; Darbishire, 2018). It
can be said that the attitudes of most pharmacists
in Turkey in providing education to patients about
their medicines have a positive effect on patient
compliance. 71.8% of the pharmacists stated that
they gave written information notes to their patients
along with verbal information about their drugs, and
75.4% even indicated that they tested their patients’
understanding of the drugs. Underneath this, it means
that community pharmacists are willing to provide
education to their patients, and there is no doubt that
compliance will increase with the teaching of patients
(Lopez Cabezas, 2006). In particular, pharmacists or
clinical pharmacists who have gained competence
in patient compliance during their undergraduate
education will have an essential role in increasing

patient compliance (Savas, 2020).

44.5% of community pharmacists said they
monitor their patients’ drug use processes. 63.6%
of the pharmacists indicated that they provided the
opportunity to discuss the treatment results with

the patient. Thus, patient participation can also
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be provided. In community pharmacies, 90.9% of
pharmacists state that one-to-one care with patients
increases their drug compliance, prevents recurrence
of hospitalizations, and provides economic savings
(Lopez Cabezas, 2006). Some studies show that patients
experience severe illnesses and hospitalizations again,
as well as financial losses because they do not take
their medications as prescribed (Giannetti, 2016; Su,
2019; Sokol, 2005; Colom, 2003; Fallowfield, 2009;
Hughes, 2007).

In our study, 40.9% of community pharmacists
contact patients’ physicians only to increase patient
compliance. Studies are emphasizing the importance
of physician-pharmacist collaboration to improve
patient compliance (Krummenacher, 2011). Factors
affecting patient compliance have been determined
such as socioeconomic factors, factors related to the
healthcare team and the system, factors related to the
situation, factors related to treatment, and patient-
related factors (Kardas, 2013).

69.1% of pharmacists are analyzing the reason
for this behavior in patients who do not use their
medicines correctly. This approach will improve
the factors affecting patient compliance. It will raise
the awareness of the pharmacist to increase patient
49.1%
participating in the survey stated that they want

compliance. of community pharmacists
their patients to inform them about the use of their
medicines from time to time. It is thought that patient
follow-up by the pharmacist is an attitude that will

increase patient compliance (Jimmy, 2011).

12.8% stated that

congratulated and rewarded their patients who

of pharmacists they
used compatible and rational drugs. There are
studies stating that motivational interviews increase
patient motivation and increase the permanence of
compliance (Krummenacher, 2011). To improve this
rate, it would be beneficial for the pharmacist to give

importance to motivational interviews.

Almost all community pharmacists (94.6%)

care about the patients” satisfaction with the service

they provide. 90% of pharmacists stated that
communication tools such as the telephone provide
convenience for the patient to reach them. In addition,
only 55.4% of pharmacists believe that patients can get
them more easily through a mobile application. From
this point of view, community pharmacists are people

who are easily called by patients most of the time.

One of the reasons for the patient’s noncompliance
with treatment is the use of multiple drugs (Kardas,
2013). According to the survey results, 60% of the
community pharmacists stated that they spend more

time with their patients who use multiple drugs.

With the development of technology, different
suggestions and measures are also emerging. Used by
pharmacists and physicians in the US, the DirectRx
program develops plans, programs, and software
designed to track and improve patients’ compliance
rates while motivating patients’ results to provide
feedback to their physicians and pharmacists.
These systems continuously monitor compliance
and permanence, resulting in better outcomes,
enabling early detection of compliance problems and

appropriate intervention (DirectRx Pharmacy, 2020).

Patient compliance does not depend only on
the pharmacist, it occurs with many factors. The
physicians also have responsibilities. It is crucial to
apply the drug supply process recommended by the
World Health Organization (Toklu, 2015).

As a result, high patient compliance increases the
quality of life, prolongs the lifetime, and provides
financial savings to the health system. To improve
patient compliance, the pharmacist should be in
effective communication with the patient, provide
information about patients drugs within the
framework of the principles of rational drug use, test
that the information is understood by the patient, and
permanent with small information notes or labels to
be attached on the drug box, if necessary, and areas,
where the patient can easily reach the pharmacist
should be created.
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In this study, it is seen that community pharmacists
make an effort to increase the drug compliance of
patients. There was no significant difference between
the age and professional experience of the pharmacist
in improving patient compliance. However,
pharmacists need to work more systematically to
improve patients’ drug compliance. It is thought
that the concept of drug compliance is frequently
included in the education curriculum of Pharmacy
Schools. Still, the necessary educational content and
learning opportunities are not sufficient to increase
it. Motivational interviewing, which is especially
important in the literature, can be included in
the Pharmacy Schools’ curriculum. Thus, drug
compliance can be achieved by increasing patient

motivation.
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SUMMARY

In the fungus of hands and toenails, the thickening of the nail and
its yellow color is the first signs of attention. The fungus of hands and
toenails is mainly caused by Trichophyton rubrum dermatophyte.
They have antifungal properties due to the components of lavender
0il, geranium oil, and tea tree oil structures. Oral antifungal agents
used the treatment of nail fungus can cause serious side effects,
especially the liver. Therefore; topical applications have been given
importance in recent years. However; in topical applications,
antifungal agents have difficulties sending to the target area.
Therefore; nanoemulsion technology was preferred in the study.
Nanoemulsion formulations of essential oils were prepared using
the wultrasonication method. Centrifugal and thermal tests were
applied as preliminary stability to the formulations, the pH value,
viscosity, droplet size, and polydispersity index of the formulations
passing this step were measured, and organoleptic controls were
performed. Antifungal efficacy and release studies were performed
on the formulations F4P3-I (pelargonium), F4P3-L (lavender),
F4P3-C (tea tree), and FAP3-K (mixture), which were successful as
a result of all the tests. According to the study, it was concluded that
F4P3-1, F4P3-L, F4P3-C, and F4P3-K formulations might help in
the treatment of fungi.

Key Words: Lavender oil, geranium oil, tea tree oil, nanoemulsion,
ultrasonication

Mantar Tedavisine Yardimei Yenilik¢i Kozmetik Formiilasyonlarin
Gelistirilmesi ve Formiilasyonlarmn Etkinliginin Test Edilmesi

0z

El ve ayak tirnaklarmdaki mantarlarda  genellikle  tirnagin
kalinlasmasi ve sar1 bir renk almast ilk dikkat ceken belirtilerdir.
El ve ayak tirnaklarindaki mantara  cogunlukla Trichophyton
rubrum dermatofiti neden olmaktadsr. Lavanta yag, itir yag ve
¢ay agaci yagr yapilarinda bulunan bilesenlerden dolay: antifungal
ozellige sahiptirler. Tirnak mantar: tedavisinde kullanilan oral
antifungal ajanlar ozellikle karaciger iizerinde ciddi yan etkilere yol
agabilmektedir. Bu yiizden son yillarda topikal wygulamalara inem
verilmigtir. Ancak topikal wygulamalarda da antifungal ajanlarn
hedef bilgeye gonderilmesinde zorluklar yasanmaktadsr. Bu nedenle,
calismada nanoemiilsiyon teknolojisi tercib edilmigtiv. Ultrasonikasyon
yontemi kullanilarak ueucu yaglarin nanoemiilsiyon formiilasyonlar:
hazirlanmstsr. Formiilasyonlara ilk once santrifiij ve termal testler
wygulanmistr ve stabil kalan formiilasyonlarin pH degeri, viskozite,
damlactk boyutu ve polidispersite indeksi 6lciilmiistiir ve organoleptik
kontrolleri yapilmstar. Tiim testler sonucunda basarils olan FAP3-1
(1t1r), F4P3-L (lavanta), FAP3-C (cay agaci) ve FAP3-K (karisim)
Jformiilasyonlarinda  antifungal  etkinlik ve gecis  calmalar:
gerceklestirilmistir. Caligmaya  gore F4P3-I, F4P3-L, F4P3-C,
F4P3-K formiilasyonlarinin mantar tedavisine yardime: olabilecegi
sonucuna vardmagtar.

Anabtar Kelimeler: Lavanta yag, iar yagi, ¢ay agaci yags,
nanoemiilsiyon, ultrasonikasyon
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INTRODUCTION

Various methods are used in the treatment of
hands and toenails fungus. These methods include
chemical or mechanical removal of nails, treatment
with systemic antifungal drugs, treatment with topi-
cal nail polishes, or a combination of these (Denning,
1995). In most cases, oral antifungal agents such as
terbinafine, itraconazole, and fluconazole are used
because they penetrate the nail bed and nail plate.
However, the common side effects of these drugs in-
clude headaches, gastrointestinal symptoms, nausea,
and rashes (Kreijkamp-Kaspers, 2017). As a topical
treatment, amorolfin, ciclopirox, etc., products that
are usually in solution form are used. Topical antifun-
gal agents have the advantage of causing fewer side
effects, while their effectiveness is limited, and treat-
ment times are extended due to low nail plate pene-
trations (Elewski, 2013).

In recent years, nanoemulsion technology has
been used in cosmetics, medicines, paints, etc. Na-
noemulsions are oil-in-water (o/w) or water-in oil
(w/0) emulsions with average droplet diameters rang-
ing from 50-1000 nm (Shah, 2010). Nanoemulsions
have several advantages, including high tolerability,
rapid biodegradation, high bioavailability, good sta-
bility, and reasonable skin penetration rates of the
active agents (Tadros, 2004; Aboofazeli, 2010). High
energy or low energy methods are used to prepare of
nanoemulsions (Anton, 2009). In high-energy meth-
ods, ultrasonics, microfluidizers, and high-pressure
homogenizers are used (Graves, 2005; Mason, 2006;
Jafari, 2007). In low-energy, phase inversion tempera-
ture, and phase inversion composition methods are
used (Marszall, 1975; Shinoda, 1986).

This study aims develop formulations in the form
of nanoemulsions, which can provide a more effec-
tive penetration of the active substances from the nail
in the treatment of nail fungus and to examine their
antifungal activity and release profiles with in vitro

experiments.
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MATERIAL AND METHODS
Materials

Lavandula angustifolia oil, Melaleuca alternifolia
oil and Pelargonium graveolens oil were purchased
Herbarom Laboratoire (Aouste-sur-Sye, France).
Geogard Ultra is obtained from Lonza Group AG
(Basel, Switzerland). Pluronic® F68 was obtained from
BASF (Ludwigshafen, Germany). Transcutol® HP is
obtained from Gattefosse (Lyon, France). Tween 20°
(Polysorbate 20) and RPMI-1640 medium; were pur-
chased from Merck KGaA (Darmstadt, Germany).
Trichophyton rubrum, ATCC 28188, is purchased
from ATCC (Virginia, USA). Ketoconazole is pur-
chased from Liofilchem, Inc. (Italy). All organic sol-
vents and other chemicals were analytical grade and
obtained from Merck KGaA.

Preparation Method for Nanoemulsion Formu-

lations

The essential oils are added to Transcutol® HP.
Minimum inhibition concentrations (MIC) of essen-
tial oils against Trichophyton rubrum dermatophyte
have been found in the literature and used in formu-
lations at this rate (Shin, 2004). The oil phase is add-
ed into the water phase, which comprised a Pluronic®
F68 and Geogard Ultra mixture at the same tempera-
ture (20 °C). To see whether the pre-mixing process
affects on the characterization of nanoemulsion for-
mulations, only half of the formulations had an ultra-
sonication method and the other half was pre-mixing

and ultrasonication.

In the pre-mixing process, the formulations were
mixed under constant stirring (8,100 rpm) and tem-
perature (20°C) with an Ultra-Turrax (IKA T-25 Dig-
ital, Germany) for 5 m. In the ultrasonication process,
the formulations were sonicated using a Hielscher
UP200Ht probe-type sonicator (Hielscher®, Teltow
Germany) at 50% amplitude level for 20 and 30 min-

utes to obtain a nanoemulsion.
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Table 1. Preparation of Nanoemulsion Formula-

tions of Essential Oils

Ingredients F4P3-L F4P3-1 F4P3-C F4P3-K
(%) (%) (%) (%)
Luva.ndllxla . 0.05 ) i )
angustifolia oil
Melaleuca
o - - 0.1 -
alternifolia oil
Pelargomurr.l ) 0.05 i )
graveolens oil
Mixture
(Lavender., ) ) 02
Tea Tree Oil,
Geranium)
Pluronic® F68 0.033 0.033 0.067 0.133
Transcutol® HP 0.067 0.067 0.133 0.267
Geogard Ultra 0.75 0.75 0.75 0.75
Water 99.1 99.1 98.95 98.65

Characterization of Nanoemulsion Formula-

tions

Dynamic light scattering, called Photon Cor-
relation Spectroscopy (PCS), is used to analyze fluc-
tuations in the scattering intensity of droplets and
particles due to Brownian motion (Ruth, 1995). Na-
noemulsion droplet size, polydispersity, and zeta po-
tential can be evaluated by PCS using a particle size
analyzer. The polydispersity index indicates the quali-
ty or homogeneity of the dispersion (Li, 2011).

Particle Size and Zeta Potential Measurements

The mean diameter, polydispersity index (PI), and
zeta potential of each sample were obtained using a
Malvern Zetasizer Nano ZS (Malvern Instruments,
U.K.) at 25°C. Before all measurements, the formu-
lations were diluted with distilled water 1/100 in the
flask.

In Vitro Release Study

Active components (Linalyl acetate, Terpinene oil,
Citronellol) of essential oils released from nanoemul-
sion formulations were performed using the dialysis
bag technique. The dialysis bags (MWCO: 12-14 kDa,

Spectrum Laboratories, Inc., CA) were soaked and
preconditioned before the experiment. The required
amount of formulation (10 ml) was placed into the
preconditioned dialysis bag. Then, the dialysis bag
is put in 150 ml phosphate-buffered saline (pH: 7.4)
and incubated in a thermostatic reciprocating shaker
maintained at 37 + 0.5°C and continuously shaken at
300 rpm. An aliquot of 1 ml of release medium was
withdrawn at predetermined time intervals (0.50, 1,
2,3,4,5,6,7,and 8 h) and replaced immediately with
the same volume of fresh medium to maintain the
sink conditions. The concentration of active compo-
nents in the aliquot was quantified using gas chroma-

tography-mass spectrometry (GC/MS).
GC/MS Analysis
A pharmacopeia method is used for the GC/MS

analysis of active components of essential oils during
release studies. For this purpose, an Agilent Cary 60
system (Agilent Technologies, California, USA) con-
sisting of an HP-5ms Ultra Inert, 30 m x 250 um x
0,25 um column compartment. The chromatograms
were monitored and integrated using Agilent Chem-
Station software. While preparing the samples, 5 ml
sample was diluted in 1.5 ml water: acetone mixture,
and 2 ml sample were injected. Helium gas with a
flow rate of 1.1 ml / min and a split ratio of 10:1 was
used as the carrier gas. The injector temperature is
220°C. The initial and end temperatures of the analy-
sis are 60°C and 260°C, respectively. The temperature
increase rate was 3°C/min and the total analysis time
took 66.6 min.

Disk Diffusion Method

The antifungal efficacy of the formulations against
Trichophyton rubrum ATCC 28188 standard strain in
vitro was evaluated using the disc diffusion method.
For this purpose, a mixture of 200 ml of 2% glucose
and 2% agar was sterilized in an autoclave, then added
to RPMI 1640 medium (Applichem, Darmstadt, Ger-
many) and distributed in Petri dishes. The inoculum

of the microorganism used in the experiment was
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prepared by CLSI (Clinical and Laboratory Standards
Institute) M38-A criteria. The dermatophyte conidia
suspension used in the study was prepared using 5 ml

of sterile 0.9% saline.

The concentration of dermatophyte conidia sus-
pension is 1.5x10° The prepared conidia suspension
was spread on the surface of Petri dishes containing
sterile RPMI 1640 medium with 2% glucose. The Pe-
tri dishes were left to dry under aseptic conditions for
15 minutes. Then, 10 ul of formulation impregnated
discs were added to the Petri plates. Discs containing
10 pg Ketoconazole (Liofilchem) are included in the
study as a control. Petri dishes were incubated at 25°C
for 4-7 days. The activity is evaluated by measuring
the inhibition zones formed around the discs at the

end of the incubation.
RESULTS AND DISCUSSION

In this study, nanoemulsion formulations of es-
sential oils were successfully prepared using the ul-
trasonication method with the mixture of Pluron-
ic® F68, Transcutol® HP, Lavandula Angustifolia oil,
Melaleuca alternifolia oil, and Pelargonium graveolens
oil. According to the literature research, studies have
been found on pre-mixing while creating nanoemul-
sion formulations with this method (Hosseini, 2015;
Carpenter, 2016). The formulations that were applied
the pre-mixing process could not be stable. It is seen
that when the ultrasonication process time increased,
the particle size and polydispersity index (PDI) val-
ue of formulations decreased. When the droplet size
and PDI values are examined, it was found that for-
mulations with 30 minutes ultrasonication process,
oil phase: surface- active substance ratio of 1:2 and
Pluronic® F68 as surface-active substance and Trans-
cutol’ HP as co-surfactant were more suitable. The
average particle size and polydispersity index of the
formulations are shown in Table 2. The smallest av-
erage size (108.20 nm) was observed in the F4P3-K
formulation. The PDI values of the formulations were
lower than 0.3. PDI<0.3 indicates excellent homoge-
nous distribution (Salouti, 2014). The zeta potentials

of the formulations are negative.
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Table 2. Particle Size, PDI (polydispersity index),

and Zeta Potential Values of the Formulations

Formulation Particle size
PDI Zeta Potential
code (nm)
F4P3-L 1824 +1.5 0.182 £ 0.05 -24,7 £0.79
F4P3-1 141.2+0.9 0.220 £0.07 -29,8 £ 0.66
F4P3-C 188.1 £ 1.0 0.166 + 0.04 -30,4 £ 1.22
F4P3-K 108.2 + 0.3 0.111£0.03 -372+1.64

Antifungal activity test of nanoemulsion formula-
tions that passed the long-term stability tests against
Trichophyton rubrum was performed by disk diffusion
method. The inhibition zone diameters of the formula-

tions are given in Table 3.

Table 3. Inhibition Zone Diameters of the Formu-

lations
Formulation code Inhibiton Zone Diameter (mm)
F4P3-L 13,8
F4P3-1 12,9
F4P3-C 10,0
F4P3-K 11,0

Antifungal activity of nanoemulsion formulations
of Lavandula Angustifolia oil, Melaleuca alternifolia oil,
and Pelargonium graveolens oil has shown. However,
the mixture of these oils did not show the expected an-

tifungal activity.
CONCLUSION

Stability and characterization studies of na-
noemulsion formulations have been successfully
performed. The release of nanoemulsion and pure
essential oil formulations was carried by the dialysis
bag method in in vitro conditions. Figures 1-3 show
the release profiles of nanoemulsion and pure formu-
lations of essential oils. Active components of essen-
tial oils are examined in the release study. The release
of the nanoemulsion formulation, which is a mixture
of 3 essential oils from the membrane, is not exam-
ined due to having more than one essential oil. The
antifungal efficacy test of nanoemulsion formulations
against Trichophyton rubrum dermatophyte was per-
formed by disc diffusion method under in-vitro con-

ditions. The inhibition zone diameter of F4P3-L (lav-
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ender nanoemulsion), F4P3-I (geranium nanoemul-  sion formulations of lavender, geranium and tea tree
sion), F4P3-C (tea tree oil nanoemulsion), F4P3-K  oil showed antifungal activity, the nanoemulsion
(lavender + geranium + tea tree oil nanoemulsion), formulation in the form of the mixture (lavender +
and Ketoconazole (positive control) was 13.8, 12.9,  geranium + tea tree oil) did not show the expected
10.0, 11.0, 21,4 mm, respectively. While nanoemul-  antifungal activity.
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Figure 1. The cumulative release of nanoemulsion and pure lavender oil

Figure 1 shows the time-dependent release of na-  ponent of lavender essential oil. After 8 hours, the na-
noemulsion and pure lavender oil. The time-depen-  noemulsion linalyl acetate component passed about
dent release profile is determined according to the 8.5 times more than its pure form.

linalyl acetate substance, which is the significant com-
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Figure 2. The cumulative release of nanoemulsion and pure tea tree oil
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Figure 2 shows the time-dependent release of na-
noemulsion and pure tea tree oil. The time-dependent
release profile is determined according to the terpine-

nol substance, which is the significant component of
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tea tree essential oil. After 8 hours, the nanoemulsion
terpinenol component passed about 7.5 times more

than its pure form.

PURE

Figure 3. The cumulative release of nanoemulsion and pure geranium oil

Figure 3 shows the time-dependent release of
nanoemulsion and pure geranium oil. The time-de-
pendent release profile is determined according to the
citronellol substance, which is the significant compo-
nent of geranium essential oil. After 8 hours, the na-
noemulsion citronellol component passed about six

times more than its pure form.

As a result of all studies, it was concluded that
F4P3-L, F4P3-1, F4P3-K, and F4P3-C formulations in
nanoemulsion form could penetrate deeper and have

better antifungal effects than their pure form.
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Containing Substituted-1,2,3- Triazole Moiety as New Anti-
Alzheimer Agents: Synthesis, In vitro and In silico Assays

SUMMARY

Alzheimers disease (AD) is a chronic neurodegenerative disease that
is the most common cause of dementia. The risk of developing the
disease increases with age. When the histopathology of the disease is
examined, senile amyloid plagques, neurofibrillary tangle formation,

synapse-neuron loss, and marked atrophy in the brain are detected.

The decrease in the level of choline acetyltransferase, which is
responsible for the synthesis of acetylcholine in Alzheimer’s disease, is
58-90%. There is a great need for new drugs that target the basis of
the cause of the disease, as existing drugs cannot stop the progression of
the disease. In this study, triazole-pyridazinone derivative compounds
showing acetylcholinesterase inhibition were synthesized and their
inhibitions were investigated. Compound Ge exhibited the strongest
inhibirory effect with a Ki value of 0.049 + 0.014 pM (Tacrine Ki=

0.226 = 0.025 uM). In addition, in silico studies were applied for
all compounds.

Keywords: 3(2H)-pyridazinone, acetylcholinesterase, molecular
docking

1,2,3-Triazol Uygulamas: Yeni Anti-Alzheimer (P-Tolil)-3(2H)-
Piridazinon Tiirevleri: Sentez Caligmalars, in vitro ve in siliko
Analizleri

0z

Alzheimer hastalgr (AH), demansin en yaygin nedeni olan kronik
nérodejeneratif bir hastaliktrr. Hastaliga yakalanma riski yagla
birlikte artar. Hastaligin histopatolojisi incelendiginde senil amiloid
plaklars, nérofibriler yumak olusumu, sinaps-niron kaybs ve beyinde
belirgin atrofi saptanir. Alzheimer hastaliginda asetilkolin sentezinden
sorumlu olan kolin asetil transferaz diizeyindeki azalma %58-90 4.
Meveut ilaglar hastaligin ilerlemesini durduramadigindan, hastaligin
temel nedenini hedef alan yeni ilaglara biiyiik ihtiyag vardir. Bu
calismada asetilkolinesteraz inhibisyonu gosteren triazol-piridazinon
tiirevi bilesikler sentezlenmistir ve enzim inhibisyonlar: aragtirilmastir.
Bilesik Ge, 0.049 + 0.014 uM Ki degeri ile en giiclii inhibitor etkiyi
gostermigtir (Takrin Ki= 0.226 + 0.025 pM). Ayrica sentezlenen tiim
bilesikler igin in siliko caligmalar yapilds.

Anahtar  Kelimeler: asetilkolinesteraz,

molekiiler yerlestirme

3(2H)-piridazinon,
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INTRODUCTION

Alzheimer’s disease (AD) is an age-related pro-
gressive neurodegenerative disease that is character-
ized by cognitive impairment, has a high incidence in
the elderly, and gradually results in death (Arora, Al-
fulaij, Higa, Panee, & Nichols, 2013; Daulatzai, 2016;
Kumar, Kumar, Keegan, & Deshmukh, 2018). Today,
around 50 million people worldwide, especially older
people, suffer from dementia. According to estimates,
the number of patients between 2040 and 2050 is
reported to be approximately 130 million. Most de-
mentia cases (70%) are due to AD (Cummings, Lee,
Zhong, Fonseca, & Taghva, 2021; Taudorf, Nergaard,
Waldemar, & Laursen, 2021). Histopathologically,
AD is characterized by loss of cholinergic neurons,
amyloid b (Ab) peptide deposits (plaques), and intra-
cellular neurofibrillary tangles of tau protein. There-
fore, they have become important drug development
targets (Cummings et al., 2021; Huang, Chao, & Hu,
2020; Taudorf et al., 2021). Currently, there is no treat-
ment available to cure AD and stop its progression.
The drugs are used to reduce the problems that occur
in patients’ ability to understand and comprehend be-
havioral findings (Srivastava, Ahmad, & Khare, 2021).
When the brain tissues of AD patients were exam-
ined, it was shown that there was a decrease in acetyl-
choline synthesis and release and a decrease in acetyl-
choline transferase activity (Fani Maleki et al., 2020;
Koronyo-Hamaoui et al., 2020; Zhang et al., 2020).
For this purpose, acetylcholinesterase inhibitors have
been developed to increase the residence time of ace-

tylcholine in the synaptic gap (Birks, 2006).

In our previous studies, we synthesized a series
of 3(2H)-pyridazinone derivatives and it has been
reported that have been anticholinesterase biologi-
cal activities (Bozbey et al., 2020; Col, Bozbey, Tiirk-
menoglu, & Uysal, 2022b; Ozgelik, Ozdemir, Sari,
Utku, & Uysal, 2019). Likewise, the anticholinester-
ase effects of triazole structures have also been wide-

ly reported in the literature (Hosseini, Pourmousavi,
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Mahdavi, & Taslimi, 2022; Krasinski et al., 2005; Mina
Saeedi et al., 2021; M. Saeedi et al., 2017). In the light
of all this information, the combination of two bio-
active compounds, triazole and pyridazinone, can be
considered a significant strategy for drug design and
discovery. Within the scope of our study, five novel
triazole ring-substituted derivatives were synthesized,
evaluated their acetylcholinesterase (AChE) enzyme

inhibition, and in silico studies were performed.
MATERIALS AND METHODS
Chemistry

Unless otherwise noted, all of the reagents were
commercial quality and were used without purifica-
tion. The progress of reactions and the purity of the
compounds were monitored by TLC using silica gel
plates (250 um, F__,) under UV light. NMR spectra
were recorded on an Agilent Varian Mercury 400
MHz ('H, 400 MHz; *C, 100 MHz), in CDCI, and
DMSO-d, (internal standard tetramethylsilane).

254

Chemical shifts () are expressed as parts per million
(ppm) downfield from tetramethylsilane (TMS) and
the coupling constants (J) quoted in Hertz. Splitting
patterns have been designated as follows: s (singlet),
d (doublet), t (triplet) and m (multiplet), br (broad).
The IR Spectra were recorded on Thermo Scientific
Nicolet 6700 ATR/Fourier transform infrared spec-
trophotometer. High-resolution mass spectra data
(HRMS) were collected in sing a Waters LCT Premier
XE Mass Spectrometer (high sensitivity orthogonal
acceleration time flight instrument) operating in the
ESI (+) method, also coupled to an AQUITY Ultra
Performance Liquid Chromatography system (Waters
Corporation, Milford, MA, USA).

General procedure for the preparation of com-
pounds (1) and (2)

The substituted 4’ -methylacetophenone (1 mmol),
glyoxylic acid monohydrate (1 mmol), and acetic acid
(2 mL) were heated and stirred under reflux for 5 h.

After the reaction was completed, the reaction mix-
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ture cooled down to room temperature, and 20 mL
of water and ammonium hydroxide solution (25%)
were added until the medium pH became 8. Then the
reaction mixture was extracted with dichloromethane
(3x20 mL). To the aqueous layer was added hydrazine
hydrate (10 mmol) and the reaction mixture was re-
fluxed for 3 h. After completion of the reaction, the
reaction mixture cooled down to room temperature.
The resulting white precipitate was filtered and re-
crystallized from ethanol (Xu et al., 2016).

General procedure for the preparation of com-

pound (3)

A solution of (2) (1 mmol), K,CO, (3 mmol), and
ethyl 3-bromopropionate (3 mmol) in acetone (20
mL) was heated and stirred under reflux for 12 h.
After the reaction was completed, the reaction mix-
ture cooled down to room temperature. The resulting
mixture was poured into ice-water, filtered off, and
washed thoroughly with water. The resulting precipi-
tate (3) was recrystallized from ethanol (Mantu, Luca,

Moldoveanu, Zbancioc, & Mangalagiu, 2010).

General procedure for the preparation of com-
pound (4)

To a solution of (3), (1 mmol) in ethanol (20 ml)
was added hydrazine hydrate (5 mmol). The reaction
mixture was heated under reflux for 1 h. The precip-
itate obtained was washed thoroughly with water,
dried, and recrystallized from methanol (Hassanien,
2003).

General procedure for the preparation of com-
pounds 5, 6 (a-e)

A reaction mixture of appropriate hydrazide (4)
(1 mmol) and aryl isothiocyanate (1 mmol) in etha-
nol (25 mL) was heated under reflux for 5 h and the
progress of the reaction was monitored by thin layer
chromatography. Next, the solution was cooled and
the solid formed was filtered oft, washed with diethyl
ether, dried, and crystallized from ethanol. After, syn-

thesized derivatives of thiocarbazide (1 mmol) were

dissolved in the 2% solution of sodium hydroxide (20
mL) and heated under reflux for 4 h. After cooling,
the solution was neutralized with dilute HCL. The pre-
cipitate was filtered off and then recrystallized from
ethanol (Hassanien, 2003; Onkol et al., 2008).

2-(2-(4-phenyl-5-thioxo-4,5-dihydro-1H-1,2,4-
triazol-3-yl)ethyl)-6-(p-tolyl)pyridazin-3(2H)-one
(6a)

White solid (52% yield), R; 0.53 (CH,OH-CHCI,
9:1), mp 125-127°C, '"H NMR (400 MHz, CDC13) SH
11.72 (s, 1H, -NH), 7.58 (d, 1H, J=8.0 Hz, 5-CH), 7.51
(d, 2H, J=8.0 Hz, 2>- & 6>-CH), 7.48-7.39 (m, 3H, Ph-
H), 7.34 (d, 2H, J=8.0 Hz, Ph-H), 7.24 (d, 2H, J=8.0
Hz, 3’- & 5°-CH), 6.92 (d, 1H, J=8.0 Hz, 4-H), 3.75 (t,
2H, J=4.0 Hz, -CH -), 2.98 (t, 2H, J=4.0 Hz, -CH,-),
2.39 (s, 3H, -CH,), "C NMR (100 MHz, CDCl,) §_
160.82 (5”-C), 145.93 (3-C), 141.01 (37-C), 133.37
(6-C), 130.99 (4’-C), 130.36, 130.11, 129.76, 127.27
(Ph-C), 129.86 (2, 3’-, 5- & 6-C), 125.90 (4- &
5-C), 47.12 (-CH,-), 26.55 (-CH,-), 21.85 (-CH)),
FT-IR (neat, cm™) 3220.20, 2948.89, 1635.87 (C=0),
1573.71, 1416.03, 1125.45 (C=S), MS m/z (ESI) calcd
for Cle N.OS (M+H") 390.1389, found 390.1395.

197 '5
2-(2-(4-(4-bromophenyl)-5-thioxo-4,5-dihy-
dro-1H-1,2,4-triazol-3-yl)ethyl)-6-(p-tolyl) pyri-
dazin-3(2H)-one (6b)

White solid (42% yield), Rf 0.55 (CH,OH-CH-
Cl, 9:1), 'H NMR (400 MHz, DMSO-d,) 8, 13.02
(s, 1H, -NH), 7.95 (d, 1H, J=8.0 Hz, 5-CH), 7.65 (d,
4H, J=8.0 Hz, 2’-, 6-CH & Ph-H), 7.28 (d, 4H, J=8.0
Hz, 3’-, 5-CH, Ph-H), 6.94 (d, 1H, J=8.0 Hz, 4-H),
419 (t, 2H, J=4.0 Hz, -CH -), 291 (t, 2H, J=4.0 Hz,
-CH,-), 2.34 (s, 3H, -CH,), °C NMR (100 MHz, DM-
$0O-d) 8. 167.53 (5°-C), 159.11 (3-C), 148.08 (3”-C),
144.03 (6-C), 139.42 (4-C), 135.99, 132.18, 130.88,
129.97 (Ph-C), 126.17 (2’-, 3'-, 5- & 6'-C), 121.42 (4-
& 5-C), 48.99 (-CH,-), 25.32 (-CH,-), 21.32 (-CH,),
FT-IR (neat, cm™') 3184.37, 3021.94, 1648.16 (C=0),
1579.49, 1439.92, 1164.97 (C=S), MS m/z (ESI) calcd
for C, H ,N.OSBr (M+H") 468.0494, found 468.0494.
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2-(2-(5-thioxo-4-(p-tolyl)-4,5-dihydro-1H-
1,2,4-triazol-3-yl)ethyl)-6-(p-tolyl)pyridaz-
in-3(2H)-one (6¢)

White solid (61% yield), Rf 0.59 (CH,OH-CH-
Cl, 9:1), 'H NMR (400 MHz, DMSO-d,) 6, 13.60 (s,
1H, -NH), 7.93 (d, 1H, J=8.0 Hz, 5-CH), 7.63 (d, 2H,
J=8.0 Hz, 2’- & 6’-CH), 7.31 (d, 2H, J=8.0 Hz, 3’-,
5-CH), 7.26 (d, 4H, J=8.0 Hz, Ph-H), 6.94 (d, 1H,
J=8.0 Hz, 4-H), 4.20 (t, 2H, J=4.0 Hz, —CHZ—), 2.96 (t,
2H, J=4.0 Hz, -CH,-), 2.47 (s, 3H, -CH,), 2.34 (s, 3H,
-CH,), *C NMR (100 MHz, DMSO-d,) 8, 168.41 (5”-
C), 159.33 (3-C), 150.26 (3”-C), 144.38 (6-C), 139.92
(4-C), 139.72, 132.00, 131.67, 130.81, 130.47, 130.01
(Ph-C), 128.78,128.41 (2’-, 3’-,5’- & 6-C), 126.35 (4-
& 5-C), 48.38 (-CH,-), 25.22 (-CH,-), 21.50 (-CH,),
21.45 (-CH3), FT-IR (neat, cm™) 3145.81, 3043.49,
2918.67, 2851.42, 1654.35 (C=0), 1586.50, 1412.93,
1127.07 (C=S), MS m/z (ESI) calcd for C,,H, N.OS
(M+H?") 404.1545, found 404.1541.

2-(2-(4-(2-methoxyphenyl)-5-thioxo-4,5-dihy-
dro-1H-1,2,4-triazol-3-yl)ethyl)-6-(p-tolyl) pyri-
dazin-3(2H)-one (6d)

White solid (38% yield), Rf 0.53 (CHaoH-CH-
Cl, 9:1), 'H NMR (400 MHz, DMSO-d,) 8, 13.67 (s,
1H, -NH), 7.97 (d, 1H, J=8.0 Hz, 5-CH), 7.66 (d, 2H,
J=8.0 Hz, 2>- & 6>-CH), 7.52 (t, 1H, J=8.0 Hz, Ph-H),
7.32-7.25 (m, 4H, 3-, 5-CH & Ph-H), 7.10 (t, 1H,
J=4.0 Hz, Ph-H), 7.24 (d, 2H, J=8.0 Hz, 3’- & 5°-CH),
6.97 (d, 1H, J=8.0 Hz, 4-H), 3.76 (s, 3H, -OCH,), 2.89
(m, 2H, -CH,-), 2.78 (m, 2H, -CH,-), 2.34 (s, 3H,
-CH,), *C NMR (100 MHz, DMSO-d,) 8. 168.49 (5”-
(), 159.15 (3-C), 154.97 (Ph—C—OCHS), 150.33 (3”-C),
144.12 (6-C), 139.55 (4’-C), 131.88, 129.96, 122.18,
121.27 (Ph-C), 126.14 (2’-, 3’-,5- & 6’-C), 113.31 (4-
& 5-C), 56.37 (-OCH,), 48.17 (-CH-), 24.66 (-CH -
), 21.29 (—CH3), FT-IR (neat, cm™) 3037.70, 2919.72,
1648.05 (C=0), 1581.69, 1463.50, 1155.46 (C=S), MS
m/z (ESI) caled for C H, N.O.S (M+H") 420.1494,
found 420.1496.
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2-(2-(5-thioxo-4-(4-(trifluoromethoxy)phenyl)-
4,5-dihydro-1H-1,2,4-triazol-3-yl)ethyl)-6-(p-
tolyl)pyridazin-3(2H)-one (6e)

White solid (69% yield), Rf 0.49 (CH,OH-CHCI,
9:1), 'H NMR (400 MHz, DMSO—dé) 4, 13.08 (s, 1H,
-NH), 7.92 (d, 1H, J=8.0 Hz, 5-CH), 7.64 (d, 2H, J=8.0
Hz,2’- &6’-CH), 7.41 (d, 4H, J]=8.0 Hz, Ph-H), 7.26 (d,
2H, J=8.0 Hz, 3’-, 5-CH), 6.92 (d, 1H, J=8.0 Hz, 4-H),
4.20 (t, 2H, J=4.0 Hz, —CHZ—), 2.89 (t, 2H, J=4.0 Hz,
-CHZ-), 2.34 (s, 3H, -CHS), BC NMR (100 MHz, DM-
$0-d,) 8,.167.33 (5°-C), 159.07 (3-C), 147.54 (3”-C),
143.97 (6-C), 139.35 (4’-C), 136.64, 132.03, 130.56,
129.90 (Ph-C), 130.82 (—OCF3), 126.18 (2-, 3, 5- &
6-C), 121.46 (4- & 5-C), 49.32 (-CH ), 25.42 (-CH,-
), 21.29 (—CHs), FT-IR (neat, cm™) 3038.88, 2926.27,
1654.81 (C=0), 1585.96, 1442.30, 1154.85 (C=S), MS
m/z (ESI) caled for C, H F N.O,S (M+H") 474.1212,
found 474.1211.

Acetylcholinesterase (AChE) Enzyme Inhibition
Studies

AChE enzyme was supplied ready-made. AChE
enzyme activity was determined according to the
method performed by Ellman’s et al. (Ellman, Court-
ney, Andres, & Featherstone, 1961). The AChE en-
zyme has two substrates, DTNB [(Ellmans Reagent)
5,5-dithio-bis-(2-nitrobenzoic acid)] and acetyltiy-
ocholiniodate. Thiocholine is formed because of the
hydrolysis of the substrates. The thiocholine formed
reacts with DTNB and forms the yellow 5-thio-2-ni-
trobenzoate anion. This molecule gives maximum ab-
sorbance at 412 nm wavelength (Shirinzadeh, Dilek,
& Alim, 2022). A percent activity versus inhibitor
concentration graph was drawn for the designation of
the inhibition efficacy of each of the new derivatives
on the AChE enzyme. The IC, values were obtained
from these graphs. For the calculation of K, values,
three different of these compounds concentrations
and five substrate concentrations were used. The study

also included an inhibition graph of the most effective
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compound which was drawn. The same procedures
were performed for Tacrine, the standard inhibitor of
the AChE enzyme, and both IC,, and K values were

calculated.
Molecular Docking

The interaction of compound 6e with the AChE
enzyme was investigated in molecular docking with
in silico approaches. Molecular docking studies were
applied to determine the amino acid residues in the
active site of compound 6e and the reference com-
pound Tacrine and to calculate the binding param-
eters. Schrodinger 2021-2 software (Schrédinger Re-
lease 2021-2: Glide) was used in all docking studies to

investigate the binding mode.

Molecular docking procedures specified in pre-
vious studies were applied (Anil, Aydin, Demir, &
Turkmenoglu, 2022; C6l, Bozbey, Tirkmenoglu, &
Uysal, 2022a). The possible conformations of the
studied compound were optimized using the “Ligand
preparation wizard” program of Schrédinger 2021-2
(Schrodinger Release 2021-2: LigPrep). Possible tau-
tomeric states of pH 7.0 £ 2.0 in the Epic ligand prepa-
ration portion were used to generate a net negative

substitution change that varied in each case.

The AChE crystal structure was obtained from the
protein database (https://www.rcsb.org/structure )
and the crystal structure with PDB code number 1ACJ

(Harel et al., 1993) was used. The crystal structure was

prepared with the “Protein Preparation Wizard” in-
terface of Schrédinger 2021-2 software (Schrédinger
Release 2021-2: Protein Preparation Wizard; Epik).
It was prepared by sequential processes such as de-
letion of water molecules, the addition of missing
side chains and hydrogen atoms, protonation states,
assignment of partial charges, optimization, and min-
imization using the OPLS-2005 force field.

Prime MM/GBSA (Schrodinger Release 2021-2:
Prime)analysis was used to calculate ligand binding
energies using the OPLS_2005 force field and the
VSGB solvent model. MM/GBSA analysis was applied
to determine the free binding energy of compound 6e

and the AChE crystal structure by molecular docking.
RESULTS AND DISCUSSION
Chemistry

In this study, five new AChE enzyme inhibitor
compounds were synthesized (Figure 1) according to
the general synthesis method outlined in Figure 2 and
their anticholinesterase activities were examined. In
the synthesis of the compounds, the 3(2H)-pyridaz-
inone ring, which our study group worked on, was
chosen as the main structure. In previous studies,
hydrazone derivatives and sulfonyl hydrazide deriv-
atives bearing pyridazinone ring were studied. In this
study, these structures were modified and the triazole

ring system was added to the general structure.
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Figure 1. Synthesized compounds
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Figure 2. General synthesis method
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The White-colored compounds 6(a-e) were syn-
thesized in yields ranging from 56-37% in general.
The range of 13.67-11.72 ppm in the '"H NMR spec-
trum showed triazole-NH peaks. Bridge of triazole
and pyridazinone rings -CH,CH, - multiplet or triplet
peaks were generally observed near 4.2-2.8 ppm in
proton NMR (Figure 3). In the *C NMR spectrum,
the pyridazinone ring carbonyl carbon support-

ed structure accuracy in the range of 159.33-145.93

5 ! Ph-H
|

” “. v~|“l“k

Ph-H

N

ppm. The specific thiocarbonyl group of the triazole
ring was observed in the range of 168.49-160.82 ppm
(Figure 4). In the FT-IR spectra, newly synthesized
compounds 6(a-e) exhibited characteristic v(C=0)
bands at 1654-1635 cm™ for pyridazinone rings. The
v(N—H) stretching bands of the triazole rings were
centered at 3220-3145 cm™. In addition, character-
istic v(C=S) bands were observed at 1164-1125 cm™
(Figure 5).
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Figure 3. '"H-NMR spectrum of compound 6a
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Figure 4. *C-NMR spectrum of compound 6a
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Figure 5. ATR-IR spectrum of compound 6a

Biological evaluation and structure-activity re-

lationship

IC,, K, and inhibition types of five newly synthe-
sized triazole-pyridazinone derivative compounds
were determined. These values of the compounds
are given in Table 1 and the IC, graph and Line-
weaver-Burk graph (B) of 6e and Tacrine for AChE
(Figure 6 and Figure 7). The IC,  values of the com-
pounds were found as 0.310-0.592 uM and Ki values
as 0.049 £ 0.014 - 0.484 + 0.090 uM. The IC_ value of
Tacrine, which we used as the reference compound,
was determined as 0.519 uM and the Ki value as 0.226
+ 0.025 pM. When the contribution of the substitu-
ents to the structure was examined, the Ki value of

the non-substituted compound 6a was determined as
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0.163 £ 0.017 uM. Compared to the non-substituted
derivative (6a), 4-OCF, (6e) and 4-CH, (6¢) groups
in the structure increased the inhibitory effect, while
the 4-Br (6b) and 2-OCH, (6d) groups decreased the
inhibitory effect. The compound with the strongest
inhibitory effect compared to Tacrine is compound
6e with a Ki value of 0.049 + 0.014 uM. These com-
pounds were followed by 6¢ and 6a with Ki values of
0.098 £ 0.009, and 0.163 + 0.017. The effect of the sub-
stituents on AChE activity was 6e (4-trifluoromethoxy
derivative) > 6c (4-methyl derivative) > 6a (non-sub-
stituted) > 6d (2-methoxy derivative) > 6b (4-bromo
derivative). The inhibition type of compound 6a was
determined competitively as the reference compound
Tacrine. In summary, especially the trifluoromethoxy

substitute positively affected the activity.
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Table 1. The IC, values, K, constants and inhibition types were determined for 6(a-e) molecules having

inhibitory effects on AChE.

AChE
Compound
IC,, (uM) R? K, (uM) Inhibition Type
6a 0.474 0.9714 0.163 £0.017 Competitive
6b 0.551 0.9899 0.484 + 0.090 Noncompetitive
6¢ 0.523 0.9713 0.098 + 0.009 Uncompetitive
6d 0.592 0.9932 0.413 +0.093 Noncompetitive
6e 0.310 0.9747 0.049 +0.014 Uncompetitive
Tacrine 0.519 0.9257 0.226 + 0.025 Competitive
A B
120
® Control 0.19 uM 0.26 pM 0.37 uM
100 10
- 80
E y= 1009-2,2253( .
T 60 R?=0,9871 3
"E ~ 5
X 4 2 |
20 5 |
O o
0 01 0,2 0,3 0,4 -15 -10 -5 0 5 10
[IB6] pM 1/1[8]
Figure 6. IC,  graph (A) and Lineweaver-Burk graph (B) of 6e for AChE.
A B
0 ® Control ®[T1] 0.13 uM @ [T2] 0.27 uM = [T3] 0.53 uM
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100
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£ 60 y = 100g1.335¢ =)
< R? =0,9584 = 5
= 40 =
- : /'__/‘
5 / |
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Figure 7. IC, graph (A) and Lineweaver-Burk graph (B) of Tacrine (TAC) for AChE.
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Molecular Docking

For the theoretical evaluation of the experimental
activity of compound 6e on AChE, binding interac-
tions were determined by in silico approaches. There-
fore, the crystal structure of the AChE enzyme (PDB
ID: 1ACJ (Harel et al.,, 1993)) was used as the primary
target for this study. The values of molecular docking
results of 6e and Tacrine compounds interacting with
AChE, respectively, in silico approaches, were present-
ed in Table 2.

Table 2. Binding parameter values as a result of in
silico interaction of 6e and Tacrine compounds with
AChE crystal structure (PDB ID: 1AC] (Harel et al,,
1993)).

Parameters 6e Tacrine
AG,, , (keal/mol) -46.05 -32.14
Glide score (kcal/mol) -8.850 -5.673
Docking score (kcal/mol) -8.850 -5.673
Glide energy (kcal/mol) -46.733 -32.657
Glide emodel (kcal/mol) -44.843 -46.952

While designing compounds that can be new ef-
fective drug candidates, the results of the reference
compounds used in the experimental activity are al-
ways taken into consideration. Therefore, molecular
docking results of the compound synthesized with the
reference compound with which the target interacts

are important in silico approaches. Molecular docking

results were none other than the binding parameter

values shown in Table 2.

While the free binding energy of the binding pa-
rameters is -46.05 kcal/mol for compound 6e, this
value is -32.14 kcal/mol for Tacrine. When the glide
score and docking score values are compared, it can
be said, according to Table 1 that the docking score
value of compound 6e (-8.850 kcal/mol) is much bet-
ter than the result of Tacrine (-5.673).

In addition, Glide energy and Glide emodel val-
ues, which are other important binding parameter
values, were —46.733 kcal/mol and -44.843 kcal/mol
for compound 6e, respectively. These values were bet-

ter than Tacrine.

The interactions with amino acid residues in the
binding sites between the target and the ligand are as
important as the binding parameters in the calcula-

tions for in silico approaches.

The 2D interaction diagram of 6e and Tacrine
compounds with the AChE crystal structure activated
in molecular docking is presented in Figure 8. Figure
8(A) shows the amino acids in the active binding site
in the 2D interaction diagram of 6e, while Figure 8(B)
shows the 2D interaction diagram of the PDB ID:
1AC]J (Harel et al., 1993) crystal structure interacting

with the reference compound Tacrine.
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Figure 8. (A) 2D interaction diagram of 6e compound with 1ACJ. (B) 2D interaction diagram of Tacrine with 1AC]J.
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Figure 9 shows the 3D surface model structure of ~ crystal structure and the interaction of amino acid

compound 6e docked in the main groove of the IAC]  residues in its active binding site.
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Figure 9. (A) Molecular docked structure of 6e compound to 1ACJ crystal structure. (B) Amino acid residues
at the binding site in the interaction of 1ACJ and 6e.

In Figure 8(A), it was determined that compound
6e interacts with the most important residues Trp 84,
Phe 330 amino acid residues in this active site, in the
binding site of AChE, and - 7 interaction. In addi-
tion, the presence of nt- 7 interaction of compound 6e
with Tyr 121 and Trp 279 is shown in Figure 8(A).
Compound 6e also appears to be well docked in the
main cavity of the crystal structure. In Figure 8 (B),
it is understood that the Tacrine compound makes r-
7 interaction with Trp84 and Phe 330, and hydrogen
bond interaction with Hip 440. Molecular docking
studies have been applied to understand the mecha-
nism of action of 6e, a compound that has the poten-
tial to act on AChE experimentally. For this reason,
it can be said that the docking results of compound
6e are better than Tacrine, the reference compound

interacting with the target structure.
CONCLUSION

In summary, in vitro enzyme inhibitor activi-

ties were investigated by synthesizing five new com-

pounds that we expect to have AChE enzyme inhib-
itor effects. The contribution of these groups to the
activity was investigated by using non-substituted
isothiocyanate, bromo, fluoro, methyl, methoxy and
trifluoromethoxy substituted isothiocyanate deriv-
atives in different positions in the synthesis of the
derivatives. All synthesized derivatives 6(a-e) were
elucidated by spectroscopic analysis. Of the substitut-
ed pyridazinone derivatives, the p-trifluoromethoxy
substituted derivative (6e) was found to be more po-
tent against AChE inhibition. The molecular docking
studies of the experimentally active compound 6e,
one of the compounds whose effects on the AChE en-
zyme were investigated, were investigated on the tar-
get crystal structure. It was noteworthy that Tacrine,
the reference compound on the AChE enzyme, and
compound 6e had similar binding sites and parame-
ters. The results of the effect of compound 6e on the
AChE enzyme, according to molecular docking with

in silico approach, are promising.
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Development and Radiolabeling Evaluation of '’ Lutetium-
Tedizolid

SUMMARY

Infection diseases is still one of the major health problems all around
the world. Early diagnosis and differentiation of infection from

other pathological conditions such as cancer and inflammation

play a critical role in treating the infection in acute stages. Imaging
techniques using in the infection diagnosis present some advantages
such as, the ability to image the whole body, the detection of focal
location and stage, and following up on infection. Although various
antibiotics can be used in the treatment, there are some problems
including serious side effects of antibiotics or the development of
antimicrobial resistance in the clinics. In our study, tedizolid, a
second-generation oxazolidinone antibiotic, was radiolabeled with
7Ly radionuclide to develop a theranostic agent against gram-
positive bacterial infections. The radiolabeling was performed under
room conditions, and labeling efficiency and stability were evaluated
by paper chromatography and HPLC. The optimum incubation

period was found as 60 min to obtain high radiolabeling efficiency.

Different mobile and stationary phases in paper chromatography
were tested to determine the radiochemical impurities in ' Lu-TDZ
solution, and ITLC-SG was found to be proper as the stationary phase.

In addition, ammonium hydroxide: methanol: water, and DTPA

solutions were chosen as mobile phases. In the HPLC chromatogram,

two different peaks were observed depending on the retention times
of the free 7Lu and 'Lu-TDZ complex. Unfortunately, over
80% purity values were not obtained in the results of radiolabeling
stability analyses; therefore, the addition of a chelating agent in the
radiolabeling condition was suggested to increase the stability.

Key Words: lutetium-'7, redizolid, theranostic, infectious diseases

77 Lutetium- Tedizolid’in Gelistirilmesi ve Radyoisaretlenmesi

0z

Enfeksiyon hastaliklar: hala diinyada temel saglik problemlerinden
birini olugturmaktadsr. Enfeksiyonun erken asamalarda teshisi ve
kanser veya inflamasyon gibi diger patolojilerden ayrims, enfeksiyonu
akut asamalarda tedavi etmede kritik rol oynamaktadsr. Enfeksiyon
teshisinde kullanilan goriintilleme yontemleri tiim viicur goriintiisii
alabilme, enfeksiyonu odagini ve evresini tespit edebilme ve hastaligs
izleyebilme gibi avantajlara sabiptir. Enfeksiyon tedavisinde cesitli
antibiyotikler kullanilmasima  ragmen,  klinikte antibiyotiklerin
ciddi yan etkileri ve antimikrobiyal direng gelisimi gibi problemler
meveuttur. Calismamizda enfeksiyon icin teranostik bir ajan gelistirme
amactyla gram pozitif bakterilere karsi etkili ikinci nesil oksazolidinon
antibiyotigi olan tedizolid, """ Lu radyoniiklids ile radyoisaretlenmistir.
Radyoisaretleme, oda kosullarinda  gerceklestirilmis ve isaretleme
etkinligi ile stabilitesi, kagir  kromarografisi ve HPLC ile
degerlendirilmistir. Yitksek radyoisaretleme verimi elde etmek igin
optimum inkiibasyon siiresi 60 dakika olarak bulunmustur. '’ Lu-
TDZ cozeltisindeki radyokimyasal safsizliklar: belirleme amaciyla
kagit kromatografisi icin farkly mobil ve sabit fazlar test edilmis ve
sabit faz olarak ITLC-SG wygun bulunmugtur. Ayrica amonyum
hidroksit: metanol: su ve DTPA ¢izeltileri mobil faz olarak secilmistir.
HPLC kromatograminda serbest 'Ly ve 'Lu-TDZ kompleksinin
altkonma siirelerine bagly olarak iki farkls pik gozlenmistir. Ne
yazik ki, radyoisaretleme stabilitesi testlerinin sonuglarida %80'in
iigerinde saflik degerleri elde edilememistir, bu nedenle radyoisaretleme
ortamina gelat yapic: ajan eklenmesi inerilmigtir.

Anabhtar Kelimeler: lutesyum-'", tedizolit, teranostik, enfeksiyon
hastaliklar:
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INTRODUCTION

Infection is still one of the major health problems
worldwide in view of the global coronavirus disease
2019 (Covid-19). Despite acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) causes Covid-19, ac-
cording to the literature, secondary or concurrent
bacterial infections, including Staphylococcus aureus
(S. aureus) co-infections, have been detected in many
patients with SARS-CoV-2 (Singh, Upadhyay, Reddy;,
& Granger, 2021). In addition to SARS-CoV-2, many
viral respiratory pathogens (e.g., orthomyxoviruses)
are the leading cause of seconder severe bacterial in-
fections such as staphylococcal pneumonia (Mulcahy
& McLoughlin, 2016). Hospital-acquired bacterial
pneumonia (HABP) and ventilator-associated bac-
terial pneumonia (VABP) are remarkable burdens
on the healthcare system due to mortality rate and
the development of antibiotic resistance (Bart, Ru-
bin, Kim, Farley, & Nambiar, 2020). S. aureus is one
of the commonly identified pathogens in patients
with HABP and VABP, and it also can cause various
infections such as gastroenteritis, meningitis, osteo-
myelitis, septic arthritis, or urinary tract infections
(Jones, 2010; Tong, Davis, Eichenberger, Holland, &
Fowler, 2015). Different antibiotics (e.g., vancomycin,
trimethoprim-sulfamethoxazole, linezolid, or teico-
planin) can be chosen depending on methicillin-resis-
tant (MR) or infection syndromes in the management
of S. aureus infections (Tong et al., 2015). Although
vancomycin and linezolid are the first-line therapeu-
tic agents in the treatment of pneumonia caused by
MR S. aureus, they cause serious side effects such as
nephrotoxicity and myelosuppression, respectively
(Liu et al., 2011). Moreover, the development of anti-
microbial resistance is increasing day by day. In addi-
tion to therapy of infection, diagnosis possesses a cru-
cial role in the selection of an appropriate therapeutic
agent and treating the infection in acute stages. The
infection diagnosis comprises the investigation of pa-
tients’ samples, the evaluation of patients’ symptoms,

laboratory tests, and imaging techniques. Imaging
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techniques present advantages, such as the ability to
image the whole body, the detection of focal location
and stage, and the following up of infection. However,
they may be inadequate in the differentiation of in-
fection from other pathological cases such as cancer
or inflammation. Therefore, the development of ef-
fective treatment and imaging options for S. aureus is
critical for avoiding the progression of infection and

decreasing infection-related deaths.

Among imaging techniques, nuclear medicine
techniques (gamma camera, positron emission to-
mography (PET), and single-photon emission tomog-
raphy (SPECT)) are advantageous systems due to their
ability to image the whole body, provide three-di-
mensional functional and physiological images, and
use with other imaging techniques such as magnetic
resonance imaging (MRI) or computed tomography
(CT) as hybrid systems (PET/CT, PET/MRI, SPECT/
CT) (Wu & Shu, 2018). Radiopharmaceuticals, used
for diagnosis or therapy of various diseases, contain
pharmaceutical parts and radioactive isotopes. They
can be used in the diagnosis and therapy of various
diseases including infection depending on the radio-
active decay type of radionuclides. Infection can be
imaged using different radiopharmaceuticals such as
Ga-citrate, *™Tc-diphosphonates, *™Tc/""'In l-white
blood cells, "'In-biotin in nuclear medicine clinics
(Karpuz & Silindir-Gunay, 2022). Radionuclides (e.g.,
9mTe, BE, %Ga, '#I, “Ga, *'Tl), which emit gamma
(y) or positron (B*) rays, use for imaging purposes,
while alpha- (@) or beta- (negatron, ) emitting ones
(e.g., *Bi, *’Ac, *Ra, *Y) are therapeutic radionu-
clides (Kassis, 2008; Velikyan, 2014). In addition,
some radionuclides, that emit both y or f*and a or
B, are referred to as theranostic, and they are used for
imaging and therapy purposes. Although *™Tc radio-
pharmaceuticals are widely used in nuclear medicine
clinics, the development of new radiopharmaceuticals
with different radionuclides is required because of the
shortage of *"Tc. The theranostic approach, the com-

bination of therapy and imaging, presents some ad-



FABAD J. Pharm. Sci., 47, 3, 369-380, 2022
Doi: 10.55262/fabadeczacilik. 1099287

vantages, including monitoring the pharmacokinetic/
biodistribution profile and the targeting ability of a
therapeutic agent, and rapid diagnosis and therapy.
Radiopharmaceuticals, containing "*'I, '’Lu, '"'In, or
4Cu as a radionuclide part, can be used as theranostic
molecules (Gutfilen, Souza, & Valentini, 2018; Levine
& Krenning, 2017). ’Lu is one of the most wide-
ly used theranostic radionuclides due to its gamma
photons and beta particulates. The studies regarding
Lu labeled radiopharmaceuticals have increased
in recent years thanks to its advantages such as long
physical half-live and large-scale production. ""Lu*?
can conjugate with various molecules (e.g., antibod-
ies, peptides, glycoproteins, hydroxyapatite minerals)
due to its empty s, p, and d orbitals (Banerjee, Pillai,
& Knapp, 2015). Moreover, some '”’Lu-radiopharma-
ceuticals containing antibiotic molecules like kana-
mycin, bleomycin, benzylpenicillin, sulfadiazine, and
colistin were developed in the literature (Akbar et al.,
2017; Karpuz et al., 2022; Naqvi et al., 2017; Shahzad
et al,, 2017; Yousefnia et al., 2010b)

Tedizolid phosphate (TDZ), a second-generation
oxazolidinone, was developed for linezolid-resistant
S. aureus infections. The minimum inhibitory con-
centration of TDZ has found 8-fold lower compared
to linezolid. TDZ, a prodrug, binds bacterial 23S ri-
bosome initiation complex and 50S ribosome subunit
to prevent the formation of 70S ribosome complex
after its activation by phosphatase in plasma (Cada,
Ingram, & Baker, 2014). Although it was approved
by the US Food and Drug Administration (FDA) for
the treatment of acute bacterial skin and skin struc-
ture infection in 2014, its in vitro antibacterial effect
was also evaluated for tuberculosis, pneumonia, or
gas gangrene in the literature (Bryant, Bayer, Aldape,
McIndoo, & Stevens, 2020; Srivastava, Cirrincione,
Deshpande, & Gumbo, 2020; Wunderink et al., 2021).
Although no study has been performed in the litera-
ture about radiolabeling of TDZ, linezolid was radio-
labeled with "F to image Mycobacterium tuberculo-
sis-infected lungs (Mota et al., 2020).

In light of the information above, in our study, a

pre-radiolabeling process of TDZ with ’Lu was re-
searched to obtain a theranostic radiopharmaceutical
against gram-positive bacterial infections. The study’s
novelty is to radiolabel TDZ with ""Lu, and evaluate
the radiolabeling efficiency and stability of the '"Lu-
TDZ complex.

MATERIALS AND METHODS
Materials

TDZ was obtained from Wuhan Vanzpharm
Inc. (Wuhan, China). ""LuCl; was obtained from
Eczacibagi-Monrol Nuclear Products. Diethylen-
acid (DTPA),
amine-tetraacetic acid (EDTA), ammonium hydrox-

etriamine-pentaacetic ethylenedi-
ide, and ammonium acetate were purchased from
Sigma-Aldrich. Acetonitrile, and instant thin layer
chromatography-silica gel (ITLC-SG) and whatman
chromatography papers were obtained from Merck

and Agilent, respectively.
Methods
Characterization of TDZ

The characterization studies were performed by
ultraviolet spectrum (UV) and Fourier transform in-
frared (FTIR) analyses to determine TDZ and control
its quality. UV spectrum of TDZ in distilled water
was obtained between 100 and 400 nm to determine
the wavelength of maximum absorption (4 ) using
a spectrophotometer (BMG Labtech-Clariostar plus).
FTIR analysis was performed using a potassium bro-
mide tablet in the 4000 to 650 cm™ range by a spec-
trometer (Perkin Elmer Spectrum 100 FT-IR).

Radiolabeling study
To radiolabel TDZ with ’Lu, 1 mL of '"LuCl,

solution with 1 mCi radioactivity was added to the
TDZ % 0.9 saline solution with 2.5 mg.mL" concen-
tration. Different incubation periods (5, 30, and 60
min) and filtration effects were evaluated to deter-
mine the optimal radiolabeling condition TDZ with
77Lu. For this purpose, radiolabeled mixtures were
incubated for 5, 30, and 60 min at room temperature.
In addition, after the separation of radiolabeled TDZ
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solution into two samples, one of the samples was fil-
tered through a cellulose nitrate membrane filter hav-
ing a 0.22-pum pore size using a syringe.

Radiolabeling efficiency of '’Lu-TDZ

After the radiolabeling studies, the percentages of
radiochemical purity (RCP %) were tested by using
paper chromatography for the evaluation of the filtra-
tion effect on radiolabeling efficiency, and the deter-

mination of the optimum incubation period.

To obtain the RCP % values, ’Lu-TDZ complex

Lu — 177 —TDZradioactivity

was applied to stationary phases, and the radioactiv-
ity values at the origin and front were measured by
a dose calibrator (Biodex Atomlab) at the end of the
development of mobile phases. Different stationary
(ITLC-SG and Whatman 3MM) and mobile phases
(Ammonium hydroxide: methanol: water solution
(1:20:20, v:v), Ammonium acetate: methanol solution
(1:1, v:v), DTPA solution (10 mM), and EDTA solu-
tion (50 mM)) which are given in Table 1, were used.
The RCP % values of *’Lu-TDZ were calculated by

using the following equation:

RCP (%) T

Radiolabeling stability of ’Lu-TDZ
The radiolabeling stability of the ""Lu-TDZ com-

plex was evaluated by paper and radio-high pressure
liquid chromatography (Radio-HPLC). To that end,
RCP % values of the filtered *’Lu-TDZ complex in sa-
line solution were calculated at 0, 1, and 7 days after

the radiolabeling procedure.

In the radio-HPLC study, 10 L volume of ""Lu-
TDZ complexes were injected in an HPLC system fit-
ted with a Nal Gamma detector, C18 (Inerstsil ODS-
3 GL Science 150 x 3 mm) column, the photodiode
array (PDA), and LC Solution software data analyzer
(Shimadzu SCL-10A). Elution was obtained using the
following gradient steps of solvents A (ultrapure wa-
ter) and B (acetonitrile) 90:10 for 5 min, then 80:20
for 5 min, then 95:5 for 5 min, and then 90:10 for 5
min at a flow rate of 50 pL.min"'. Analyses were per-

formed at room temperature.
Statistical Analysis

All experiments were performed in triplicates.
Data are expressed as the mean + the standard devi-
ation of the mean (SD). Differences were examined
with Students t-test using GraphPad Prism 6 pro-
gram, and statistical significance was set at p < 0.05
for all data.
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RESULTS AND DISCUSSION
Characterization Results of TDZ

The quality control of drug substances and excip-
ients should be performed to check if the package in-
gredients obtained from the company are suitable be-
fore the preparation of pharmaceutical formulations
including radiopharmaceuticals. Therefore, TDZ,
used as the pharmaceutic part of the radiolabeled
complex, was successfully identified by the UV and
FTIR analyses. In the UV analysis, the maximum ab-
sorption peak of TDZ was obtained at 290 nm wave-
length, as seen in Figure 1. This finding is in agree-
ment with the study in the literature (Yang, Tian, Liu,
& Huang, 2018).

The vibrations of different functional groups and
bonds obtained by FTIR are founded as compatible
with the molecular structure of TDZ, as seen in Fig-
ure 2A and Figure 2B. The vibration of C=C stretching
and C-C stretching in the phenyl ring of TDZ was de-
tected at 1621 cm’}, similar to the literature (Paczkow-
ska-Walendowska et al., 2020). C=0, C-O, C-C-N,
C-C-C, and C-N-C bonds in the oxazolidinone group
were shown in 1742, 1090, and 1020 cm™. The char-
acteristic vibrations of (pyridine-3-yl)phenyl-3-fluoro
containing C-C-N bending, C-F, and C-O bands were
detected at 1405, 1276, and 1200 cm-1, which is in
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agreement with a study (Michalska, Mizera, Lewand-
owska, & Cielecka-Piontek, 2016). Furthermore, the
vibration of the phosphate group (H,PO,’) in TDZ is
determined in 1214, 1156, 1078, 942, and 883 cm™ of

spectra. These characteristic peaks of the phosphate
group were found in similar ranges of spectra to the

previous study in the literature (Kldhn et al., 2004).
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Radiolabeling Study

TDZ was successfully radiolabeled with '’Lu, and
the radiochemical purity of the "Lu-TDZ complex
was calculated. After the radiolabeling procedure,
radiolabeled complexes should be tested to detect
radiochemical impurities such as free radionuclides.
Therefore, the amount of free "Lu*® as the main ra-
diochemical impurity should be calculated for ""Lu
radiopharmaceuticals (Banerjee et al., 2015). To sep-
arate free "Lu*?, different mobile phases were used.
The location of the radiolabeled complex in the chro-
matography system was found variable depending on
using various stationary and mobile phases. The pres-
ence of complex ""Lu with DTPA and EDTA caused
the elution of free ""Lu to the front, while free "Lu
remained at the origin in the elution system using
ammonium hydroxide: methanol: water or ammoni-
um acetate: methanol mobile phases. The Rf value of
the free '’Lu was found as 0.8 and 1.0 in DTPA and
EDTA mobile phases, respectively. In addition, the
Rf value of ""Lu-TDZ complex was calculated as 0.8
for both ammonium hydroxide: methanol: water and
ammonium acetate: methanol mobile phases. These
results agree with the study in which the Rf value of
free 'Lu** was reported as 0.9 and 0.1 in DTPA solu-
tion and ammonium acetate: methanol solution, re-
spectively (Yousefnia et al., 2010a). In the other two
studies using ammonium acetate: methanol as a mo-
bile phase, it was reported that free "Lu** remained
at the origin (Akbar et al., 2017; Xu et al., 2019). Also,

EDTA solution was used for the detection of radio-

chemical impurities such as free "Lu*? at the front of
the plate (Naqvi et al., 2017).

Radioactivity values for different incubation times
measured at the end of the development of mobile
phases in the chromatography system are given in
Table 1. The radioactivity values of the "Lu-TDZ
complex were found to be statistically higher in the
ammonium hydroxide: methanol: water and ammo-
nium acetate: methanol solutions than that of DTPA
and EDTA solutions due to the "Lu-DTPA/EDTA
complex formation (p<0.05). Therefore, the radio-
chemical impurities were separated using two differ-
ent solvent systems to calculate the RCP % values of
7Lu-TDZ, and RCP % values were found between
48-87 %, as seen in Table 2. In the literature, simi-
lar to our findings, it was reported that the possible
7Lu-DTPA/EDTA complex formation caused the
low RCP % values (Yousefnia et al., 2010a). Different
incubation periods were tested to obtain high RCP %,
and the highest RCP % values (approximately 90%)
were obtained in 60 min incubation period, which is
in agreement with the incubation time of a '""Lu la-
beling study in the literature (Hu et al., 2002). In ad-
dition, for 30 min incubation period, higher RCP %
values were obtained in the chromatography system
using ammonium hydroxide: methanol: water and
DTPA solutions in a mobile phase (p < 0.05). Thus, 60
min and ammonium hydroxide: methanol: water and
DTPA solutions were chosen as an optimal incuba-
tion time and a mobile phase for the radiolabeling and

evaluation of radiolabeling efficiency studies.

Table 1. The radioactivity values at the origin and front of the plate for the "Lu-TDZ complex in different

phases and incubation times.

Mobile Ammonium hydroxide: Ammonium acetate: DTPA solution EDTA solution

phases/ methanol: water solution methanol solution

incubation

time (min) 5 30 60 5 30 60 5 30 60 5 30 60

Origin 025+ | 071+ | 0.145 | 0.04% | 098+ | 005+ | 023+ | 159+ | 169+ | *9 | 5174 | 28+
8 0.08 0.39 +0.08 0.03 0.08 0.03 0.16 0.59 0.61 0.07 0.86 0.42

Front 326+ | 279+ | 065+ | 139+ | 375+ | 087+ | 206+ | 488+ | 1145 | 175 | 700+ | 122+

0.06 0.47 0.06 0.06 0.42 0.03 0.37 3.58 +0.30 037 0.44 0.28
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Table 2. The RCP% values of ’Lu-TDZ.

Mobile phases/ incubation

Ammonium hydroxide: methanol: water

Ammonium acetate: methanol solution and

times (min) solution and DTPA solution EDTA solution
5 30 60 5 30 60
RCP % of ""Lu-TDZ complex | 76.8 £4.5 66.8 3.9 87.1+£2.3 80.3£1.5 489 +2.2 86.1 £4.2

The main administration route for radiopharma-
ceuticals is intravenous injection because of the phys-
ical half-life of radionuclides. Therefore, they should
be sterilized by filtration using a membrane filter with
a 0.22 um pore size before the injection (Aerts et al.,
2014). After the radiolabeling study, the radiolabeled
complex was filtrated, and the pH value was evalu-
ated. The pH values of both filtrated and un-filtrated
77Lu-TDZ complexes were found to be 4.5, which is
the optimal pH for the radiolabeling with '’Lu, ac-
cording to the literature (Breeman, De Jong, Visser,
Erion, & Krenning, 2003; Shahzad et al., 2017; Xu et

are given in Figure 3. No statistically significant differ-
ence was observed between RCP % values of filtrated
and un-filtrated '”’Lu-TDZ solutions on the 0" and 1%
day (p 2 0.05). However, the RCP % value of filtrated
solution significantly decreased on the 4" and 7* days
after radiolabeling (p < 0.05). In our study, the radio-
labeled complex was filtrated after the preparation.
However, its radiochemical purity was found to be
significantly lower compared to the un-filtrated com-
plex. Therefore, it can be suggested that "Lu-TDZ
solutions should be filtrated just before the adminis-

tration to avoid this undesirable decrease in radiola-

al., 2019). The filtration effect on RCP % values and  beling stability.
radiolabeling stability was evaluated, and the results
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=
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0 1 4 7
Time (day)
B Un-filtrated Filtrated

Figure 3. RCP % values of filtrated and un-filtrated radiolabeled complex (n=3).

Radiolabeling Stability

The separation of radionuclide from the pharma-
ceutical part is a critical problem since it causes the ra-
dionuclide can not to reach the targeted tissue. In addi-
tion to obtaining inadequate radioactive signals from
targeted tissue, this separation gives rise to the uptake
of unnecessary radioactivity in the healthy tissues due
to free radionuclide localization. Therefore, the evalu-

ation of radiolabeling should be performed (de Blois,

de Zanger, Chan, Konijnenberg, & Breeman, 2019). In
our study, the RCP % value of '"Lu-TDZ was calcu-
lated by the paper chromatography and HPLC 7 days
after radiolabeling to evaluate the labeling stability of
"7Lu-TDZ in saline at room temperature. The RCP
% values obtained from paper chromatography and
HPLC are given in Table 3. Although over 80% RCP
% value was calculated by paper chromatography at

the beginning of the radiolabeling stability study, low-
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er RCP % values were obtained from HPLC. In addi-
tion, according to the results of both HPLC and paper
chromatography analyses, it was found that RCP %
values significantly decreased on the 7 day (p < 0.05).
In the literature, it was reported that the use of chelat-
ing agents such as DTPA and 1,4,7,10-tetraazacyclo-
dodecan-N,N',N"",N""’-tetraacetic acid (DOTA) in-
creased the radiolabeling stability in the labeling pro-
cess of ”’Lu (Kang et al., 2015; Watanabe, Hashimoto,

& Ishioka, 2015).

Furthermore, the HPLC chromatograms of free
"Lu and ""Lu-TDZ complex are given in Figure 4.
Free '”’Lu chromatogram is presented in Figure 4A,
and its retention time is 2.45 minutes. The second
chromatogram showed a '’Lu-CMS peak with 10.8
minutes retention time in addition to the peak of free

77Lu displayed.

Table 3. RCP % values of filtrated ""Lu-TDZ obtained from HPLC and paper chromatography.

Time (days) HPLC Paper chromatography
0 76.5 6.9 83.9+2.6
1 80.2+7.7 67.4+0.4
7 67.8+5.7 61.5+6.9
aty
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Figure 4. HPLC chromatograms of free '’Lu (A) and ""Lu-TDZ (B).
CONCLUSION and follow the progression of the disease. Infection

Globally, infection is still one of the significant
health problems in view of Covid-19. The diagnosis
and differentiation of infection from other patholo-
gies is critically important to choose the appropriate

treatment options, start the treatment in acute stages,
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can be clinically diagnosed by biopsy, imaging tech-
niques, biochemical tests, or symptomatic evaluation
of patients. Imaging techniques present advantages
such as their applicability to obtain whole-body im-

ages, ability to detect unknown infection focally, and
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low risk compared to biopsy. In imaging systems, nu-
clear medicine techniques have been preferred due to
providing functional and physiological images from
tissues in addition to anatomical information. There-
fore, the development of sensitive and specific radio-
pharmaceuticals is essential to image infection at mo-
lecular stages. Although infection treatment can be
performed by the use of various antibiotic molecules,
the severe side effects of antibiotics and the develop-
ment of antimicrobial resistance limit treatment effi-
ciency. Theranostic systems, consisting of therapeutic
and diagnostic agents, have been become crucial in

recent years due to their advantages.

Hence, in our study, a theranostic radiopharma-
ceutical, containing TDZ and '’Lu, was developed to
image SPECT or gamma camera and treat the infec-
tion. In the experimental part, different incubation
periods and chromatographic conditions were evalu-
ated, and 60 min of incubation period was selected as
the optimum time to obtain high RCP. In addition,
ITLC-SG and ammonium hydroxide: methanol: wa-
ter and DTPA solutions were chosen as the stationary
and mobile phases, respectively, to detect amounts of
impurities. Although over 80 % RCP was achieved in
the radiolabeling efficiency study, the radiolabeling
efficiency of the filtration complex significantly de-
creased over time. Therefore, the radiolabeled com-
plex should be filtrated just before the administration
to avoid this undesirable decrease in radiolabeling
stability. Furthermore, in the HPLC chromatogram,
two different peaks were observed depending on re-
tention times of the free ""Lu and ’Lu-TDZ complex,
but the radiolabeled complex did not exhibit stability
for 7 days. Therefore, the addition of a chelating agent
in radiolabeling conditions was suggested to increase
the radiolabeling efficiency and stability. Thus, '’Lu-
TDZ can be a promising radiopharmaceutical in the
treatment and imaging of difficult-to-reach and diffi-

cult-to-treat infections such as joint infections.
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Phytochemical Analysis and Screening of Acetylcholinesterase
and Carbonic Anhydrase I and II Isoenzymes Inhibitory
Effect of Heptaptera triquetra (Vent.) Tutin Root

SUMMARY

Alzheimers disease (AD) is characterized by progressive memory
loss, deterioration of other cognitive functions, and inability to
perform activities of daily living. Inhibiting the acetylcholinesterase
(AChE) enzyme causes Ach accumulation in cholinergic synapses.
This situation is expected to increase cognitive functions. Carbonic
anhydrase engymes (CAs) are ubiquitous in all living organisms.
They have crucial physiological and  pathological roles. CA
inbibitors (CAL) bind to catalytic zinc ions in the active site of CA
isoenzymes and block their activity. The clinical use of CAls had
been established as antiglaucoma, anticonvulsant agents, diuretics,
and anti-obesity drugs, in managing mountain sickness, gastric and
duodenal ulcers, neurological disorders, osteoporosis, and tumors.
1o evaluate the bioactive profile of Heptaptera triquetra root,
isolation studies, ACHE, and human carbonic anhydrase (hCA) I
and II inhibitory activities were performed. According to isolation
studies, one fatty acid, coniferyl palmirate (1); four sesquiterpene
coumarins, umbelliprenin (2), badrakemin acetate (4), colladonin
(5), karatavicinol (6); and two sterols, stigmasterol (3a), B-sitosterol
(36) were isolated. All isolated compounds showed high potency
against all enzymes (except badrakemin acetate for AChE) compared
to standards. Umbelliprenin (2) with an IC50 value of 31.500 nM
against hCA I, colladonin (5) with an IC50 value of 36.473 nM
against hCA II and stigmasterol (3a), and B-sitosterol (36) mixture
with an 1C50 value 9.000 nM against ACHE demonstrated the best
activity.

Key Words: Heptaptera triquetra, Apiaceae, enzyme inhibition,
acetylcholinesterase, carbonic anhydrase, isolation

Heptaptera triquetra (Vent.) Tutin Root'un Asetilkolinesteraz
ve Karbonik Anbidraz I-II Enzimlerini Inhibe Edici Etkilerinin
Taranmasi ve Fitokimyasal Analizi

0z

Alzheimer hastaligs (AH), ilerleyen hafiza kaybs, diger bilissel
islevierde bozulma ve giinliik yasam aktivitelerini yerine getirememe ile
karakterizedir. Asetilkolinesteraz (ACHE) enziminin inbibe edilmesi,
kolinerjik sinapslarda Ach birikimine neden olur. Bu durumun bilissel
islevleri artirmasi beklenir. Karbonik anbidraz enzimleri (CA'lar)
tiim canly organizmalarda bulunur. Cok 6nemli fizyolojik ve patolojik
rolleri vardsr. CA inhibitorleri, CA izoenzimlerinin aktif bilgesindeki
katalitik ginko iyonuna baglanir ve etkilerini inhibe eder. CA I'lerin
klinitk kullanimi, dag bastaligs, mide ve duodenum iilserleri, norolojik
bozukluklar, osteoporoz ve tiimérlerin tedavisinde, antiglokom,
antikonviilsan, diiiretik ve antiobezite ilaclar: olarak belirlenmistir.
Heptaptera triquetra kokiinden hazirlanan diklorometan ekstresinin
biyoaktif  profilini  degerlendirmek icin  izolasyon  caligmalars,
AChE, insan karbonik anhidraz (hCA) I ve II inhibitir aktivite
tayinleri yapilmistir. Izolasyon calismalarma gore, bir yag asidi,
koniferil palmitat (1); dort seskiterpen kumarin, umbelliprenin (2),
badrakemin asetat (4), kolladonin (5), karatavisinol (6); ve iki sterol,
stigmasterol (3a), B-sitosterol (3b) izole edilmistir. zole edilen tiim
bilesikler, standartlarla karsilagtirildiginda (AChE igin badrakemin
asetat harig) tiim enzimlere karsi yiiksek ethi gostermistir. hCA Te
kars: 31.500 nM IC50 degerine sahip umbelliprenin (2), hCA IT'ye
kars: IC50 degeri 36.473 nM olan kolladonin (5) ve AChEye kars:
IC50 degeri 9.000 nM olan stigmasterol (3a) ve B-sitosterol (36)

karigima en iyi aktiviteyi gostermistir.

Anabtar Kelimeler: Hepraptera triquetra, Apiaceae, enzim
inhibisyonu, asetilkolinesteraz, karbonik anhidraz, izolasyon
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INTRODUCTION
The genus Heptaptera, which belongs to the Apia-

ceae family, is represented by ten species in the world
and is naturally grown from Europe to the Middle
East, including Italy, the Balkans, Turkey, Syria, and
Palestine (IPNI, 2022). It is represented by four spe-
cies in Turkey, named H. anisoptera, H. anatolica, H.
cilicica, and H. triquetra, one of which (H. cilicica) is
endemic (Gliner et al., 2012). Heptaptera species are
rich in sesquiterpene coumarins (Appendino et al.,
1992a; 1992b; 1993). In previous studies it has been
reported that several sterols and coumarins have ex-
hibited potent inhibitory activity against acetylcho-
linesterase (AChE) and human carbonic anhydrase
(hCA) enzymes (Aydin et al., 2019; Pereira et al., 2016;
Sepheri et al., 2020; Supuran, 2020; Senol et al., 2010).

Alzheimer’s disease (AD) is a wide spread demen-
tia disease that occurs due to the decrease of neu-
rotransmitters in the brain, and the neurotransmit-
ter that shows the most reduction in this condition
is acetylcholine. AD has no definitive cure. Current
treatments are aimed at eliminating the symptoms of
the disease. For this purpose, AChE inhibitors such
as tacrine, donepezil, and rivastigmine are used. Since
these drugs cause side effects such as hepatotoxicity
and gastrointestinal disorders, safe, effective, and es-
pecially natural AChE inhibitors have gained more

importance recently (Goger et al., 2013).

Carbonic anhydrase (CA) is a pH-regulating en-
zyme in all living elements. This enzyme is found in
many living systems (Kii¢iik and Gulcin, 2016). It
plays a role in various pathologic and physiological ef-
fects, including neurological disorders, fluid balance,
pH regulation, bone resorption, carboxylation reac-
tions, glaucoma, calcification, osteoporosis, cancer,
and tumor production (Gulcin and Beydemir, 2013;
Nar et al., 2013). CA plays a critical role in long-term
synaptic transformation and is related tomental retar-
dation, AD. There is evidence that CAII is increased
in the AD brain (Jang et al., 2010). hCA isoenzymes

are critical therapeutic targets. Its inhibitors and acti-
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vators are currently used as drugs. hCA I can be used
as an indicator to differentiate autoimmune hemolyt-
ic anemia from other types of anemia (Akincioglu et
al., 2014; Coban et al., 2009). hCA II, implicated as a
biomarker of stromal tumors, is required to maintain
ion transport in erythrocytes and its deficiency syn-
drome causes renal tubular acidosis and osteoporosis,
a marble brain disease or Guibaud-Vainsel syndrome.
hCAs are inhibited by two groups of compounds. The
first group is metal complex-forming anions, and the
second group is sulfonamides and their isosteres. The
most potent organic inhibitors are aromatic and he-
teroaromatic sulfonamides (R-SO,-NH,). Acetazol-
amide is used to treat glaucoma, altitude sickness, and
benign intracranial hypertension (Akbaba et al., 2014;
Gokgen et al., 2017).

According to a clinical study, carbonic anhy-
drase-II levels in plasma and brain hippocampus of
Alzheimer’s patients increased 1.24 times compared
to healthy individuals. It has been shown that there is
a definite relationship between plasma carbonic anhy-
drase-II levels and AD (Jang et al., 2010). It is known
that there are many factors in the pathophysiology
of AD (Oztiirk-Karan, 2009). Therefore, it is thought
that new treatment targets will develop through mul-
tiple approaches (Akdag et al., 2019). Heptaptera tri-
quetra (Vent.) Tutin is known as the “Ucgen Cakgir”
in Turkey (Giiner et al., 2012). The plant is erect, pe-
rennial, and 65-120 cm tall (Davis et al., 1988). It is
naturally grown in Bulgaria, and Turkey-in-Europe
(POWO, 2022). According to previous studies, H. tri-
quetra exhibited high antioxidant activity (Senol et al.,
2010) and contained coumarins (Simova et al., 1986).
In our earlier study, coumarin derivatives isolated
from the root of Heptaptera cilicica displayed potent
activity against AChE (Ozbek et al., 2018). Addition-
ally, coumarins have intense AChE and CA enzymes
inhibitory activity (Karakaya et al., 2020). In light of
this information, we aimed to investigate the possi-
ble inhibition effects of H. triquetra root extract and
its isolated compounds against AChE, hCA T and II
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enzymes linked to AD, known as a prevalent disease.
MATERIALS AND METHODS
General Experimental Procedure

1D ("H-NMR, *C-NMR, and DEPT) and 2D
(COSY, HMQC, and HMBC) NMR spectra were
derived using Varian Mercury Plus (400 MHz for
'"H-NMR and 100 MHz for *C-NMR) spectrometers,
with TMS as an internal standard. These instruments
were in the Faculty of Science at Ataturk University.
HRESIMS data were recorded using an Agilent 6530
Accurate-Mass apparatus and AB Sciex TripleTOF
4600 (Agilent Technologies Inc., California, USA) at
the Ataturk University East Anatolia High Technol-
ogy Application and Research Center (DAYTAM).
Open column chromatography (CC) was carried out
using silica gel 60 (0.063-0.2 mm) (Merck, Germa-
ny), and solvents were purchased from Sigma-Aldrich
(USA). TLC was performed using precoated silica gel
60 F,_, plates (Merck), and the spots were visualized
by spraying with 1% vanillin solution in concentrated
sulfuric acid, followed by heating at 110 °C. All com-
mercially available reagents were purchased from Sig-

ma-Aldrich (USA) were used for bioactivity assays.
Plant Material

The roots of Heptaptera triquetra were collected in
Tekirdag City, Turkey (Al, 12 km from Saray, right
side of the road, under oak forest, 202 m). The plant
material was authenticated by Assoc. Prof. Giilderen
Yilmaz. A voucher specimen (No. AEF 23723) was
deposited at Ankara University Faculty of Pharmacy
Herbarium (AEF), Ankara, Turkey.

Extraction and Isolation

H. triquetra roots (463.30 g) were dried in the
open air in a shaded location, powdered, and extract-
ed in 1250 mL of dichloromethane for -three h at 40
°C using a mantle heater and reflux cooler. The filtered
extracts were concentrated to dryness in a rotary
evaporator at 40 °C and 120 rpm. The dichlorometh-
ane extract (16.66 g of total extract) was fractionated
using silica gel CC (70-230 mesh, 75 g) with n-hex-

ane:ethyl acetate (EtOAc) (100:0-0:100, v/v) to yield
two fractions, Fr. 1 and Fr. 2. Fr. 1 (7.95 g) was further
fractionated using silica gel CC with n-hexane:EtOAc
(100:0->55:45, v/v) to obtain subfractions Frs. 1.1-12.
Compound 1 (39 mg) was precipitated from Fr. 1.4
(129.6 mg). Compound 2 (332 mg) was precipitated
from Fr. 1.6 (612 mg). Compound 3 (24 mg) was pre-
cipitated from Fr. 1.7 (395 mg). Fr. 1.11 (892.7 mg)
was purified using a Sephadex LH-20 CC (50 g) with
CH,Cl:MeOH (25:75, v/v) to yield compound 4 (38.9
mg). Fr. 2 (6.23 g) was further fractionated using sil-
ica gel CC with n-hexane:EtOAc (100:0->0:100, v/v)
to obtain subfractions Frs. 2.1-8. Compound 5 (539
mg) was precipitated from Fr. 2.4 (1.16 g). Fr. 2.6 (448
mg) was purified using a Sephadex LH-20 CC (50 g)
with CH,Cl :MeOH (25:75, v/v) to obtain Fr. 2.6.1. Fr.
2.6.1 (302.7 mg) was purified using a Sephadex LH-20
CC (50 g) with MeOH to obtain Fr. 2.6.1.1. Fr. 2.6.1.1
(138.1 mg) was again purified using a Sephadex LH-
20 CC (50 g) with water (H,0):MeOH (10:10-50:20,
v/v) to obtain Fr. 2.6.1.1.1. Compound 6 (13.8 mg)
was precipitated from Fr. 2.6.1.1.1 (71.6 mg).

Carbonic Anhydrase Activity Assay

Fresh human blood erythrocytes for carbonic
anhydrase I and II isoenzymes were purified using
the Sepharose-4B-L-Tyrosine-sulfanilamide affinity
chromatography technique (Gocer et al., 2016). CA
activities of the isoenzymes were determined by spec-
trophotometric measurements at 348 nm (Verpoorte
et al., 1967). Acetazolamide was used as positive con-
trol (Burmaoglu et al., 2019; Hisar et al., 2005).

Anticholinergic Assay
The AChE inhibitory effect of dichloromethane

extract and isolated compounds were determined by
Ellman’s method (1961) as given in previous studies
(Eruygur et al., 2019; Polat Kose et al., 2015). AChE
was commercially purchased and obtained from elec-
tric eel (Electrophorus electricus). 5,5'-Dithiobis(2-ni-
trobenzoic acid) and acetylthiocholine iodide (AChI)
were used as a substrate for the cholinergic reaction.
Tacrine was used as the positive control (Erdemir et
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al., 2019; Lolak et al., 2020).
RESULTS AND DISCUSSION

The dichloromethane extract of the roots of H. tri-
quetra afforded one fatty acid, coniferyl palmitate (1)
(Lee et al., 2004); four sesquiterpene coumarins, um-
belliprenin (2) (Appendino et al., 1994), badrakemin
acetate (4) (Eshbakova et al., 2009), colladonin (5)
(Appendino et al., 1992a), karatavicinol (6) (Ahmed,
1999); and two sterols, stigmasterol (3a) (Woldeyes et
al,, 2012), B-sitosterol (3b) (Giivenalp et al., 2009).

Coniferyl palmitate, umbelliprenin, badrakemin
acetate, karatavicinol, stigmasterol, and S-sitosterol
were firstly isolated from this species. Coniferyl pal-
mitate, stigmasterol, and f-sitosterol were not report-
ed in this genus before. Colladonin was previously
reported in H. triquetra (syn.: Colladonia triquetra)

(Simova et al., 1986). Chemical structures of all isolat-

ed compounds from H. triquetra are given in Figure 1,
and NMR data arepresentedin Tables 1-3. The HRES-
IMS, 1D-, and 2D-NMR spectra of the compounds

are available in Supporting Information.

Figure 1. Chemical structures of isolated compounds (1-6)
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Table 1. '"H-NMR (400 MHz) and “C-NMR (100 MHz) data of coniferyl palmitate (1) in CDCI, (6 in

ppm, J in Hz).

Coniferyl palmitate (1)

Position
8, 8,

1 6.92 (d, 2.3) 108.32

2 6.88 (dd, 8.0/2.3) 114.44

3 145.87

4 146.62

5 6.87 (d, 8.0) 120.63

6 128.81

7 6.56 (d, 15.8) 134.37

8 6.19 (dt, 15.8/6.6) 120.91

9 4.72 (dd, 6.56/0.8) 65.14

r 173.83
2 2.35 (8, 7.5) 34.39

3 1.65 (m) 24.99

'y 1.22-1.36 (m) 29.18-29.71
5 1.22-1.36 (m) 29.18-29.71
6 1.22-1.36 (m) 29.18-29.71
7 1.22-1.36 (m) 29.18-29.71
8 1.22-1.36 (m) 29.18-29.71
9 1.22-1.36 (m) 29.18-29.71
10° 1.22-1.36 (m) 29.18-29.71
1r 1.22-1.36 (m) 29.18-29.71
12’ 1.22-1.36 (m) 29.18-29.71
13’ 1.22-1.36 (m) 29.18-29.71
14 1.22-1.36 (m) 31.94
15’ 1.22-1.36 (m) 22.71
16’ 0.90 (t, 6.6) 14.15

O-CH, 3.91 (s) 55.88
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Table 2. '"H-NMR (400 MHz) and “C-NMR (100 MHz) data of sesquiterpene coumarins in CDCI, (8 in

ppm, J in Hz).
o Umbelliprenin (2) Badrakemin acetate (4) Colladonin (5) Karatavicinol (6)
S
.*é
R 6H 8C 8H 6C 8H 6C 8}1 8()
2 161.32 161.24 161.26 161.39
3 6.24 (d, 9.5) 112.94 6.23 (d, 9.5) 113.01 6.23 (d, 9.5) 112.98 6.25 (d, 9.4) 112.95
4 7.63 (d, 9.5) 143.47 7.63 (d, 9.5) 143.46 7.63(d, 9.5) 143.46 7.64 (d, 9.4) 143.52
5 7.36 (d,8.5) | 128.69 7.37 (d, 8.2) 128.77 7.36 (d, 8.9) 128.76 7.37 (d, 8.5) 128.71
6.85 (dd,
6 8.5/2.4) 113.22 6.83 (dd, 8.5/2.3) 113.14 6.83 (dd, 8.9/2.4) 113.10 6.85 (dd, 8.5/2.3) 113.36
7 162.16 162.13 162.22 162.12
8 6.82 (d, 2.4) 101.58 6.80 (gs) 101.27 6.82 (gs) 101.33 6.82 (d, 2.3) 101.55
9 155.87 155.90 155.90 155.86
10 112.42 112.48 112.47 112.46
1.53 (dd, 12.8/3.3) 1.45 (m)
r 4.60 (d, 6.6) 65.48 36.83 37.19 4.61 (d, 6.4) 65.55
1.78 (m) 1.79 (m)
1.63 (ddd, 1.65 (ddd,
5.47 (td,
2’ 6.6/1.1) 118.43 25/13.1/3.3) 24.10 24.8/12.9/3.3) 27.68 5.46 (t, 6.4) 118.69
R 1.76 (m) 1.77 (m)
3 142.38 | 4.54 (dd, 11.50/4.2) | 80.33 3.30 (dd, 11.6/4.3) 78.50 142.00
2.15 (m)
' 2.12 (m) 39.52 38.05 38.81 39.38
2.11 (m)
2.14 (m)
5 2.14 (m) 26.13 | 1.26(dd, 12.4/2.5) | 54.38 | 1.15(dd, 12.4/2.6) 54.30 25.97
2.17 (m)
1.43 (ddd
1.47 (m)
6 5.09 (m) 123.49 25.8/12.9/4.2) 23.27 23.45 5.18 (t,6.4) 124.28
1.75 (m)
1.74 (m)
2.10 (td, 13.02/4.56)
2.11 (dt4.2/2.1)
7’ 135.58 37.28 2.46 (ddd, 37.42 135.48
2.45 (dg, 13.1/2.2)
13.1/4.1/2.3)
2.29 (m)
8 1.97 (m) 39.67 146.11 146.28 36.75
2.06 (m)
1.61 (m)
9 2.04 (m) 26.69 2.23 (gt, 5.24) 54.65 2.21 (dd, 6.3/4.9) 54.76 29.65
1.40 (m)
10 5.08 (m) 124.30 38.66 39.18 3.35(dd, 9.2/1.2) 78.13
4.17 (dd, 9.716.7) 4.15 (dd, 9.6/6.8)
1 131.33 65.64 65.67 72.98
4.20 (dd, 9.7/4.2) 4.21 (dd, 9.6/4.2)
4.91 (s) 4.54 (s)
12’ 1.77 (s) 16.78 107.97 107.82 1.76 (s) 16.70
4.52 (gs) 4.92 (s)
13 1.60 (s) 16.04 0.90 (s) 28.29 1.03 (s) 28.34 1.62 (s) 1591
14 1.68 (s) 25.71 0.88 (s) 16.65 0.81 (s) 15.53 1.20 (s) 26.41
15’ 1.59 (s) 17.69 0.86 (s) 15.39 0.85 (s) 15.35 1.16 (s) 23.29
C=0 170.97
OCH3 2.06 (s) 21.32
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Table 3. '"H-NMR (400 MHz) and “C-NMR (100 MHz) data of sterols in CDCI, (8 in ppm, J in Hz).

Position Stigmasterol (3a) B-sitosterol (3b)
8, 3. S, 8,
1 37.26 37.26
2 26.07 31.66
3 3.55 (m) 71.81 3.55 (m) 71.81
4 42.30 42.30
5 140.76 140.76
6 5.36 (gd, 5.1) 121.72 5.36 (gd, 5.1) 121.72
7 31.66 31.90
8 3191 31.90
9 50.15 50.13
10 36.51 36.51
11 2431 21.22
12 39.68 39.78
13 42.32 42.22
14 56.77 56.87
15 25.42 24.31
16 29.83 28.25
17 55.95 56.06
18 0.70 (s) 12.26 0.71 (s) 12.05
19 1.01 (s) 19.40 1.01 (s) 19.40
20 40.51 36.15
21 1.03 (s) 21.09 0.94 (d, 6.6) 19.04
22 5.17 (dd, 15.1/8.6) 138.33 33.94
23 5.03 (dd, 15.1/8.6) 129.28 26.07
24 51.24 45.83
25 31.90 29.15
26 0.82(d,7.1) 18.99 0.82(d,7.1) 19.83
27 0.81 (d, 7.0) 19.04 0.81 (d, 7.0) 19.40
28 28.25 23.07
29 0.87 (signal overlap) 11.97 0.85 (signal overlap) 11.99

The dichloromethane extract and isolated com-

pounds were evaluated to determine their human
carbonic anhydrase I and II (hCA I and II), and

acetylcholinesterase (AChE) enzyme inhibitory ac-

tivities. Acetazolamide and tacrine were used as the

positive controls, respectively (Giilgin et al., 2016).
The dichloromethane extract exhibited activity with
a20.382 ng/uL IC,  value against hCA 1, 21.656 ng/uL
IC,, value against hCA II, and 5.634 ng/uL IC, value
against AChE.
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Table 4. The inhibition effects of isolated compounds on human carbonic anhydrase I and II isoforms (hCA

I and IT) and acetylcholinesterase (AChE) enzyme.

IC,, (nM) K, (nM)
Samples
hCA1I r’ hCAII r’ AChE r’ hCA T hCAII AChE
Coniferyl palmitate (1)  53.307 0.9606 40.500 0.9923 10.191  0.9901  59.412+10.86  117.343+19.41  4.538%0.59
Umbelliprenin (2) 31.500 0.9707 38.500 0.9832  11.550  0.9817 82.647+4.26 87.427+13.60  5.918+1.49
Stigmasterol and
B-Sitosterol (3) 63.000 0.9734 59.300 0.9709 9.000 0.9770 83.183+8.87 74.560+8.88 3.806+0.27
Badrakemin acetate (4)  40.764 0.9634 69.300 0.9983 19.250  0.9840 32.963+4.49 93.333£11.06 6.631+1.11
Colladonin (5) 43312 0.9629 36.473 09872  10.360  0.9840  60.560+10.61 38.571£5.72 2.771£0.95
Karatavicinol (6) 63.000 0.9836 53412 0.9610 13.326  0.9847 65.155+9.86 49.026+6.37 3.156£0.92
Acetazolamide* 99.000 0.9959 87.954 0.9909 - - 82.4079£10.45 159.597+9.05 -
Tacrine** - - - 15.0652  0.9766 - 3.456%0.29

*Acetazolamide is a standard inhibitor of hCA I and II.

**Tacrine is a standard inhibitor for AChE.

For the hCA T isoenzyme, IC, values were found
as 53.307 nM for coniferyl palmitate, 31.500 nM for
umbelliprenin, 63.000 nM for stigmasterol and f3-sit-
osterol mixture, 40.764 nM for badrakemin acetate,
43.312 nM for colladonin, and 63.000 nM for karat-
avicinol. For the hCA II isoenzyme, IC_| values were
found as 40.500 nM for coniferyl palmitate, 38.500
nM for umbelliprenin, 59.300 nM for stigmasterol
and f-sitosterol mixture, 69.300 nM for badrakemin
acetate, 36.473 nM for colladonin, and 53.412 nM for
karatavicinol. The IC, values of acetazolamide were
determined as 99.000 nM against hCA I and 87.954
nM against hCA II. Regarding the K. values of the iso-
lated compounds (1-7) and the positive control (Ta-
ble 4), remarkable activities against hCA I and hCA
I in the ranges of 33.0-83.2 nM and 38.6-117.3 nM,
respectively, were obtained.

The inhibitory effect of H. triquetra root against
hCA I and IT is reported here for the first time.As well
as it is the first study for the Heptaptera genus. Cou-
marins are among the most isoform-selective CA in-
hibitors. They undergo hydrolysis of the lactone ring
mediated by the esterase activity of CA. The result-
ing 2-hydroxy-cinnamic acids then bind to a partic-
ularpart of the enzyme’s active site (Supuran, 2020).
In a previous study, umbelliprenin was found to be

apotent compound with a Ki value against CA XII
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of 5.8nM when compared with acetazolamide and
demonstrated high selectivity forthe CA I/II isoforms
as in our study (Fois et al., 2020). According to our
knowledge, it is the first study to evaluate hCA I and
IT enzymes inhibitory activity of other sesquiterpene
coumarins such as badrakemin acetate, colladonin,
and karatavicinol. As well as it is the first evaluation
for coniferyl palmitate. In previous studies, -Sit-
osterol has not inhibitedhCA I and II (Aydin, 2020;
Saleem et al., 2019), while stigmasterol has displayed
potent activity (Aydin et al.,, 2019). It shows that the

activity is due to stigmasterol.

IC,, values of AChE were 10.191 nM for conifer-
yl palmitate, 11.550 nM for umbelliprenin, 9.000 nM
for stigmasterol and f3-sitosterol mixture, 19.250 nM
for badrakemin acetate, 10.360 nM for colladonin,
and 13.326 nM for karatavicinol. The IC, value of ta-
crine was determined as 15.0652 nM against AChE
(Table 4). In a study, the methanolic and ethyl ace-
tate extracts prepared from H. triquetra aerial part
and root were evaluated against AChE, and none of
them showed inhibitory activity when compared
with galantamine (98.88%) (Senol et al., 2010). In our
study, the isolated compounds from dichloromethane
extract were effective against AChE. It shows that this
effect is due to nonpolar compounds. In our previous

study, umbelliprenin exhibited significantly high in-
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hibitory potency against AChE (IC, = 5.86 uM) as in
our current study (Guvenalp et al., 2017). In anoth-
er study, umbelliprenin, and colladonin were isolat-
ed from the roots of Ferulago campestris and showed
moderate AChE inhibitory activity (DallAcqua et al.,
2010). This is the first report on the AChE inhibitory
activity of coniferyl palmitate. Additionally, as in our
study, S-sitosterol isolated from acetone extract of the
roots of Salvia syriaca exhibited high AChE activity
with a 34.3 ug/mL IC_| value (Bahadori et al., 2016).

The evaluation of the bioactivity and determining
the phytochemical content of Heptaptera triquetra
had great importance. The dichloromethane extract
of the root and isolated compounds were evaluated
for their bioactivities on some metabolic enzyme’s in-
hibitory properties related to several global diseases.
The results indicated that all the isolated compounds
were effective against hCA I, hCA II, and AChE. The
main compounds, sesquiterpene coumarins, stigmas-
terol and f3-sitosterol, were found as responsible for
the inhibitory activities. Current studies show that en-
zyme inhibition is becoming a key target in the treat-
ment or management of many common and global
diseases. (Bayrak et al., 2019; Bicer et al.,, 2019). These
findings suggest the potential of H. triquetra and its
compounds as novel therapeutic candidates and herb-

al medicines for the treatment of glaucoma and AD.
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SUMMARY

Estrogen and testosterone serve as the main sex hormones in

humans. In addition, they have many different functions in terms
of metabolic, and body defense. Gender differences lead to various
social, economic, physiological, and pathological outcomes. Gender
differences may also cause different toxicokinetics for metalslike
mercury.Mercury exposure is suggested to cause neurological
disorders. Thiomersal which is one of the most widely used
preservatives particularly in vaccines, consists of approximately
50% mercury by weight. Autism spectrum disorders (ASD) have
been associated with thiomersal exposure from vaccines in the last
decades. Recent studies show that the incidence of ASD is higher in

boys compared to girls. However, studies and discussions continue
in this area. It is thought that this situation may be related to
the difference in the toxicokinetics of mercury in different genders.

There are concerns that ASD in girls may have a distinct phenotype
than boys. The studies are now focused on whether there is an

overlook due to the difficulty of diagnosing in females or it is more
common in males due to physiological and hormonal reasons or
not. In this review, we evaluated the frequency of ASD in different
genders, the association between thiomersal and ASD and whether
thiomersal exposure from vaccines could be an underlying factor of

ASD in boys or not.

Key Words: Autism, gender, neurodevelopmental disorders,
mercury, thiomersal

Nirolojik Bozukluklarda Cinsiyetin Etkileri: Otizm Spektrum
Bozukluklar: ve Tiyomersal Toksisitesine Ozel Bir Bakas

0z

Ostrojen ve testosteron, insanlarda ana seks hormonlaridsr. Ayrica
metabolizmanin diizenlenmesi ve viicut savunmast agisindan da
cok farkly islevleri vardyr. Cinsiyet farks, farkly sosyal, ekonomik,
Jizyolojik ve patolojik sonuclara yol acar. Metallerin farkl: cinsi-
yetlerde farkly roksikokinetige sahip olabilecedi, cinsiyet farkinin
ozellikle crva kaynakl: norolojik bozukluklarda onemli olabilecegi
bilinmektedir. Tiyomersal, ozellikle asilarda koruyucu olarak kul-
lanilan organik bir crva bilesigidir ve tiyomersalin - %50%i ci-
vadan olusur. Otizm spektrum bozukluklar: (OSB), son yillarda
astlardan tiyomersal maruziyeti ile iliskilendirilmistir. Son aras-
tirmalar, OSB insidansinin erkeklerde kizlara gore daba yiiksek
oldugunu gostermektedir. Ancak, bu alanda calsmalar ve tartss-
malar devam etmektedir. Bu durumun farkls cinsiyetlerde crvanin
toksikokinetiginin farkl: olmaszyla iliskili olabilecegi diisiiniilmek-
tedir. Kizlarda OSBnin erkeklerden farkls bir fenotipe sahip ola-
bilecegine dair endiseler vardur. Arastirmalar OSB'nin kadinlarda
tant koymanin zorlugundan kaynaklanan bir gozden kagma mi
yoksa fizyolojik ve hormonal nedenlerle erkeklerde mi daba sik go-
riildiigii vizerine odaklanmigstir. Bu derlemede, farkls cinsiyetlerde
OSB siklygini, tiyomersal ile OSB arasindaki iligkiyi ve agilardan
tiyomersal maruziyetin erkek cocuklarda OSBnin altinda yatan
bir faktor olup olamayacaginin degerlendirilmesi amaglanmgtir.

Anabtar kelimeler: Otizm, cinsiyet, norogelisimsel bozukluklar,
cwa, tiyomersal
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INTRODUCTION

Estrogen and testosterone are the leading sex hor-
mones that determine the differences in the female
and male bodies. It is well known that they have led to
their different-sex characteristics. The World Health
Organization (WHO) has clearly expressed the dif-
ference between gender and sex. Gender describes
the roles, behaviors, activities and opportunities that
communities and societies deem appropriate for
women and men. In contrast, sex refers to the char-
acteristics that are biologically determined (WHO,
2019a). In neurological and behavioral studies, this
term is of great importance when gender predispo-
sition evaluations are made as evaluating individuals
from all aspects, not only physiologically and biologi-

cally, will yield more accurate results.

Various studies are showing that there may be
gender differences in the metabolism and toxicity of
heavy metals such as mercury, nickel or cadmium.
These differences are thought to be related to expo-
sure dose, period and duration. The excretion and
accumulation of these particular metals in female and
male bodies are clearly different. This phenomenon is
related to the difference in the activity and amounts
of xenobiotic-metabolizing enzymes in different sex-
es (Vahter, 2007).

As the number of males in children diagnosed
with Autism spectrum disorder (ASD) is strikingly
high, other than biotransformation, the role of sex
hormones should be discussed (Halladay, 2015; Van
Wijngaarden-Cremers, 2014; Hiller, 2014; Hanen
Center, 2017). Studies suggest that the predominance
of estrogen and testosterone has both advantages and
disadvantages for the brain. It is emphasized that
estrogens play a protective role in the female brain
due to their antioxidant effects. Estrogens have vaso-
protective and neuroprotective effects (Kenchappa,
2004). In various in vitro studies, estradiol was shown
to protect neurons against oxidative stress at phar-
macological and physiological concentrations (Behl,
1995,1997,1999). However, high levels of testosterone

394

in the male brain may lead to oxidative stress as tes-
tosterone can decrease antioxidant levels in the brain
and neurons, and this effect leads to neurodegener-
ation (Branch, 2009; Holmes, 2016; Son, 2016). On
the other, low testosterone levels have been associated
with various diseases, such as premature aging, dia-
betes, obesity, sexual dysfunction and stroke (Shores,
2018). Although estrogen seems to be protective, due
to physiological reasons, the phenotype of autism in
girls may differ from boys. Moreover, the diagnosis
of girls with ASD may be overlooked by the cur-
rent diagnostic criteria (Halladay, 2015; Van Wijn-
gaarden-Cremers, 2014; Hiller, 2014; Hanen Center,
2017).

Heavy metals can cause oxidative stress in the
central nervous system (CNS). The presence of high
levels of testosterone in the male brain may aggra-
vate the deterioration of oxidant/antioxidant balance.
Therefore, it is suggested that males may be more
sensitive to neurotoxicity caused by heavy metals.
Various epidemiological studies and animal studies
support this suggestion (Vahter, 2007; Niedham-
mer, 2000). However, industrial studies, such as the
studies on methyl mercury, are mainly conducted on
male workers, and this may cause bias (Niedhammer,
2000). In recent years, exposure to thiomersal, a vac-
cine preservative that consists of ethyl mercury, has
been increasingly associated with neurological dis-
eases such as ASD, although there are contradictory

reports as well (Hurley, 2010).

The high incidence of ASD in boys compared to
girls (1: 4-8) has also suggested that gender differ-
ence may be an essential factor in thiomersal toxicity
(Halladay, 2015; Moseley, 2018; Lai, 2015; NAS, 2019;
Loomes, 2017; Stamova, 2011; Gallagher, 2010a; Gal-
lagher, 2010D).

First, this relationship has not been fully proven,
and more mechanistic studies are needed to clarify
whether or not an association is present. However,
there are many question marks on the association

between ASD and thiomersal exposure. Concerning
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all the available data, this review will focus on the fre-
quency of ASD in different genders, the possible as-
sociation between thiomersal and ASD, and whether
thiomersal exposure from vaccines could be an un-
derlying factor of ASD in boys or not. We will mainly
explain gender differences in neurological disorders,
the possible underlying mechanisms, gender differ-
ences in thiomersal toxicity and the different effects

of thiomersal in males and females.
Testosterone and estrogens

Estrogen and testosterone, which serve as the
main sex hormones in humans, perform their func-
tions by binding to specific steroid hormone receptors
in different cell compartments, such as the nucleus,
cytosol, and cell membrane. The long or short-term
effects of sex hormones are determined by the loca-
tion to which they are attached and the downstream
gene activation (Cohen-Bendahan, 2005; Knickmey-
er, 2006; Arnold, 2009).

Sex hormone receptors are present in different
cell types. However, these receptors show differential
general brain expression in prenatal, postnatal, and
adult brains. Therefore, the levels of sex hormones
and their interactions may differ in specific periods of
life, and their effects may differ between two genders
(Mccarthy, 2008; Tobet, 2009; Reddy, 2014).

Testosterone, the primary male sex hormone
that performs male reproductive functions, was dis-
covered in the 1930s (Shores, 2018). Testosterone is
produced by the testicles of men (by Leydig cells),
the ovaries (by ovarian follicular cells) and adrenal
glands of females. This androgen is carried by sex
hormone-binding globulins (SHBG) and albumin.
SHBG levels increase with age in men. Therefore,
the free testosterone levels decrease and reach the
lowest levels in men after 60 years (Igbal, 1983). Tes-
tosterone has various effects on different tissues, or-
gans and systems. The free testosterone can cross the
blood-brain barrier and thereby can affect neurons
(Biatek, 2004).

Low testosterone levels are associated with vari-
ous diseases such as premature aging, obesity, sexual
dysfunction, diabetes and stroke (Shores, 2018). High
testosterone levels can be harmful to the cardiovas-
cular system (Xie, 2017). Testosterone may decrease
antioxidant levels and therefore can increase oxida-
tive stress within the brain. However, the type of oxi-
dation (lipid peroxidation, protein oxidation or both)
may vary depending on the parts and conditions
(such as stress) in the brain (Son, 2016). Moreover,
testosterone has been reported to increase neurotox-
icity (induced by oxidative stress in rats), subsequent-
ly leading loss of dopaminergic neurons and finally

neurodegeneration (Holmes, 2016).

Orchiectomy may increase oxidative stress in the
brain. It has been established that castration in male
mice may cause loss of dopaminergic neurons in the
striatum and substantia nigra and subsequently may
lead to stimulation of Parkinson’s disease (PD)-relat-
ed pathogenesis (Khasnavis, 2013). In addition, high
testosterone levels have been shown to be associated
with cognitive decline, possibly due to increased ox-
idative stress, in male patients (Holmes, 2016). All
these data may explain the interaction between tes-

tosterone and neurodegenerative diseases.

In females, estrogens are produced primarily by
the ovaries, and by the placenta during pregnancy,
while estrogens are secreted by the adrenal glands
and the testes in males. Estrogens are known for their
vasoprotective and neuroprotective effects and the in-
cidence of neurodegenerative disorders in females is
generally lower than that of males. They exhibit a dif-
ferent mechanism of action in pharmacological and
physiological concentrations (Kenchappa, 2004; Son,
2016). In various studies, estradiol has been report-
ed to inhibit lipid peroxidation, protect the neurons
against in vitro oxidative stress and glutamate-in-
duced excitotoxicity at the pharmacological con-
centrations (Behl, 1995,1997,1999). At physiological
concentrations, estrogens affect estrogen receptors

(ERs) by stimulating or suppressing gene expression

395



Erdemli-Kose, Balci-Ozyurt, Yiriin, Erkekoglu

(Kenchappa, 2004).
Gender differences in immune responses

Researchers have sought a link between gender
and immune responses. The prevalence of certain
infectious diseases, as well as the difference in the
resistance in two genders, were evaluated by several
studies. Females can exhibit more robust immune
responses than males. It is suggested that males are
more susceptible to a wide range of diseases and in-
fections. Differences in this peripheral immune re-
sponse may also play a role in the development of au-
toimmune diseases (McCombe, 2009; Kivity, 2010). It
is known that events such as the overproduction of
pro-inflammatory cytokines play a role in the onset
and progression of various neurological diseases and
neurodegenerative disorders. Inflammatory medi-
ators are synthesized in neurodegeneration sites in
stroke (De Simoni, 2002; Marquardt, 2005), multi-
ple sclerosis (MS) (Silberberg, 2001), amyotrophic
lateral sclerosis (ALS) (Barbeito, 2004), Alzheimer’s
disease (AD) (Grammas, 2001; Moore, 2002) and
PD (Hirsch, 2005). Inhibition of neuroinflammation
by steroids or non-steroidal drugs decreases neuro-
degeneration (Kurkowska-Jastrzebska, 2004; Fahrig,
2005). Immune function and inflammatory processes
in the brain can be affected by sex steroids, especially
17p-estradiol (Lei, 2003; Ospina, 2003).

The main effects of estrogens on neuroinflamma-

tion are (Mor, 1999; Baker, 2004):

v" Reducing the activation of the neuroinflam-

matory cascade at the cellular level

v' Preventing the progression of the inflammato-

ry response with these effects
v" Inhibiting the release of molecular factors.

The neuroprotective effects of estrogens are di-
rectly related to their immunomodulatory effects.
Therefore, the gender difference in immune responses
against different biological and chemical agents out-

stands as a crucial topic to investigate (Olsen, 1996;
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Gaillard, 1998; Klein, 2000; Bouman, 2005).
Gender differences in the male and female brain

Studies on the morphology and functions of male
and female brains show that some brain structures are
sexually dimorphic. Brain and related regions show
biochemical, functional and anatomical differences
between genders (Ruigrok, 2014). Anatomical differ-
ences include changes in size and weight, gray mat-
ter/white matter ratio, and structural differences in
various regions of the brain. For example, the male
brain is heavier than the female brain, and the head
circumference of men is larger than females. How-
ever, when this difference is proportioned to body
weight, it is determined that there is no relative differ-
ence (Zaidi, 2010). When the gray and white matter
ratios are analyzed, gray matter is higher in the male
brain, and white matter is higher in the female brain
(Allen, 2003). In addition, many neurochemical sex-
ual dimorphisms include neurotransmitter systems
and anatomical differences. All these changes cause
different responses of the brain to neurological dis-
eases. Moreover, treatment of certain neurological
and physiological disorders can differ between two
genders (Cahill, 2006).

Gender differences in neurological disorders

Progressive and gradual impairments in functions
such as movement, motivation and memory because
of structural changes in neurons or irreversible loss of
neurons are defined as “neurodegeneration” (Kovacs,
2016). In the development of neurodegeneration,
biological processes like oxidative stress, mitochon-
drial impairments, endoplasmic reticulum stress,
neuroinflammation, production and accumulation of
misfolded proteins, and excitotoxicity are observed
(Dong, 2009; Doyle, 2011; Jellinger, 2010).

The brain is highly sensitive because of the irre-
placeable and nonrenewable nature of the neurons
and is more vulnerable than other tissues and organs
to destructive processes such as oxidative stress, as

it contains highly peroxidizable fatty acids, as a lip-
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id-rich organ, and has limited antioxidant enzyme
activity (Angelova, 2015; Son, 2016). In addition,
non-coding RNAs, genetic mutations [in PD genes
(PARK1, PARK4, PARKS), Presenilin-1 (PS1), Pre-
senilin-2 (PS2), Apolipoprotein E (APOE); in genes
related to frontotemporal dementia (FTD)] and envi-
ronmental factors (such as pesticides, fungicides, ad-
dictive drugs, heavy metals, viruses) may play a role in
the development of neurodegeneration (Salta, 2017).
Neurological and neurodegenerative diseases may be
caused by not only physiological disorders occurring
in the brain but also by various conditions affecting
the general health of patients. These disorders occur
because of gradual damage caused by the rapid and
irreversible loss of critical cognitive and motor func-
tions in neurons. Recent reports of WHO emphasize
that neurological disorders affect more than 1 billion
people throughout the globe (WHO, 2007).

This high incidence attracted the interest of the
investigators to focus on the effects of gender on the
progression of these diseases (Yanguas-Casas, 2017).
The development, structure, function, and biochem-
istry of the adult brain vary significantly by gender,
due to the differences in gender-determining genes
and fetal hormonal programming. Gender-specif-
ic differences in the anatomic structure of a healthy
human brain are likely to lead to alterations in the
pathology, progression, and severity of various dis-
eases in two different genders. Moreover, these dif-
ferences may also alter the susceptibility of different
genders to specific neurological conditions (Cabhill,
2006; Cosgrove, 2007; Gillies, 2010; McCarthy, 2012).
The discovery of the sexual dimorphisms in the brain
is crucial for understanding the significance of sex at
different phases of neurological diseases and disor-
ders (Yanguas-Casas, 2017).

Several neurological disorders have a striking
gender bias in incidence, prevalence, and progression
(Hanamsagar, 2016). AD has a higher prevalence
(1.6-3: 1) in women over 65 years. AD also causes

more and faster cognitive impairment in women (Se-

shadri, 1997; Plassman, 2011; Irvine, 2012). The spe-
cific pathogenic mechanism underlying the higher
incidence of AD in women is that at a younger age
(before menopause), the mitochondria are protect-
ed against amyloid B toxicity due to estrogen. Thus,
mitochondria generate less reactive oxygen species
(ROS), and apoptotic signals are less in females com-
pared to males. However, at older ages (after meno-
pause), as estrogen levels decrease, all this advantage
islost. On the other hand, the incidence of PD in men
is higher (2 - 3.5: 1) than in women (Vifia, 2010).
However, the differences in symptoms and cognitive
effects of PD between men and women have not been
extensively studied (Miller, 2010). It is suggested that
PD progresses more slowly in women than in men
(Baldereschi, 2000; Elbaz, 2002). When autoimmune
diseases are analyzed, women experience more MS
than men (2-3: 1), but the disease progresses more
slowly in men (Confavreux, 2003; Voskuhl, 2012). In
the case of motor neuron diseases such as ALS, the in-
cidence is higher in men (1.6: 1). Although the onset
of the disease starts earlier in men, ALS is more fatal
in women than men (del Aguila, 2003; McCombe,
2010). Mood-related disorders (such as depression or
anxiety disorders) are more common in women (2:
1). In addition, symptoms are more severe, and wom-
en show a higher incidence of subclinical depression
(Nolen-Hoeksema, 1994; Altemus, 2014). On the
other hand, in attention deficit hyperactivity disorder
(ADHD), males show a higher prevalence (3: 1). In
addition, men experience more severe deficiencies in
motor skills and more distraction than women (Cole,
2008; Balint, 2009; Catala-Lopez, 2012; Willcutt,
2012). Furthermore, males have a higher incidence
in schizophrenia (1.4: 1) compared to females, and
the onset of the disease is earlier in males vs. females.
Men also have a weak prognosis with severe symp-
toms and respond more negatively to antipsychotics
than women (McGrath, 2008; Goldstein, 2013). Many
neurodevelopmental disorders, including autism,
dyslexia, ADHD, and early-onset persistent antiso-

cial behavior, are more common in male individuals
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compared to female individuals (Rutter, 2003).

Autism spectrum disorders, causes and their

prevalence

Autism, Asperger’s syndrome and pervasive de-
velopmental disorder not otherwise specified (PDD-
NOS) are gathered under the name “ASD”. Although
it was first defined in the USA and Europe in the
1940s and entered the medical literature, it is thought
that the ASD profile was known a few centuries ago
with references to fictional and historical individuals
(Wing, 2002). Its importance was neglected since it
was very rare in the 1980s (5 out of 10000 people)
(Gillberg, 1991). Today, it is ranked second after
mental retardation among the most common de-
velopmental severe disabilities in the United States
(Bhasin, 2006; Yeargin-Allsopp, 2003). In 2021, the
Centers for Disease Control and Prevention (CDC)
reported that approximately 1 in 44 children (1 in 27
boys identified with autism while 1 in 116 girls iden-
tified with autism) in the U.S. is diagnosed with an
autism spectrum disorder (ASD), according to 2018
data (Autism Speaks, 2022).

ASDs are generally characterized by disorders in
mutual social interaction and communication, ab-
sence of creative play ability, and recurrent stereotyp-
ical behavior and interests. These behavioral changes
do not occur equally in all individuals with ASD. In-
dividuals with Asperger’s disorder do not experience
a significant speech delay and have above-average
cognitive skills. Individuals with PDD-NOS show
anomalies, especially in core social behavior. The
most accepted diagnostic methods for ASD diagno-
sis are standard face-to-face interviews and direct
observation (Newschaffer, 2007). In the literature, it
is stated that in children diagnosed with ASD, there
are insufficiencies regarding eye-to-eye communica-
tion, understanding social stimuli, using body lan-
guage, facial expressions, and these children display
problematic behaviors due to these insufficiencies
(Keller, 2014). In the first six months of life, they do
not exhibit sounding behaviors such as smiling and
gurgling like healthy newborns. Delay in speech is
398

often the first symptom that attracts attention in the
families of children with ASD (Keller, 2014; Volkmar,
2017). With these methods, clinicians reliably detect
deficiencies in social interaction and communication.
In recent years, as ASD has more incidence than pre-
viously thought, studies have increased in routine
clinical practices to improve existing tools for diag-
nosis and develop new tools (Lord, 2000; Newschaf-
fer, 2007).

Although ASDs are known to be a sum of powerful
neurobiological and genetic impairments, the factors
causing these conditions are still not well known, and
there are many different hypotheses discussed in the
literature (Stodgell, 2001; Scott, 2002). Genetic fac-
tors are significant in autism development. Because
of studies conducted on twins, the average heritabil-
ity of autism is estimated to be 90%. Today, autism
is considered a heritable and multi-factor psychiatric
disorder that does not follow the classic Mendelian
pattern (Lichtenstein, 2010). It is also thought that
different features in autism may result from various
genes associated with separate brain regions (Happe,
2006). Despite the importance of genetic factors, en-
vironmental factors are also important in autism. In-
deed, epidemiological studies have identified numer-
ous correlations between nongenetic influences and
ASD. Several drugs, toxic chemicals, and metabolic
and nutritional factors are suggested to increase the
risk of autism in epidemiological studies. The risk of
autism is higher when the exposure happens during
the prenatal period. Moreover, immunologic risk
factors, including maternal infections during preg-
nancy, autoantibodies to fetal brain proteins, and
familial autoimmune disease, have consistently been
observed across multiple studies, as have immune ab-
normalities in individuals with ASD (Matelski, 2016).
Studies are showing the association of many environ-
mental factors such as heavy metals, pesticides, endo-
crine-disrupting chemicals (EDCs) and some drugs
with various neurological diseases, including autism.
Antidepressant exposure in the prenatal period, espe-

cially exposure to selective serotonin reuptake inhib-
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itors (SSRIs), has been shown to increase the risk of
autism in children (Andrade, 2017; Croen, 2011; He,
2022; Ijomone, 2020, Kobayashi, 2016; Moosa, 2018).
Exposure to various toxicants, including pesticides
and EDCs such as polychlorinated biphenyls (PCBs),
and polybrominated diphenyl ethers (PBDEs), can
have detrimental consequences on neurodevelop-
mental processes (Newschaffer, 2007). In a recent
meta-analysis, old parental age, maternal gestation-
al bleeding and gestational diabetes are suggested to
be the most important factors in the development of
autism (Gardener, 2009). Causes of ASD are summa-

rized in Figure 1.
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Figure 1. Causes of ASD.

According to the estimation of WHO, one in 160
children has ASD. This estimate represents the aver-
age reported prevalence obtained from several stud-
ies. However, some well-controlled studies reported
substantially higher numbers. In addition, WHO
stated that the prevalence of ASD in many low- and
middle-income countries was so far not known
(WHO, 2019b). In the USA, about one in 54 children
has been identified with ASD, according to estimates
from the Center for Disease Control and Prevention
(CDC)’s Autism and Developmental Disabilities
Monitoring (ADDM) Network (CDC, 2020). Over
the past 50 years, the data obtained from different
epidemiological studies show that the prevalence of

ASD is increasing globally. This increase can be partly
due to the improved awareness, expansion of diag-
nostic criteria, better diagnostic tools and improved
reporting. However, there may still be unknown or
uninvestigated factors that lead to this high preva-
lence (WHO, 2019b). In a large sample of children in
the UK, the ASD prevalence was reported to be 61.9
per 10,000. In this group, the estimated prevalence of
autism is 21.6, and the estimated prevalence of As-
perger syndrome is 16.6 (Williams, 2008). Data ob-
tained by screening more than 55,000 children aged
9 to 10 showed that the ASD prevalence was 77.2 per
10,000, and the autism prevalence was 38.9 per 10,000
in UK (Baird, 2006). In a report from the Danish Psy-
chiatric Center Records, data from children under the
age of 10 showed that the prevalence of autism was
11.8 per 10,000 children, and the estimated Asperg-
er syndrome prevalence was 4.7 per 10,000 children
under 10 (Lauritsen, 2004). In France, it is stated that
approximately five out of every 10,000 children have

autism (Fombonne, 1997).

Worldwide studies published after 2000 estimat-
ed that the prevalence of autism was between 16.8
and 40.5 per 10,000 people (CDC, 2018). In different
studies that analyzed data from 11 years from 1997 to
2008, the prevalence of autism in children aged 3 to
17 was reported to be 47 per 10,000 (Baird, 2000; Ber-
trand, 2001; Chakrabarti, 2005; Boyle, 2011). There is
no detailed research on the prevalence of ASD in Tur-
key. According to Autism Platform data, due to lack
of healthy statistics, the estimated number of individ-
uals with autism and the number of children (age:0-
14) with autism has been reported to be approximate-
ly 550,000 and 150,000, respectively (Tohum, 2013).

Diagnostic criteria and effects of gender for au-

tism spectrum disorders

Although autism symptoms can be detected in
the first 12-18 months of life, a precise diagnosis is
usually made between 24 to 36 months. Even in some
cases, diagnosis can be made just before adulthood
(Filipek, 1999). The most important disorders ac-
companying the differential diagnosis are childhood
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schizophrenia, mental retardation, language skill
disorders, psychosocial deprivation, and disintegra-
tive psychosis (Sadock, 2000). American Psychiatric
Association created a guide called “Diagnostic and
Statistical Manual of Mental Disorders (DSM-5)” to
diagnose mental disorders. According to DSM-5, the
criteria for diagnosis are (NIH, 2018):

v" Difficulties in communicating and interacting

with people

v' Having limited interests and showing repeti-

tive behaviors

v' Symptoms that interfere with the proper func-

tioning of education, work, and survival skills

Autism has been described as a manifestation of
the “extreme male brain”. The extreme male brain hy-
pothesis was initially based on certain factors that de-
termine the brain “as a male brain type” or “a female
brain type” during fetal life. Later, it was redefined
that the male brain is more advanced in ‘systematiz-
ing’ and the female brain is more advanced in ‘empa-
thizing’ (Baron-Cohen, 2002). Some researchers sug-
gest that this theory not only helps to identify the
causes of autism but also is very important in recog-
nizing and correctly guiding the abilities and behav-
iors of children and adults with autism (Bartley,
2006). When a person’s ability to systematize is un-
spoiled or excellent compared to normal, but his abil-
ity to empathize is impaired, it is the point where au-
tism occurs (Lawson, 2004). It has been reported that
individuals with ASDs perform badly in tests such as
“Reading the Mind in the Eyes” where female subjects
are generally superior to male subjects. However,
male subjects are generally superior to female sub-
jects in tests such as Embedded Figures Task (Jolliffe,
1997; Baron-Cohen, 2001). Two consistent findings
from gender-related ASD studies have been reported
in the literature. The first finding is that ASDs have a
higher incidence and prevalence (4: 1) in men than in
women, and this rate is increased in higher functional
individuals (8-9: 1) (Mandy, 2012). The second is that

women with ASD have lower intelligence than men
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with ASD (Lord, 1985; Volkmar, 1993). In addition,
some researchers have stated that women with ASD
show less serious repetitive/restricted behaviors and
interests (RRBIs) (Fombonne, 2003; Hattier, 2011;
Hiller, 2016). Frazier et al. (2014) investigated the ef-
fects of gender on ASD symptoms by analyzing the
data from 304 females and 2114 males (age: 4-18
years) obtained from Simons Simplex Collection.
They evaluated the relationship between gender and
autism symptoms, cognitive and motor functions,
and adaptive behavior problems. The researchers ob-
served that women had fewer RRBIs without a consis-
tent difference in social communication symptoms
(Frazier et al., 2014). In a study conducted in North
Carolina, a large sample group (384 boys and 91 girls,
age: 3-8 years) of children with learning disabilities
and ASD were recruited. It was reported that girls
showed similar difficulties in social connections and
communicational abilities, but less repetitive and ste-
reotypical behavior (RSB) compared to boys (Lord,
1982). On the other hand, contradictory results were
obtained from a study conducted by Hartley (2009).
Between 2003 and 2007, 499 young children aged
18-47 months (157 males and 42 females) were trans-
ferred to the interdisciplinary autism clinic in a med-
ical hospital in the northwestern USA. 199 (58.9%) of
these children were diagnosed with ASD. They inves-
tigated gender differences by analyzing autistic symp-
toms, behavioral problems and learning scales. The
researchers found that girls with ASD have fewer
RSBs and worse communication disorders compared
to boys (Hartley, 2009). In another study, Carter
(2007) evaluated 90 children (22 girls and 68 boys)
between 18 and 33 months. Researchers reported that
the development profile of ASD showed gender-spe-
cific differences. Although they did not find any dif-
ference in RSBs between genders, they observed that
social communication skills in females with ASD
were lower than males. The researchers recruited 30
right-handed pre-menopausal women and 30 men
with autism (18-49 years). The clinical diagnosis was
officially made by a psychiatrist or clinical psycholo-

gist in the UK. Women were found to have more se-
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vere symptomatology in social interaction, commu-
nication and RSBs, and they show less behavioral au-
tistic features during interpersonal interaction (Lai,
2013). McLennan (1993) studied autistic behavior in
21 males and 21 females (between ages of 6-36 years)
with ASD and reported that females had milder difhi-
culties in social interests and communication abilities
than males. In early childhood, females were reported
to behave more successfully than males in mutual so-
cial interaction and communication. Studies were
also conducted to examine the gender effect on
ASD-related features; however, consistent findings
have not been obtained. In studies on emotional diffi-
culties accompanying ASD, it has been reported that
women with ASD have higher (Hartley, 2009), lower
(Mclennan, 1993) or similar (Lai, 2013) internaliza-
tion problems. Studies investigating gender differenc-
es in brain structure regardless of the severity of RR-
BIs reported alterations between males and females.
It was stated that there was a gender-specific white
matter connection and the functional connection of
the frontal lobe changes in males unlike females (Mc-
lennan, 1993; Lai, 2013; Irimia, 2017). In a study, the
researchers recruited 25 females and 25 males (7-13
years) with ASD and 19 females and 19 males as con-
trol. Subjects were identified from the National Data-
base for Autism Research, a publicly available re-
search repository in the USA. Researchers analyzed
symptom severity and structural imaging data from
Autism Brain Imaging Data Exchange using multi-
variate pattern analysis. Gender differences in the
anatomy of the brain associated with RRBIs in the
Autism Brain Imaging Data Exchange dataset were
evaluated. Investigators reported that gray matter in
motor areas could vary between boys and girls with
ASD. In addition, RRBIs in girls were associated with
the increased gray matter of the motor cortex, addi-
tional motor area and Crus 1 subsection of the cere-
bellum, while in boys, RRBIs only correlated with the
right putamen. Brain anatomy and RRBIs can devel-
op differently in different genders, suggesting that the
behaviors that develop in ASD may occur via differ-

ent pathways (Supekar, 2015). Researchers used a
group of twins to study the relationship in the brain
anatomy and RRBIs between two genders. In 75 twins
(n = 150, 62 females, 88 males) with ASD (n = 32
twins, 20 males and 12 females) and other neurode-
velopmental disorders (n = 25 twins, 16 males and 9
females), they investigated the relationship of RRBIs
with the cortical volume, surface area and thickness
of different networks in the brain (neocortical, sub-
cortical and cerebellar regions). The investigation re-
vealed a within-pair relationship between the in-
creased thickness of the right intraparietal sulcus and
decreased volume of the right orbital gyrus only in
females and RRBI symptoms. Researchers have
shown that structural changes related to RRBIs in
frontoparietal networks occur in females, while stria-
tal networks are more affected in males. It was sug-
gested that the autism symptoms are affected by gen-
der differences, which may be due to alterations in
brain structure (van’t Westeinde, 2019). Researchers
examined the relationship between ASD and gender
differences in high-functioning children with ASD
between the ages of 3 and 18 (n = 325, 52 females). It
was stated that there was no effect of gender on IQ
scores. Through the parental report and observation
of researchers, females were reported to exhibit fewer
RRBIs compared to their male equivalents. Teachers
reported that males with ASD have more externaliza-
tion and social problems than females (Mandy, 2012).
In a study, mutation burden analysis on correspond-
ing candidate genes using the Transmission and de
novo association test (TADA) model was performed.
Researchers collected DNMs from 5748 ASD trios
(4783 male probands and 965 female probands, 4-18
years) and 1911 control trios (900 unaffected brothers
and 1011 unaffected sisters) from published studies.
Researchers found that the prevalence of functional
delayed-non-match to sample (DNMs) was signifi-
cantly higher in women compared to men. This find-
ing suggests that a higher genetic burden should oc-
cur in women to reach a diagnosis. One hundred sev-

enty-four candidate genes (60 shared, 91 male-spe-
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cific and 23 female-specific genes) were primarily ex-
amined in the study. Sodium voltage-gated channel
alpha subunit 2 (SCN2A), an important autism-relat-
ed gene due to voltage-gated sodium channel activity
and ion channel activity, chromodomain helicase
DNA binding protein 2 (CHD2) and phosphatase
and tensin homolog (PTEN) (associated with dys-
function of estrogen dihydrotestosterone), the most
important unique male-specific gene lysine demethy-
lase 5B (KDMS5B, associated with chromatin organi-
zation and associated with recessive developmental
disorders), forkhead box protein P1 (FOXP1, another
male-specific gene associated with androgen receptor
signaling), transcription factor 4 (TCF4, the fe-
male-specific gene associated with autism and nucle-
ar regulation of androgen receptor activity) were
among the genes that were studied. It has been re-
ported that all these genes were co-expressed signifi-
cantly less in males compared to females. Analyses of
different genetic components revealed evidence to
support the protective effect of the female gender in
ASD, and the researchers stated that more studies
were needed to understand the effects of gender in
ASD (Zhang, 2020).

Thiomersal

Thiomersal is an organic mercury compound con-
taining approximately 50% ethyl mercury by weight.
The chemical structure of thiomersal is shown in
Figure 2. It has been used in some vaccines since the
1930s. The aim of the use of thiomersal in vaccines,
cosmetic products and drugs is to prevent bacterial
and fungal contamination. It is more likely to con-
front contamination, particularly in multi-dose vials
of vaccines where repeated doses are withdrawn from
the same vial (Geier, 2015).
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Figure 2. The chemical structure of thiomersal

In addition to vaccines, some cosmetic products
and drugs (creams, eye drops, etc.) also contain thio-
mersal (Fonacier & Boguniewicz, 2016). In recent
years, the presence of thiomersal in some vaccines
recommended in routine immunization, such as
hepatitis B and some influenza vaccines, has raised
some health concerns. In systematic reviews and me-
ta-analyses, mercury exposure has been associated
with neurodevelopmental diseases (Jafari, 2017; Su-
laiman, 2020; Yoshimasu, 2014). Several meta-anal-
ysis reports suggest that thiomersal exposure in in-
fancy increases the risk of neurodevelopmental dis-
orders such as ASD, ADHD and tic disorders (Dorea,
2018; Taylor, 2014; Yoshimasu, 2014). In addition, it
was suggested that exposure to mercury during the
developmental period could cause learning disorders
and behavioral abnormalities like in autism. Some
researchers indicate that early-life thiomersal expo-
sure may be an essential factor for the development
of ASD (Yassa, 2014; Pletz, 2016). There is evidence
that the effects of toxic metals on health can occur dif-
ferently in men and women due to their toxicokinet-
ics, modes of action, and sensitivity. Generally, only
male animals are used for experimental toxicologi-
cal studies. Therefore, in many studies, the effects of
gender-specific differences (such as specific hormone
interactions and mechanism of action in two differ-
ent genders) are usually neglected. Moreover, gender
differences were not seriously considered in most of
the environmental health risk assessment and toxici-
ty studies until the last decades. Today, data for men

and women are reported separately in epidemiologi-
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cal studies though they are still very few (Niedham-
mer, 2000; Vahter, 2007).

Due to the epigenetic effects of sex hormones,
differences can occur in brain function in different
genders. In recent years, human and animal studies
have revealed that gender differences in neurotoxic-
ity are more common than expected. Recognition of
gender-specific symptoms, observance of risk factors,
and knowing that gender can make the person more
vulnerable to the toxicity of certain metals and chem-
icals are extremely important for effective prevention
and treatment strategies (Patocka, 2014). Mercury
enters the environment because of the processing of
fossil fuels, compounds used in industry and agricul-
ture, and waste. The primary source for this metal is
volcanic activity. The transition from soil to plant is
limited, and trace amounts of mercury can be found
in some edible mushrooms. However, in aquatic en-
vironments, there are very high concentrations of
mercury in fish, marine mollusks and shellfish. Ex-
posure to methyl mercury often occurs by consuming
seafood, especially fish and marine mammals caught
in their natural habitats (NRC, 2000; Patocka, 2014).
There are studies showing differences in methyl mer-
cury metabolism in different genders in both humans
and experimental animals. However, the results are
contradictory. For instance, mercury analysis was
performed on human kidney cortex biopsy samples,
and three times higher concentrations were detected
in women than in men (Barregard, 1999). In animal
studies, it has been found that after mercury expo-
sure, male rats have significantly higher levels of mer-
cury in their kidneys and brains compared to female
rats. Moreover, females have been reported to elim-
inate mercury from their bodies more quickly than
males. Although urinary excretion was specified as
a more minor pathway for mercury clearance, sexu-
al differences were also reported for this elimination
route. While males excrete about 3.2% of the dose
with urine, this rate has been reported as 7.5% in fe-
males. Urinary cumulative excretion of organic Hg

accounted for 1.8% of the amount in males and 5.3%

of the amount in females (Thomas, 1986; 1987). On
the other hand, after mercury exposure, mercury lev-
els in both blood, brain and muscles were significant-
ly lower in male mice than in female mice. In contrast
mercury kidney accumulation was significantly high-
er in male mice than in female mice. Moreover, the
toxicokinetics of methyl mercury in male and female
mice was found to be markedly different (Nielsen,
1991).

In vitro and in vivo studies have shown that in-
teractions with sulfhydryl groups, microtubule de-
stabilization, changes in intracellular calcium levels,
and formation of ROS are critical mechanisms at
the onset of methyl mercury neurotoxicity (Sarafian,
1991; Fredriksson, 1993; Atchison, 1994; Daré, 2000;
Usuki, 2001; Carrillo, 1992; Borrés, 2003). It has also
been reported that estrogen can provide additional
protection against oxidative stress by inducing the
synthesis of protective molecules through the activa-
tion of estrogen receptors (Behl, 1995; Singer, 1998;
Olivieri, 2002). Therefore, the role of gender differ-
ences in chronic methyl mercury toxicity can also be

explained in part by oxidative stress.

Researchers investigated the levels of mercury
in newborns and mothers and the association be-
tween prenatal exposure to mercury and the neuro-
behavioral development of newborns in Zhoushan
City of Zhejiang Province, China. Four hundred and
eight surveys were conducted; 405 hair samples from
mothers and 406 umbilical cord samples were collect-
ed, and behavioral neurological evaluations were per-
formed on 384 newborns. In cord samples and mater-
nal hair samples, mercury levels were determined as
5.58 mg/L (range: 3.96-7.82 mg/L) and 1246.56 mg/
kg (range: 927.34-1684.67 mg/L), respectively. In 70%
of newborns, mercury levels exceeded the reference
dose (RfD = 5.8 mg/L) reported by Environmen-
tal Protection Agency (EPA). While the increase in
prenatal mercury exposure was associated with a de-
crease in behavioral ability in men, this relationship

was not observed in women (Gao, 2007).
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A comparative study was designed to evaluate
the toxicities induced by methylmercury and ethyl
mercury, as well as by their complexes with cyste-
ine in the C6 rat glioma cell line. Both of the organic
mercury compounds markedly induced cytotoxicity.
Significant cytotoxicity was also observed when cells
were treated under the same conditions with meth-
yl mercury-S-Cys and ethyl mercury-S-Cys, but the
respective EC50 values were markedly higher. L-me-
thionine significantly protected against the toxicities
induced by both complexes. However, no protective
effects of L-methionine were observed against tox-
icities of organic mercury compounds. Although it
has not been fully elucidated how methyl and ethyl
mercury enter the brain and generate its toxicity, its
high affinity for thiols and selenols is suggested to be
important in this regard (Zimmermann, 2013). It is
assumed that the transition of the methyl mercury
from the blood to the brain usually occurs by simple
diffusion (Simmons-Willis, 2002). However, some
studies have shown that this transport is in the form
of a methyl mercury-cysteine (MeHg-S-Cys) complex
with the L-type neutral amino acid carrier (LAT) sys-
tem (Clarkson, 2007; Yin, 2008). When MeHg-S-Cys
is applied in different cell lines, over-expression of
LAT-1 (an important LAT subtype) has been report-
ed to increase the uptake of mercury, the breakdown
of LAT-1 reduces MeHg-S-Cys uptake and weakens
its cytotoxicity (Simmons-Willis, 2002; Yin, 2008). In
addition, in vivo studies have shown that administra-
tion of the MeHg-S-Cys complex results in a signifi-
cant increase in mercury accumulation in the brain
(cortex and cerebellum) and liver in mice compared
to methyl mercury administration (Roos, 2010). Al-
though methyl mercury and ethyl mercury are closely
related chemically, and they both can cause similar
damage to the brain at toxic doses and thiomersal has
been shown to cause significant neurotoxicity in vitro
and in vivo, it is anticipated that ethyl mercury has a
shorter half-life compared to methyl mercury and is

metabolized to inorganic mercury faster (Barregard,
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2011). Although it was suggested that ethyl mercury
compounds did not cross the blood-brain barrier, a
systematic study on different articles in the literature
indicated that ethyl mercury compounds, including
thiomersal, can cross the blood-brain barrier and
exposure to ethyl mercury-containing compounds
(intravenously, intraperitoneally, topically, subcu-
taneously, intramuscularly, or intranasally adminis-
tered) results in accumulation of mercury in the brain
(Kern, 2020). Moreover, it was suggested that thio-
mersal crossed the barrier in both directions, with a
slight accumulation in the basolateral, brain-facing
compartment, after simultaneous incubation in both

compartments (Lohren, 2016).
Gender differences in thiomersal toxicity

There is evidence that the harmful effects of toxic
metals on health occur differently in men and women
due to toxicokinetics, mode of action and sensitivity

differences, but data are limited.

Researchers tested the assumption that exposure
to thiomersal during the perinatal period disrupts
CNS development and especially the cerebellum due
to oxidative stress. Spontaneous hypertensive (SH) or
normal Sprague-Dawley (SD) rats were given thio-
mersal (200 pug/kg) during pregnancy (between gesta-
tional days G10-G15) and lactation (P5-P10), evalu-
ation was made by researchers to determine auditory
and motor functions in male and female newborn
rats. In SH rats exposed to thiomersal, the rollover
time on P4 decreased by 59% in male offspring and
only 13% in females. Testing of auditory functions
was performed with a startle response. In SH rat pups
exposed to thiomersal, the startle response measured
on P14 decreased by 12.2% in males, not in females.
In SD rats, male offspring showing startle response
decreased by 27.8% and female offspring by 19.2%. It
has been reported that perinatal exposure to thiomer-
sal caused a significant decrease in cerebellar type-2
iodothyronine deiodinase (DIO2) activity by 60.9% in

male SH rats but not in females. The data obtained in
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the study showed that perinatal thiomersal exposure
had adverse neurodevelopmental effects that seemed
to be both strain and gender-dependent (Sulkowski,
2012). As the exposure to thiomersal was 200 pg/kg,
these levels seem to be comparable to the amount of
thiomersal received from one dose of a vaccine. How-
ever, chronic exposure to thiomersal cannot be ob-
served after vaccine application, although humans are

chronically exposed to thiomersal from other sources.

Researchers applied thiomersal via postnatal in-
jections at different doses (12, 240, 1440, 3000 pg/
kg) to young adult Wistar rats (n=4 in each group)
on postnatal days 7, 9, 11 and 15 in four equal doses.
An open field test was performed to evaluate gener-
al locomotor activity and anxiety in rats on the 30™"
day after birth. It has been reported that a significant
reduction in overall locomotor activity was observed
in all doses in thiomersal-treated male rats. A similar
effect was recorded only at the highest dose in female
rats. This finding indicated that male rats are more
prone to the neurotoxic impacts than females (OI-
czak, 2011).

CONCLUSION

Itis clearly known that females and males are quite
different in both biological and social aspects and can
react differently to the pathological and psychological
conditions they encounter. The metabolism and tox-
icity of the metals and chemicals may have different
effects on females and males depending on the en-
zymes, hormones and immune system. It can be stat-
ed that this situation is even more evident in terms
of neurotoxicity and neurodevelopment. Neurologi-
cal diseases such as ASD, which including behavioral
changes, are seen in men at a much higher frequen-
cy. However, it is unclear whether this bias is due to
physiological differences or problems in planning
studies and determining diagnostic criteria. Concerns
have increased over the last years that the criteria
used in the diagnosis of ASD do not openly include
the ASD phenotype in girls. In addition, studies on

metal exposure examine occupational exposure and

have been performed on men. This makes it difficult
to make a clear comment about females. Consider-
ing all these data, new studies should be planned, and
perhaps new criteria suitable for the phenotype in
girls should be considered for the diagnosis of ASD.
Physiatrists should provide new evaluation scales to
accurately recognize the cases that are avoided atten-
tion in girls and make the correct diagnosis. New in
vitro and in vivo test methods should be developed in
order to show how male and female brains respond
differently to different environmental chemicals or
vaccine ingredients. Recently, we have created an in
vitro test system to test how male and female neurons
respond differently to thiomersal. This system can
also be used for future research to investigate the tox-
ic effects of mercury compounds in different genders
(Erdemli-Kose, 2021).

The concern that thiomersal exposure may lead to
ASD has caused hazardous consequences such as vac-
cine hesitancy and rejection. We have observed that
vaccine rejection has caused an unending COVID-19
pandemic, and the world has experienced extraor-
dinary economic and spiritual collapses. Although
childhood vaccines used in USA and Turkey do not
contain thiomersal as a preservative, parents may
still be hesitant, and they may prevent their children
from getting the necessary childhood vaccination. If
vaccine hesitancy or rejection spreads in a wave, the
immunization processes of the population will be sig-
nificantly disrupted. There are not any studies in the
literature that suggest ASD is entirely associated with
thiomersal exposure. Therefore, more studies that are
mechanistic are needed to clarify the association be-
tween thiomersal exposure and neurological condi-
tions like ASD.
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Biyoparcalanir Dogal ve Sentetik Polimerlerin Yara

Ortiilerinde Kullanimi

Siimeyra PANCUR’, Erem BILENSOY *, Sema CALIS **

Use of Biodegradable Natural and Synthetic Polymers in
Wound Dressing

SUMMARY

Wound healing is an extremely complex process consists of hemostasis,
inflammation, cell proliferation and scar tissue remodeling phases.
Delay or disruption of this process causes not only important health
problems which impair the quality of patienss’ life bur also a socio-
economic burden for health systems. Thus various wound dressing
designs are being developed that can meet the needs for different
wound types and healing phases in order ro ensure effective wound
management. Natural or synthetic biodegradable polymers with
adaptable flexible properties are considered as alternative biomaterials
Jor wound healing applications. While natural polymers are
preferred due to their biocompatibility, similarity to the extracellular
matrix and cellular interactions, synthetic degradable polymers are
widely used because of their low immunogenicity and ability to be
synthesized in line with determined specifications. Wound dressings
made of biodegradable polymers do not require a second procedure
Jor removal. Also minimizing contact with the wound area in
the treatment reduces the risk of infection and increases patient
compliance. Polymeric wound dressings which play an active role
in wound healing by keeping the wound environment moist and
preventing the formation of microbial biofilms, could be in alginate,
hydrogel or hydrocolloid structure, film or foam form. Alo there
are tissue engineering products made of polymeric scaffolds which
keratinocytes and fibroblast cells are cultured on. In this article, the
properties of biodegradable polymers used in wound dressings and
their role in wound healing are summarized; ffilm, foam, hydrogel,
hydrocolloid, alginate dressings and tissue engineered skin substitutes
are reviewed and commercialized biodegradable polymeric wound
dressings have been mentioned.

Key Words: Wound healing, wound management, biodegradable
polymers, natural and synthetic polymers, bioactive wound dressings.

Biyopargalansr Dogal ve Sentetik Polimerlerin Yara Ortiilerinde
Kullanim:

0z

Yara iyilesmesi; hemostaz, enflamasyon, hiicre ¢ogalmas: ve skar
dokusunun  yeniden  sekillendirilmesi agamalarimdan  olugan son
derece karmagik bir siirectir. Bu siirecin gecikmesi ya da bozulmas:,
hastalarin yagam kalitesini diigiiverek onemli saglik sorunlarina yol
agmanin yani sira, saglk sistemleri igin de sosyo-ekonomik bir yiik
getirmektedir. Bu nedenle, etkili yara iyilesme siivecinin saglanabilmesi
igin farkls yara tiplerine ve iyilesme fazlarna yonelik ibtiyag duynlan
gereksinimleri  karsilayabilecek  cesitli  yara  ortiisii - tasarimlar:
gelistirilmektedir. Uyarlanabilen esnck ozelliklere sabip, dogal ya da
sentetik biyoparcalanir /)o/z‘merler ise yara iyilestirme wygulamalar:
igin alternatif biyomalzemeler olarak degerlendirilmektedir. Dogal
polimerler  biyouyumluluklars, ekstraseliiler matrikse benzerlikleri
ve hiicresel etkilesimleri nedeniyle tercibh  edilmekteyken sentetik
parcalanir polimerler diigiik immiinojenite gistermeleri ve belirlenen
spesifikasyonlar dogrultusunda Sentezlﬁnebz'/me sistiinliikleri agisindan
yaygin olarak kullanilmaktadsyr.  Biyoparcalanabilir dogal ya da
sentetik polimerlerden iiretilen yara ortiilerinin ¢ikardmalar: icin
ikinci bir islem gerckmemekte, tedavide yara bolgesiyle temasin en
aza indirgenmesi enfeksiyon riskini de azaltmakta ve hasta uyuncunu
artirmaktadyr. Yara cevresini nemli tutarak yara iyilesmesinde
aktif bir rol oynayan, mikrobiyal biyofilmlerin olusmasini onleyen
polimerik yara ortilleri aljinat, hidrojel ya da hidrokolloid yapida,
Jfilm ya da kipiik formunda hazzrlanabi[;/nektedin ayrica, keratinosit
ve fibroblast hiicrelerinin kiiltiire edildigi polimerik iskelelerden olusan
doku miihendisligi viriinleri de bulunmaktadsr. Bu makalede, yara
ortiilerinde kullanilan biyoparcalansr polimerlerin ozellikleri ve yara
iyilesmesindeki rolleri ozetlenmekte,  biyoparcalanir  polimerlerden
sretilen film, kopiik, hidrojel.., hidrokolloid, aljinat yara ortiileri
ve doku miihendisligi iiriinleri, deri ikameleri, incelenmekte ve
ticarilestirilmis drneklerine yer verilmekzedir.

Anabtar kelimeler: Yara iyilesmesi, yara tedavisi, biyoparcalanir
polimerler, dogal ve sentetik polimerler, biyoaktif yara ortiileri.
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GIRiS

Yara; fiziksel, termal ya da kimyasal etkenler so-
nucunda veya altta yatan fizyolojik bir durumun var-
liginda ciltteki, i¢ organlardaki normal anatomik bii-

tiinliigiin ve fonksiyonun bozulmast olarak tanimlan-
maktadir (Dhivya ve ark., 2015; Mayet ve ark., 2014).

Yara iyilesmesi doku hasarinin meydana geldigi
andan itibaren baslayan; doku biitiinliigtinii ve ho-
meostazi yeniden saglamak, aktive ve koordine et-
mek i¢in cesitli hiicre tiplerini (bagisiklik hiicreleri,
endotelyal hiicreler, keratinositler ve fibroblastlar) ve
yolaklarini igeren dinamik ve karmagik bir fizyolojik
stirectir. Birbiriyle i¢ ice gecen 4 farkli asamadan olu-
sur; i) koagiilasyon ve hemostaz fazini (ii) enflamas-
yon (iii) yeni dokularin ve kan damarlarinin olustugu
proliferasyon ve (iv) yeni dokularin yeniden sekillen-
dirilmesinin gergeklestigi matiirasyon fazlar1 izler.
Stirecin gecikmesi ya da bozulmasi uzun stireli ve as1-
r1 enflamasyona, kalic1 enfeksiyonlara, ilaca direngli
mikrobiyal biyofilmlerin olusmasina ve dermal/epi-
dermal hiicrelerin onarici uyaranlara yanit vermeme-
sine neden olmaktadir (Summa ve ark., 2018). Etkili
yara yonetiminin saglanamadigi durumlarda anormal
yara iyilesmesi (keloid, hipertrofik skar olusumu vb.)
goriilebilir, yara akut fazdan kronik faza gegebilir. Iyi-
lesmeyen yaralarin, yasam kalitesini diisiiren 6nemli
saglik sorunlarina yol agmasinin yani sira saglik sis-
temleri i¢in sosyo-ekonomik bir yiik getirdigi belirtil-
mektedir (Man ve Hoskins, 2020).

1962’nin ortalarina kadar énem verilmeyen yara
iyilestirme aragtirmalari, Winter'in (1962) tasarladi-
¢1 yara filminin ya da “6rtiisii’niin, domuz derisinde
gelistirilmis yara modelinde epitelizasyon hizini, agik
kalan yaraya gore iki kat artirdigini ortaya koydugu
¢ig1r agan ¢aligmasinin ardindan hiz kazanmstir (Ka-

moun ve ark., 2017).

Daha once yara yonetiminde farkli derecelerde

absorpsiyon kapasitesine sahip dogal ya da sentetik
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bandajlar, hidrofil pamuk, gazli bezler ve sargi bez-
leri, yara eksiidasinin (sivisinin) buharlagmasina izin
vererek yarayl kuru tutmak ve bakterilerin neden
olabilecegi enfeksiyonlardan yara bolgesini korumak
i¢in kullanilmaktayken artik epitel hiicrelerinin ha-
reket etmesine izin veren, yara gevresini nemli tutan,
oksijen sirkiilasyonunu saglayan ve bakteriyel yiikii
azaltan interaktif ve biyoaktif yara 6rtiileri klinikte yer
almaktadir (Boateng ve ark., 2008).

Hem akut hem de kronik yaralarin iyilesmesin-
de destekleyici, aktif bir rol oynayan biyopargalanir,
biyouyumlu, geligmis terapétik yara iyilestirme tasa-
rimlart ise yeni nesil yara bakimu igin ihtiya¢ duyulan
gereksinimleri kargilamakta ve umut verici bir yakla-

sim1 temsil etmektedir (Summa ve ark., 2018).

Fonksiyonlarini tamamladiktan sonra implantas-
yon bélgesinde in vivo olarak pargalanan ve resorpsi-
yona ugrayarak biyolojik sistemden uzaklastirilan po-
limerlerin biyomalzemelerde kullanilmasi, revizyon
cerrahisini ve buna bagl olarak gelisebilen enfeksiyon
riskini ortadan kaldirmaktadir. Cikarilmasi gereken
bazi yara ortiilerinde goriildigii gibi yeni olusan cilt
katmanlarinin tipik “kopmasi” meydana gelmez ve
kozmetik a¢idan daha iyi sonuglar elde edilir. Doku
reaksiyonu ve enflamatuvar yanit biyoparcalanmayan
sistemlerle kargilastirildiginda tartisihir diizeydedir.
Bununla birlikte hasta konforu ve uyuncu saglanmak-
tadir (Anju ve ark., 2020; Las Heras ve ark., 2020).

Bu makalede; yara ortiilerinde kullanilan biyopar-
galanir polimerler 6zetlenecek, piyasadaki biyopar-
galanir polimerlerden dretilen film, kopiik, aljinat,
hidrojel, hidrokolloid yara ortiilerinin 6zelliklerine
ve yara iyilestirmedeki rollerine yer verilecek, ayrica,

doku miithendisligi iirtinleri iizerinde de durulacaktir.
YARA IYILESMESI

Yaralanmay: izleyen siirecte yara iyilesmesi, ko-
ordineli bir sekilde gerceklesen ve kismen birbiri ile

ortiisen fazlardan meydana gelir (Sekil 1., Sekil 2.)


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/keratinocyte
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/physiological-process
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/physiological-process
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ENFLAMASYON:

1. Hemostaz :
2. Notrofil, monosit, :
lenfosit infiltrasyonu:

. 1. Re-epitelizasyon

: 2. Anjiyogenez

. 3. Kolajen sentezi

. 4. Ekstraseliiler matriks olusumu

0. giin 13, giin

1 15. giin

1. Kolajen liflerinin yeniden gekillenmesi
2. Vaskiiler olgunlagma ve gerileme

Sekil 1. Yara iyilesme fazlarinin zaman ¢izelgesi. BioRender.com ile olugturuldu.

A. Hemostaz B. Enflamasyon C. Proliferasyon D. Matiirasyon
Epidermis Yara
kabugu
/ itel hii i = Skar
Yara \ Epitel htierelerin £ - P =
o Kan < » % gresycant proliferasyonu ~ = Granlasyon
s ‘ Makrofaj —# \ A dokusu —

Niotrofil— 4 ~—— Fibroblast -

Sekil 2. Yara iyilesmesinin sematik olarak gosterimi. BioRender.com ile olusturuldu.

Hemostaz, baglangi¢ asamasini olusturur ve kana-
manin kontrol altina alinmasi igin vazokonstriksiyon
ve koagiilasyon sisteminin aktivasyonu gergeklesir.
Trombosit kaynakli bityiime faktorii (PDGF), doniis-
tiriicii biytime faktorii beta (TGF-) ve epidermal
hiicre proliferasyonunu uyaran epidermal bilyiime
faktorii (EGF) salgilanir (Broughton ve ark., 2006).
Enflamatuvar faz ve fibroblast proliferasyonu gibi
yara iyilesmesinin farkli basamaklarinda rol oynayan
graniilosit makrofaj koloni stimule edici faktor de
(GM-CSF) keratinositler, endotel hiicreleri ve 16kosit-

ler tarafindan iretilir (Memisoglu ve ark. 1997).

Kanama kontrol altina alindiginda, 2-4 saat igeri-
sinde enflamatuvar hiicrelerin yara bélgesine infilt-
rasyonu izlenir. Notrofiller yara bolgesindeki istilact

mikroorganizmalar1 ve hiicresel kalintilari temizler-

ken daha fazla hasara neden olabilecek proteazlar ve
reaktif oksijen tiirleri (ROS) tiretebilirler. Makrofajlar,
yara iyilesmesinin ilerlemesi i¢in gorevlerini tamam-
layarak apoptoza ugrayan nétrofillerin de dahil oldu-
gu apoptotik cisimleri fagosite ederler ve doku reje-
nerasyonunu desteklemek i¢in keratinositleri, fibrob-
lastlar1 ve anjiyogenezi uyarirlar. T-lenfositler, mak-
rofajlardan sonra yara bélgesine go¢ ederler ve geg
proliferasyon/erken matiirasyon fazinda pik yaparlar
(Guo ve DiPietro, 2010; Memisoglu ve ark. 1998).
CD4+ hiicreleri (T-yardimei hiicreleri) maksimum
hizda yara kapanmasini saglayarak yara iyilesmesinde

olumlu bir rol oynar (Boyce ve ark., 2000).

Enflamasyon fazini takip eden proliferasyon fazi
epitelizasyon, anjiyogenez, graniilasyon dokusunun

olusumu ve kolajen birikimiyle karakterizedir. Yara
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yiizeyi boyunca keratinositler migrasyon ve ¢ogal-
ma gosterir. Vaskiiler endotelyal biiytime faktorii
(VEGF), yeni kan damarlarinin gelisimini uyarir. Fib-
roblastlar, kolajen biyosentezini ve kolajen lifleri ara-
sindaki ¢apraz baglanma derecesini organize ederek
yaranin gerilme giiciinii belirler. Ayrica, graniilasyon
dokusunun kritik unsurlar1 olan elastin tiretiminden
ve ekstraseliiler matriksin (ESM) olusumundan so-
rumludur (Janis ve Harrison, 2014; Gantwerker ve
Hom, 2012).

Yara agikliginin kapanmasiyla birlikte, yillarca sii-
rebilen ve cilt dokusunun olgunlagmasini igeren re-
modelizasyon fazi baslar. Kilcal damarlarin gelisimi
durur ve vaskiiler yogunluk normale déner. Yaranin
yeniden sekillenmesi ilerledik¢e daha siki yapidaki tip
I kolajen, graniilasyon dokusundaki tip III kolajenin
yerini alir. Bu siireg, eszamanli olarak gerceklesen tip
I kolajen sentezi ve tip III kolajen lizizinin bir sonu-
cudur ve bunu ESM’nin modifikasyonu izlemektedir
(Rodrigues ve ark., 2019).

YARA IYILESMESINI ETKILEYEN FAKTOR-
LER

Yara iyilesmesinde biyolojik sistemler arasindaki
bu koordineli etkilegimler gesitli sistemik ve lokal fak-
torlerden etkilenir. Venoz yetmezlik, enfeksiyon, 6lii
veya nekrotik dokularin varligy, tekrarlayan travmalar
ve hipoksi gibi lokal faktorler iyilesme siiresini uza-
tabilir. Bireyin hastalik durumuyla birlikte kullanilan
ilaglar, yas, cinsiyet, hormonlar, stres ve beslenme ise
yara iyilesmesini etkileyen sistemik faktorler arasinda
gosterilmektedir. (Guo ve DiPietro, 2010).

Doku hasarinin siddetli ya da kronik oldugu ve
hem parankimal hiicrelerin hem de dokunun stromal
cercevesinin zarar gordiigii durumlarda iyilesme re-
jenerasyon (kaybedilen doku bilesenlerinin ayni se-
kilde tekrar kazanilmasi) ile gerceklestirilemeyebilir.
Bu kosullar altinda ana iyilesme siirecinde yara, ko-
lajen ve diger ESM bilesenlerinin birikmesiyle ona-
rilir. Onarim, bir dokuyu eski haline getirmektense
“yamalayan” fibroproliferatif bir yanittir ve agir1 mik-
tarda kolajen birikimi hipertrofik skar ya da keloid

olusmasina neden olmaktadir. Hipertrofik skarlarin
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ve keloidlerin tedavisi zordur ve meydana gelmeden
onlenmeleri en iyi tedavi yaklagimi olarak kabul edil-
mektedir. Bu nedenle yara yonetiminin amaci, yaray1
en az skar olusumu ile miimkiin olan en kisa siirede

iyilestirmektir (Karakas ve ark., 2012).

YARA TEDAVISINDE KULLANILAN YARA
ORTULERI

Yara Ortiileri; bitkilerin, hayvan yaglarinin, balin
yara ylizeyine ham uygulamalarindan doku miihen-
disligi ile tiretilen yap: iskelelerinin yara bakiminda
kullanilmasina kadar yillar icerisinde gelistirilmistir.
Yara gevresi temizliginin 6neminin farkina varilmasi
ve cerrahideki iyi aseptik uygulamalar1 yara yoneti-
minde kullanilan malzemelerin de degismesine yol
agmistir Giintimiizde yara iyilesmesini desteklemek
amaciyla yara ¢evresinin nemli tutulmasinda, biiyii-
me faktorlerinin yara bolgesine uygulanmasinda, vi-
taminlerin ve antibakteriyel 6zellik gosteren madde-
lerin kontrollii saliminin saglanmasinda ve iyilesmesi
zor olan kronik yaralar i¢in hiicre ve doku yenilenme-
sine yardimci olmasi hedeflenen daha gelismis uygu-
lamalarda dogal ve sentetik polimerler kullanilmakta-
dir (Boateng ve ark., 2008). Sekillendirilebilir polimer
kimyasi, ihtiyaglar dogrultusunda istenilen mekanik
ve fiziksel oOzelliklere sahip malzemelerin tiretilebil-
mesine olanak tanimaktadir. Medikal teknolojideki
glincel yaklagim ise biyopar¢alanmayan polimerlerin
yerine biyoparcalanir polimerleri koyma egiliminde-
dir (Anju ve ark., 2020; Ulery ve ark., 2011).

Kasim 1999da yara ortiilerinin tanimlanmasini
ve siniflandirilmasini yaymlayan Amerikan Gida ve
[lag Dairesi (FDA); i) harici kullanim i¢in resorbe ol-
mayan gazl bez/slinger yara ortiilerini, ii) hidrofilik
yara Ortiilerini, iii) okliizif yara ortiilerini ve iv) hid-
rojel yanik ve yara Ortiilerini sinif I tibbi cihaz olarak
degerlendirmekteyken normal yara iyilesme siirecini
hizlandirmayi, tam kalinlikta deri greftlerinin yerini
alabilmeyi (6r., yapay deri ikameleri) veya tam kalin-
liktaki (3. derece) yaniklar: tedavi etmeyi amaglayan
yara Ortiilerini sinif IIT tibbi cihaz kategorisinde tut-
maktadir (FDA, 2016).
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Tasarimlarinda kanamay1 durdurma, enfeksiyonu
azaltma, yara eksiidasini absorplayabilme, debridma-
n1 destekleme, kullanim kolaylig1 saglama, biyolojik
olarak parcalanabilme, kolay sterilize edilebilme, tok-
sik olmama, iyi su buhar1 ve gaz gecirgenligine sahip
olma gibi ozelliklerin géz 6niinde bulunduruldugu
yara Ortiileri; pasif yara ortiileri, interaktif yara ortiile-
ri, biyoaktif yara ortiileri olarak siniflandirilmaktadir
(Sezer ve Cevher, 2011).

Pasif yara ortiileri, gazli bez ya da sarg: bezi gibi,
yara tedavisinde yaranin {izerini kapatarak dis ortam-
la temasini engelleyen, kanamay1 kontrol eden ve yara
ekstidasinin buharlagmasina izin vererek yaray1 kuru
tutan iiriinleri kapsamaktadir. Interaktif yara ortii-
leri ise pasif yara Ortiilerinin aksine, yara ¢evresinde
nemli ortam saglayarak re-epitelizasyonu iyilestiren,
su buhar1 ve gaz gecirgenligi olan ve mikrobiyal en-
feksiyonlara kars1 bariyer gorevi goren iyi mekanik
ozelliklere sahip iiriinlerdir. Biyoaktif yara ortiileri,
doku mithendisligi iriinlerini de icermekte ve normal
yara iyilesme siirecinde ve yeni doku olusumunda rol
oynamaktadir. Ayrica yara Ortiileri, yaradaki islevle-
rine (debridman, antibakteriyel, okliizif, absorban,
adezif), tretimlerinde kullanilan materyale (hidro-
kolloid, aljinat, kolajen) ve formlarina (merhem, film,
kopiik, jel) gore de gruplandirilabilir (Boateng ve ark.,
2008; Alven ve ark., 2020).

[lerleyen boliimde biyoparcalanir polimerlerden iire-
tilen film, kopiik, hidrokolloid, aljinat ve hidrojel yara
ortiilerine yer verilmekte ve Tablo I'de de tstinliikleri,

sakincalar1 ve klinikteki kullanimlar: 6zetlenmektedir.

YARA ORTULERINDE KULLANILAN BiYO-
PARCALANABILIR POLIMERLER

Biyoparcalanma terimi tipik olarak pargalanma-
nin biyolojik varliklari ve ortamlari igerdigi durum-
lar i¢in kullanilmaktadir. Viicut swvilari, hiicresel
aktiviteler, enzimatik reaksiyonlar gibi faktorlerle in
vivo olarak parcalanabilen polimerlerin, biyouyumlu
pargalanma triinlerine sahip olmalar1 ve pargalanma
drinlerinin resorpsiyona ugrayarak biyolojik sistem-
den uzaklastirilabilmeleri gerekir (Tuncay ve Calis,

1999). Materyalin parcalanma siiresi, iyilesme veya

rejenerasyon siireciyle senkronize olmali, pargalan-
mayla materyalin mekanik 6zelliklerinde meydana
gelen degisiklikler iyilesme veya rejenerasyon siireci-

ni etkilememelidir (Nair ve Laurencin, 2007).

Biyopargalanir dogal polimerik yara ortiilerinin
tasariminda alginat, kolajen, dekstran, hyaluronik
asit, jelatin gibi polimerler kullanilirken biyopargala-
nir sentetik polimerik yara ortiileri bunlarla sinirli ol-
mamakla birlikte poli(laktik asit) (PLA), poli(laktik-
ko-glikolik asit) (PLGA), poli(glikolik asit) (PGA),
poli(e-kaprolakton) (PCL) ve poliiiretan polimerleri-
ni icermektedir (Mir ve ark., 2018).

Yara ortiilerinde kullanilan biyoparcalanabilir

dogal polimerler

Biyouyumluluklars, biyopargalanabilirlikleri,
ESM’ye benzerlikleri ve iyilesme yanitin1 koordine
eden hiicrelerle etkilesimleri nedeniyle dogal poli-
merler, yara mikro-gevresini daha iyi taklit etmek
ayrica yapisal ve fonksiyonel iyilesmeyi uyarmak icin
cilt yenilenmesinde ve doku onariminda siklikla kul-
lanilmaktadir. Antibakteriyel, antienflamatuvar, nem-
lendirici ya da hemostatik 6zelliklere de sahip olabi-
len dogal polimerlerin sayisiz tstiinligi bulunmak-
tadir (Mogosanu ve Grumezescu, 2014; Gruppuso ve

ark. 2021).

Ancak bu gruptaki polimerlerin biiyiik 6lgekteki
ticari tiretim i¢in sinirli olmalari, kaynaga bagli olarak
varyasyonlarinin bulunmasi, mekanik 6zelliklerinin
ve degradasyon hizlarinin kontrol edilmesinin gii¢ ol-
mast ve saflastirilmalarindaki zorluk sakincalar: ola-
rak gosterilmektedir. Immiinolojik yanit olusturma ve
mikrobiyal yiik tasima riskleri de goz ardi edileme-
mektedir (Song ve ark., 2018; Tuncay ve Calis, 1999).
Bunlarin yani sira kitosan, kolajen, jelatin gibi poli-
merlerin hayvan doku bilesenlerinden elde edilmesi
etik acidan degerlendirilmesi gereken bir durumdur
(Phelan ve Council, 2019).

Kolajen

Kolajen, tekrarlayan aminoasit dizilerinden olu-
san proteinlerin iiglii sarmal yapisidir. Son derece di-
namiktir, gerekli fizyolojik islevler igin siirekli olarak

yeniden sekillenmektedir. ESM’nin ana bilesenidir ve
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yara iyilesme siirecinde pihtilagmanin indiiklenme-
sinden yara izinin olusumuna ve gériiniimiine kadar
rol oynamaktadir (Song ve ark., 2018; Arif ve ark.,
2021). Yaralanmayi takip eden enflamatuvar fazda,
kolajenin degradasyonu sonucu olusan Arg-Gly-Asp
(RGD) tripeptidi makrofajlar i¢in kemotaktik, fibrob-
lastlar icinse mitojeniktir ve graniilasyon dokusunun
olusumunu desteklemektedir (Bellis, 2011).

Genellikle, sigir veya domuz derisi ve tendonla-
rindan elde edilmektedir; ancak hayvansal kaynakl
kolajenin saflastirilmas: icin yiiksek maliyet gerek-
tirmesi, degigen fizikokimyasal ve parcalanma profili
ve bulasic1 hastalik etkenlerini tagima riskine kars:
aragtirmalar, rekombinant insan kolajeni iiretebilen

sistemler {izerine yonelmektedir (An ve ark., 2014).

Doku mithendisligi uygulamalarinda cilt yapisina
benzer modeller olusturmak amaciyla kullanilmakta-
dir. Piyasada siinger, film ve hidrojel formlarinda bu-
lunan kolajen yara 6rtiilerinin ti¢iincii derece yaniklar
ve kuru yaralar i¢in kontrendike oldugu ayrica anti-
mikrobiyal aktivite gostermedigi de belirtilmektedir
(Sahana ve Rekha, 2018).

Aljinat

Kahverengi alglerin (Macrocystis pyrifera, La-
minaria hyperborea, Ascophyllum nodosum) hiicre
duvarlarinda dogal olarak bulunan anyonik bir poli-
sakkarittir. Aljinik asit ve tuzlariin yani sira aljinik
asit tlirevleri de “aljinat” olarak adlandirilmaktadir.
B-D(1-4)-mannuronikasit (M) ve a-L(1-4)-guluronik
asit (G) monomerlerinden olusur. M-bloklarinin ve
G-bloklarinin yinelenmesiyle (MMMGGG) diblok
kopolimer yapisinda olabilecegi gibi MG-bloklarinin
tekrarlamastyla (MGMGMG) ardisik kopolimer yapi-
sinda da olabilir. M ve G bloklarinin dagilim paterni,
polimerin viskozitesini, jel olusturma kapasitesini ve
siv1 absorplayabilme yetenegini etkilemektedir (Sze-
kalska ve ark., 2016).

Biyouyumlu olmasi, hemostatik etki gostermesi,
uygun maliyet gerektirmesi, iki degerlikli katyonlarin
(Ca*) varliginda iyon degisimiyle yara ytizeyinde hid-
rojel olusturarak yara iyilesmesi i¢in gerekli olan nemi
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saglamasi ve yiiksek derecede su/viicut sivilarini ab-
sorplayabilme kapasitesi nedeniyle yara ortiilerinin tire-
tilmesinde yaygin olarak kullanilmaktadir (Cai ve ark.,
2018).

Kitosan

Kitosan, deniz kabuklularinin dis iskeletinde
bulunan kitinin N-deasetilasyonu ile elde edilen,
B-1,4-bagli D-glukozamin (GIcN) ve N-asetil-D-
glukozamin (GIcNAc) monomerlerinin farkli oran-
larindan olusan lineer yapida, polikatyonik bir ami-
nopolisakkarittir (Colobatiu ve ark., 2019). N-asetil-
D-glukozamin birimlerinin, polimerin toplam birim
sayisina (D-glukozamin ve N-asetil-D-glukozamin
birimleri) orani kitosanin “asetilasyon derecesi’ni
belirlemektedir. Deasetilasyon reaksiyonunun kogul-
lar1 degistirilerek farkli asetilasyon derecesine sahip
polimerlerin tretimi saglanabilmektedir. Asetilasyon
derecesi, kitosanin ¢oziiniirliigiind, kristalligini, yik
yogunlugunu ve enzimatik bozunma hizini etkileyen
bir parametre olarak kabul edilir (Lim ve ark., 2008).
Keratinositlerin ve fibroblastlarin adezyonunun ve
proliferasyonunun asetilasyon derecesinden etkilen-
digi de bildirilmektedir (Cakmak ve ark., 2009).

Yapisinda bulunan amin (-NH,) ve hidroksil (-OH)
fonksiyonel gruplarinin ¢apraz baglama maddeleriyle
reaksiyonu sonucu farkl ozellikler kazandirilabil-
mekte, amin gruplarinin, pH 6,3’tin altinda amon-
yum gruplarina doniismesinden yararlanilarak pH’ya
duyarli malzemeler tretilebilmektedir (Pella ve ark.,
2018). Bunlarin yan1 sira, kitosanin antitrombojenik
ozellikler sunan hemostatik bir madde gibi davranma-
s1, viral ve bakteriyel enfeksiyonlara kars: konagin ba-
gis1klik sistemini uyarmasi, disiik toksisite gostermesi
(Cakmak ve ark., 2009), giiglii adezif 6zelligi, film olus-
turma kapasitesi de yara iyilestirmede genis bir uygula-

ma alani saglamaktadir (Huang ve Fu, 2010).
Hyaliironik Asit

ESM’nin yapisinda bulunan hyaliironik asit,
D-glukuronik asit ve N-asetil-D-glukozamin birimle-
rinden olusan, in vivo molekiiler agirlig1 2x10*-1x108

Dalton arasinda degisebilen lineer bir glikozaminog-
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likandir. Fizyolojik pHda, hyaliironan veya hyaliiro-
nat olarak adlandirilan tuz formundadir (Fallacara ve
ark., 2018).

Molekiil agirlig1 biyolojik fonksiyonlarini etkileyen
temel faktordiir ve yapisi, farkli molekiiler agirliklar-
da tretilebilmesine olanak tanimaktadir. Diigitk mo-
lekiiler agirliktaki hyaliironik asit pro-anjiyogeniktir
ve ESM’nin yeniden sekillenmesinde yer alan bitytiime
faktorlerinin yani sira pro-enflamatuvar sitokinlerin
salimini da uyarmaktadir. Yiiksek molekiiler agirlik-
taki hyaliironik asit ise enflamatuvar hiicrelerin mig-
rasyonunu ve enflamatuvar sitokinlerin seviyesini
kontrol ederek antienflamatuvar etki gostermektedir.
Icerdigi karboksil ve hidroksil gruplari, hyaliironik
asidin hidrofilik 6zellikte olmasini, yara eksiidasini
absorbe etmesini ve hiicre adezyonunu giiglendir-
mesini saglamaktadir (Graga ve ark., 2020). Ayrica,
yiiksek higroskopikligi sayesinde doku hidrasyonunu
diizenlemede kilit bir rol oynadig1 belirtilmektedir
(Longinotti, 2014).

Jelatin

Kolajenin asit ya da alkali hidrolizinden tiiretilen
tek sarmall1 bir protein olan jelatin kolaylikla degradas-
yona ugrayabilmektedir. B tipi jelatin iyi biyouyumlu-
luk 6zellikleri gosterirken A tipi jelatin viskoz ¢ozeltiler
olusturmaktadir (Arif ve ark., 2021). Jelatinin mekanik
ve termal Ozellikleri, ¢apraz baglanma derecesine, ko-
lajen kaynagina ve ekstraksiyon yontemine bagli olarak
degisebilmektedir (Song ve ark., 2018).

Icerdigi peptit dizileri hiicrelerdeki integrin resep-
torlerinin taninmasini saglayarak hiicrelerin adezyo-
nunu destekler. Ayrica, cildin yenilenmesi i¢in gerekli
olan nanolif yapilar1 olusturma egilimindedir. Nano-
lifler, genis spesifik ylizey alanina, yiiksek gozeneklili-
ge ve iyi gecirgenlige sahip olmalari nedeniyle ESM’yi
taklit edebilir (Zheng ve ark. 2018). Doku miithendis-
liginde yap: iskele bileseni olarak kullanilan jelatin,
iskelelerde hiicrelerin migrasyonunu, yayilmasini ve
proliferasyonunu 6nemli olgiide iyilestirmektedir.
Degradasyon kinetigi ve jellesme 6zellikleri ise ilag
tagtyict sistemlerin gelistirilmesinde ¢ok yonliiliik
sunmaktadir (Su ve Wang, 2015).

Dekstran

Dekstran, a-1,6-bagli D-glukoz monomerlerin-
den olusan dalli yapida bir polisakkarittir. Toksik
olmamasi, degistirilebilir fonksiyonel gruplarinin
bulunmasi ve kanitlanms klinik giivenliligiyle doku
mithendisligi alaninda yapilan ¢aligmalarda dikkat
¢ekmektedir (Zhao ve Jalili, 2022).

Bityiime faktorii salgilanmasini ve hiicre prolife-
rasyonunu uyaran fibroblastlar tizerindeki spesifik
glukan reseptorleri ile etkilesir bu nedenle biyouyum-
lulugu, biyoparcalanbilirligi ve hidrofilisitesinin yani
sira yara tedavisinde ESMdeki glikozaminoglikanla-
rin bir analogu olarak da kabul edilir (Gruppuso ve
ark., 2021). Kullanildiklar1 yara 6rtiisii tasarimlarinda
su buhari iletimini ve sisme kapasitesini artirdiklar:
(Kamoun ve ark., 2017), endotel hiicrelerinin yara
bolgesine migrasyonunu kolaylastirdiklar: ve tedavi
sirasinda hizli neovaskiilarizasyonu destekledikleri
belirtilmektedir (Sun ve ark., 2011).

Yara ortiilerinde kullanilan biyopargalanir sen-

tetik polimerler

Sentetik parcalanir polimerler ise dogal polimer-
lere gore diisitk immunojeniteye sahiptir. Belirlenen
spesifikasyonlar (molekiil biiylikligt, yiik, hidro-
fobisite ve ila¢ yiikleme kapasitesi) dogrultusunda
sentezlenebilmeleri, seriden seriye tekdiizeligin sag-
lanabilmesi (Vaid ve ark., 2020), hazirlik ve saklama
stiresince mekanik dayanikliliklarini koruyabilmeleri
sentetik polimerlerin Gstiinliikleri arasinda sayilmak-
tadir.

Ancak hiicresel etkilesimleri desteklemediklerin-
den daha uzun iyilesme siiresi gerekebilir. Parcalanma
triinlerinin toksisitesi degerlendirilmelidir. Kot bi-
youyumluluk gosterebilirler bu da ciddi enflamatuvar
yanitlarin olugsmasina neden olabilir (Gruppuso ve
ark., 2021).

Poliesterler

Viicuttan atilabilmeleri i¢in molekiil agirhiklarinin
ortalama 50.000 Daltondan az olmas: gereken polies-
ter grubu polimerler diisiik toksisite gosterirler (Ulery
ve ark. 2011). FDA tarafindan onayli poliesterler PLA,
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PGA, poli(hidroksi biitirat) (PHB) ve PCL ticari ola-
rak kolaylikla temin edilebilmekte ve biyomedikal uy-
gulamalarda yaygin olarak kullanilmaktadir. Baslan-
gi¢ materyali olarak FDA onayli polimerlerin tercih
edilmesi, daha hizli bir pazara ¢ikma olanag: sagla-
maktadir (Arif ve ark. 2021).

Poliesterlerin fizyolojik sistemlerde sisme davra-
niglarini etkileyen hidrofobik profilleri, PGA harig
olmak {izere, tibbi uygulamalarda bir sakinca olus-
turmaktadir. Cogu poliesterin yiizey enerjisi, hid-
rofilik olmayan karakterlerinin bir sonucu olarak
oldukea distiktiir, bu da zor islanabilirlige ve yavag
parcalanmaya neden olmaktadir. Zor 1slanabilirlik
ise biyouyumlulugu olumsuz yonde etkilerken imp-
lant materyali ile canli doku arasinda da yetersiz et-
kilesime yol agmaktadir. PGA, bulk erozyonla viicut
tarafindan metabolize edilebilen ve idrarla atilabilen
ya da Krebs dongiisiinde karbondioksit ve suya do-
niigtiiriilebilen glisin ve glikolik asite pargalanir. Bu
nedenle immiin ya da toksik yanit olusturmasi bek-
lenmez ancak par¢alanma hizi yiiksek oldugunda or-
taya ¢ikan asidik parcalanma tirtinleri kullanimlarini
kasitlar. Metil gruplarinin varligi nedeniyle PGAdan
daha hidrofobik olan PLA, daha yavas bir parcalan-
ma hizina sahiptir. Glikolik asidin aksine laktik asidin
optik olarak aktif iki formu (L-laktik asit ve D-laktik
asit) bulunmaktadir. Optik olarak aktif monomer-
lerin polimerizasyonuyla poli(L-laktik asit) (PLLA)
veya poli(D-laktik asit) (PDLA) elde edilmektedir.
PLLA molekiiler agirligina bagli olmak tizere yak-
lagik %37 kristalliktedir. PGA ile karsilastirildiginda
PLLA daha yavas biyopargalanmaktadir. PLGA ko-
polimeri ise biyouyumluluk, mekanik dayaniklilik
ve istenen sekil ve boyutlarda manipiile edilebilme
gibi bircok énemli 6zellige sahiptir. Ug boyutlu yap1
iskelelerinde hiicre adezyonunu ve proliferasyonu-
nu saglamaktadir. PCL, nispeten ucuz bir monomer
olan “e-kaprolakton” kullanilarak halka a¢ilma poli-
merizasyonu ile sentezlenen yari kristal formda bir
diger poliesterdir. 55-60 °C’lik diigiik erime sicaklig
(Tm) ve -60 °C’lik cams1 gegis sicakligi (Tg) polikap-
rolaktonun kolayca islenmesini saglar (Nair ve Lau-
rencin, 2007; Vaid ve ark., 2020). Bu o6zellikleri onu
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absorplanabilir liflerin egirme yontemi i¢in alternatif
bir madde haline getirir. Elektroegrilmis PCL lifleri,
ESM’nin lifli yapisin: taklit edebilmektedir (Mir ve
ark., 2018).

Poliiiretan

Politiretanlar, yaygin olarak yara ortiisii malzeme-
lerinin iiretiminde kullanilan bagka bir polimer sini-
fidir; eksojen yolla mikroorganizmalarin bulasmasina
kars1 bir bariyer gorevi gérme, oksijen degisimini des-
tekleme, su buhari iletimini kontrol etme ve epiteli-
zasyonu hizlandirma 6zellikleri nedeniyle potansiyel
yara Ortiisii malzemeleri olarak degerlendirilmektedir
(Khil ve ark., 2003). Ancak yara bolgesi ¢evresindeki
nemli ortami desteklediklerinden agir eksiidali yara-
larda kullanimlar1 uygun bulunmamaktadir (Arif ve
ark. 2021).

BIYOPARCALANIR POLIMERIK YARA OR-
TULERI

Film yara ortiileri

Bir yiiziinde adezif poliliretan katman bulunan
film yara ortiileri, su buharinin, O, ve CO, gazlariin
gecisine izin veren ancak bakterilere kars: bir bariyer
olusturan seffaf membranlardir. Son derece elastik ve
esnektirler bu nedenle istenilen sekle uyarlanabilirler.
Seffaf olduklar: i¢in ¢ikarilmadan da yara iyilesme-
sinin takip edilebilmesine olanak tanirlar. Sinirli ab-
sorpsiyon kapasitesine sahip olmalar1 yiiksek eksiida-
l1 yaralarda kullanimlarini sinirlar. Yiizeysel ya da az
eksiidali yaralar igin tercih edilirler (Dhivya ve ark,,
2015).

Saf hyaliironik asidin esterlestirilmis versiyonu
olan HYAFF dan iiretilen Hyalosafe film yara ortiisii
(Sekil 3.) (Longinotti, 2014), ylizeysel yaralar1 6rtmek
ve yara ¢evresinde nemli bir ortam saglamak icin ta-
sarlanmigtir. 15 x 10 cm boyutlarinda steril, esnek
ve seffaftir. Dogrudan lezyon bdlgesine uygulanabil-
mekte ve herhangi bir ara¢ gerektirmeden sabitlene-
bilmektedir. Hyalosafe" film yara oOrtiisiiniin kismi
kalinlikta yiiz yanig1 olan hastalara uygulandig klinik
caligmada, hastalarin biiyiik ¢ogunlugunda skar olu-

sumu meydana gelmeden ortalama 9 giinde iyilesme
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saglandig1 kaydedilmistir. Ayrica, agr1 duyusunda be-
lirgin bir azalma gozlemlendigi belirtilmistir. Uriiniin
bir kez uygulanmasi ve rezorbe olmasi tekrar yara
ortiisit uygulama ihtiyacini ortadan kaldirdig: icin
yara bolgesi ile temasin 6nlenerek enfeksiyon riskinin
azaltildig1 raporlanmustir. Hastanede kalis stiresini ki-
saltilmasi ve pansuman gerektirmeme ustiinligi de
bulunmaktadir (Yildirim ve ark., 2019).

Sekil 3. Tipik bir film yara ortiisti (Hyalosafe,
Anika Therapeutics S.r.l., Abano Terme, Italya),
(Longinotti, 2014).

Genellikle travma ve ortopedik cerrahide klinik
kullanim i¢in piyasada bulunan diger biyoparcala-
nabilir yara ortiisi laktik asit-kaprolakton kopolimer
bazli Topkin“dir (Biomet Merck GmbH). Topkin’, ag-
rili olabilen yara 6rtiisit degisimini en aza indirgemek
ve steril kosullar altinda yiizeysel ve enfekte olmayan
yaralar1 gecici olarak kapatmak i¢in gelistirilmistir.
Biyoparcalanma, kopolimerin, D ve L-laktik aside ve
6-hidroksikaproik aside hidroliziyle yaklasik 4 hafta
icerisinde gergeklesir. L-laktik asit Cori dongtisiinde
glukoza donistiiriilebilirken, D-laktik asit renal yol-
la ya da CO, seklinde akcigerlerden atilabilmektedir
(FDA, 2003). pH’nin hidrolitik reaksiyon sirasinda
asit araligina dogru kaymas: bakteriyel ¢ogalmanin
azalmasma ve bununla birlikte epitel hiicrelerinin
proliferasyonunun artmasina neden olur. Yiiksek lo-
kal laktat konsantrasyonu ise kolajen sentezini uyarir
(Jirgens ve ark., 2006).

Kopiik yara ortiileri

Kopiik yara ortiileri siinger formunda da islene-
bilen (Maye ve ark., 2014), tipik olarak poliiiretan
bazli gozenekli materyallerdir. Son derece absorban
ozellikte olan kopiiklerin absorpsiyon kapasiteleri ya-
pilarina, kalinliklarina ve gozenek boyutlarina bagl
olarak kontrol edilebilmektedir. Otolitik debridman:
uyaran ayni zamanda su buhar1 ve gaz aligverisine izin
veren kopiik yara ortiileri, yara gevresinde nemi ko-
rumakta ve termal izolasyon saglamaktadir. Ulserde,
deri transplantlarinda ya da orta-agir eksiidah yanik-

larda uygulanmaktadirlar.

Uretimlerinde dogal polimerlerin de kullanilmaya
baslanmasiyla kopiik yara ortiilerine benzersiz 6zel-
likler kazandirilmustir. Poliliretan kompozitleriyle,
uygulanan kuvvet altinda esneklik ve deforme olabi-
lirlik gibi politiretanin niteliklerini korurken daha iyi
dayaniklilik ve ek biyoaktivite elde edilmektedir (Bo-
ateng ve ark., 2008; Gruppuso ve ark., 2021). Nam-
viriyachote ve arkadaglari, giimils nanopartikiilleri
ile fonksiyonellestirdikleri politiretan kopiik yara or-
tiistinii nigasta, yliksek molekiiler agirlikli kitosan ve
jelatin ile birlestirerek koptigiin sertligini ve gézenek-
liligini artirdiklarimni bildirmislerdir (Namviriyachote
ve ark., 2020). Buzarovska ve arkadaslar1 da politireta-
nin mekanik 6zelliklerini, ZnO nanopargaciklarinin
antimikrobiyal karakteri ve yara hiicre adezyonunu
ve biiylimesini destekleme yetenekleri ile gelistirmek
amacryla termoplastik politiretan/ZnO nanokompo-
zit kopiikleri tiretmislerdir. 10-60 pm arasinda boyut-
lara sahip birbirine bagl gozeneklerden olusan nano-
kompozit yapi, 8,9 mg/cm?ye kadar su buhari iletim
hizina (WVTR) izin vermektedir (BuZarovska ve ark.,
2019).

Kopiiklerin ¢ok yonlilugil; yogunluk ve gozenek
morfolojisi agisindan yapilarinin ve sistemdeki ¢oklu
fazlarin bilesimi, sekli ve miktari agisindan da formii-
lasyonlarimin istenilen sekilde tasarlanabilmelerine
dayandirilmaktadir. Sistemin hafifligi veya yogunlu-
gu, gozenek boyutu ve dagilimi, acik ya da kapali go-
zenekliligi kopiiklere 6zel nitelikler kazandiran tipik
yapisal 6zelliklerdir (Trucillo ve Di Maio, 2021).
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Ticarilestirilen CuraSpon’ (CuraMedical B.V) (Se-
kil 4.), yiiksek oranda saflagtirilmig jelatin kopiikten
uretilmigtir. Tek tip gozenek yapisina sahiptir. Ka-
namay1 kontrol etmek i¢in kullanilan ligasyon, dikis
atma veya diger geleneksel yontemlerin kullanigsiz ya
da etkisiz oldugu cerrahi prosediirlerde, kilcal, vendz
ve kiiglik arteriyel kanamalarda hemostazin saglan-
masl i¢in uygulanmaktadir. Jelatin siinger matriksi
trombositleri aktive etmekte, trombositlerin yiizey
karakterlerini degistirirken ayni zamanda agregas-
yonlarini destekleyen bir dizi madde salgilamalarina
ve bu sayede fibrin olusumu i¢in katalizér gorevi gor-
melerine katkida bulunmaktadir. 4 hafta icerisinde
tamamen emilmektedir (Trucillo ve Di Maio, 2021;
CuraMedical, 2017; CuraMedical, t.y.).

‘ i

Sekil 4. CuraSpon’ kopiik yara o6rtiisii (CuraMedi-
cal B.V, Hollanda), (CuraMedical, 2017).

Hidrojel yara ortiileri

Hidrojeller, polimer zincirleri arasindaki bogluk-
larda ¢ok miktarda su tutarak sisebilme ozelligine
sahip {i¢ boyutlu ¢apraz bagli ag yapilardir. Elastiki-
yetlerinin dogal dokulara benzerligi, yara yiizeyini so-
gutarak agriy1 azaltmalari, yara i¢in nemli bir ortam
saglamalari, gozenekli yapilar: sayesinde yara eksiida-
sin1 absorplayabilmeleri, gaz aligverisine izin vererek
anaerob bakterilerin ¢cogalmasini 6nlemeleri yara iyi-
lestirme uygulamalarinda akademinin ve endiistrinin
ilgisini gekmektedir (Asadi ve ark., 2020; Bagher ve
ark., 2020; Cascone ve Lamberti, 2020). Ayrica, hidro-
jel matriksine antienflamatuvar ilaglar (Kong ve ark.,
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2019) ya da biiylime faktorleri yiiklenerek ek biyoak-
tivite olusturulabilmektedir (Obara ve ark., 2003).

Biyoparcalanir hidrojel yara ortiileri kimyasal ya
da fiziksel capraz bagl hyaliironik asit, kitosan, se-
liloz, aljinat, kolajen ve jelatin makromolekiillerin-
den tretilebilir (Francesko ve ark., 2018; Mogosanu
ve Grumezescu, 2014; Murray ve ark., 2019). Fizik-
sel olarak ¢apraz baglh hidrojeller, pH’nin, sicakligin,
hidrojen bag etkilesimlerinin ve iyonik kuvvetlerin
degistirilmesi ile modiile edilebilir (Annabi ve ark.,
2014). Bu sistemler, kimyasal modifikasyona gerek
duyulmadan ya da bir ¢apraz baglayici kullanilma-
dan olusturulabilir, bu nedenle in vivo uygulamalar-
da giivenli olarak degerlendirilmektedir. Ancak zayif
mekanik ozellik gosterdikleri ve hizli parcalandiklar:
i¢in gozenek biyiikliikleri, jellesme siireleri ve parca-
lanma profilleri dahil olmak tizere yap1 degiskenlerini
kontrol etmek giigtiir. Bu durum triinlerin tasarim
esnekligini de kisitlamaktadir. Fiziksel olarak bir ara-
da duran materyallere gore kimyasal ¢apraz bagl hid-
rojeller daha iyi mekanik 6zelliklere sahiptir. Bununla
birlikte, capraz baglanmada polimer 6n aktivasyo-
nunu saglayan ek bir adimin uygulanmasi ya da bir
¢apraz baglayicinin kullanilmasi, artik kimyasallarin
ve organik ¢oziiciilerin sitotoksik etki gostermesine

neden olabilir (Francesko ve ark., 2018).

1yile§me stirecinin tim asamalarinda (hemostaz,
iltihaplanma, hiicre go¢ii/¢ogalmasi ve olgunlasma)
kullanilabilen hidrojeller elastik yaprak, amorf jel ya
da film seklinde hazirlanabilir. Yaprak formundaki
hidrojeller yara ¢evresine uygun sekilde kesilip uygu-
lanabilirler. Primer Ortii olarak kullanilabilir ve adezif
ikincil bir 6rtii gerektirmezler (Boateng ve ark., 2008).
Piyasada bulunan Helix3-cm” (Amerx Health Care
Corporation) %100 sigir kolajenin tiglii-sarmal lifle-
rinden olusan ince yaprak seklinde, yar1 seftaf bir yara
ortiisiidiir. Yara iyilesme siirecinin daha iyi gozlem-
lenmesini saglar ve yara gevresini nemli tutar. Gra-
niilasyon dokusunun olugmasini ve epitelizasyonun
gelismesini destekler. Yaniklarin, yaralarin, kabarcik-
larin ve tilserlerin tedavisinde topikal ilaglarla kombi-
ne bir sekilde de kullanilabilir (Cascone ve Lamberti,
2020; Amerx Health Care, t.y.).



FABAD J. Pharm. Sci., 47, 3, 419-442, 2022
Doi: 10.55262/fabadeczacilik. 1185870

Ayrica polimerizasyon yontemlerindeki geligme-
ler, yaraya dogrudan uygulanabilen ve derin ya da
anormal sekilli yaralari tam kapatabilen enjekte edile-
bilir hidrojellerin iiretilmesine olanak saglamaktadir.
Enjekte edilebilir hidrojeller belirli uyaranlar altinda
in situ olarak soldan jele doéniismektedir (Murray ve
ark., 2019; Qiu ve ark., 2021). Deng ve arkadasla-
r1 altin nanokompozitleri ile yiiklenen oksitlenmis
sodyum aljinat ve modifiye edilen jelatinden olusan
enjekte edilebilir biyomimetik hidrojellerin yara iyi-
lesmesini hizlandirdigini ve bakteriyosidal etki gos-
terdigini raporlamistir (Deng ve ark., 2021). Qu ve ar-
kadaglarinin yaptig: bir ¢alismada da N-karboksietil
kitosan ve oksitlenmis hyaliironik asit greft edildigi
anilin tetramerinden iiretilen iletken ozellikteki en-
jekte edilebilir hidrojellerle tam kalinliktaki cilt kaybi
modelinde graniilasyon dokusu gelisiminin iyilestiril-
digi, anjiogenezin ve kolajen birikiminin desteklendi-
i belirtilmistir (Qu ve ark., 2019).

Aljinat yara ortiileri

Aljinat yara oOrtiileri genel olarak ameliyat sonrasi
enfekte yaralar ve bacak iilserleri dahil olmak tizere
ekstidalt yaralar1 tedavi etmek i¢in kullanilmaktadir.
Dondurarak kurutma ile hazirlanan gozenekli taba-
kalar ya da yara bosluklarina doldurulabilen lifli yapi-
lar seklinde bulunmaktadir (Mir ve ark., 2018).

Aljinat yara ortileri iki degerlikli katyonlarin
varliginda iyonotropik jellesmeye ugrar. Kalsiyum
iyonlarinin yara yataginda bulunan sodyum iyon-
lar1 ile yer degistirmesi sonucu olusan hidrofilik jel,
yara cevresindeki salgilari sinirlandirir ve bakteriyel
kontaminasyonu en aza indirir. Ayn1 zamanda doku
rejenerasyonunu uyaran nemli bir ortam yaratir. Bun-
lara ek olarak, salinan kalsiyum iyonlar1 koagiilasyon
kaskadinda da aktif bir rol oynar. Sivilara maruz kal-
diktan sonra daha esnek jeller olusturan mannuronik
asit agisindan zengin (Sorbsan™); digeri ise hidrat-
landiginda daha giiglii jel yapisi olusturan guluronik
asit agisindan zengin (Kaltostat’) yara ortiileri olmak
tizere iki farkli formiilasyonda tasarlanir (Boateng ve
ark., 2008; Gruppuso ve ark., 2021). Formiilasyonda-
ki guluronik/mannuronik asit oranina bagli olarak

aljinatlar kendi agirliklarinin 15-20 kati kadar siviyi

emebilmektedir. Ayrica diger yara ortiisii gruplarinda
oldugu gibi, aljinat yara Ortiilerinin de aljinat/hidro-
kolloid, aljinat/hidrojel ve aljinat/kolajen gibi farkli
kombinasyonlar: bulunmaktadir (Jones, 1999).

Orta, agir derecede eksiidali kronik ve akut yara-
lar ve hafif kanamali yaralar i¢in birincil yara ortiisii
olarak gelistirilen Kaltostat” (Convatec), aljinat (% 80
kalsiyum aljinat, % 20 sodyum aljinat) bazli bir yara
orttstidiir. Ekstidadaki sodyum iyonlar1 ile yara 6r-
tistindeki kalsiyum iyonlar1 yer degistirmekte ve bu
degisim sayesinde yara ortiisii kuru fibréz yapidan
dereceli olarak jele dontismektedir. Ayni zamanda
hemostat 6zellige sahiptir ve hafif kanamali yaralarda
pihtilasmay: desteklemektedir (Cascone ve Lamberti,
2020; Convatec, t.y.).

Kalsiyum aljinat bazli Sorbsan™, Algisite™ M, Al-
gosteril’ ve Curasorb™ yara ortiileri ise genellikle ve-
noz ya da diyabetik iilserlerin tedavisinde kullanil-

maktadir (Gruppuso ve ark., 2021).

Aljinat yara ortiilerinin her ne kadar biyolojik ola-
rak parcalanabilir oldugu belirtilse de bu materyaller
¢ok yavas emildiginden dokularda uzun siire birakil-
diginda yabanci cisim reaksiyonuna neden olabilir
(Jones, 1999). Etkili bir sekilde fonksiyonlarini yeri-
ne getirmek i¢in neme ihtiya¢ duyduklarindan kuru
yaralarin ve sert nekrotik dokularin iyilestirilmesinde
kullanilmazlar. Bu yara tiplerinde yiiksek hacimde si-
viy1 tutarak ciltte kuruluga ve hastada yanma hissine

neden olabilirler (Gruppuso ve ark., 2021).
Hidrokolloid yara ortiileri

Yara ¢evresinin nemli tutulmas: i¢in kullanilan
yara bakim {riinlerinde hidrojellerle birlikte hidro-
kolloidler de bulunmaktadir. “Hidro” eki ile adlandi-
rilmis olsalar da hidrokolloidler nem icermez, bunun
yerine yara yiizeyinde bir “miihiir” olusturarak cildin

neminin buharlasmasini 6nlerler (Beldon, 2010).

Yara iyilesmesinde yaygin olarak kullanilan hidro-
kolloid yara ortiileri elastomerler ve adezifler gibi di-
ger bilesenlerle birlikte koloidal malzemelerden (jel-
lestirici maddelerden) elde edilen {iiriinlerdir. Tipik
jellegtirici maddeler arasinda karboksimetil seliiloz,

jelatin ve pektin gosterilebilir (Boateng ve ark., 2008).
429
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Kalin ve adezif 6zellige sahip jellesebilir tabaka esnek
ve su gecirmeyen film/yaprak tizerine lamine edil-
mektedir (Mir ve ark., 2018).

Su buharma karg1 gegirimsiz olan hidrokolloid
yara Ortiilerinin yara eksiidasinin absorpsiyonuyla
birlikte fiziksel yapisi degismekte ve hidrokolloidler
su ve hava i¢in giderek daha gegirgen hale gelmek-
tedir (Beldon, 2010). Hidrokolloid yara ortiilerinin
swviyl hapsetme kapasitesi ise ortiiniin fizikokimya-
sal ozellikleri ve tasarimi gibi bir¢ok faktore baghidir
(Thu ve ark., 2012). 1lk hidrokolloid yara Ortiileri
(1982-83), eksiidanin fazla oldugu yaralarin tedavi-
sinde iyi bir performans gosterememis olsa da yiiksek
seviyede eksiidali yaralar i¢in revize edilmis formiilas-
yonlar gelistirilmistir (Agarwal ve ark., 2011). Ornek
olarak aljinat iceren hidrokolloidler verilebilir (Mir ve
ark., 2018). Comfeel Plus Ulcer (Coloplast) (Sekil 5.)
sentetik, elastik ve yapiskan bir kiitle icinde enkapsiile
edilmis nemi absorbe eden sodyum karboksimetil se-
liloz parcaciklarindan olugur. Emilimi artirmak igin
yara ortiisiine kalsiyum aljinat eklenmistir. Ust taba-
kas1 mikroorganizmalarin ve suyun yara bolgesine
girisini engelleyen yar1 gecirgen poliiliretan filmden
olusmaktadir. Bacak tilserleri, basing tilserleri, ylizey-
sel yaniklar, ameliyat sonrasi yaralar ve cilt styriklar:
dahil olmak iizere disiik-orta derecede eksiidal: ya-
ralarin tedavisinde kullanilabilmektedir. Yara eksii-
dasiyla temas ettiginde ekstiday1 absorplayan ancak
yaraya yapismayan viskoz bir jel olusturmaktadir

(Coloplast, t.y.).
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Sekil 5. Comfeel Plus Ulcer (Coloplast A/S, Da-
nimarka), (Coloplast, t.y.).

Hidrofiber teknolojisi ile gelistirilen Aquacel’ Ag
(Convatec Inc.) ise glimiis iceren % 100 sodyum kar-
boksimetilselillozdan olusan, ekstida ile temas etti-
ginde jele doniiserek nemli bir ortam saglayan ve yara
iyilesmesini kolaylastirdig1 gosterilen hidrokolloid
bir yara ortiisiidiir. Bitiinliiglinii kaybetmeden agir-
liginin 30 katina kadar siviyr absorplayabildigi belir-
tilmektedir. Aquacel’ Ag yara Ortiisiiniin, total eklem
artroplasti ameliyatlarinin yaklasik iite birinde rapor
edilen yara bolgesinde su toplanmasi, enfeksiyon riski
ve gecikmis iyilesme gibi komplikasyonlar tizerindeki
etkisinin degerlendirildigi klinik ¢alismada hem elde
edilen sonuglar hem de hasta memnuniyeti agisindan
geleneksel gazli bez yara ortiisii ile gergeklestirilen te-
daviden daha iistiin oldugu raporlanmistir (Akdogan
ve Atilla, 2020).
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Tablo 1. Film, kopiik, hidrojel, aljinat ve hidrokolloid yara ortiilerinin tstiinliikleri, sakincalar: ve klinikteki

kullanimlar1 (Gruppuso ve ark., 2021; Leveriza-Oh ve Phillips, 2021).

Yara Ortiisii Ustiinliikleri Sakincalar1 Klinik Kullanim
Seffaf Yaraya yapigabilir Yiizeysel yara ve yaniklar
Bakteriler i¢in bariyer olugturur Agir eksiidal yaralarda sivi Enfekte yaralar
Film Adezif oldugu igin ikincil bir yara birikmesine neden olabilir Minimal eksiidali kismi
ortiisii ile sabitlenmesi gerekmez kalinhiktaki yaralar
Iyi gaz gecirgenligine sahip
Yiiksek miktarda eksiiday: absorbe Opak Ulser
Kéniik etme yetenegi bulunur Zayif adezif 6zelliktedir Deri nakli

Opil o ) s

P Otolitik debridmani destekleyicidir Kuru yaralarda Hafif yaniklar
Iyi su buhari ve gaz aligverisi saglar kullanigsizdir Orta-agir eksiidali yaralar
Yiiksek derecede eksiiday: Zayif mekanik dayaniklilik Kuru yaralar
absorplayabilme kapasitesine sahiptir gosterir Orta derecede eksiidall
Kolay islenebilirlik 6zelliktedir Bakterilere kars1 etkisiz yaralar

Hidrojel Yaraya direkt uygulanabilir ba.riyer olusturur Derin yaralar
Nekrotik doku otolizine yardimci olur Ciltte maserasyon
. L . gergeklesebilir
Oksijen degisimine izin verir -
U " Ikincil yara ortiisii kullanimi
ygun maliyet gerektirebilir

Yiiksek diizeyde absorban Kuru yaralar igin endike Kanamal1 yaralar
Hemostatik degil Enfekte yaralar

. Yaralara yapismaz Jel hog olmayan kokuya Cerrahi yaralar

Aljinat o neden olabilir . ..
Toksisite gostermez ) Agir eksiidal yaralar
. . . Ikincil yara ortiisii
Eksiida varliginda jel olusturma s
iy gerekebilir
yetenegi bulunur
Otolitik debridmani destekler Opak Basing iilserleri
Anjiyogenezi arttirir Yiiksek maliyet gerektirebilir Venoz iilserler
Absorban Gazlara kars1 gecirimsiz Akut cerrahi yaralar
Hidrokolloid
e Bakteriyel ve fiziksel bariyer olugturur
e Nem regiilasyonu saglar

DOKU MUHENDISLIGI YAKLASIMIYLA
URETILEN DERi iIKAMELERI

Cilt onariminda, fibroblastlar ve diger hiicreler
graniilasyon dokusunu olusturmak igin yaralanma-
dan kaynaklanan boslugu ESM ve yeni kan damarlari
ile doldururken keratinositler boslugun iizerini kapa-
tir. Ancak epidermis ve dermis hasarinin genis ¢apl
oldugu yara ve yaniklarda cilt, restorasyonu igin ge-
rekli olan hiicrelerden genellikle yoksundur ve ESM
yapist bozulmugtur. Bu nedenle ¢ok daha karmasik
bir tedaviye gereksinim duyulmaktadir (Bottcher-Ha-
berzeth ve ark., 2010; Vig ve ark., 2017).

Re-epitelizasyon i¢in kendi kendini yenileyen
keratinosit kok hiicrelerini ve minimum yara izi olu-

sumu i¢in uygun seliiler ve aseliiler bilesenleri igeren

deri ikamelerinin gelistirilmesi bu a¢idan yara tedavi-
sinde kilometre taglarindan biri olmustur (Bottcher-
Haberzeth ve ark., 2010). Viicutta kimyasal olarak
par¢alanan ve emilime ugrayarak resorbe edilen ayni
zamanda dogru bir sekilde doku entegrasyonunu sag-
layan biyomalzemelerin kullanilmasiyla birlikte de

oldukga ilerleme kaydedilmistir (Anju ve ark., 2020).

Doku miithendisligi temel olarak canli hiicreler-
le ekilmis dogal ya da sentetik biyopargalanabilir bir
iskelenin kiiltiire alindiktan sonra de novo doku olu-
sumunu inditklemesine dayalidir (Lo ve ark., 2014).
Hiicre kaynagi, otolog (hastanin kendi hiicreleri),
allojenik (bir dondrden elde edilen insan hiicreleri)
ya da ksenojenik (hayvan kaynakl hiicreler) olabilir.

Iskeleler ise dogal ESM’lere benzer sekilde, hiicrelerin
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¢ogalmasini ve farklilasmasini desteklemek amacry-
la kullanilan yapay ESM’lerdir (Akter, 2016). Iskele,
hiicrelerin yiizeylere yapismalarini saglamak i¢in bi-
youyumlu olmal1 ve biyopargalanarak hiicrelerin ken-
di ESM’lerini olusturabilmelerine izin vermelidir. Ug
boyutlu (3D) ve gozenekli formda tasarlanan iskele-
lerin, hiicrelerin bitytikliigii ve hiicre migrasyonu ge-
reksinimleri nedeniyle, ideal gozenek boyutu yaklasik
100 pmdir, ancak kilcal damarlarin olusmasi i¢in 300
pmden daha biiyiik gozenek boyutlari tercih edilmek-
tedir.

Iskele yapilariin iiretiminde PLLA, PGA ve
PLGA dahil olmak iizere ¢ok sayida sentetik poli-
mer kullanilmaktadir. Sentetik polimerler, istenilen
ozelliklerde iretilebilmeleri, kopolimer bilesimleri-
nin degistirilebilmesi ve pargalanmalarimin kontrol
edilebilmesi agisindan oldukea bagar1 gostermis olsa
da biyoaktivitenin azalmasi nedeniyle viicuttan red-
dedilme riskileri de géz éniinde bulundurulmalidir.
Ayrica, PLLA ve PGAnin hidrolizle karbondioksite
pargalanarak lokal pH'y1 diislirmeleri, hiicre ve doku
nekrozuna yol acabilmektedir. Sentetik polimer bazl
iskelelerin aksine dogal polimerlerden {iretilen iskele
materyalleri biyolojik olarak aktiftir. Kolajen, kito-
san, jelatin, fibrin, hyaliironik asit ya da aljinat bazli
iskeleler mitkemmel hiicre yapigmasini saglamakta
ve hiicrelerin gelismesini desteklemektedir (Dixit ve
ark., 2017; O’brien, 2011).

Deri rekonstriiksiyonu i¢in kullanilan biyomater-
yaller genel olarak toksik ya da immiinojenik olma-
mali, asir1 enflamasyona yol agmamalidir. Yer degis-
tirecekleri derinin anatomik ve mekanik 6zelliklerine
benzer ozelliklere sahip olmaly, yara yiizeyinden sivi
ve 151 kaybini 6nlemeli ve yaray: enfeksiyondan koru-
malidir. Bunlarla sinirli olmamakla birlikte biyoma-
teryalin uygun maliyetli olmasi, kolaylikla temin edi-
lebilmesi ve uzun raf 6mriine sahip olmasi da 6nemli
bir uistlinliik yaratacaktir (Shevchenko ve ark., 2010).

Yaralarin heterojen dogast nedeniyle “herke-
se uyan® bir tedavi seceneginin olmamasi, ayrica
FDAnin, doku mithendisligi ile iiretilmis deri ikame-

lerini smuf IIT tibbi cihaz olarak degerlendirmesine
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ragmen biyolojik standartlarda tutmasi geri 6deme
sorunlarina yol agarak iiriinlerin klinikteki kullanim-
larini etkilemis olsa da teknolojideki siirekli ilerleme-
nin gelecekte yeni yara iyilestirme tedavileri ile so-
nuglanacagi ve doku mithendisligi tirtinlerinin pazar
paylarinin artacagi 6ngériilmektedir (Li ve ark., 2009,
Murray ve ark., 2019).

Devam eden boliimlerde ticari olarak temin edi-
lebilen ve klinikte kullanilan deri ikameleri anatomik
yapr siflandirmasina gore (dermal, epidermal ve
dermal-epidermal (kompozit)) (Shevchenko ve ark.,
2010) (Sekil 6.) detaylandirilmis ve Tablo 2de ozet-
lenmistir (Vig ve ark., 2017).

Epidermal deri ikameleri

1970’lerdeki ilk bagarili keratinosit kiltiiriiyle bir-
likte keratinositlerin allogreftleri ve otogreftleri yanik-
larin tedavisinde uygulanmaktadir. Son derece farkli-
lagmas epitel hiicreleri olan keratinositler, dis ¢evreye
kars1 koruyucu bir tabaka meydana getirmekte ve de-
hidrasyonu 6nlemeye yardimci olmaktadir (Murray
ve ark., 2019). Keratinositler hiicre tabakalar:1 olarak
hazirlanabilir ancak dogal ya da sentetik polimer is-
keleleri tizerine kiiltiire edilmesiyle keratinositlerin
kiiltiirleme siiresi azaltilirken sistemin mekanik 6zel-
likleri iyilegtirilerek uygulama kolaylig1 saglanmakta-
dir. Ayrica bakteriyel enfeksiyonlara ve dehidrasyona

kars1 daha iyi bir bariyer elde edilmektedir.

Ticari olarak temin edilebilen epidermal cilt ika-
meleri arasinda, Fidia Advanced Biopolymers tarafin-
dan tasarlanan ve Bristol-Myers Squibb Company’nin
bir parcasi olan ConvaTece iiretim ve dagitim haklar:
verilen Laserskin’ (Vivoderm’) (Sekil 7.) bulunmak-
tadir (Shevchenko ve ark., 2010; Zeng ve ark., 2017).
Uriin, mikrodelikli hyaliironik asit benzil esteri mat-
riksi tizerine kiiltiirlenen otolog keratinositlerden olu-
sur. Hyaliironik asidin esterlesme derecesinin (%75-
100) degistirilmesiyle, sistemin pargalanma Kkineti-
¢ini kontrol etmek mimkiindiir. Mikrodelikli yapis:
keratinositlerin destek materyalinden yara yatagina
dogru go¢ etmesine izin verir. Laserskin® (Vivoderm’)
absorplandiktan sonra lezyon bolgesinde sadece yeni

olusan doku kalir. Venoz, diyabetik ve yatak yaralari-
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nin ve II. ve III. derece yaniklarin tedavisindeki po-
tansiyel kullanimina atifta bulunulmaktadir (Soranzo
ve ark., 1996).

Sekil 7. Laserskin® (Fidia Advanced. Biopolymers,
Padua, Italya), (Zeng ve ark., 2017).

Bioseed-S (BioTissue Technologies GmbH) epi-
dermal cilt ikamesi ise fibrin yapistirici (Tissucol Duo
S Immuno) igerisinde stispanse edilmis otolog kera-
tinositlerden olusur. lyilestirilmis hemostaz saglar ve
hiicrelerin tutunmasini destekler. Genellikle tedaviye
direncli kronik vendz bacak ilserlerini tedavi etmek
i¢in kullanilmaktadir (Przekora, 2020; Shahrokhi ve
ark., 2014).

Dermal deri ikameleri

Dermal deri ikameleri, tip I ve tip III kolajen bazli
ESMden ve fibroblast hiicrelerinden olusan dermis
tabakasinin fonksiyonlarini yerine getirmek amaciyla
tam kalinliktaki yara ve yaniklarin tedavisinde kulla-
nilmaktadir. Dermisin yiiksek oranda vaskiilarize bir
yap1 olmasindan dolay1 yara tedavisinde kullanilacak
dermal deri greftlerinin, iyi hiicre migrasyonunu ve
yeni kan damarlar1 olusumunu saglamasi i¢in yiiksek
makrogdzeneklilige (gozenek ¢ap1 >100 um) sahip ol-

masi gerekir.

Dermal deri ikameleri iiretim maliyetlerini azalt-
mak icin genellikle herhangi bir hiicre dahil edilme-
den biyomateryal bazli matrikslerden hazirlanmakta-
dir. Bu nedenle, aseliiler dermal yapilarin birincil rolii
uygulandiktan sonra canli organizmada fibroblastla-
rin ve endotel hiicrelerinin gocii ve infiltrasyonu i¢in

iskele gorevi gormektir. Ayrica seliller dermal deri

ikameleri ile kargilastirildiginda aseliiler dermal deri
ikamelerinin klinik kullanim onay: almasi ¢ok daha
kolaydir. Bununla birlikte, iyilesmeyi hizlandirmak
i¢in transplantasyondan énce in vitro olarak deri fib-
roblastlari ile ekilebilen ¢ok sayida seliiler dermal deri
ikameleri de bulunmaktadir (Przekora, 2020; Shah-
rokhi ve ark., 2014).

Hem yaniklarda hem de kronik yaralarda kulla-
nilan Dermagraft™ (Advanced Tissue Sciences ve La
Jolla), kriyoprezerve edilmis insan yenidogan fibrob-
lastlar1 iceren biyoabsorplanabilir poliglaktin (PGA
ve PLA) iskelesinden olugur. Aseptik kogullarda steril
bilesenlerle iiretilir. 150 um-220 um arasinda degi-
sen gozenek biuyiikligiine sahiptir. Canliligini koru-
yan allojenik fibroblast hiicrelerinden iiretildigi icin
hastanin hiicrelerinin bir yaray: kapatacak kadar ¢o-
galtilmasina gerek yoktur, hemen uygulanabilir. 3-4
hafta icerisinde emilir. Uretiminin maliyetli olmast
bir sakinca olarak degerlendirilse de basarili olunur-
sa tek greft yeterli olmaktadir. Dermagraft™in kronik
diyabetik ayak iilseri tedavisinde kullanimi FDA ta-
rafindan onaylanmistir (Murray ve ark., 2019; G. K.
Naughton ve B. A. Naughton, 1990; FDA, 2001).

Hyalograft 3D™ (Fidia Advanced Biopolymers)
bir diger biyoparcalanan dermal deri ikamesidir. Yara
iyilesme stireci boyunca gerekli bitytime faktorlerini/
sitokinleri salgilayan otolog fibroblastlar ii¢ boyut-
lu hyaliironik asit iskelesine kiiltiire edilir. Hyalog-
raft 3D™, derin yaniklar ve ayak ilserlerinin tedavisi
i¢in kullanilmaktadir (Dixit ve ark., 2017). Bagisiklik
tepkisini en aza indiren otolog hiicrelerin yaraya uy-
gulanmasi istiinlitk olarak degerlendirilebilir ancak
hiicrelerin hastadan alinabilmesi i¢in uygun bir donér
bolgenin olmasi gerekir. Ayrica in vitro hiicre kiiltii-
riinde yeterli sayida hiicrenin elde edilmesi de zaman
almaktadir (Murray ve ark., 2019).

Dermal-epidermal (kompozit) deri ikameleri

Gelismis deri ikameleri olarak kabul edilen der-
mal-epidermal deri ikameleri, hem epidermisin hem
de dermisin dogal yapisini taklit eder. Sentetik ya da
dogal metaryallerden {iretilen iskelelerde fibroblast

ve keratinosit hiicreleri birlestirilmektedir. Bu sayede
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konak hiicrelerini uyarmak ve iyilesme siirecini hiz-
landirmak i¢in bitytime faktorlerinin ve sitokinlerin
salgilanmasi ve ESM’nin sentezlenmesi saglanir. Tica-
ri olarak temin edilebilen dermal/epidermal ikameler
arasinda Apligraf ve OrCel™ bulunmaktadir (Dong ve
Gurtner, 2018).

Cilt yapisini ve epidermisle dermis arasindaki fiz-
yolojiyi daha iyi taklit etmek icin gelistirilen Apligraf
(Organogenesis), iist tabakasinda stratum korneuma
benzer, gevresel etkenler i¢in bir bariyer gorevi goren
insan neonatal epidermal keratinosit katmanlarin-
dan ve dermal tabakasinda sigir tiirevli tip I kolajen
matriks igerisinde prolifere olabilen neonatal dermal
fibroblastlardan olugsmaktadir (Murray ve ark., 2019).
Kolajen konsantrasyonu ve hiicre sayisi, doku esdege-
rinin ¢apini ve kalinligini optimize etmek i¢in kontrol
edilebilir (Kemp ve ark., 1996). Apligraf FDAden sinif

III tibbi cihaz olarak pazar oncesi onay almistir. Di-

a) Epidermal Deri [kameleri
i. Laserskin® (Vivoderm®)

— Kiiltiire edilen otolog
keratinosit hiicre tabakas1

— Mikroperfore hyaliironik
asit membran

b) Dermal Deri ikameleri
i. Dermagraft™

¢) Dermal-Epidermal (Kompozit) Deri ikameleri
i. Apligraf®

— Kiiltiire keratinosit hiicreler

““=t——> Neonatal fibroblast hiicreleri

=TS L T TS — s irevli tip 1 kolajen
matriks

yabetik ayak tilseri bakiminda ve 1 aydan uzun stireli
vendz yetmezlik nedeniyle enfekte olmayan kismi ve
tam kalinliktaki deri @ilserlerinin tedavisinde endike-
dir (FDA, ty.).

Benzer sekilde bir diger ¢ift katmanli cilt ikame-
si OrCel™ (Ortec International), insan allojenik deri
hiicrelerinin tip I sigir kolajen siingerinde kiiltiir-
lendigi seliiler matriksten olusmaktadir. Yenidogan
dermal fibroblastlar1 sigir tiirevi tip I kolajen matriks
stingerinin por6z kisminda kiltiirlenirken ayni do-
noérden alinan keratinositler, kolajen matriksinin go-
zeneksiz kisminda kiltirlenmektedir. Matriks, yara
iyilesme siirecinde emilir ve ireticiye gére allojenik
hiicrelerden gelen DNA uygulamadan 2-3 hafta son-
ra analizlerde belirlenememektedir (Murray ve ark.,
2019; Abou Neel ve ark., 2013). Kalinlig1 yaklagik ola-
rak 0,8 mmdir bu nedenle epidermal greftlerden daha

saglamdir ve uygulamasi kolaydir (Eisenberg, 2000).

ii. Bioseed-S

— Kiiltiire edilen otolog
keratinosit hiicre tabakas1

— Fibrin yapistirici

ii. Hyalograft 3D™
) n . - g — Kiiltiire edilen fibroblastlar

-~  T — Hyaliironik asit membran

ii. OrCel™
— Kiiltiire keratinosit hiicreler

- ——p Neonatal fibroblast hiicreleri

= L — Sigur tiirevli tip I kolajen
2 . tirevli siinger

Sekil 6. Doku miihendisligi yaklasimuyla iiretilen deri ikameleri. (a) Epidermal Deri kameleri: i. Lasers-

kin" (Vivoderm’) ii. Bioseed-S, (b) Dermal Deri Tkameleri: i. Dermagraft™ ii. Hyalograft 3D™, (c) Epidermal/

Dermal Deri [kameleri: i. Apligraf ii. OrCel™. BioRender.com ile olusturuldu.
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Tablo 2. Ticari olarak temin edilebilen deri ikameleri (Vig ve ark., 2017).

Deri ikamesi Ticari Ad1 Uretici Materyal/Bilesenler
Laserskin’ Fidia Advanced Mikroperforeli hyaliironik asit membranda
Epidermal (Vivoderm’) Biopolymers Srl kiiltiirlenen otolog keratinosit hiicreleri
Bioseed-S BioTissue Technologies Fibrin yapistirici igerisinde kiiltiire edilen otolog
ioseed-
GmbH keratinosit hiicreleri
. . Kriyoprezerve edilmis insan yenidogan fibroblastlar:
Dermagraft™ Advanced BioHealing, Inc ) ) . ) o .
igeren biyoabsorplanabilir poliglaktin iskelesi
Dermal
o . Hyaliironik asit membranina kiltiirlenmis
Hyalograft 3D™ Fidia Advanced Biopolymer
fibroblastlar
. . Insan neonatal fibroblastlar1 ve keratinositleri ile
Dermal-Epidermal Apligraf Organogenesis Inc. s e . .
kiiltiirlenmis sig1r tiirevli kolajen matrisi
(Kompozit) -
OrCel™ Ortec Insan neonatal fibroblastlar1 ve keratinositleri ile
rCel
International Inc. kultire edilen tip I kolajen stingeri
SONUC bulundurulmalidir. Bu tiriinler geleneksel yara ortiile-

Yaralarin heterojen yapisi nedeniyle her hastaya
uyan bir tedavi yaklagiminin olmamasi, yara yone-
timinde farkli fiziko-kimyasal 6zelliklere sahip yara
orttilerinin kullanimini da beraberinde getirmekte-
dir. Doku onarimu siirecinin aydinlatilmasi ve tekno-
lojideki siirekli ilerleme; biyoparcalanir, biyouyumlu,
gelismis terapétik yara iyilestirme tasarimlarinin da

klinikte yer edinmesini saglamistir.

Iyilesme siirecini destekleyebilen ve antimikrobi-
yal, antienflamatuvar ve antioksidan ozellik gostere-
bilen biyopargalanir dogal, sentetik ya da hibrid poli-
merlerin yara ortillerinin {iretilmesinde kullanimiyla
birlikte yara yonetimi daha etkin olarak yiiriitiile-
bilmekte, hastanede kalis siiresi kisaltilabilmektedir.
Hemostatik bir bilesen gibi davranabilen polimer-
lerin kanamali yaralarda, yiiksek derecede absorban
ozellikteki polimerlerin de agir eksiidali yaralarda
uygulanabilen yara Ortiisii tasarimlart gelistirilmek-
tedir. Tasarimlar film, kopiik, hidrojel, aljinat ya da
hidrokolloid yara ortiileri kategorisinde siniflandiri-
labilmektedir.

Yara gevresinde nemli bir ortam olusturarak yara
iyilesmesi igin gerekli ortami saglayan biyoaktif yara
ortiileri biyoparcalanarak yara ortiisii degisimini ve
yara ylizeyi ile temasi en aza indirgemekte bu saye-
de enfeksiyon riskini de azaltmaktadir. Ayrica gazlara
kars: gegirgen 6zellik gosterdikleri i¢in anaerob bakte-

rilerin ¢ogalmasini sinirlandirabilecekleri goz 6niinde

rine kars: tistiin olarak degerlendirilse de sakincalar:
arasinda yabanci cisim reaksiyonuna neden olabile-
cekleri, agir ekstidali yaralarda yeterli miktarda siviy1

absorbe edemeyebilecekleri bildirilmektedir.

Deri ikameleri ise son derece gelismis, tam kalin-
liktaki yara ve yaniklarin tedavisinde 6n plana ¢itkan
tibbi cihazlardir. Ancak implantasyondan sonra deri
ikamelerinin mekanik ozelliklerinde ani kayiplarin
olmasi ya da yerlerini birakacaklar1 biyolojik doku
olusmadan pargalanmalar1 klinikteki kullanimlarin

etkileyen nedenler arasinda gosterilebilmektedir.

Gelecekte ideal kopolimerler ya da sentezlenecek
yeni polimerler sayesinde iistiin dayanikliliga sahip
deri ikamelerinin iretilmesi, kisisellestirilmis yara
iyilestirme malzemelerinin tedavide kullanilmasi,
kok hiicre teknolojisiyle biitiinlestirilerek tibbi cihaz-
larin biyoaktif 6zelliklerinin gelistirilmesi ¢ok yonlii
ve islenebilir 6zellikteki polimerlerden olugan yara
ortiilerinin farkli yara tiplerine uygulanabilir olmasi

ongorilmektedir.
KISALTMALAR
ECM,; Ekstra Seliiller Matriks
EGF; Epidermal Biiyiime Faktorii
FDA; Amerikan Gida ve fla¢ Dairesi

GM-CSF; Graniilosit Makrofaj-Koloni Stimule
Edici Faktor
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PCL; Poli(e-kaprolakton)

PDGF; Trombosit Kaynakli Biiytime Faktorii
PDLA; Poli(D-laktik asit)

PGA,; Poli(glikolik asit)

PLA; Poli(laktik asit)

PLGA; Poli(laktik-ko-glikolik asit)

PLLA; Poli(L-laktik asit)

ROS; Reaktif Oksijen Tiirleri

TGF-p; Donistiiriicii Bityiime Faktorii-Beta
WVTR; Su Buhari fletim Hiz
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Yazarlar finansal veya bagska bir yolla ¢ikar ¢atis-

malar1 olmadigini beyan ederler.
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