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Abstract

In this article, first of all, the definition of fuzzy sets was made, and the different aspects of fuzzy sets from
classical sets are underlined. The operations in fuzzy sets are shown. Fuzzy numbers formed by fuzzy sets and
fuzzy sequences are emphasized. Fuzzy norm and fuzzy ultranorm definitions are made. The a-cut sequences
of fuzzy numbers are shown in figures, and various sequences of fuzzy numbers are given. The definition of
ultrametric space is created in fuzzy sets, it is proved that the fuzzy number set is ultrametric space and that it
is a complete ultrametric space by researching their completeness. Finally, some fuzzy ultra-sequence sets are
defined. Then the set of fuzzy ultra-convergent, fuzzy ultra-null, and fuzzy ultra-bounded sequences are denoted
and their coverage states are examined. The differences between fuzzy sequences and fuzzy ultra-sequences are
emphasized. In addition, the properties of some fuzzy ultra-sequences created are shown. Fuzzy ultra-bounded
sequence spaces are proven to be complete and ultra-isomorphic.

Keywords: Fuzzy set, fuzzy ultrametric spaces, fuzzy ultranorm, fuzzy ultra-sequence, ultra-isomorphic.

Bazi1 Bulanik Ultranorm Uzaylarin Olusturulmasi ve Ozelliklerinin incelenmesi

Oz

Bu makalede baslangigta bulanik kiimeler agiklanmis, bulanik kiimeler ve klasik kiimelerin birbirinden farkli
yonlerinin altr ¢izilmistir. Bulanik kiimelerdeki islemler gosterilmistir. Bulanik kiimeler ve bulanik dizilerden
olusan bulanik sayilar {izerinde durulmustur. Bulanik norm ve bulanik ultranorm tanimlari yapilmistir. Bulanik
sayilarin a-kesim dizileri sekillerde gosterilmis ve ¢esitli bulanik say1 dizileri verilmistir. Ultrametrik uzayin
tanim1 bulanik kiimeler halinde yapilmis olup, bulanik say1 kiimesinin ultrametrik uzay oldugu ve tamliklar
arastirilarak tam bir ultrametrik uzay oldugu kanitlanmistir. Son olarak bazi bulanik ultra dizi kiimeleri
tanimlanmigtir. Daha sonra bulanik ultra-yakinsak, bulanik ultra-sifir ve bulanik ultra-sinirli diziler kiimesi
belirtilmis ve kapsam durumlar incelenmistir. Bulanik diziler ve bulanik ultra diziler arasindaki farklar
vurgulanmistir. Ayrica olusturulan bazi bulanik ultra dizilerin 6zellikleri gosterilmistir. Bulanik ultra sinirlt dizi
uzaylarinin tam ve ultra izomorfik oldugu kanitlanmistir.

Anahtar Kelimeler: Bulanik kiime, bulanik ultrametrik uzaylar, bulanik ultranorm, bulanik ultra diziler, ultra
izomorfiklik.
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Creation of Some Fuzzy Ultranorm Spaces and Examining of Their Properties

1. Introduction

The concept of fuzzy sets was considered as a generalization of crisp sets and has continued to
evolve over time and it has begun to be used in many areas. Because it paved the way for graded
evaluation by taking into account the membership degree assigned to each member. Fuzzy logic
has been studied by Lukasiewicz and Tarski [1] since the 1920s. Then, the Fuzzy set theory
was proposed by Zadeh [2] in 1965. Kaleva [3], Seikkala [4] and Matloka [5] examined fuzzy
metric spaces and their properties and obtained significant results. Katsaras [6], C. Felbin [7],
and Cheng-Mordeson [8], on the other hand, studied fuzzy metric spaces and fuzzy normed
spaces and tried to improve them by Kramosil, Michalek [9]. Bag and Samanta [10] studied
fuzzy-bounded linear operators on fuzzy normed spaces in 2005. Fuzzy normed spaces and
their topological properties were studied by Kia and Sadeqi [11] in 2009. Xia and Guo [12]
investigated the completeness of fuzzy metric space and fuzzy closed set cases. Some new fuzzy
sequence spaces were studied by Vakeel A. Khan, Mobeen Ahmad, and Masood Alam [13].
Maria Manuel Clementino and Andrea Montoli were researched and interested in ultrametric
groups [14]. Thus, many researchers have developed fuzzy functional analysis and its
applications.

Cases of some consequences of metrics induced by a fuzzy ultrametric method were studied by
Li [25]. Regarding probability measurement in the category of fuzzy ultrametric spaces, it was
examined by Savchenko et al. [26]. Additionally, the completeness of fuzzy metric spaces was
examined by Gregori et al. [27]. Fuzzy ultametric spaces and their applications were also
encountered in the decision process, Khameneh et al. [28] worked on the subject. The properties
of ultranormed spaces were introduced and studied by Sanlibaba [29,30]. Intuitionistic fuzzy
normed rings and the generation of their basic properties were investigated by Abed Alhaleem
et al [31].

With a different approach, we have managed to go even further in this article. Fuzzy norm,
fuzzy ultranorm, and fuzzy ultrametric spaces are introduced and their properties are studied.
Fuzzy ultranorm spaces created by using ultranorm 3rd property (N3)' lu+vI<max{lul,lvl} are
emphasized as a more special case of fuzzy normed spaces, and various interesting results are
obtained. Especially in the situations between fuzzy sets and fuzzy ultrametric sets, their
coverage conditions are examined. For this reason, it is quite exciting to discover some kind of
new type of fuzzy space that can be beneficial for solving various problems in fuzzy work. In
addition, some theorems about fuzzy ultrametric space and fuzzy ultra-bounded sequence
spaces are proved, and examples are shown.

The structure of this paper is prepared as follows: Some preliminary results and basic definitions
are mentioned in section 2. In section 3 fuzzy ultranorm, fuzzy ultrametric, and some fuzzy
ultra-sequence spaces are proven and main results are discussed. In section 4 Some of the
conclusions emphasized in the article are summarized.
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2. Preliminaries

Let X be a universal set, p, (x) is the degree of membership of x in A. Then a fuzzy set A of X
is defined by the following transform:

na:X = [0,1]

With another expressed as:

AZIJA(Xl) + Ha(X2) + Ha(X3) Tt HAGn) _ ¥ llAX(:n) [15].

X1 X2 X3 Xn

As we know, classical sets are in particular fuzzy sets. Many algebraic operations used in
classical sets are also valid for fuzzy sets and De Morgan's laws are not always valid in fuzzy
sets. Therefore, it is obvious that fuzzy set operations are slightly different from classical set
operations.

Let the membership functions of fuzzy sets A and B be pu(x) and pg(x), respectively. The
union, intersection, complement, and inclusion of two fuzzy sets are shown below [16].

Maup(X) = max{pa(x), ug(x)} vx € X (Union)
Mane(X) = min{p, (x), up(x)} vx € X (Intersection)
HAGO =1 — pa(x) vx € X (Complement)
a(x) < pp(x), (ACSB) vx € X (Inclusion)

Definition 2.1. Consider a fuzzy subset of the real line u: R — [0,1]. Then u is called a fuzzy
number if it provides the following conditions:

1. wis normal,i.e., 3x, € R with u(xy) = 1;
2. u is fuzzy convex, i.e., u(tx + (1 —t)y) = min{u(x),u(y)}, vt € [0,1] ve Vx,y €

R.
3. u is upper semi-continuous on R. Ve > 0,36 >0 such that u(x) —u(xy) <&
[x —xo| < &

4. u is compactly supported, i.e., u® = {x € R:u(x) > a} is compact. [17],[18].

Let's suppose that E; is the be set of all closed and bounded intervals on R, E; =
{fu=[u,utl:u” <x<u*,u andu* € R}.

From this definition, Va € [0,1], a —level set defined by u* = {x € R:u(x) = a}isin E;, that
isu® = [u*",u**] and the set of all fuzzy numbers are denoted by E’.

E' is the set of fuzzy numbers, f: N - E’ Kk — f(k) = uy, for vk € N, fis called sequences
of fuzzy numbers with u, € E’,
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f:N-> E' k- f(k) =u,

If the sequences of fuzzy numbers are denoted by u = (uy) it is clear that u® is called a — cut
sequences given in form (u%) = (uy) = (u%;, u%,, ..., ug, ...) [19],[20].

Additionally, the sets of sequences of fuzzy numbers are indicated with w(E') =
fu=(u) €EE"keN}={f:N - E’, f(k) =uy}. The algebraic structure of w(E") in Figure
2.11is as follows:

+:w(E") X w(E") > w(E'),u = (uy, uy, ...) and (vq,v,,...) € w(E")
(W, v) 2u+v=u+vy
= (u; + vy, Uy + vy, o, Ui + Vi, -n)

-t A E R, A(uy) = (Aug) = (Aug, Auy, ..., Auy, ...)

1.5 -
u \Y u+v
VAN “
a
0.5 - ) v
\ u+v
O T T
0 1 2 3 4 5

Figure 2.1. a — cut sequence and operations on fuzzy sequences

In scalar multiplication (u) € w(E") and uf = [uf~,uf"] if a — cuts sequences are taken
as:

uie = [ug il

Aud™, g™, A=>0

Auge = R = A", u] = {[Ku;‘i” Auy™] A<O0

Since the set of closed intervals does not have an inverse with respect to addition, the set of
fuzzy numbers in the classical sense has no inverse with respect to addition. Therefore, the same
is true for w(E") elements. Therefore, w(E") cannot be transformed into a vector space using
scalar multiplication and addition in the Zadeh sense.

3. Main Theorem and Proof

In this section, firstly fuzzy ultrametric spaces and their definitions are given, then the fact that
F(E") which is the main subject of the research is an ultrametric space is proved by Theorem
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3.1, and its completeness is shown in Theorem 3.2. In the last part, it is proved by Theorem 3.6
that the space of ultra-bounded sequences I, (E") is ultra-isometric.

3.1. Fuzzy Ultrametric Spaces and Fuzzy Ultra-Sequences

The metric space and completeness of sequences of fuzzy sets have been shown in various
articles. In this section, it will be proved that fuzzy numbers are ultrametric space and ultranorm.
Then, the definitions of different fuzzy sequence spaces will be made and their properties will
be examined.

Definition 3.1. Let G be the set of fuzzy numbers but nonnegative and u,v € E’. The function
ds: E'XE’ — G is called fuzzy metric if it is satisfies the (F1), (F2), (F3) and (F4) properties:

(F1) df(w,v) =0

(F2) df(u,v) =0ifandonlyifu=v

(F3) dr(w,v) =ds(v,u)

(F4) Forallu,v,w € E', df(u,v) < df(u,w) + dr(w, v) [21].

If is taken (FU4)" df, (u, v) < max{dg,(u,w),ds,(w,v)} instead of (F4) then the function
dpy is called fuzzy ultrametric. For any u, v € E’, if df, is a fuzzy ultrametric on E’, the pair
of (E',dy,) is called fuzzy ultrametric space.

Definition 3.2. Let u = (uy) sequence of fuzzy number and u,v € E'. A(E") the subset of
sequences spaces of fuzzy number, H is the set of all nonnegative fuzzy numbers, and
|-]l: A(E") — H. If the function satisfies the following (N1), (N2), and (N3) properties, it is
called a fuzzy norm and fuzzy module [22].

(ND |ull =6 u=2~6

(N2) llaull = loc]{[ull

(N3) [Ju+ v < [lull + (vl

(N3)" [lu+ v|| < max{]|Jull, [IvII}
Also, if it satisfies (N1), (N2) and (N3)' properties, it is called fuzzy ultranorm.
Theorem 3.1. The set of all fuzzy numbers is represented by F(E') and F(E") =

{ulu: R — [0,1]} it is remembered that F(E") is normal, convex, and upper semi-continuous
uO thatitis also compact. This is stated from the definition of fuzzy numbers given in definition
2.1. Then, let d(u,v) = supae[ojl]ﬂu(“)‘ — V(“)‘|, |u(°‘)Jr — v(“)+|}, for u,v € F(E'). The d
function satisfies the ultranorm conditions, and (F(E"), d) is a fuzzy ultrametric space.
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Proof. Let u,v € F(E");
dluv) =0 u=v
d(u,v) = supaepoq {|u@~ — v@|, [u@* —v@*|} = 0 &
|u(a)— — V(a)—| =0 A |u(a)+ _ V(a)+| —0ou=v
d(u,v) = supgefo{|u@~ — v, [u@+ —y@+]}
= Supoce[o,l]{lv(a)_ — u(oc)—|' |V(oc)+ _ u(o¢)+|} = d(v,u)
(0, ¥) = supgeo g {max{[u®~ — v~ @ — @[}

= Supgefo 1 {max{|ul®= — WO 4 wHEO — y@-| g0+ — W@+ 4 @+ _

Vo)

< SUPge[o.1] {max{|u(°‘)‘ — w7, Ju@* — w(“)+|}}, SUPe(0.1] {max{|w(°‘)‘ -

v~ |, [wH@ — V(oo+|}}

= max {supae[o,ﬂﬂu("o‘ — w7, Ju@* - W(“)+|}} , max {supae[o,ﬂﬂw(“)‘ -
V0|, [wt — v<°0+|}}
d(u,v) < max{d(u,w),d(w,v)}.
Since it satisfies the ultrametric axioms (F(E"), d ), it is an ultrametric space.

Similarly with [lu|]| = sup|ug|, properties (N1), (N2) are clear. Property (N3)' is following
k

denoted.
lu + vl = supy [u + vi | < supy {max{|ugl, [vi [}
= supy {max{|u, + 0|, |v, + 01}
< supy {max{max{|u|, 6}, max{|vy |, 6}}}
= max{supy {max{|uy |, 8}, sup, {max{|v, |,6}}}
= max{supy d(u, 8), supy d(vy, 6)}
= max{|lull, [lv]|}

Consequently, d is fuzzy ultranorm. ]
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Fuzzy ulltranorm spaces are also special cases of fuzzy norm spaces. Now, considering the
definitions and theorems explained so far, the relationship between fuzzy metric space, fuzzy
ultrametric space, fuzzy ultranorm space, and fuzzy normed spaces is easily shown in diagram
3.1. below.

- Fuzzy
Fuzzy metric ultrametric Fuzzy ultranorm
space space space

Fuzzy norm
space
Diagram 3.1. The connection between fuzzy ultrametric space and fuzzy ultranorm space.

Let u be a sequence of fuzzy numbers. For Ve > 0, Yk > k, and 3k € N, if the inequality
d(uy,ug ) = supae[oll]a(uka, uy®) < g, then (uy) is called to convergent to (uy) € F(E").

d(ue® ue®) = max{|ux @ — ug@7|, [u@OF — uy@*|}. Briefly, it is denoted by limuy, =
u,. If in the closed interval d([a,b], [c,d]) = max{|a — c|,|b — d|}.

Lemma 3.1. Let E' = {[a,b]|]a < banda,b € R} be the set of all closed intervals. Since
d:E'XE' > R, (E',d) is ultrametric space.

Defined by ([a,b], [c,d]) = d([a,b], [c,d]) = max{|]a—c|,|b—d|}, d provides ultrametric
properties.

d([a,b],[cd) =0 & max{la—c|,[b—d|}=0 < anda=c, b=d, [ab]=[cd]
d([a,b], [c,d]) = d([c,d], [a,b]) itis clear that.
d([ab], [c,d]) = max{la —cl,|b—d[}

=max{la—c+e—el,[b—d+f—f]}

< max{{la—e| +|e —c[},{Ib—f| + |f - d[}

= max{{la —el,|b—f|} + {le — c|, |f — d|}}

< max{{la —el, [b — |}, {le — c|, |f — d[}}

= max {d([a, b], [e, f]), d([e, f], [c, d])}

Since it provides ultrametric properties (E’,d), it is an ultrametric space. L]
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Let's suppose that u, = ([xy, yxl) is a Cauchy sequence. So for all € > 0, itis 3n, € N such
that for vk, m > ny it is d([Xk, Ykl, [am bm]) < €.

Since max{|xx — X |, [Vk — Vml} < & Xk — x| < € and |yx —y,m| < €. The sequences
(xx) and (yx) are also a Cauchy sequence in R. Because R is complete, lilr(n Xx = X, and

lilgn Yk = Yo exist. Since x < yy 1SXy < ¥o. SO lilzn ug = lilgn[xk, Vil = [X0, Yol Namely, (uy)

Cauchy sequence is convergent and since it is convergent (E’, d) it is a complete ultrametric
space.

Theorem 3.2. F(E') is the complete ultrametric space.

Proof. It can be proved that F(E’) is also complete using Lemma 2.1. It can be taken as u €
F(E") © u® = [u*",u*"]. Because for (uy) € F(E’) and Va € [0,1], a —cut (u*) gives a
sequence of E’. As a result, it is clear from the complete of E' that F(E") is complete. ]

Definition 3.3. The fuzzy norm of the fuzzy number u is denoted which notation to the fuzzy
distance from u to 0, as follows:

lullgr = suprsupjefo,Allue™ — 0l, [ug* —0l] (3.1)
Let u = (uy) be a sequence of fuzzy numbers, (uy) € E' and ||-|| be a fuzzy norm.

It means that the sequences (uy) converge to (uy) € E’ with the fuzzy norm ||-||, there is an
integer n, such that ||u, — ugl| < [g, €] = € for k = n,, if for any given € > 0. The sequence
(uy) is said to be fuzzy norm ||-]| if sup,||u,|| < oo, for all k € N. Respectively c(E"), co(E"),
and [, (E") are written for the the fuzzy sets of all fuzzy convergent, fuzzy null, fuzzy bounded
sequences [23].

||| is satisfies the property (N3)’ with the norm defined by sup ||ug||. (3.2)
ul{,o(E’)(k) = ucr(Er)(k) = uc{)(E’)(k)'

Then the set of fuzzy ultra-convergent, fuzzy ultra-null, and fuzzy ultra-bounded sequences are
denoted by ¢'(E"), cy(E") and 1, (E") respectively, and defined as follows:

¢'(E") = {u = (u) € w(E"):limy supepo3Allug™ — Ol [u* = 0l] =, @ EE"}
co(E") = {u = (ug) € w(E"): limy 5uPAe[o,1]A[|uk_ — 0}, Ju,t = 0[] = 9}

16 (E") = {u = (uy) € w(E"): supgsup;epo,jAllug™ — 01, [ ™ — 0[] < oo}
Theorem 3.3. ¢y(E") € ¢'(E") c I, (E") coverage is available.

Theorem 3.4. c4(E') c co(E") € ¢'(E") c c(E") c I, (E") c lo(E"). Itis clear that it has
coverage.
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Theorem 3.5. I),(E") = {u = (u) € E": supgsupjepo,iAllug™ = 0l, [uet = 0[] < oo} fuzzy
ultra-bounded sequences is a complete ultranorm space, with the norm given in (3.2).

Proof. It is easy to prove that a fuzzy ultra-bounded sequence is a fuzzy ultranormed space.
Hence it will be proved below that a fuzzy ultra-bounded sequence is complete.

Let's assume that (uy) is a Cauchy sequence in I, (E"). If (uy) is a constant sequence then the
case is clear. If (u;) is not a constant sequence then there is an integer n, such that m,n > n,
and,

lu™ —u*ll = supgelue™ —wc™| < e (3.3)

From here, |u;,™ — u™| < € is obtained when m, n > n, for every arbitrary but constant k with
k =1,2,..and £ > 0. So for every constant k, (uj,uz, uj,...) is also a Cauchy sequence in
E'. Since E' is complete u;* —» u € E'. With the help of these limits to be obtained for each
natural number k, the sequence u = (uq,u,,...) is formed in E"'.

u; = (uhud, . ud, )
u, = (Wdui, ..., u3,...)

uz = W3, u3, ..., ud,...)
we = (uf,uf, . uk, L)

Uy = Wt ult, o o ult, L)
1 T

u = (ug, Uy, o, Up, )

Now it will be denoted that u,, > u, n > oo, and u € [;,(E"). In (3.2) if n —» oo is done
[lup™ — uk”zgo(E') < & is obtained. Since u, = (uy) € l,,(E"), there is t, real sequence such

that ||u,™|| < t,, fork =12, ...

From the strong triangle inequality ||ug || = |lugr — ue™ + up™|| < max{||u, — w, ™|, Jug™ |} <
max{e, t,} < oo. Considering that for all k this inequality is valid, (uy) € I, (E"). ]

Definition 3.4. Z' = (z,;) and given the sequence u = (uy), consider the transformation v, =
puy + (1 — p)ug_q, which is called Zweier transformation by the following definition [24].

D, n==%k

Z'ok = 1-p, n—-1=k ,peR-{-1} nk €N
0, otherwise
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Theorem 3.6. Defined by I (E') = {u = (uy) € E": supysup,epo,Allu,” — 0[, lu,t —
0]] <o } the set of the fuzzy ultra-bounded sequence is ultra-isomorphic.

Proof.
Z":1,(E") = I',(E") consider the transformation u = Z'u=v, v = vy,
Vg = pup + (1 — plug—q (3.4)
i) Z" is linear.
Yu,v € ZOO(E’) , Va e E’
Z'(u+v) =pluy +v) + (1 —p)(we—1 + ve_q)

=pu + v + (1 = plug_y + (1 — pIvg_4

= pug + (1 = plug-1 + pvg + (1 = pIvk-_q

=Z'(w)+27Z'(v)
Z'(au) = p(auy) + (1 — p)(aug_1)

= a(puy + (1 — plug-1) = aZ'(w).

ii) Z' bijection.

Z"1(E") = 1o (E") and vy, = puy + (1 = plug—

. (1=p)k—J
When u= Z'""v, every u = (u) = Z?zo(—l)k‘f ) ]vj (3.5)

pk—j+1
The form given has a v element. As a result, it is shown to be a bijection.

iii) In the case of I,(E") and I, (E") ultranormed spaces, the Z’ isomorphic is a linear space
isomorphic that preserves the norm, that is, satisfies the |[Z'ul|| = |lu|| condition for each u
(element) Z'.

L (1—p\K—J
Inthe u = (u) = ﬂ?zo(—l)"‘f (;k’_’3+1]vj sequence given in (3.5), with (3.4) v, = puy +

(1= plug_y

1Z"ullz,y(57y = supxd (Z'uy, 0)

= supyd(puy + (1 — p)uy—1,0)
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- _j a-p)kJ - A G
= suped (p Zoo~DF S v, + (1 - p) Bo(- 1) G2 D)
= sup;d (u, 0) = llully, (1)

To summarize, Z'is norm preserving. The spaces I, (E') and 1., (E") are isometric. ]

As a result, I, (E") fuzzy ultra-bounded sequence space is shown to be ultra-isomorphic and
the proof is completed.

4. Conclusion

In this study, fuzzy ultrametric space and fuzzy ultranorm definitions were made. It is proved
that fuzzy sets are ultrametric space and ultranorm. It was emphasized that fuzzy ultranorm
spaces are also special cases of fuzzy norm spaces. Additionally, a relationship was established
between fuzzy ultrametric spaces and fuzzy ultranorm spaces. It has been shown that F(E') is
a complete ultrametric space. By defining fuzzy ultra-sequence spaces c¢'(E"), co(E"), and
I, (E") their coverage states are researched and shown. Finally, the fuzzy ultra-bounded
sequence spaces are proven to be complete and ultra-isomorphic.
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Abstract

MAB phases have recently garnered significant interest due to their excellent properties, such as high thermal
and electrical conductivity, oxidation resistance, and exceptional corrosion resistance. Although the Mn,AIB;
phase has been synthesized using multiple methods recently, it requires long experimental durations (up to 7
days), high costs, and extensive experimental efforts to achieve high purity. In our study, the Mn,AIB, MAB
phase was synthesized using Al, B, and Mn as precursor materials. Specifically, we investigated the effect of
Al ratios (Al:1.3, Al:3, and Al:10) on the formation of the Mn,AlIB, MAB phase. The precursor powders were
mixed homogeneously in stoichiometric ratios using ball milling and cold-pressed in a 1-inch die set to form
green pellets, which were then sintered in a high-temperature vacuum furnace at 1200°C. The resulting Mn,AlB;
MAB phase was characterized in terms of crystal structure, impurity, and microstructure using XRD, FESEM,
and EDS.

Keywords: Mn,AIB; MAB phase, crystal structure, XRD and FESEM

Tabakal Yapidaki Mn,AIB, MAB Fazinin Sentezinde Aliiminyum (Al) Oraninin
Etkisi

MAB fazlar iyi termal ve elektriksel iletkenliklerinin yani sira oksidasyon direncinin yiiksek ve miikemmel
korozyon direncine sahip olmasi gibi mitkemmel 6zelliklerinden dolay1 son zamanlarda biiytik ilgi gérmektedir.
Ozellikle Mn,AIB; faz1 yakin zamanda birden fazla yontem kullanilarak sentezlenmis olmasina ragmen, uzun
deneysel siire (7 giine kadar), yiiksek maliyet ve milkemmel saflikta sentezlenmesi i¢in deneysel calismalara
ihtiyag duyulmaktadir. Yaptigimiz ¢aligmada ise 6ncii materyaller olarak Al, B ve Mn kullanilarak Mn,AlIB;
MAB fazi sentezlenmistir. Calismamizda 6zellikle Al (Al:1.3, Al:3 ve Al:10) oraninin Mn;AlB; MAB fazinin
olusumuna olan etkisi incelenmistir. Oncii tozlar stokiyometrik oranlarda bilyal 6giitme ile homojen bir sekilde
karnistirilmig ve fiziksel baglarin olusumu igin 1 in¢’lik die-set ile soguk preslenerek ham peletler elde dilmis ve
daha sonra 1200 °C'de yiiksek sicaklik vakum firininda sinterlenmistir. Elde edilen Mn,AlIB; MAB fazinin
kristal yapisi, safsizlik ve mikro yapis1 XRD, FESEM ve EDS kullanilarak karakterize edilmistir.

Anahtar kelimeler: Mn,AlB; MAB fazi, kristal yapi, XRD ve FESEM
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The Effect of the Aluminum (Al) Ratio on the Synthesis of the Laminated Mn:AIB> MAB Phase

1. Introduction

Studies have been carried out in recent years on similar MAB phases due to using MAX phases
as a leading material in synthesizing 2D structures. Theoretical and experimental studies have
proven MAB phases obtained by replacing the carbon and/or nitrogen corresponding to the
element X in the MAX phases with boron (Ade and Hillebrecht, 2015; Chai et al., 2015; Bai et
al., 2017). Recent studies on MAB phases have mainly focused on single crystal growth and
crystal structure determination (Ade and Hillebrecht, 2015), electronic properties (Lu et al.,
2017), mechanical properties (Siriwardane et al., 2020), and oxidation resistance (Kota et al.,
2016).

MAB phases are layered orthorhombic transition metal borides similar to MAX phases but with
higher structural stability. In the MAB phase, M represents the transition metals such as Cr,
Mo, W, Fe, Mn, or solid alloys of these elements (FeB, CrB, and MnB), A represents the I11-A
or IV-A group element, and B represents the boron element. They have shown a unique
diversity in crystal chemistry and bonding patterns, where the binding of boron atoms is often
determined by the transition metal (M: B) ratio. These can be considered materials consisting
of stacked M-B blocks, which consist of face-sharing triangular BMe prisms interwoven with
planes of A atoms or more complex A sheets between minerals (Kota et al., 2018a). MAB
phases have a significant structural diversity. Among them are well-known phases MoAIB,
WAIB, Fe;AlB>, Cr,AlBz, and Mn2AIB., which have attracted significant attention recently. As
a result of the atomic structure of MAB phases, the name MAB is given because the thickness
of the metal boride layer (n) resembles the large carbide structure of MAX phases. MAB phases
have more than one crystal structure (space group). For example, Mn2AIB; (space group Cmmm),
MoAIB (space group Cmcm), CrzAlBs (space group Immm), CrsAlBs (space group Cmmm),
CrsAlB4 and Ru2ZnB; (space group I141/amd). In general, (MB)2;Ax (MBy)y, wherein (z = 1-2,
x =1-2,y=0-2); Mis a transition metal (M = Mo, Cr, Mn, Fe, W, Hf, Ru, Y), A is typically
Al, and B is boron. Having the M2AB>-type structure (x = 1, y = 0, z = 1), the Mn2AIB;
crystallizes in the Cmm Space group.

MAB phases can also be synthesized using methods similar to MAX phases (Kota et al., 2018b).
The synthesis of MAB phases involves sintering at high temperatures (1000-1500 °C) under an
argon (Ar) atmosphere. Elemental (Al, B, Cr, W, Mo, Mn, Fe) or alloy (FeB, CrB, MnB) can
be precursor materials. There are few studies in the literature on the synthesis of Mn,AlB,. Kota
et al. attempted to prepare Mn2AIB: by using hot press sintering technology at 1050 °C, pressure
up to 36 MPa, and mixing Mn, Al, and B powders as starting materials (Kota et al., 2018a). In
another study, using Mn, Al, and B powders as precursor materials, Mn.AlB> was synthesized
by heat treatment sintering at 1050 °C for 15 hours. Despite attempts to synthesize Mn2AlIB,
the cost of synthesis is high due to the methods used, such as hot-pressure sintering. As for the
heat treatment technique, the fact that the experiment lasts approximately 15 hours may cause
problems in terms of equipment, and the impurity of the obtained Mn,AIB, MAB phase is
relatively low. Therefore, Mn2AIB: synthesis requires new and efficient techniques. In another
study, Mn2AIB> was synthesized by arc melting at 1450 °C with Mn:B:Al atomic ratio of 1:1:30
(Ade and Hillebrecht, 2015). Additionally, Zhai et al. obtained Mn.AIB: using arc melting
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under the Ar atmosphere at 900 °C for 7 days (168 hours). Mn2AIB; was also produced using
Al Flux techniques, where a mixture of Mn, Al, and B (Al:Mn:B = 10:1:2) was heated to 1150
°C for 15 hours (Roy et al., 2023).

In this study, it was aimed to synthesize the MnAIB. MAB phase using Al, B and Mn as
precursor materials and to investigate the effect of different Al concentrations (Al:1.3, Al:3 and
Al:10) on the formation of the phase and to obtain it by high-temperature sintering with a
synthesis time that is lower duration than the studies in the literature.

2. Materials and Methods

a) Yttria-stabilized ZrO, balls

&7

-

e) Rotary Ball-milling f) Stainless steel die-set g) Pressing h) Pellets
e ! ]

i) High-temperature ;) Grinding in age-mortar k) Sieved powder 1) Mn,AIB, powder
vacum furnace

Figure 1. Experimental materials and steps used in the synthesis of Mn,AIB, MAB phase.

As shown in Figure 1, Manganese (99.3 %, 325 mesh), aluminium (99.5 %, 325 mesh), and
amorphous boron (98 %, 325 mesh) powders weighed in an atomic ratio of 2:x:2 (x=1.3, 3 and
10) respectively. After the precursor materials and yttria-stabilized zirconia (YSZ) balls were
placed in the jar, they were sealed in an Argon atmosphere in the glove box. Then, the powders
were mixed via rotary ball milling for 18 h. After mixing, the powders were cold-pressed into
pellets with loads corresponding to a stress of 15 MPa in a steel die. To react with the pressed
pellets at high temperatures, they were placed in an alumina boat, placed in a high-temperature
vacuum furnace with a heating rate of 5 °C/min, and sintered for 2 hours at 1200 °C in a pre-
vacuumed 200 sccm Argon atmosphere. After cooling at room temperature, the pellets were
crushed into fine powders in an agate mortar and pestle and passed through a 325-mesh sieve
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for further characterization. The synthesis parameters of the Mn2AIB, MAB phase are given in
Table 1.

Tablo 1. Synthesis parameters of Mn,AlB, MAB phase.

Diameter BPR Mixing Time Pressure Sintering
Stochiometric ratio  of balls (Ball to powders ) (MPa) temperature
(mm) powder ratio) (rpm) (°C)/Time (h)
Mn:Al:B — 2:x:2 5 5:1 200 18 15  1200°C/2h

x=1.3, x= 3, x=10

3. Results and Discussion

When synthesizing MAB phases, Al is added more in molar ratio (Tan et al., 2013; Wang et
al., 2021). This is because the melting point of Al is lower than other elements in the MAB
phase. However, the effect of Al concentration on the synthesis of the Mn,AIB; phase is not
yet fully understood. Therefore, we changed the Al concentration by varying x=1.3, 3, and 10,
corresponding to MnoAl13B2, MnoAlsB,, and MnoAl B, labelled samples. Crystalline
structures of the samples were investigated in the 20 range (step size: 0.05°) from 10° to 80°
using X-ray diffraction (XRD) patterns obtained from PANalytical Empyrean with Cu-K,
radiation of wavelength (L) of 1.5406 A. The XRD patterns of MnAl13B2, Mn2Al3B;, and
Mn2Al10B2, corresponding to Al concentrations of x=1.3, 3, and 10, respectively, are shown in
Figure 2. In XRD patterns, it was observed that most of the peak positions correspond to the
orthorhombic (Cmmm Space group) crystal structure of the Mn,AlIB: phase, as indicated by the
JCPDS card No: 072-0103 (Figure 3).

(130)

—
o
-
-
-~

Al:3

Intensity (a.u.)

JCPDS card no: 074-0103

I [N B '.|' PR
10 20 30 40 50 60 70 80
20 (degree)

Figure 2. XRD pattern of MnAIB> MAB phase according to the amount of Al.
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Figure 3. 2D and 3D visualization of the orthorhombic (Cmmm Space group) crystal structure of
212-type Mn2AlB> MAB phase.

The main phase identified in the sample with an Al content of 1.3 was Mn;AIB; with high
purity, alongside minor MnB, MnAle, Al;O3, and Al (Table 2). In contrast, the sample with an
Al content of 3 exhibited more MnB, MnAlg, Al,O3, and Al impurities compared to the sample
with an Al content of 1.3, indicating an increase with higher Al content. However, increasing
the initial mixture's Al content to 10 did not effectively enhance the purity of Mn,AlIB; instead,
the quantity of Mn,AIB, MAB phase decreased. As the Al content increased, some
characteristics, for example (002), (001), (004), peaks intensity of Mn.AIB; decreased, leading
to a higher formation of MnB, MnAls, Al.Oz, and Al impurities alongside Mn2AIB;, as
observed in Figure 2. In the XRD pattern with an Al content of 1.3, the intensity of reflections
from the (002) crystal plane was significantly higher than Al content of 3 and 10, indicating
better crystallinity of the Mn2AIB. phase. Additionally, the peak intensity of the (002) crystal
plane decreased as the ratio of Al increased. Furthermore, the presence of Al>Oz in each sample
is likely due to the reaction between Al and O adsorbed on the surfaces of precursor powders.

Tablo 2. Starting mixture with different molar ratios and resulting phases.

Starting mixture Molar ratio Resulting phases
2:1.3:2 MnAIB; (s), MnAlg (w), MnB (w), Al,Os (w), Al (m)
Mn/Al/B 2:3:2 Mn2AIB; (M), MnAlgs (m), MnB (m), Al.Os3 (w), Al (s)
2:10:2 Mn,AIB; (W), MnAlg (M), MnB (m), Al,O3 (w), Al (s)

Symbols means: ’'s":strong; 'm’: medium; 'w’ weak.

Field Emission Scanning Electron Microscopy (FESEM) measurement and elemental mapping
of the MAB phases were performed using the FEI Quanta 450 FEG device and AMETEK
Materials Analysis Division on the FESEM device, respectively. In Figure 4, as seen in the low
and high magnification, FESEM images of samples passed through a 325-mesh sieve after
crushing and grinding steps following sintering, the particle size is less than 38 pm. Generally,
Mn2AIB2 MAB phases where Al is utilized in varying ratios, like commonly synthesized MAX
phases, exhibit a well-defined crystalline structure and a morphology resembling a laminated
structure.
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Figure 4. FESEM images of Mn,AlIB> MAB phase according to the amount of Al, (a, b) Al:1.3,
(c, d) Al:3, and (e, f) Al:10.

EDS analysis was conducted to investigate the effect of varying amounts of Al on forming the
Mn2AIB2 MAB phase. Figure 5 presents the EDS results regarding the atomic concentration of
Mn, Al, and B elements. Generally, no impurities containing different elements were detected
in the MAB phases, and full-area measurements indicate a homogeneous distribution of Mn,
Al, and B. However, in the MAB phases of samples Al:3 and Al:10, where the Al concentration
is increased, a slight increase in the ratio of Al impurity is observed. This phenomenon likely
reduces the content of the Mn,AIB., MAB phase in the final compound, as indicated by XRD
results within the powder. It is known that adding excessive amounts of Al during the synthesis
of MAX phases plays a crucial role in compensating for the loss of Al due to evaporation.
However, increasing the amount of Al can reduce the formation rate of MAB phases with low
thermal stability or lead to the formation of additional impurities.
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Figure 5. Full area EDS analysis of Mn,AIB2, MAB phase with atomic concentrations according
to the amount of Al, (a, b) Al:1.3, (c, d) Al:3, and (e, f) Al:10.

4. Conclusion

In this study, the MnAlIB, MAB phase was obtained by sintering at 1200 °C for 2 hours in a
vacuum environment in a high-temperature furnace. The effect of Al content (Al:1.3, Al:3 and
Al:10) on the formation of the Mn,AIB, MAB phase was investigated. In the sample with an
Al content of 1.3, the main phase Mn,AIB, was obtained in high purity orthorhombic crystal
structure and small amounts of MnB, MnAls, Al.Oz and Al impurities were found. As the Al
content increases, the proportion of the MnAIB, phase decreases, and the proportion of
impurities such as MnAls, MnB and Al>Os increases. XRD and FESEM analyses showed that
the Mn2AIB> MAB phase grows perfectly in a layered structure and maintains high crystal
quality.
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Abstract

During the Covid-19 pandemic period, when remote education and working from home came to the fore, the
importance of university information and remote education systems in this process has emerged. The digital
transformation process and business continuity in the information technology infrastructure has been of great
importance in terms of the services provided to students and staff during the pandemic period. The need for
infrastructure for areas such as automation systems, electronic document management systems, online education
and learning management systems has suddenly increased during the pandemic process, and it has been a
situation faced by universities to meet this need and ensure business continuity by data centers. Because; various
applications were made for the criteria to be considered in the design of the data center, redundant infrastructure,
security, and later flexibility and business continuity. In this study, Suleyman Demirel University data center
planning and business continuity application is given by presenting how the three-location redundant data center
planning should be done according to TIER and 1SO22301 standards.

Keywords: Data Center, Business continuity, Redundancy, TIER, 1SO 22301.

Universitelere Yonelik Yedekli Veri Merkezi Planlamasi

Oz

Uzaktan egitim ve evden calismanin 6ne ¢iktigi Covid-19 pandemi doneminde, iiniversite bilgi ve uzaktan
egitim sistemlerinin bu siiregte 6nemi ortaya ¢ikmistir. Bilisim alt yapisindaki dijital doniisiim siireci ve is
stirekliligi pandemi doneminde Ogrencilere ve personele sunulan hizmetler agisindan biiyiik dneme sahip
olmustur. Otomasyon sistemleri, elektronik belge yonetim sistemleri, ¢evrimigi egitim ve 6grenme yonetim
sistemleri gibi alanlar i¢in altyap1 ihtiyacinin pandemi siirecinde bir anda artmasi, veri merkezlerini bu ihtiyact
kargilamasi ve is siirekliligini saglamasi {iniversitelerin karsi karsiya kaldigt bir durum olmustur. Bu nedenle;
veri merkezi tasariminda dikkat edilmesi gereken kriterler, yedekli altyap, giivenlik ile sonrasinda esneklik ve
is stirekliligine yonelik cesitli uygulamalar yapilmistir. Bu ¢alismada, ti¢ lokasyonlu yedekli veri merkezi
planlamasinin TIER ve ISO22301 standartlarina gore nasil yapilmasi gerektigi sunularak, Siileyman Demirel
Universitesi veri merkezleri planlamast ve is siirekliligi uygulamasina yer verilmistir.

Anahtar Kelimeler: Veri merkezi, s Siirekliligi, Yedeklilik, TIER, ISO 22301.
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Redundant Data Center Planning for Universities

1. Introduction

The Covid-19 virus started an epidemic process that emerged in Wuhan, China in the last days
of 2019 and spread throughout the world in a very short time. The World Health Organization
has accepted this virus as a very dangerous pandemic that has spread throughout the world. The
Turkish state has taken many precautions to prevent the spread of the disease in this process.
At the beginning of these; A curfew has been declared for those over 65 and under 20, and
education and training at all levels has been suspended for a short period of three weeks.

In Turkey, the Ministry of National Education has included students at every school level within
the scope of distance education through television channels and the Education Informatics
Network (EBA) as of March 23, 2020. In this way, the courses held via EBA have been made
available via the internet, TRT channel and television, and TV and internet-based distance
education platforms have been actively used (MEB, 2020). In higher education, this process is
left to universities. In terms of universities, the application method was generally carried out
with software that provides an online environment. In this direction, some universities have
provided online simultaneous education using their existing infrastructure. Some have carried
out the distance education process through cloud systems with the service procurement method
(YOK, 2020).

In this period; Internet traffic has increased rapidly in universities using the existing
infrastructure, and depending on this increase, network equipment such as servers hosting the
services offered and routers and switches used to carry this traffic have to work uninterruptedly.
In addition to the increase in data center usage scales, another issue that needs to be analyzed
in depth is the reliability level and uninterrupted uptime of these data centers. A single outage
event with a 90-minute outage can cost an average of more than half a million euros, including
recovery costs, loss of end-user productivity and business interruption (Emerson Network,
2021). An ideal data center management policy should plan to reduce power consumption while
maintaining a low failure rate. This planning; It can be provided by standards such as TIER and
1SO22301, which show the level of competence and competence that the data center can survive
and continue to serve in issues such as electricity, cooling, physical security, fire, building
durability, network infrastructure, as well as in natural disasters, disasters and similar
extraordinary situations. Upon the determination of the standards of data centers, the Uptime
Institute and the International Organization for Standardization (ISO) have set forth various
certification methods and standards. The Uptime Institute created the TIER certification
standard and the 1SO 22301 standard.

The purpose of the TIER system is to measure the availability and availability of data centers.
There are 4 levels in the TIER certification method and the minimum required technical
competencies and infrastructures are specified for each level value (Uptime Institute, 2022). In
Tier certification, documents are given for design and operation. While the Tier design
certificate is issued for the construction and design of the data center, the Tier operation
certificate is a document for the operation of the data center. Upon submission of all the
implementation stages and forms of the project to the Uptime Institute, the projects deemed
appropriate are given certificates according to their levels. 1SO22301 was standard; It is a
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management system standard based on the risk approach for the creation, implementation,
monitoring, review, continuity and improvement of business continuity (ISO, 2022; Arief et al.,
2019.). ISO 22301 is the world's first international standard for the implementation and
maintenance of security and flexibility and business continuity management systems
requirements, when published in 2012, and effective business continuity plans, systems and
processes, and updated in 2019 and implemented as 1S022301:2019 (TSE, 2022).

In this study, data center planning and business continuity practices at Siilleyman Demirel
University are given by presenting how the three-location redundant data center planning
should be done according to 1SO22301 and TIER standards.

1.1. Data Center

Data Centers house critical computing resources in controlled environments and under
centralized management, enabling businesses to operate around the clock or according to their
business needs. These computing resources are server computers; web and application servers,
file and print servers, messaging servers, application software and the operating systems that
run them, storage subsystems and network infrastructure, etc. systems (Arregoces and
Portolani, 2004). The size of a data center can range from a small cabinet to a high-scale data
center. The term high scale refers to a flexible and robust computer architecture capable of
increasing computing capability across memory, network and storage resources. Regardless of
size and name, all data centers perform one thing: to process and transmit information
(Kambhampaty, 2022).

Data centers are designed in various sizes, criticality levels and capacities according to the field
of activity in which they are used. The basic components of a data center are as follows:

* Sustainably cooled mechanical system

* Electricity distribution, uninterruptible power supplies and generator systems
* Fire extinguishing systems

* Cabin and cabling systems

* Data center infrastructure systems

* Data center monitoring and management systems

* Disaster recovery and business continuity

1.2. Business Continuity and Redundancy Standards
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"Redundancy” provides greater reliability, but has a profound impact on initial investments and
ongoing operating costs. This situation is more clearly expressed in the diagram below (Figure
1.3). According to the Tier certification standards of the Uptime Institute, data center
redundancy and fault tolerances are determined by the following items.

* N: Basic requirement.

* N +1 redundancy: Having an additional unit, module, bus or system to the minimum
requirement.

* N+2 redundancy: Two additional units, modules, paths or systems in addition to the minimum
requirement.

* 2N redundancy: Two complete units, modules, paths or systems for everything needed for a
base system

* 2(N+1) redundancy: Having two full (N+1) units, modules, paths or systems.

Based on the above, the following levels of TIER certifications are made regarding component
redundancy for a data center:

* Tier I Data Center: Basic system

* Tier II Data Center: Redundant components

¢ Tier III Data Center: Simultaneous maintenance possible
* Tier IV Data Center: Fault Tolerant

In these standards, N+1; It covers the design and implementation of all components of a data
center as redundant. Well; a backup of the cooling unit, a backup of the uninterruptible power
supply, a backup of the generator, a backup of the electrical infrastructure. 2N redundancy;
represents the creation of an exact backup of the existing structure at a different point. If it is
2N+1, it includes that all components are eaten for both points (Choorat and Noimanee, 2022).

In terms of uninterrupted business continuity, there is a Disaster Recovery Center (DRC) in a
different location (in a different city) in order to achieve 100% uptime and to ensure that the
services of N+1, 2N and 2N+1 data centers do not stop in extraordinary situations (flood,
earthquake, etc.). is of great importance. Apart from these, certification and implementation are
very important for business continuity. At this point, 1ISO22301 standards come to the fore.
According to 1SO22301;

* Asset inventory should be created
* Process inventory should be created

* Risk analysis should be created for assets and processes
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* Plan and Process improvements

* Development of disaster recovery plan and process
* Preparation of crisis management plans

* Preparation of exercise management plans

These processes need to be established.

From the analyzes made based on the data in the standards mentioned above, the analysis of the
impact of the interruption and/or disaster on the institution, the level of impact and probability
are revealed. The final results of the risk assessment describe the sequence of relevant business
processes. Taking measures according to these risks ensures that business continuity is kept at
the highest level.

2. Redundant Data Center Planning
2.1. Planning Phase

When planning a data center, only the number of servers to be hosted in the data center should
not be considered. First of all, general capacity planning should be done. In this context, the
services to be hosted should be revealed and a growth plan of at least 10 years should be
established. Accordingly, network devices, access and ease of cabling infrastructure, security
and accessibility features, amount of heat and cooling system to be released depending on the
devices to be housed, and general electrical load of all systems should be calculated (Yiizgec
and Giinel, 2015).

While planning the physical server; All of the online systems and automation software offered
by the institution should be examined separately as both database and application servers, and
disk, ram and processor capacities should be considered depending on their growth capacities.
Accordingly, appropriate virtualization infrastructure should be created for the services to be
hosted. Table 1 lists the general services and servers used for one of our institutions. By
examining this list, the number of physical servers, the number of virtualization servers and
storage systems were determined. According to this; Virtualization infrastructure was created
with 10 physical servers. For systems that are not included in virtualization, 10 physical servers
were planned.

Table 1. Systems to be hosted and resources planned.
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Virtual Servers Ram and CPU Specification Piece
Data Bases 128Gb Ram, 12 Core Processor 10
Web Servers 12Gb Ram, 4 Core Processor 15
Application Servers 128Gb Ram, 12 Core Processor 10
Otomation Servers 24Gb Ram, 8 Core Processor 10
Service Servers 8Gb Ram, 4 Core Processor 15
E-Mail Services 128Gb Ram, 16 Core Processor 4
Log Store Servers 64Gb Ram, 12 Core Processor 4
Other Servers 24Gb Ram, 4 Core Processor 20
g;%g?éii;r\;w::sce (Camera) 32GB Ram 12 Core Processor 4
PACs Systems 64Gb Ram, 12 Core Processor 2

In the light of the data in Table 1, the energy loads of the physical servers were calculated. Data
center energy use per server includes energy used by the servers themselves. However, the
energy usage calculation of the data center includes the energy used by the servers as well as
networking, storage, uninterruptible power supplies for energy redundancy, cooling system,
lightings and auxiliary devices. In this context, the heat loads produced by the servers and
network devices have been calculated according to their absorbed energy. In this context, a
maximum load of 30 kW has been revealed. This load case is the base requirement value
expressed as “N”. In order to create a Tier 3 level structure, N+1 level transactions are required.
For N+1 redundancy, planning has been made in such a way that at least two uninterruptible
power supplies will meet 30kW and two air conditioners with redundancy to meet this
temperature. Redundant electrical infrastructure and electrical panel system should be built for
this power requirement. Two proposed methods are used for this. The first is parallel connected
structures and the second is in the form of two different source feeds in the form of A + B. In
this study, A+B double source feeding is planned.

Storage planning varies according to the type of data to be stored. A data storage unit consisting
entirely of flash and/or SSD disks should be preferred because the data belonging to application
and database servers are processed quickly and are instantly changing data. For less data to be
read and written, disk units with SAS and NL-SAS disk structures should be used. Considering
today's data compression and deduplication technology, compression and deduplication
features should be sought in data storage units. The data in the institution should be analyzed
according to their types and the data storage unit should be planned.
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Table 2. Selection of appropriate storage size and storage disk type for planned systems.

Virtual Servers Data Classification Storage Capacity Disk
Type

Instantly changing, fast, d singularized D
Data Bases nstantly changing, fast, compressed, and singularize Total allocated space for all databases 50 T8 SSD/
data Flash
Web Servers Instantly changing, fast, compressed, and singularized Total allocated space for all web servers 2 T8 SSD/
data Flash
Application Servers Instantly changing, fast, compressed, and singularized Total allocated space for all application servers 10 SSD/
data B Flash
Automation Servers Instantly changing, fast, compressed, and singularized Total allocated space for all automation servers 5 SSD/
data B Flash
Service Servers Instantly changing, fast, compressed, and singularized Total allocated space for all service servers 1 T8 SSD/
data Flash
E-Mail Services Instantly changing, fast, compressed, and singularized Total allocated space for all email services 40 T8 SSD/
data Flash

L Instantly changi | d and deduplicated SAS
og Store Servers nstantly changing, slow, compressed and deduplicate Total allocated space for all log data 20TB /
data NLSAS
Other Servers Instantly changing, fast, compressed, and singularized Total allocated space for all other servers 10TB SSD/
data Flash

Digital Surveillance Instantly changing, slow, uncompressed, and non-
(Camera) Recording v g & L P g Total allocated space for all recordings 250TB NLSAS
deduplicated video and picture data
Servers
PACs Systems Instantly changmg, S‘O,W' uncompressed, and non- Total allocated space for all PACs data 100TB NLSAS
deduplicated video and picture data

As seen in Table 2, SSD and Flash disks and SAS and NL-SAS disks should be divided into
two separate data storage units and used in a separate structure (This structure may change
depending on the support of the storage units). The basic requirement, referred to as “N” in this
case, is two separate Flash and SAS/NLSAS disk units. In order to create a Tier 3 level structure,
N+1 level transactions are required. For N+1 redundancy, one more disk unit should be planned.

It is very important to plan the network infrastructure in order for the server and data storage
systems to transfer data to the users in a redundant and fast manner and to receive the data from
the user. While making this planning, the number of users and clients should be considered. In
addition, the device and network connection types used by the clients should be calculated.
Although the number of staff and students varies for universities; Students generally use
wireless connection with mobile devices, staff use both wired and wireless connections. Due to
serving approximately 50,000 users; At least 10 Gbps network switching between servers, at
least 40Gbps between backbones and edge welcome switches, and at least 10Gbps between
edge welcome-side switches are planned. In addition to this planning, there should be another
backup service other than ULAKNET infrastructure, which is the internet service provider of
universities. This service provider should have separate and independent fiber optic lines from
the existing infrastructure provider and should be activated without loss of time in case of an
interruption in the existing lines.

All of the data in the data storage systems in active use are expressed as hot data and these data
can change instantly. Such systems need to be backed up periodically. These hot data should
be subject to backup planning according to the type and importance of the services provided.

Table 3. Selection of the appropriate backup plan for the planned systems.

Virtual Servers | Data Classification | Backup Plan
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Data Bases Instantly changing, fast, compressed, and singularized data Every week full, daily
incremantal

Web Servers Instantly changing, fast, compressed, and singularized data Every week full, daily
incremantal

Application Servers Instantly changing, fast, compressed, and singularized data Every week full, daily
incremantal

Automation Servers Instantly changing, fast, compressed, and singularized data Every week full, daily
incremantal

Service Servers Instantly changing, fast, compressed, and singularized data Every week full, daily
incremantal

E-Mail Services Instantly changing, fast, compressed, and singularized data Every week full, daily

incremantal
Every week full, daily
incremantal

Log Store Servers : . ’
g Instantly changing, fast, compressed, and singularized data

Other Servers Instantly changing, slow, uncompressed, and non-deduplicated video and Every week full, daily
picture data incremantal

Digital Surveillance (Camera) Instantly changing, slow, uncompressed, and non-deduplicated video and Every week full, daily
Recording Servers picture data incremantal

With the backup planning in Table 3, it is planned to keep the cold data in a separate storage
unit by performing compression and deduplication. In this case, the basic requirement expressed
as “N” is the backup unit where the cold data is kept. N+1 level is required to create a Tier 3
level structure, 2N+1 level is required for Tier 4 level to be formed. Backup units should be
planned for N+1 and/or 2N+1 redundancy.

An indispensable part of data centers is instantaneous monitoring and security. At this point;
All equipment of the data center, usage conditions, performances, temperature, electricity, etc.
of the personnel responsible for the operation of the data center. must have a full view and
management of the data. In this respect, a data center infrastructure management system (Data
Center for Infrastpructure Management — DCIM) should be established for data centers. Data
center security is provided by adding cabinet lock mechanisms, door lock mechanisms and
cameras to these systems. For fire safety, FM200 and/or Novec gas extinguishing systems
should be applied. Such systems protect and extinguish all basic fire classes, are also safe, clean
and insulating. For this reason, it is planned to use FM200 in data centers.

For universities with Research and Application Hospitals, the planning situation should be
structured as 2N or 2N+1 instead of N+1. At this point, the data center structure is planned to
be 2N+1. In addition, it is planned to establish a disaster recovery center in a different location
(city). In the case of 2N+1, all N+1 plans mentioned above are planned to be configured in pairs
to be 2N+1.

TIER standards were prioritized during the commissioning phase of this structure, the planning
of which has been completed. Required availability times for systems valid for TIER
Standards/levels are listed below.

« Tier 1 — Basic capacity, single supply for cooling and power supplies, no redundancy elements
are expected. The estimated annual working time is stated as approximately 99.671%.

* Tier 2 — Redundant system provides for one-way supply for cooling, power supplies, and
redundant and redundant components. The estimated annual working time is stated as
approximately 99.741%.

* Tier 3 — Simultaneously serviceable system, Predicts Multiple cooling, power and redundancy
systems. The estimated annual working time is stated as approximately 99.982%.
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* Tier 4 — Physically isolated redundant systems include redundant and fault-tolerant data
centers for each component. The estimated annual working time is stated as approximately
99.995%.

2.1.1. Tier1

In order to meet this standard, it is considered sufficient to have electrical systems and cooling
systems in the data center. It is not expected that the systems in the data center will have any
redundancy. In other words, we can say that there are N devices in a single line. Figure 1
illustrates this situation on a drawing. It has been studied for a system with 3 cabinets in the
drawing. The explanations on Tier2, Tier3, Tier4 will be continued by superimposing this
drawing. The estimated annual working time is stated as approximately 99.671%.

T

Main Power

Inrow Climate Unit

Server Rack Cabinets

Figure 1. Tier 1 Server Room Requirement Diagram

2.1.2. Tier 2

In order to ensure this standard, redundancy (N+1) of devices with important tasks such as
electrical systems and cooling systems in the data center is essential. These units include
generator, UPS, cooling systems, etc. can be included. As shown in Figure 2, the incoming
power line is supported by a generator and uninterruptible power supplies are backed up. At the
same time, redundancy of cooling units is provided. The most important detail in this regard is
that each unit is fed from 2 different sources. The estimated annual working time is stated as
approximately 99.741%.
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2.1.3. Tier 3

g
g

Inrow Climate Unit-1

ServerRack Cabinets

Inrow Climate Unit-2

Figure 2. Tier 2 Server Room Requirement Diagram
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Figure 3. Tier 3 Server Room Requirement Diagram

In order to ensure this standard, it has come to the fore that it can be maintained simultaneously
(it will not cause a functional interruption during the necessary maintenance or replacement),
as well as the redundancy at the points that have undertaken important tasks such as electrical
systems and cooling systems in the data center. In Figure 3, this situation is explained for a
single data center with an example drawing. The estimated annual working time is stated as
approximately 99.982%.
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2.1.4. Tier4

In order to ensure this standard, in addition to the redundancy at the points that have undertaken
important tasks such as electrical systems and cooling systems in the data center, in case of a
data center-wide error, the systems do not stop even outside the control of the person (in case
of a complete failure at this level while awaited controlled maintenance in Tier 3) is expected.
According to Tier standards, we can express this situation as 2N+1. In Figure 4, this situation
is simply explained for a system room. The estimated annual working time is stated as
approximately 99.995%.
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Figure 4. Tier 4 Server Room Requirement Diagram
2.2. Implementation

As stated when planning the data centers of our university, Tier and 1ISO 22301 standards have
been taken into consideration. In order to create a Tier4 2N+1 structure, 2 separate areas were
selected within the campus and it was planned to provide a 2N structure first. In addition to this
plan, N+1 structuring was also applied for each point and a 2N+1 arrangement was made.
Within the scope of this Plan, two separate data centers in the East and West campuses of
Siileyman Demirel University were established with N+1 redundancy. 96 core single mode
fiber cables were applied between data centers. The third location, the FKM application in a
different city, was completed and the structure shown in Figure 5 was created.
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Figure 5. S.D.U. Data Centers
2.2.1.West Campus Data Center

The western data center is considered as two parts, the electrical room and the network-system
room, during the architectural planning phase. The high-risk electrical room is isolated from
the data center while creating the architectural plan. Cold corridor structure is preferred for the
data center. In this structure, instead of raising the base, cabling etc. For the passage of the
elements, galvanized panning and cabling are made on the cabinet. The data center layout and
drawing are presented in Figure 3.2.1. Copper and fiber cabling is placed as two separate
passive cabins, which are kept out of the cold aisle using the mirroring method. Network and
cabling operations are separated by creating a NOC (Network Operations Center) structure.
Thus, passing into the cold corridor where the systems are located for network works was
prevented and both system security was ensured and energy efficiency was achieved by
protecting the corridor air circulation. By using card reader lock mechanisms on each of the
network cabinets in the NOC environment, the persons who will have access to the network
cabinets are separated and authorization definitions are made. The entrance to the corridor,
where the systems are located, is also isolated with an automatic door with a card reader,
allowing authorized persons to access the card reader here. In addition to these, other processes
carried out both in the data center and in the electrical room are explained below.
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Table 4. Sensor distribution used in data centers and electrical room

Sensor Type Location Piece Data Center
Wired humidity-temperature | Each cabin was used both at the front and at the back. 2% East/West Data Center and Electrical
sensor Room
Wireless temperature sensor It was used in the room for ambient temperature. 3 East/West Data Center
Liquid Sensor Used on room floors for liquid contact. 4 East/West Data Center and Electrical
Room
Motion sensor F_or r_nonltonng the movements in the room and for the cold corridor 2 East/West Data Center
lighting system.
IP Cameras It has been used for monitoring data centers. 8 East/West Data Center and Electrical
Room
Door Sensor Both front and rear doors of each cabin were used in the room entrance 28 East/West Data Center and Electrical
doors. Room
Pressure and Airflow Sensor It is used to measure the air flow and pressure in the cold aisle. 1 West Data Center
Earthquake sensor For automatic opening of doors and lock systems in case of an 2 East/West Data Center
earthquake.
Smoke and Flame Sensors It is used for fire detection. 11 East/West Data Center and Electrical
Room
Vibration Sensor It is used to detect the situations that may occur due to the vibrations
. P 1 East Data Center
of the air conditioning system.
ilﬁ;:lt;lzc;IS-Momtormg Each feed is used to monitor the inlet and outlet lines. 8 East Data Center and Electrical Room

Special fire-resistant paints with TS EN 13381-8:2013 certificate were used on the walls of both
rooms, and doors with EL120 certificate and 120 minutes fire resistance in accordance with
TSE - CE - EN standards were used at the entrances of both rooms.

» FE180 fire resistant cable in accordance with IEC 60331-21/23/25 standards is used in all of
the ceiling-top open area wiring of both rooms.

*Lighting, power, sensor, etc. in both rooms. All of the wiring (fire resistant cables) is taken
under protection by passing through galvanized pipes.

Lighting and switching systems; Surface mounted, fire and explosion resistant (exproof)
material is preferred in accordance with IP65 standards.

*FM200 fire extinguishing system is integrated with fire detection automation within the data
center management. With this integration, air conditioning systems are turned off during a fire
and FM200 gas filling is provided by opening the covering ceilings of the cold corridor. In
addition to the sensors of the FM200 system, the fire conditions can also be monitored with the
sensors on the DCIM system and communication is provided with the FM200 fire control panel.
FM200 and DCIM applications were made in the electrical room.

» With 94 sensors on the DCIM system, both east and west data centers and the electrical room
are monitored comprehensively from a single point. The sensors used and their places of use
are given in Table 4.

With the rules created on the DCIM system, each change in the data centers is communicated
to the relevant personnel. This system not only provides monitoring but also automation
management. Air conditioning systems are managed through the DCIM system.

Intelligent precision air conditioning systems are used in N+1 construction. Ambient cooling is
done by using the data obtained from the temperature and humidity sensors located on the front
and rear doors of each cabin. In the same way, N+1 air conditioning was applied in the electrical
room. Cooling systems are fed by uninterruptible power supplies separate from server systems.

619



Redundant Data Center Planning for Universities

A front reception room was created before the data center entrance. In this room, the person
who will enter the data center is purified and prepared and taken inside. At the same time, both
the earthquake sensor and the control panel and tube of the FM200 fire extinguishing system
are in this room.

FM200

FM200_CP

Climate Unit

Cold Aisle
1200 mm

Aula Door

Cat & Fiber
Cable Rack

Climate Unit

Figure 6. West Campus Data Center Layout Plan

Figure 7. West Campus Data Center

The western data center power distribution is shown schematically in Figure 8. Electricity
distribution room planning has been made in order to ensure energy uninterruptedness in the
data center. Apart from the generator feeding the building, the positioning of the generator
feeding the data center and the two uninterruptible power supplies in the A+B configuration
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feeding the system cabinets and a redundant energy line are provided to the double power
sourced devices in the cabins. Air conditioning systems are also fed by separate uninterruptible
power supplies. There are separate lines from two places to the common busbar of the
distribution panel in the electrical room. One of these lines is the line coming from the
transformer main panel (the line with the campus common generator), and the other is the line
coming from the generator panel of the building. Since these two lines feed the same busbar,
they will be controlled by a transfer switch. The priority is the line coming out of the main
distribution panel, it is planned to feed the system from the generator of the building in case of
a problem on this line. A line taken from this common busbar enters 4 uninterruptible power
supplies. The lines coming out of the uninterruptible power supplies are connected to another
distribution busbar in the A and B distribution boards. The lines taken from these A and B
busbars feed the air conditioners, system and network cabinets. In addition, the lines coming
from the A and B busbars are combined with the 40A automatic transfer switch, feeding the
card access system, DCIM system, fire detection and extinguishing systems, data center lighting
systems.

eeeeeeeee

cccccccccccccc
uuuuuuuuuu

Server Cabinets

Figure 8. West Campus Data Center Energy Distribution

2.2.2.East Campus Data Center
The eastern data center was planned as a single-storey, single-architectural structure

independent of the existing buildings on the campus during the architectural planning phase.
For the eastern data center, underfloor cooling structure was preferred. In this structure, a 50
cm high floor was raised and cabling etc. Underfloor galvanized panning and cabling were
applied for the passage of the elements. The data center layout and drawing are presented in
Figure 9.
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Copper and fiber cabling is placed as a passive separate network cabinet using the mirroring
method. In addition to these, other processes performed in the data center are explained below.

Fire and moisture resistant special plasterboard in accordance with TS EN 520-Al standards
was used on the walls of the room, and doors with EL120 certificate and 120 minutes fire
resistance in accordance with TSE - CE - EN standards were used at the entrance of the room.

In all of the cabling used in the room, FE180 fire resistant cable is used in accordance with IEC
60331-21/23/25 standards.

Lighting, power, sensor etc. inside the room. All of the wiring (fire resistant cables) is taken
under protection by passing through galvanized pipes.

Lighting and switching systems; Surface mounted, fire and explosion resistant (exproof)
material is preferred in accordance with IP65 standards.

The FM200 fire extinguishing system is integrated with the fire detection automation within
the data center management. With this integration, air conditioning systems are turned off
during a fire and FM200 gas is filled inside. In addition to the sensors of the FM200 system,
the fire conditions can also be monitored with the sensors on the DCIM system and
communication is provided with the FM200 fire control panel.

The eastern data center is also located on the common DCIM system.

Figure 9. East Campus Data Center Layout Plan
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el

Figure 10. East Campus Data Center energy distribution

The eastern data center energy distribution is shown schematically in Figure 10. Electricity
distribution planning was made in order to ensure energy uninterruptedness in the data center.
Apart from the generator feeding the building, the positioning of the generator feeding the data
center and the two uninterruptible power supplies in the A+B configuration feeding the system
cabinets and a redundant energy line are provided to the double power sourced devices in the
cabins. Air conditioning systems are fed depending on the generator line. Separate lines are
coming from two places to the common busbar of the electricity distribution panel. One of these
lines is the line coming from the transformer main panel (the line with the campus common
generator), and the other is the line coming from the generator panel of the building. Since these
two lines feed the same busbar, they will be controlled by a transfer switch. The priority is the
line coming out of the main distribution panel, it is planned to feed the system from the
generator of the building in case of a problem on this line. The lines taken from this common
busbar enter 2 uninterruptible power supplies. The lines coming out of the uninterruptible power
supplies are connected to another distribution busbar in the A and B distribution boards. The
lines taken from these A and B busbars feed the system and network cabinets. In addition to A
and B uninterruptible power supplies, a third redundant uninterruptible power supply is in the
cabinet by using an automatic transfer switch; DCIM system feeds fire detection and
extinguishing systems, data center lighting systems.

2.2.3.Disaster Recovery Center
Disaster recovery center (FKM) plays a vital role in restoring the organization's data and

providing emergency services from this data center in the event of emergency and dangerous
accidents, disasters and large-scale disasters. FKM installation is mandatory for large-scale data
centers in public institutions and organizations. Since FKMs come to the fore in large-scale
disasters and disasters, they should be installed in a different location than existing data centers,
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or even in a different city. Within the scope of the study, Siileyman Demirel University FKM
is kept in a data center with Tier 3 certificate in a different city. While our data centers located
in the eastern and western campuses of our university work with instant data transfer in an
active-passive structure, data is sent from the center to FKM via the tunnel network structure
(side to side vpn). A "multi-purpose™ backup structure is used, which allows the data in the
eastern and western data centers to be restored to multiple sites with multiple methods, with the
aim of recovering nearly 90% of the data. All data centers belonging to our university; It is
within the scope of large-scale data systems, and transfers are made between data centers with
software with special algorithms so that all data can be recovered and restored without a long
downtime and complex recovery processes. For an emergency, the FKM scenario is practiced
within the scope of 1ISO quality processes.

3. Results and Disscussion

In this study, information about the digital transformation process and business continuity in
the informatics infrastructure, which has become prominent in the world and in our country in
recent years with the Covid-19 pandemic, the issues to be considered in the planning of data
centers, the criteria and certificates related to this subject, will be presented at the end of the
study. In this section, the example of Siileyman Demirel University redundant data center
design and implementation is presented in general terms. The business continuity situation
mentioned in the planning phase of the data centers has been tested with the scenarios for the
transfer of data between the data centers and the creation of active-passive redundancy, failure
and maintenance situations and the operation of the backup systems, and as a result, the
adequacy of the redundant infrastructure necessary to ensure business continuity has been
placed. With the advantages of having redundant data centers and FKM in different cities,

» Data centers are not affected by their long-term maintenance that concerns the entire
university,

* [solating data centers from failures caused by other buildings due to the location of data centers
in different campuses within the university and separately and independently from existing
campus buildings,

* Minimizing the uninterruptedness and downtime by feeding the system by the other
uninterruptible power supply in case of a failure in any of them due to the A+B redundancy of
the uninterruptible power supplies and electrical infrastructure,

« Earthquake, flood etc. Ensuring business continuity and not losing contact with the outside
world, as FKM is located in a different city as an emergency action plan in major disasters,

* Providing instant (25 sec) active-passive mirroring and daily cold data backup, apart from
backup only as daily cold data, and returning from backup in case of emergency, business
continuity by getting up and running passive systems in the backup data center within minutes,
provided.
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Abstract

Tarantula cubensis venom (Theranekron®D6) is widely used in veterinary medicine as a drug with anti-tumor,
wound healing, anti-inflammatory, antiphlogistic properties. The purpose of the study was to explore
Theranekron®D6 (TD6)'s antibacterial activity and its impact on apoptotic cell death in human colon and liver
cancer cell lines. TD6 showed a dose and time dependent cytotoxic effect at 12h and 24h in HT-29 and HUH-
7 cancer cell lines. The ICsg values of TD6 were calculated as 12.18 pg/mL and 25.10 pg/mL in HT-29 and
HUH-7 cell lines at 24h, respectively. TD6 induced apoptosis in HT-29 and HUH-7 cell lines. In these cells
exposed to TD6, while the BAX/BCL-2 ratio and CASP-3 mRNA level increased, the HSP90 mRNA and protein
level decreased. Also, TD6 exhibited antimicrobial activities against Pseudomonas aeruginosa, Enterococcus
faecalis, Klebsiella pneumonia, Staphylococcus aureus, Candida albicans and Candida utilis. Obtained results
demonstrated that TD6 has great potentials as alternative therapeutic for cancer and infectious diseases as
apoptosis inducer and antimicrobial agent.

Keywords: Cancer, Tarantula cubensis, Apoptosis, Antibacterial, Antifungal

Tarantula cubensis Venomunun (Theranekron® D6) Antikanser ve Antimikrobiyal

Potansiyellerinin Degerlendirilmesi
Oz
Tarantula cubensis venomu (Theranekron®D6), veteriner tibbinda anti-tlimor, yara iyilestirme, anti-
enflamatuar, antiflogistik 6zelliklere sahip bir ilag olarak genis bir sekilde kullanilmaktadir. Bu ¢aligmada,
Theranekron®D6 (TD6)'nin antibakteriyel aktivitesi ve insan kolon ve karaciger kanser hiicre hatlarinda
apoptotik hiicre 6liimii lizerine etkisini arastirildi. TD6, HT-29 ve HUH-7 kanser hiicre hatlarinda 12 saat ve 24
saatte doz ve zaman bagimli sitotoksik etki gosterdi. TD6'nin HT-29 ve HUH-7 hiicre hatlarinda 24 saatte
hesaplanan 1Cso degerleri sirasiyla 12.18 pg/mL ve 25.10 pg/mL olarak bulundu. TD6, HT-29 ve HUH-7 hiicre
hatlarinda apoptozu indiikledi. TD6'ya maruz kalan bu hiicrelerde, BAX/BCL-2 orami ve CASP-3 mRNA
seviyesi artarken, HSP90 mRNA ve protein seviyesi azaldi. Ayrica, TD6, Pseudomonas aeruginosa,
Enterococcus faecalis, Klebsiella pneumonia, Staphylococcus aureus, Candida albicans ve Candida utilis'e
kars1 antimikrobiyal aktiviteler sergiledi. Elde edilen sonuglar, TD6'nin kanser ve enfeksiyon hastaliklari i¢in
alternatif bir terapdtik olarak biiyiik potansiyele sahip oldugunu, apoptoz indiikleyici ve antimikrobiyal ajan
olarak islev gordiigiinti gosterdi.
Anahtar Kelimeler: Kanser, Tarantula cubensis, Apoptoz, Antibakteriyel, Antifungal
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Evaluation of Anticancer and Antimicrobial Potentials of Tarantula cubensis Venom (Theranekron® D6)

1. Introduction

Natural toxins are important pharmacological resources in the discovery of therapeutic
biomolecules. Natural venoms derived from some animals such as snakes, scorpions and spiders
have therapeutic potential against many diseases. Spider venoms are a complex mixture of
nucleic acids, free amino acids, low molecular weight organic compounds, polypeptides,
proteins, neurotoxins, and inorganic salts [1-4]. The biological activity of spider venom is quite
impressive. Spider venom has been reported to exhibit potential therapeutic activity against a
wide variety of human diseases such as microbial infections, cancer, malaria, and arrhythmia
[3, 5, 6].

Tarantula cubensis is a large arachnid from the Theraphosidae spider family. Theranekron®
D6 (TD6) is a product made from an alcoholic extract of the entire tarantula cubensis. It is a
homeopathic drug commonly used in veterinary medicine. TD6 is effectively used in clinical
veterinary in the treatment of foot and mouth lesions, pododermatitis, cutaneous papillomatosis
and endometritis [7, 8]. A wide range of therapeutic effects of TD6 have been demonstrated in
several clinical studies. It has been found to be effective in inhibiting the growth of canine
tumors, uterine invasion in cattle, treating genital microbial diseases and oral lesions. According
to these studies, TD6 shows antitumor, wound healing, anti-inflammatory, antiphlogistic and
necrotizing effects Additionally, some reports have implied that TD6 has antimicrobial activity
[9-18]. Although the antitumor effects of TD6 have been investigated in clinical veterinary
medicine, more research is needed to reveal the antitumor action mechanism of TD6.

In this study, anticancer activity of TD6 was investigated in liver (HUH-7) and colon (HT-29)
cancer cell lines. The gene expression level of BAX, BCL-2, CASP-3 and HSP90 in cancer cell
lines exposed to TD6 was evaluated. HSP90 protein level in these cells was determined using
the ELISA Kit. Also, antibacterial and antifungal activities of the TD6 were examined against
Enterococcus faecalis, Pseudomonas aeruginosa, Staphylococcus aureus, Kilebsiella
pneumonia, Candida albicans and Candida utilis. Obtained results demonstrated that TD6 is a
potent natural therapeutic in treatment of infectious diseases and cancer.

2. Material and Methods

2.1. Materials

TD6 was supplied from Richter Pharma AG (Wels, Austria). Dulbecco’s Modified Eagle's
medium (DMEM), Heat-inactivated fetal bovine serum (FBS), penicillin-streptomycin
solution, RPMI-1640 medium, trypsin—-EDTA, L-glutamine, phosphate buffer saline (PBS),
and XTT cell proliferation kit were from Biological Industries. cDNA synthesis kit and SYBR
Green master mix was obtained from Bioline. Total RNA isolation was from Favorgen Biotech
Corp.. BCL-2 (PPHO00079B), BAX (PPH00078B) and GAPDH (PPH00150F), HSP90
(PPH63391B) primers were purchased from Qiagen (Primer Assays; Qiagen, Valencia, CA,
USA). CASP-3  primer was synthesized by  Macrogen  (forward: 5’-
ACATGGAAGCGAATCAATGGACTC-3’, reverse: 5’-
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AAGGACTCAAATTCTGTTGCCACC-3’). HSP90 ELISA Kit were purchased from Biont
Shangai YL Biotech Co., Ltd. Bacterial strains (P. aeruginosa ATCC 27853, E. faecalis ATCC
29212, K. pneumoniae ATCC 15380, S. aureus ATCC 25923), fungal strains (C. utilis ATCC
9950, C. albicans ATCC 90819), and cancer cell lines (HUH-7 from the Japanese Collection of
Research Bioresources (JCRB), HT-29 from the American Type Culture Collection (ATCC))
were obtained from Tokat Gaziosmanpasa University, Department of Bioengineering and
Genetics, Turkey."”

2.2. XTT Assay

HT-29 cells were cultured in RPMI-1640 medium, while HUH-7 cells were cultured in DMEM
high glucose medium. Both cultures were supplemented with 10% fetal bovine serum, 1% L-
glutamine, 100 1U/mL penicillin, and 10 mg/mL streptomycin. The cells were cultured under
standard conditions at 37 °C in a humidified atmosphere containing 95% air and 5%
CO..Colorimetric XTT cell proliferation kit was used to analyze the effects of TD6 on cell
proliferation. The cells were seeded into 96-well plates at a density of 5x10% cells/mL. After 24
h, the cells were exposed to TD6 at concentrations ranging from 500 ug/mL to 3.9 ug/mL for
24 h. After the exposure period, 50 uL of the XTT reagent was added to each well and incubated
for an additional 4 hours. Absorbance was then measured at 450 nm, and cell viability was
expressed as a percentage relative to the untreated control group. ICso values of TD6 were
calculated with GraphPad Prism 8.0 software [17].

2.3. Gene Expression Analysis

Expression levels of HSP90, BCL-2, BAX and CASP-3 genes in cells exposed to TD6 were
determined using RT-PCR (Biorad CFX96™), Firstly, ICso doses of TD6 were applied to HT-
29 and HUH-7 cells for 24 hours. Then, the cells were trypsinized and total RNA was isolated
from the cells. cDNA synthesis from total RNAs was performed according to the commercial
kit protocol. The amplification process was conducted under the following conditions: 1 cycle
at 95°C for 10 minutes, followed by 45 cycles at 95°C for 15 seconds and 60°C for 1 minute.
The data of RT-PCR were analyzed using the 2722t method and normalization of expression
of genes was performed with GAPDH [19].

2.4. HSP90 ELISA Assay

The alteration of HSP90 protein level under ICso doses of TD6 were measured in HT-29 and
HUH-7 cell line by human ELISA kit following the manufacturer's instructions. The change in
the HSP90 protein level was calculated as a percentage relative to the control.

2.5. Antibacterial and Antifungal Activity Assays

Using the minimum inhibitory concentration (MIC) test, the antibacterial and antifungal
properties of TD6 were assessed against P. aeruginosa, E. faecalis, K. pneumonia, S. aureus,
C. utilis, and C. albicans. For this experiment, a 96-well plate was filled with 100 pL of the
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nutritional soup in each well and TD6 was applied with two-fold dilutions from 500 ug/mL to
3.9 ug/mL. Then, the bacterial and fungal strains (1x108 CFU/mL) were added in nutrient broth
and incubated overnight at 37°C. A microplate reader was used to detect absorbance at 600 nm
at the conclusion of the incubation period and the percent inhibition was calculated compared
to control group [20].

2.6. Statistical Analysis

Statistical analysis was conducted using GraphPad Prism 8.0 software, employing two-way
ANOVA with Dunnett’s and Sidak tests. A significance level of p<0.05 was used to determine
statistical significance (****<0.0001).

3. Results and Discussion
3.1. XTT Assay

The XTT assay was applied to investigate the in vitro cytotoxic effect of TD6 on colon and
liver cancer. The change in % cell viability of cells exposed to TD6 at different concentrations
for 12h and 24h is shown in Figure 1. TD6 exhibited cytotoxic effect on HT-29 and HUH-7
cells in a time and dose dependent manner. ICso values determined from % cell viability data
of cells exposed to TD6 are given in Table 1. TD6 showed lower doses of cytotoxic effect in
HUH-7 cells than HT-29 at 24h.
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S = HT-29 S = HT-29
2 Py
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> >
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Figure 1 Cell viability of cancer cell lines exposed to TD6 in 12h (A) and 24h (B)
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Table 1 ICsp values of TD6 on HT-29 and HUH-7 cancer cell lines

Cell Lines 1Cs0 (ug/ml) 1Cs0 (ug/ml)
12 h 24 h

HUH-7 74.47 £ 1.61 12.18 £4.23

HT-29 49.23 +3.94 25.10+£3.05

Colorectal cancer is an important type of cancer and approximately half of colorectal cancer
patients die within 5 years [21]. The liver is the most common metastatic site for patients with
colorectal cancer, and at least 25%-50% of patients develop colorectal liver metastasis [22].
Resistance to drugs and increase in relapse rate are an important problem in cancer treatment.
Therefore, the need to discover new therapeutics in cancer is increasing day by day [23]. The
use of natural anticancer agents is seen as powerful resources for overcoming cancer and getting
promising results [24]. Poisonous animals play an important role in discovering new therapeutic
candidates. Various poisons have been shown to inhibit the proliferation of cancer cells and
promote cell death by decreasing or increasing protein expression in inducing apoptosis [25-
27]. TD6, which is the venom of Tarantula cubensis, is a drug with known anticancer properties
in veterinary medicine. In this study, in vitro antitumor effect of TD6 on human colon and liver
cancer cells was investigated. TD6 caused a dramatic decrease in the viability of colon and liver
cancer cells in a time and dose dependent manner.

3.2. Gene Expression Analysis

In order to investigate the apoptotic effects of TD6 on cancer cells, the expression of apoptotic
genes was investigated by RT-PCR. Figure 2 shows the change in BAX/BCL-2, CASP-3 and
HSP90 mRNA levels of HUH-7and HT-29 cells exposed to TD6 for 24 hours.
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Figure 2 Illustrates the effect of TD6 on the mRNA levels of HSP90 and apoptotic genes
(BAX/BCL-2, CASP-3) in HT-29 and HUH-7 cell lines.

3.3. HSP90 ELISA Assay

HSP90 protein level was investigated using HSP90 ELISA kit in HT-29 and HUH-7 cells
exposed to TD6. HSP90 protein level decreased in TD6 treated HT-29 and HUH-7 cells (Figure
3). The decrease in HSP90 protein level correlated with the decrease in mMRNA level.

% %k %k %k % %k %k

% Hsp90 Protein expression value
a
o

o

HUH-7 HT-29

= Control 1 TD6

Figure 3 The effect of TD6 on HSP90 protein level in HT-29 and HUH-7 cell lines

While BAX/BCL-2 ratio and CASP-3 mRNA level increased in cells exposed to TD6, HSP90
mRNA and protein level decreased. HSP90 plays a role in the metastasis, invasion,
vascularization, and proliferation of tumors. In addition, it contributes greatly to the
maintenance of oncoproteins, which are involved in the signal transduction pathway of
apoptosis [28, 29]. HSP90 has been found to be overexpressed in hepatocellular carcinoma [30].
In colorectal cancer, the high level of HSP90 expression causes more aggressive phenotypes of
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the tumor [31]. Therefore, HSP90 represents an attractive therapeutic target for many cancers,
including liver and colorectal cancer. In the literature, HSP90 inhibitors have been shown to
induce p53-mediated induction of PUMA and BAX and apoptotic response in vitro and in vivo
by the mitochondrial pathway in colon cancer cells [32, 33]. In this study, an increase in the
ratio of BAX/BCL-2 and CASP-3 mRNA level was observed in colon and liver cancer cells
exposed to TD6. TD6 also caused a decrease in the HSP90 mRNA and protein level in these
cells. TD6 could potentially induce cellular apoptosis via the mitochondrial pathway, which
emerges with the inhibition of HSP90. This inhibition results in the reduction of BCL-2,
increase and stimulation of BAX, rendering mitochondrial membranes permeable, cytochrome
c release, and caspase activation. Sumnulu et al. investigated the cytotoxic effects of TD6 on
HepG2 (human liver cancer) and AML12 (mouse hepatocyte) cell lines. The researchers found
an ICsp value of 143 pg/mL for HepG2 cells, resulting in a 31.04% increase in apoptotic and
necrotic cells. In contrast, no substantial increase in cell mortality was detected in AML12 cells.
Their investigation also found that apoptotic genes such as BAX, CASP-3, APAF1, and p53
were significantly upregulated in HepG2 cells, but remained mostly unaltered in AML12 cells.
Our study found comparable cytotoxic effects on liver cancer cells, with an 1Csq value of 12.18
ug/mL in HUH-7 cells at 24 h. TD6 also strongly triggered apoptosis in HUH-7 and HT-29
cells, as demonstrated by increased BAX/BCL-2 ratios, CASP-3 expression, and reduced HSP90
levels. Our research and that of Sumnulu et al. reveal that TD6 may hold potential as a
chemotherapeutic treatment for liver cancer, with significant variations in sensitivity between
cancer and non-cancerous liver cells [34]. In another study on liver cancer, Vanli et al.
investigated the effects of TD6 and sorafenib on hepatocellular carcinoma in rats. They found
that TD6 reduced tumor incidence and size, improved biochemical markers of liver damage,
and increased apoptosis markers such as CASP-10 and CASP-3. Similar to Vanli et al., we
observed apoptosis induction in cancer cells through changes in the BAX/BCL-2 ratio and
CASP-3 levels [35]. Akcakavak and Ozdemir investigated the effect of TD6 on colorectal
cancer in rats. Their study found that TD6 treatment led to reduced cancer progression. In
addition, TD6 decreased the expression of KRAS and g-catenin, while increasing the expression
of APC and p53 genes [36]. In another study, Taspinar investigated the combined antitumor
effects of TD6 and cisplatin in neuroblastoma cells (SH-SY5Y). It was found that the co-
administration of 100 uM TD6 with 40 uM cisplatin resulted in a significant cytotoxic effect of
60% and a 38% decrease in cell volume. The study also observed a 34.4% early apoptosis rate
and an eight-fold decrease in mitochondrial membrane potential in SH-SY5Y cells compared
to the control group. These results suggest that TD6 and cisplatin have a synergistic effect and
enhance the efficacy of cisplatin. Similar to Taspinar et al., we observed significant apoptosis
induction in cancer cells as indicated by changes in BAX/BCL-2 ratio and CASP-3 levels [37].

3.4. Antibacterial and Antifungal Activity Assays

Our results demonstrated a significant variation in the antimicrobial activity of TD6 depending
on the different bacterial and fungal strains (Figure 4). TD6 exhibited antibacterial and
antifungal activities against E. faecalis, P. aeruginosa, S. aureus, K. pneumonia, C. albicans
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and C. utilis in dose dependent manner and the MIC values of TD6 were calculated ranged from
60.98 pg/mL to 89.89 pg/mL in these strains (Table 2).
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Figure 4 A) Growth curves of pathogen

gram-positive bacterial strains, S. aureus and E.

faecalis, with exposure to TD6 B) Growth curves of pathogen gram-negative bacterial strains,
K. pneumonia and P. aeruginosa, with exposure to TD6 C) Growth curves of pathogen fungal
strains, C. utilis and C. albicans, with exposure to TD6

Table 2 MIC values of TD6 against bacterial and fungal strains

Microorganism

MIC Value of TD6

(ng/mL)
E. faecalis 60.98 +4.87
P.aeruginosa  89.89 £6.11
S. aureus 85.21+7.02
K. pneumonia  75.00 £ 6.55
C. albicans 64.12 +£3.54
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C. utilis 74.64 +£4.31

Antimicrobial activities of venoms against bacterial and fungal strains have been extensively
examined in the literature. Peptide and non-peptide-origin components of the animal venoms,
including phospholipase A2s (PLAZ2s), L-aminoacid oxidases (LAAOSs), hyaluronidases
(HYASs), metalloproteinases, serotonin, histamine, citrate, nucleosides and inorganic ions,
exhibit potent antimicrobial activities against different species of microbes [38-40]. In a
nutshell, animal venoms have big potent for treatment of cancer and infectious diseases.

Current study is the first comprehensive report of the antimicrobial properties of TD6. TD6
demonstrated dose-dependent antimicrobial activity against four bacterial and two fungal
strains. E. faecalis (MIC: 60.98 + 4.87 pg/mL) and S. aureus (MIC: 85.21 + 7.02 pg/mL) are
gram-positive bacterial strains which displayed strong sensitivity to TD6. Also, TD6 showed
significant antimicrobial activity against P. aeruginosa (MIC: 89.89 + 6.11 ug/mL) and K.
pneumonia (MIC: 75.00 + 6.55 ug/mL). Hence, TD6 has a great antimicrobial potential against
both gram-negative and gram-positive bacterial strains. Similarly to strains of bacteria tested in
this study, fungal strains also exhibited strong sensitivity to TD6. The MIC values for C.
albicans and C. utilis of TD6 were calculated as 64.12 + 3.54 ug/mL and 74.64 +£4.31 pg/mL,
respectively. This extract displayed antimicrobial activity in P. aeruginosa, E. faecalis, K.
pneumonia, S. aureus C. utilis and C. albicans.

4. Conclusion

Venoms of animals have been used as a therapeutic and healing agent in recent years.
Especially, some cancer cell line and microbial strains have been treated with their alcoholic
and aqueous extracts in vitro studies. In conclusion, we reported the results of antiproliferative
activities of TD6 venom on colon cancer cell line and liver cancer cell line, and antimicrobial
activity on two pathogenic bacteria and two fungal strains. The findings of this study suggest
the therapeutic potentials of TD6 for cancer and infectious diseases. Further investigation of
the biological activity of TD6 may contribute to its use as an alternative agent in the treatment
of cancer and infectious diseases. However, this study has certain limitations. The in vitro
nature of the experiments limits the direct applicability of the findings to the clinical practice.
The methods by which TD6 exerts its effects, notably its interaction with specific biochemical
pathways, have yet to be fully understood. Moreover, the study did not look at potential side
effects or toxicity on noncancerous cells, which is crucial for determining the safety profile of
TD6. In addition, broadening the study to include various cancer types and microbial strains
might offer a more comprehensive understanding of TD6's biological activity. Furthermore,
investigating the possible combination of TD6 with existing therapies could increase its efficacy
and provide new avenues for treatment strategies.
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Abstract

In this study, a novel approach using clustering techniques and Principal Component Analysis (PCA) for
reducing the search space in fashion image retrieval systems is introduced. The study focuses on extracting
high-dimensional feature vectors from images of clothing items and finding the same or the most similar product
using these feature vectors by narrowing the search space. The proposed method employs unsupervised learning
algorithms to analyze high-dimensional fashion image feature vectors, grouping them into meaningful clusters.
This enhances search efficiency and improves user experience. By reducing the dimensionality of feature
vectors with PCA, computational costs are reduced. Experimental results demonstrate that the proposed method
significantly improves computation time while maintaining an acceptable level of accuracy.

Keywords: Fashion search, fashion image retrieval, clustering, principal component analysis, Resnet50,
VGG19

Modada Etkili Goriintii Arama: Arama Alanim Azaltmak I¢in Kiimeleme ve Temel
Bilesen Analizinden Yararlanma

Oz

Bu ¢alismada, moda goriintii arama sistemlerinde arama alanin kiigiiltmek i¢in kiimeleme teknikleri ve Temel
Bilesen Analizi (PCA) kullanan yeni bir yaklasim tanitilmistir. Calismada kiyafet trtinlerine ait goriintiilerden
yiiksek boyutlu 6znitelik vektorleri ¢ikarilmig ve bu 6znitelik vektdrleri kullanilarak ayni ya da en benzer {iriiniin
bulunmas1 ve arama uzayinin daraltilmasi ele alinmistir. Onerilen yontem yiiksek boyutlu moda gdriintii 6zellik
vektorlerini analiz etmek ic¢in denetimsiz Ogrenme algoritmalari kullanarak, onlari anlamli kiimelere
ayirmaktadir. Bu sayede arama verimliligi artirilmakta ve kullanici deneyimi iyilestirilmektedir. PCA ile
Oznitelik vektor boyutlari indirgenerek hesaplama maliyeti azaltilmistir. Deneysel sonuglar, 6nerilen yontemin
hesaplama siiresini 6nemli Olglide disirirken kabul edilebilir bir dogruluk seviyesini korudugunu
gostermektedir.
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Efficient Image Retrieval in Fashion: Leveraging Clustering and Principal Component Analysis for
Search Space Reduction

1. Introduction

Finding a product in the fashion world can become a challenging problem with the growing
amount of data as e-commerce sites upload thousands of new product images every day along
with their textual descriptions. The increasing diversity and production speed in the fashion
industry make it challenging for customers to choose the right product. In response to these
challenges, the use of Al techniques to ensure visual feature compatibility and provide accurate
product recommendations is of great importance in the fashion domain [1]. Traditionally, users
on e-commerce sites search for products by entering relevant keywords into a search box. The
search algorithm matches these keywords with product tags in the database and presents the
relevant products to the user. For text-based searches to be effective, it's important for the
customer to fully understand/identify the product and know the appropriate keywords to enter.
There can be many possible descriptions for an image, making it difficult for a search engine
to precisely identify a product, and adding a close-up of the product is much easier. People are
good at recognizing images and tend to think visually. Using visual search, customers can
instead search for a product using images [2], [3]. Visual search allows customers to find
information faster using images instead of words.

A fashion image retrieval task is to find query images or similar images in a database. Despite
advancements in technology and deep learning methods, there are specific limitations in real-
world applications. A few of these limitations include taking images under uncontrolled
circumstances (different lighting, different angles, etc.), displaying multiple fashion products
in a single image with some not fully visible (for instance, only half of the model's trousers are
visible in a t-shirt image) and being sensitive to shape deformations. [4]. Therefore, there are
still problems that need to be solved and automated specifically for fashion images.

In the literature, various studies exist on segmenting and classifying fashion products through
images [5], [6], [7] or videos [8], [9]. The methods proposed in these studies have been trained
with large, labeled datasets and have utilized different classifiers to create tags for test data.
Today, most e-commerce sites still aim to find similar products by creating tags based on
images and searching their databases. However, approaching the problem of finding similar
products based on images in this way generally requires defining the products with fixed
classifiers such as category, collar type, sleeve length, material, length, etc. Yet, searching
through these classifiers to find similar products may not always provide the result the user is
looking for. Typically, when someone performs a visual search for a product online, they want
to find and purchase that exact product. Therefore, searching across images becomes important.
For this purpose, Huang et.al. proposed a Dual-attribute perceptual Ranking Network (DARN)
for feature learning based on the Siamese network [10]. Also, Berg et.al. used CNN network
to find similar product in shop where the input query is a street photo [11]. However, these
methods are early research efforts in this innovative area and require further refinement to
achieve more precise alignment and improve computational efficiency.
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In addition to finding the most similar products, the computational cost associated with image
searches can grow exponentially as the number of images in the database increases. To tackle
this issue, our study suggests reducing the search space through image clustering. We further
investigate the potential of feature reduction via Principal Component Analysis (PCA) to
decrease the costs associated with calculating distances between images. This method not only
makes the search process more streamlined but also improves efficiency, enabling the effective
management of larger datasets.

2. Materials and Methods

In this study, initially, the input image undergoes segmentation to isolate the clothing item from
the background. This segmented image is then processed through a deep convolutional neural
network, either ResNet50 or VGG19, to extract high-dimensional feature vectors representing
the visual characteristics of the item. To manage the high dimensionality and improve
computational efficiency, Principal Component Analysis (PCA) is applied to reduce the feature
vector dimensions. Subsequently, the reduced feature vector can be optionally assigned to a
pre-defined cluster, which helps in organizing the feature space and potentially speeds up the
similarity search. This clustering step is particularly useful for large-scale databases, where it
can significantly enhance retrieval performance by narrowing down the candidate items.
Finally, cosine similarity is calculated between the reduced input feature vector and the reduced
feature vectors of candidate items in the relevant clusters to identify the most visually similar
items. This approach ensures efficient and accurate retrieval of similar clothing images,
facilitating enhanced user experience in fashion-related applications. The block diagram of the
proposed method is illustrated in Figure 1, and each block is explained in detail in the
subsequent sections.

2.1.Dataset

In this study, BeautifulSoup (BS4) Python library [12] has been used to scrape web pages. Bs4
allows us to read and manipulate HTML codes, as well as search within tags in HTML code.
Since each website has its own HTML structure, searching via tags facilitates easier access to
images and essential information.

For this project, HTML codes from four major e-commerce websites operating in the global
market were scraped using the Bs4 library to extract images of clothing items and related
information. A variety of details were extracted from the data, including the title of the product,
a hyperlink to the product's image, categories, features, and price. For this research we have
only used product images. We have collected 41303 images and since each image has more
than one fashion item we have extracted total 81702 product images by segmentation of the
fashion products.

All images were downloaded to a local machine to prevent the links from becoming inactive if
the products were removed from the website.
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Figure 1Block Diagram of the Proposed Method

2.2.Segmentation of Fashion Items

Image segmentation is the process of separating different features in an image into distinct
regions so they can be differentiated. In this study, we used image segmentation methods to
identify a fashion product. Detectron2 [13] is a computer vision tool that can spot objects,
segment images, and estimate poses using extensible tools from Facebook Al Research (FAIR).
Pre-trained models in Detectron2 save time and compute resources; a modular design simplifies
model customization; and its scalable architecture guarantees high performance on large
datasets. We tested different image segmentation models like U-net, Attention-Unet, and
MaskR-CNN. Detectron2 beats out all the others after comparison evaluations.

Image segmentation methods generally evaluated by calculating Intersection-over-Union (loU).
loU quantifies the extent of overlap between the predicted region Y and the true region X. The
loU metric returns a value between 0 and 1, where 0 indicates no overlap and 1 indicates perfect
segmentation. loU is given by:

_lxny|
T |XuY|

We trained and tested various segmentation models on the iMaterialist dataset, which was
originally prepared for an image processing competition at CVPR2019 [14]. The dataset
contains 6,760 images: 5,408 for training, 676 for testing, and 676 for validation. To ensure an
equal distribution of the reduced categories, we used a subset of the iMaterialist dataset. There
are 46 categories in the original dataset, making it ideally suited to both classification and
segmentation. We have segmented the input image into lower body, upper body, whole body,
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accessory, and shoes. The loU metrics for U-Net and Detectron2 for segmentation results were
0.62+0.36 and 0.79+0.24 respectively. Some segmentation results for our dataset are shown in
Figure 2 and Figure 3.

Figure 2 Segmented view of a red blouse and black skirt.

Figure 3 Advanced segmentation of a green dress with lace detailing.

2.3.Feature Extraction

In our study, we employ two distinct convolutional neural networks, ResNet50 (Residual
Network [15] with 50 layers) and VGG19 [16], for the feature extraction process to compare
their effectiveness in fashion image clustering. Both networks are known for their deep learning
capabilities in image recognition tasks but differ significantly in architecture and performance
characteristics, which can impact the clustering outcome.

ResNet50 utilizes a series of residual blocks that incorporate skip connections, allowing the
model to skip one or more layers. These skip connections help to avoid the problem of vanishing
gradients by allowing gradients to flow through a shortcut path during backpropagation. We
use a pre-trained ResNet50 model, utilizing weights from the ImageNet dataset, which provides
a robust foundational understanding of visual features across diverse categories.

For clustering, we extract features from the last fully connected layer of ResNet50, which
contains 2048 deep features encapsulating high-level semantic information from the images.
This layer is chosen because it provides a dense representation of the image, capturing both the
abstract and detailed aspects, which is ideal for clustering based on visual similarity.
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VGG19 has 19 layers, and this architecture is known for its simplicity. Like ResNet50, VGG19
is also pre-trained on the ImageNet dataset. VGG19 employs a stack of convolutional layers
with small receptive fields followed by max-pooling layers, which increase the depth of the
network while reducing spatial dimensions of the feature maps.

For feature extraction, we use the output from the last fully connected layer of VGG19, which,
like ResNet50, provides a feature vector with a comprehensive depiction of the image.
However, VGG19's feature vectors tend to be more flattened and less hierarchical compared to
those from ResNet50, potentially affecting the granularity and nature of the clusters formed.

The extracted features from both ResNet50 and VGG19 are subsequently used to feature
extraction before perform clustering. The choice of different architectures allows us to examine
how the depth and structure of a network influence the clustering quality and accuracy. By
analyzing the similar product recommendation results obtained from both models, we aim to
discern which architectural traits contribute most effectively to grouping fashion images, thus
providing insights into the optimal deep learning approach for such applications.

2.4.Clustering Of The Database

After the feature extraction process using ResNet50 and VGG19, we proceed with the clustering
of the extracted features using the k-means clustering algorithm. K-means is chosen for its
simplicity and effectiveness in grouping data into k distinct clusters based on feature similarity.
The algorithm partitions the images by assigning each image to the nearest cluster center,
minimizing the within-cluster variance, also known as the inertia.

Using the features extracted from both the ResNet50 and VGG19 models, k-means clustering
is applied separately to each set of features. The number of clusters was chosen as 5 through
the Elbow Method to finalize the clustering configuration.

The final clusters are analyzed to assess the visual and stylistic similarities within each cluster,
validating the effectiveness of the chosen models and clustering techniques. By comparing the
outcomes of clustering with features from ResNet50 and VGG19, we gain insights into which
feature extraction method is more conducive for fashion image categorization.

2.5. Feature Reduction

Applying Principal Component Analysis (PCA) after clustering reduces the dimensionality of
feature vectors extracted from images, thereby enhancing computational efficiency in
subsequent operations. PCA is particularly useful when comparing a test image with database
images using cosine similarity. Applying PCA to reduce the dimension from D to d results in
lower computational costs for image comparisons due to the reduced complexity from O (D) to
0(d). This enhancement makes the process more efficient and scalable, particularly useful in
systems where real-time image comparisons are necessary.

643



Efficient Image Retrieval in Fashion: Leveraging Clustering and Principal Component Analysis for
Search Space Reduction

3. Results and Discussion

To identify similar products, we begin by segmenting images to isolate fashion items. As we
stated in previous section, we have trained Detectron2 algorithm with pre-annotated dataset
iMaterialist and test on it. Since its segmentation scores are satisfactory level, we have applied
our trained segmentation model to collected shop image dataset.

Next, we extracted feature vectors from each segmented product image using the architectures
of ResNet50 and VGG19. By omitting the final layer of these models, we obtain a 1x2048 fully
connected embedding vector for each product. To visualize these vectors, we employ t-SNE,
which helps us plot the feature vectors in a two-dimensional space. A selection of 500 randomly
chosen images is displayed in Figure 4, demonstrating that similar products and colors cluster
together, particularly when using ResNet50 features. This pattern is also observed with VGG19,
reinforcing the use of cosine similarity as a metric for identifying visually similar items.

To find products similar to a given input image, we segment fashion objects within the image,
extract their features, and then search our database for similar items by calculating the cosine
similarity between the feature vectors of the input product and those in the database. Figure 4
demonstrates that objects sharing similar colors and categories are clustered in proximity within
the space. This observation validates the use of cosine similarity as a metric for identifying
visually analogous objects in the database.

We calculated the cosine similarity for all images in our database and subsequently grouped the
images into clusters. Within these clusters, we specifically identified the group that included
our test images. We then calculated the cosine similarity between these test images and others
in the same cluster. We also implemented Principal Component Analysis (PCA) with a range
of component numbers (n = 2,4, 8, 16,32, 64,128,256,512,1024). Afterward, we measured
the pairwise cosine similarities and clustered the features post-dimensionality reduction to
identify similar products within this condensed feature space. For each scenario, we recorded
the computation time and evaluated performance. All experiments were conducted on a
workstation equipped with an Intel Xeon W 1270 processor, 64 GB of RAM, a 1 TB hard drive,
and an NVIDIA Quadro P2200 graphics card with 5 GB of dedicated memory.

644



Efficient Image Retrieval in Fashion: Leveraging Clustering and Principal Component Analysis for
Search Space Reduction

Figure 4 Visualization of 500 randomly selected product images from our dataset after feature extraction using ResNet50

and dimensionality reduction via t-SNE for 2D embedding.
Figure 5 shows the computational time versus the number of principal components. The results
indicate that computation time significantly decreases as the number of principal components
is reduced. Additionally, when working with a higher number of principal components,
clustering further decreases the average computation time because it involves comparing fewer
samples. Given the importance of speed on e-commerce web pages, even a small reduction in
computation time is highly valuable.

We have multiple images taken from different angles for the same product. For each product,
we determine five recommendations. Our success metric is based on how many of these five
recommendations are of the same product. Considering that some products do not have five
different images, resulting in a lower success rate, our results appear to be sufficiently
satisfactory.

As summarized in Figure 6, the prediction performance does not change dramatically when
using clustering, which is beneficial for our purposes. The graphs indicate that Resnet50
consistently outperforms VGG19 in terms of prediction accuracy. This is evident as the average
number of true product recommendations is higher for Resnet50 across all principal component
numbers.
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Figure 5 Average computational time for finding the top-5 similar products for a given product.

Additionally, it is important to note that clustering helps in reducing computational time by
comparing fewer samples, without significantly impacting the prediction performance. This is
crucial for e-commerce applications where speed is a key factor. The slight variations in the
number of principal components, as shown in the graphs, demonstrate that while both models
improve with more components, Resnet50 maintains a better performance level, making it a
preferable choice for our image retrieval system.

Prediction Performance for Resnet50 Prediction Performance for VGG19
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Figure 6 Average number of true product recommendations for a given product with feature extraction using (a) Resnet50
(b) VGG19.
We have demonstrated some visual results for a given product image in Figure 7. Considering
different feature extraction methods, different numbers of PCA components, and whether
clustering is applied, there are a total of 40 combinations and 200 recommendations for an input
image. Therefore, we did not include all the results in the figure. To illustrate the general
structure, we used both ResNet50 and VGG19 for feature extraction with n=1024 and included
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the top 5 recommended product images. When we look at these, we can say that the ResNet
architecture yields better results in finding similar images. Therefore, we only shared the
ResNet results to compare the number of PCA components. This example clearly shows that as
the number of n components decreases, the performance in finding similar products decreases.
All results are provided without clustering since there is only a slight decrease in performance
when clustering is applied.

Feature Extraction: Resnet50, Number of Components: 1024, Clustering: No

Input Image Similar Image 1 Similar Image 2 Similar Image 3 Similar Image 4 Similar Image 5

Feature Extraction: VGG19, Number of Components: 1024, Clustering: No
Input Image Similar Image 1 Similar Image 2 Similar Image 3 Similar Image 4 Similar Image 5

Feature Extraction: Resnet50, Number of Components: 256, Clustering: No

Input Image Similar Image 1 Similar Image 2 Similar Image 3 Similar Image 4 Similar Image 5

Feature Extraction: Resnet50, Number of Components: 32, Clustering: No

Input Image Similar Image 1 Similar Image 2 Similar Image 3 Similar Image 4 Similar Image 5

Feature Extraction: Resnet50, Number of Components:4, Clustering: No

Input Image Similar Image 1 Similar Image 2 Similar Image 3 Similar Image 4 Similar Image 5

Figure 7 Selected results for various feature extraction architectures and different numbers of principal components.

4. Conclusion

In this study, we presented a novel approach to enhancing fashion image retrieval using
clustering methods and Principal Component Analysis (PCA). Our findings emphasize the
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significant impact that feature extraction techniques have on the effectiveness of fashion image
searches. By grouping similar items, we were able to make the search process faster while
maintaining an acceptable level of accuracy. Notably, our experiments demonstrated that
ResNet50 outperforms VGG19 in terms of prediction accuracy, particularly when combined
with PCA. This combination not only speeds up the retrieval process by reducing the number
of necessary comparisons but also proves to be highly beneficial for e-commerce platforms,
where user satisfaction is closely tied to the speed and relevance of search results.

However, we acknowledge certain threats to the validity of our findings. The reliance on human
evaluation, for instance, introduces subjectivity, as different users may perceive visual
similarity differently. Furthermore, traditional evaluation metrics may not fully capture the
subtle visual details that are crucial in fashion image retrieval, potentially leading to a gap
between algorithmic performance and user expectations. Additionally, the dataset used in our
study might not encompass the full diversity of fashion items available in the real world, which
could limit the generalizability of our results.

Despite these challenges, our approach demonstrates a clear improvement in both the efficiency
and accuracy of fashion image retrieval. By carefully considering these threats to validity and
continuing to refine our methods, this research lays a strong foundation for future work in the
field. Our approach not only optimizes the search process but also enhances the overall user
experience, making it a valuable contribution to the ongoing development of intelligent fashion
recommendation systems.
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Abstract

It is of great importance to develop high-performance energy storage systems that modern society needs for
next-generation technologies such as electric vehicles, consumer electronics, and grid-scale storage. Lithium-
sulfur (Li-S) batteries are one of the promising candidates for high-performance energy storage systems due to
the high theoretical capacity of the sulfur. On the other hand, some drawbacks, such as the insulating nature of
the sulfur and the polysulfide solubility, limit the widespread application of Li-S batteries. Nanocomposite host
materials with high surface area and conductive nature can potentially improve the stability of sulfur cathodes.
In this study, the MOF-derived heteroatom-doped carbon (cZIF-67) and two-dimensional TisC, MXene
materials were used to fabricate cZIF-67/Ti3C, nanocomposites. The fabricated cZIF-67/Ti;C, nanocomposites
were used as a sulfur host material for Li-S batteries. After the structural and chemical characterizations, S/cZIF-
67/Ti3C, nanocomposite cathodes were used in Li-S batteries, and their performance-related properties were
examined. The fabricated S/cZIF-67/Ti3C2 cathodes eliminate the adverse effects caused by the insulating
nature of sulfur and lithium polysulfides.

Keywords: Energy storage, Lithium-sulfur batteries, MOF, MXene

Lityum-Siilfiir Bataryalar i¢cin Kiikiirt Tutucu cZIF-67/Ti3C, Nanokompozitlerin
Uretimi

Oz
Modern toplumun elektrikli araglar, tiiketici elektronigi ve sebeke tipi depolama gibi yeni nesil teknolojiler i¢in
ihtiya¢ duydugu yiiksek performansli enerji depolama sistemlerinin gelistirilmesi biiyiik 6nem tasiyor. Lityum-
stlfir (Li-S) bataryalar, kiikiirtiin yiiksek teorik kapasitesi nedeniyle yiliksek performansh enerji depolama
sistemleri i¢in umut verici adaylardan biridir. Ote yandan kiikiirtiin yalitkan dogas1 ve polisiilfiir ¢oziiniirliigii
gibi bazi dezavantajlar Li-S bataryalarin genis ¢aptaki uygulamasini sinirlamaktadir. Yiiksek yiizey alanina ve
iletken dogaya sahip nanokompozit konak malzemeler, kiikiirt katotlarinin stabilitesini iyilestirme potansiyeline
sahiptir. Bu galigmada, MOF tan tiiretilmis heteroatom katkili karbon (cZIF-67) ve iki boyutlu TizC, MXene
malzemeler kullamlarak cZIF-67/Ti3C, nanokompozitleri iiretilmistir. Uretilen ¢ZIF-67/TisC, nanokompozitler
Li-S bataryalar i¢in kiikiirt tutucu malzeme olarak kullanildi. Yapisal ve kimyasal karakterizasyonlarin ardindan
S/cZIF-67/TisC, nanokompozit katotlar Li-S bataryalarda kullanilarak performans ilintili 6zellikleri
incelenmistir. Uretilen S/cZIF-67/TisC; katotlar ile kiikiirtiin yalitkan yapisindan ve lityum polisiilfiirlerden
kaynaklanan olumsuz etkiler ortadan kaldirilmustir.
Anahtar Kelimeler: Enerji depolama, Lityum-siilfiir bataryalar, MOF, MXene.
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Fabrication of cZIF67/Ti3C2 Nanocomposites As Sulfur Host For Lithium Sulfur Batteries

1. Introduction

Modern society has an increasing energy demand for new technologies such as electric
vehicles, smart buildings, and consumer electronics. This demand has also enhanced the
need for sustainable and cost-effective production and storage systems [1, 2]. Thus, a global
race exists to develop innovative energy production and storage technologies using low-
cost and sustainable technologies. The significant success of lithium-ion batteries (LIBs)
over the past thirty years has undoubtedly made them the leading battery technology in
developing high-capacity energy storage systems. Due to a series of structural limitations,
LIBs cannot meet the requirements of next-generation electric vehicles and grid-scale
energy storage systems regarding energy density and cost-effectiveness.

Sulfur (S) is one of the few substances found in elemental form in nature and is the 16"
most abundant element in the earth's crust, making it widely available. Additionally, sulfur
obtained as a by-product during industrial processes is available in large reserves. Sulfur is
a cathode material in lithium-sulfur batteries [3]. Sulfur's theoretical specific capacity is
1675 mAh g [4], approximately ten times higher than metal oxide materials commonly
used in lithium-ion batteries [5]. All these features show that sulfur is a suitable battery
material for developing high-energy-density, low-cost, and sustainable energy systems.
Therefore, the emergence of Li-S batteries has generated significant interest in academic
and industrial energy storage research.

Lithium-sulfur batteries operate on a significantly different principle from lithium-ion
batteries [4]. Li-ion batteries generally use layered or tunnel-type metal oxides (LiMOy) at
the positive electrode. Similarly, negative electrode materials also have layered structures.
These structures allow Li* ions to move reversibly between the positive and negative
electrodes during the battery's charge-discharge processes. In Li-S batteries, the energy
obtained is based on the reaction of Li* with S?. The following equations clearly
demonstrate the electrochemical reaction mechanism of Li-S batteries [6]. During
electrochemical discharge, elemental sulfur is reduced to a series of soluble lithium
polysulfides (LPS) and some solid-phase polysulfides, which are stored in the cathode
electrode (Equation (1)) [3]. During charging, all steps of the discharge process occur in
reverse. The reactions at the anode electrode involve Li metal's reversible dissolution and
deposition (Equation (2)). The overall reaction of a Li-S cell can be simplified as Equation

3).

Cathode (+): 2e + Sg <> Li2Sg «» Li2Se <> Li2Ss - Li2Sz - LioS @
Anode (-): Li < Lit+ + 2¢° (2
Overall: S+ 2Li* + 2e" > LizS 3

Most scientific studies on Li-S batteries focus on the S cathode. The main challenges in
developing LSBs include the insulating nature of sulfur (25 °C, 5%10-% S cm™) and a series
of unique problems, such as volume expansion during electrochemical processes. More
importantly, the migration of soluble polysulfides from the cathode to the anode during
charge/discharge, known as the polysulfide shuttle effect, leads to rapid capacity loss [3, 7].
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All these issues result in the inefficient and ineffective use of sulfur, reduced LSB lifespan,
and significant capacity losses. Therefore, it is necessary to develop host materials
compatible with sulfur and capable of holding it for high-performance LSBs [8].

The performance of electrochemical energy storage systems is closely related to the
structural properties of device components. The surface area, pore volume, pore size, and
many structural and chemical properties of cathode active materials are significantly
correlated. Reports in the literature highlight that porous materials with good conductivity
can keep sulfur in the cathode [3, 5]. The most effective approach is physically trapping
sulfur within a carbon-based host structure. Due to its environmentally friendly,
economical, and easy applicability, melt infiltration is the most commonly used method for
depositing sulfur onto host structures [9-11]. The high electronic conductivity of carbon
structures ensures more efficient and effective use of insulating sulfur. Therefore,
developing new materials with desired structural properties is crucial for high-performance
Li-S battery systems.

Zeolitic imidazolate frameworks (ZIFs) are a subgroup of metal-organic frameworks
(MOFs) and stand out with their large surface area, crystalline structure, high micropore
volume, and chemical stability. Among the MOF structures, ZIF-67 is one of the most
studied members. They are formed by the Co-N bonds of cobalt (Co) metal centers with 2-
methylimidazole (HMIM) ligands. ZIF-67 MOF demonstrates high micropore volume and
specific surface area. However, most MOF structures do not exhibit sufficient ionic and
electronic conductivity [8]. Carbon materials derived from MOFs obtained by carbonization
are much more conductive. MOF-derived carbon structures can retain the structural features
of the parent MOF, such as surface area and pore size, which makes them promising
materials for energy storage systems [12]. In the literature, it has been reported that ZIF-67-
derived carbon materials are used as sulfur hosts in LSBs [13]. Sulfur cathodes, where sulfur
is trapped within the microporous carbon structure obtained by carbonizing ZIF-67, have
slowed the diffusion of dissolved polysulfides in Li-S batteries. ZIF-67-derived carbon
structures with high sulfur content (59 wt% S) have also shown high electrochemical
capacity.

On the other hand, MOF-derived carbon hosts in sulfur cathodes examined so far consist of
colloidal particles and are generally sub-micrometer in size. In MOF-derived carbon host
structures, electron transfer slows down due to the limited electronic conductivity, reduced
diffusion Kinetics, and increased contact resistance. All these processes can lead to
decreased LSB performance and lifespan.

As mentioned earlier, soluble lithium polysulfide compounds formed during
electrochemical processes in Li-S batteries migrate from the cathode electrode section to
the anode section, causing significant damage to electrochemical performance and capacity.
MOF-derived heteroatom-doped carbon structures' important features are their polar and
hydrophilic surfaces [14, 15]. Polar carbon structures, i.e., heteroatom-doped carbon
structures, are very effective in retaining LPS formed during electrochemical processes
within the carbon host. The good wetting of heteroatom-doped structures with the
electrolyte solution significantly enhances the sulfur cathode's performance and the
electrolyte's electrochemical stability [16]. Therefore, heteroatom-doped carbon structures
are potential candidates for developing Li-S batteries.
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While using MOF-derived carbon materials as sulfur host structures is an innovative
approach for enhancing the electrochemical performance and lifespan of Li-S batteries,
achieving the desired electronic and ionic conductivity values and slowing down reaction
kinetics have not yet fully shown the desired performance. Therefore, two-dimensional
conductive materials are needed to shorten the ion diffusion distance, increase electronic
conductivity, facilitate charge transfer, and form a three-dimensional integrated structure
with MOFs.

Due to their unique morphologies, two-dimensional (2D) layered materials with atomic
thickness and high conductivity, like graphene and metal chalcogenides, are potential
cathode materials for high-capacity Li-S batteries [17]. The high capacity values of TizCyTx
MXene structures result from both the increased number of electrochemically active regions
accessible to lithium-ions and the prevention of ion aggregation between MXene layers
during intercalation [18]. Using highly conductive MXene and high surface area porous
MOF in a nanocomposite structure may result in high energy density LSBs. Combining the
high electronic conductivity of two-dimensional TisC>Tx MXene and the high micropore
volume of MOF (ZIF-67) structures can create a more effective sulfur-hosting cathode
framework within a 3D nanocomposite structure. This 3D nanocomposite cathode structure
is strongly likely to contribute significantly to Li-S battery performance. This is because the
three-dimensional porous network structure increases the charge transfer kinetics while
maintaining the electronic conductivity of these electrode materials [19].

In this study, a three-dimensional MOF/MXene-based sulfur-hosting composite cathode
fabrication is carried out by combining the favorable properties of MOFs and MXenes to
obtain high energy density Li-S batteries. The Li-S batteries designed with the produced
three-dimensional composite structures have high charge-discharge efficiency, long
lifespan, and high energy density, with cathodes possessing high electrical conductivity,
excellent electron transfer capability, charge transfer mobility, and a large surface area.

2. Material and Methods

2.1. Nanocomposite Cathode Fabrication
2.1.1 TisCyTx MXene Synthesis:

The TisAlC2 MAX phase in powder form was obtained from a local seller (Nanografi Co.)
and used for the TizCoTx MXene synthesis. To etch the atomic layers of Al in TizAIC,, an
acid mixture was prepared by adding 5 grams of LiF salt to 9.0 M HCI acid solution. 3.0
grams of MAX powder were slowly added to 40 ml of the acid mixture and stirred at room
temperature (<35 °C) at 350 rpm for 24 hours using a magnetic stirrer. Then, the solution
was centrifuged at 3500 rpm for 5 minutes repeatedly with deionized water until the pH is
neutral. To obtain a homogeneously distributed colloidal MXene solution, TisC2Tx MXenes
were sonicated in an ultrasonic bath for one hour. Then, the dispersed 2D TisC>Tx MXene
sheets were collected by centrifugation and made into a solution at a 2.0 mg/mL
concentration.
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2.1.2. ZIF-67/ TisC.Tx Nanocomposite Material Synthesis:

For ZIF-67/ TisC2Tx nanocomposite production, a homogeneous solution was obtained by

adding cobalt nitrate salt to the MXene solution (2.0 mg/mL) and mixing it at high speed
with a magnetic stirrer. Following the adsorption of Co?* ions onto the TisC> structures, an
organic ligand 2-methylimidazole (2-HMIM) solution was added to the initial solution on
the magnetic stirrer and stirred at high speed for another 20 minutes. The molar ratio of
Co?* salt to 2-HMIM was set to 1:20 for nanocomposite production. Two different mass
ratios of ZIF-67/TizC, nanocomposites (1:1, and 3:1) were synthesized. The prepared
solution was left overnight without disturbing at room temperature to produce the
nanocomposite structure. The obtained MOF/MXene nanocomposite structures were
purified by centrifugation to remove unreacted ligand groups and metal salts. The
synthesized ZIF-67/TisC2 nanocomposites were freeze-dried to form an aerogel structure.

2.1.3. Thermal Treatment of ZIF-67/TisC> MOF/MXene Nanocomposite Structures:

The synthesized ZIF-67/TisC2 MOF/MXene nanocomposites were then subjected to
thermal treatment in an argon gas flow (100 sccm) at low pressure (<20 mbar) in a split tube
furnace. The ZIF-67/Ti3C, structures were thermally treated at 600 °C for 2 hours at a
ramping rate of 10 °C/min. The resulting nanocomposites were purified by soaking in 2.0
M HCI acid overnight and then washed with deionized water. The obtained cZIF-67/TisC»
cMOF/MXene nanocomposite structures were dried in a vacuum oven for 24 hours.

2.1.4. Sulfur Loading into cZIF-67/TisC> cMOF/MXene Nanocomposite Structures:

Sulfur was loaded into the cZIF-67/TisC. nanocomposite using the melt infiltration
method. For this purpose, the synthesized nanocomposite material was mixed with sulfur at
a mass ratio of 1:3 and placed in a hydrothermal reactor. The hydrothermal reactor was
heated at 155 °C for 12 hours, and then the sulfur-loaded material (S/c- ZIF-67/TisC,) was
removed from the reactor.

2.2. Li-S Battery Fabrication
2.2.1. Preparation of Cathode Electrodes:

The synthesized S/cZIF-67/TisC, nanocomposite was mixed with a polymeric binder
polyvinylidene difluoride (PVDF) and conductive additive carbon black (CB) with a mass
ratio of 8:1:1 in N-methyl-2-pyrrolidone (NMP) solvent to form an ink solution. Dr. Blade
coated The prepared ink onto aluminum foil as a thin film. Then, the thin film cathode
electrodes were dried at room temperature and kept in a vacuum oven at 60 °C for 24 hours.
The prepared thin film cathodes were cut into discs (15 mm in diameter) using a disc cutter
and made ready for Li-S battery assembly.
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2.2.2. Preparation of Electrolyte for Li-S Batteries:

The electrolyte solution for Li-S batteries was prepared by mixing 1.0 M lithium
bis(trifluoromethanesulfonyl)imide (LiTFSI) salt in a 1:1 volume ratio of 1,3-dioxolane
(DOL) and dimethoxyethane (DME) solvent mixture with 0.5 M LiNO3 salt additive. The
electrolyte preparation processes were carried out in an Argon atmosphere glovebox (O2
<0.1 ppm and H20 <0.1 ppm) using a magnetic stirrer and stored in the glovebox.

2.2.3. Li-S Battery Assembly:

The fabricated S/cZIF-67/Ti3C> cathodes and lithium metal foils as anodes were used to
assemble 2032 coin-cell Li-S batteries in the glovebox. Commercial Celgard 2400
separators were used to separate the anode and cathode electrodes physically. The
electrolyte (uL)/sulfur (mg) ratio for S/cMOF/MXene cathodes was 20 to fabricate Li-S
batteries. The fabricated Li-S batteries were rested in ambient conditions for at least 1-2
hours before the electrochemical measurements.

2.3. Characterizations
2.3.1. Structural and Chemical Characterizations:

The structural and chemical characterizations of the fabricated materials and electrodes
were done using various methods and techniques. Scanning electron microscopy (SEM)
was used to observe the particle size and morphology. X-ray diffraction spectroscopy
(XRD) was used for the structural analyses. The BET (Brunauer-Emmett-Teller) method
was used to determine the specific surface area. The sulfur content in the nanocomposite
structures was determined using thermal gravimetric analysis (TGA).

2.3.2. Electrochemical Characterizations:

The electrochemical performance of the fabricated Li-S batteries was carried out using
cyclic voltammetry (CV), galvanostatic charge-discharge (GCD), and cycle life tests. CV
measurements were performed in a voltage range of 1.6-2.8 V at scan rates of 0.1-0.5 mV/s.
The scan rates were decided based on the position change of sulfur's redox peaks. GCD
measurements were performed at 0.1-5.0 C-rates. The 1.0 C-rate was determined based on
sulfur's theoretical capacity of 1675 mAh g* regarding the sulfur amount used in the cathode
electrode.

3. Results and Discussion
TisCoTx (or TisC2) MXenes are well-known materials because of their two-dimensional
structures and high electronic conductivity. TisC2Tx MXenes were obtained from the

TisAlC2, MAX phase using the LiF+HCI etching solution. During exfoliation of TisC>
sheets, 2D sheets form an accordion-like structure and then are dispersed to a homogeneous
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solution using an ultrasonic bath. Since MXene structures are decorated with functional
groups, they can be distributed by mechanical processes and form a homogeneous solution.
The XRD diffraction pattern of the TisC> MXene structures produced from the
commercially available MAX phase is shown in Figure 1(a). The obtained XRD diffraction
pattern is consistent with studies in the literature [20]. The XRD diffraction pattern of TisC>
indicates that Al layers were successfully removed from the structure.

The SEM image of the produced 2D TisC> MXene structures is shown in Figure 1(b). The
SEM image shows that MAX phase is etched well and MXene layers are successfully
produced. The SEM and corresponding EDS elemental mapping images of the distributed
TisC2 MXene sheets on a silicon substrate are shown in Figures 1(c)-(d). According to the
EDS elemental mapping images in Figure 1(d), titanium and carbon are present in TizCz
MXene. At the same time, oxygen and flor elements originate from the surface functional
groups on the TisC2 MXene sheets.

—Tic,
——2IF67ITiC,

\—J CZF6TI TIC,

N e
P ——

Intensity (a.u) A

10 20 30 40 50 60 70 80
2 Theta Degree

o R —— | e | ey |
25um 25um

Figure 1. (a) XRD patterns of MXene and ZIF-67/MXene structures. (b)-(c) SEM image
of two-dimensional TisC> MXenes, and (d) EDS elemental mapping of TizC> MXenes.

2D Ti3C2 MXenes were combined with ZIF-67 MOFs to form nanocomposite structures.
Co*? metal ions were mixed with MXene sheets using a magnetic stirrer, and the Co*? ions
were coordinated onto the MXenes. Then, MOF structures were synthesized on MXene
layers in a controlled manner with the ligand groups added according to the 1:20 molar
metal ion-to-ligand ratio. Three different mass ratios of ZIF-67/TisC> nanocomposites (1:1,
and 3:1) were synthesized and then carbonized to obtain c-ZIF-67/TisC> nanocomposites.
Figure 1(a) shows the XRD patterns of the ZIF-67/TisC> nanocomposite structure,
containing 3:1 mass ratio of ZIF-67 and TisC», and the cZIF-67/TisC, after the thermal
treatment. The XRD pattern of the nanocomposite with 3:1 mass ratio of ZIF-67 and TisC>
shows characteristic diffraction peaks of ZIF-67. Due to the well-ordered crystalline
structure of MOFs, the strong XRD peaks of ZIF-67 were observed. Figure 1(a) shows the
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XRD pattern of the thermally treated nanocomposite structure (c-ZIF-67/TisCz). The
functional groups on the surface of the TisC> layers are eliminated at 600 °C under argon
gas flow, and the ZIF-67 structures are carbonized, transforming into heteroatom (nitrogen)-
doped carbon structures. The XRD pattern of the cZIF-67/TizC> nanocomposite
demonstrates that the diffraction peaks of ZIF-67 are eliminated, and only the carbon-
related diffraction pattern is predominantly obtained. The reason for the significant loss of
the ZIF-67 crystalline structure peaks in the XRD pattern after carbonization is that the
resulting heteroatom-doped carbon structure is slightly graphitic carbons.

The SEM and EDS elemental mapping images of the fabricated nanocomposite containing
1:1 mass ratio ZIF-67/Ti3zC, are shown in Figure 2. ZIF-67 particles are synthesized on
MXene layers to form a nanocomposite structure. According to the EDS elemental mapping
images shown in Figure 2, titanium is only present in MXene, while cobalt, and nitrogen
elements are originated from ZIF-67 structures.

b Y »
4
l,:?::. N 3
L Fres 1

Sum

Figure 2. SEM and EDS elemental mapping images of ZIF-67/TisC, MXene structures.

Figure 3 shows the SEM and EDS elemental mapping images of the 3:1 cZIF-67/TizC:
nanocomposite. The SEM images show that the nanocomposite structure has transformed
into a three-dimensional porous structure with a high surface area after carbonization. The
EDS elemental mapping images show that the samples contain a high amount of nitrogen,
indicating that the MOF structures have transformed into carbon structures with a high
nitrogen content.
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Figure 3. SEM and EDS elemental mapping images of cZIF-67/TizC, nanocomposite with
3:1 mass ratio.
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Due to the small lateral size and layered structure of MXenes, consisting of three rows of
metal and two rows of carbon atoms, they have relatively low specific surface areas than
the other 2D materials. On the other hand, the cMOF/MXene structures obtained by
nanocomposite formation with two-dimensional MXene and MOF polyhedral particles
have high surface areas and pore volumes. Figure 4(a) shows the BET surface area analysis
of ZIF-67/MXene nanocomposite structures. The produced ZIF-67/MXene nanocomposite
structures with 1:1 and 3:1 ratios have 311 and 340 m?/g surface areas, respectively.
Sulfur impregnation was performed on the heteroatom-doped cZIF-67/Ti3C, structures via
melt fusion method, and the sulfur content in the fabricated S/cZIF-67/TisC, was
determined by TGA analysis. Figure 4(b) shows the TGA results of the S/cZIF-67/TizC>
nanocomposite structure. The TGA result shows that cZIF-67/TisC, nanocomposites mixed
with sulfur at three times their mass contain approximately 75 % sulfur.
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Figure 4. (a) Surface area analysis of ZIF-67/MXene nanocomposite structures. (b) TGA
analysis of S/cZIF-67/TizC2 nanocomposite structures.
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Electrochemical energy storage properties of the fabricated cathodes using cZIF-67/TisC;
nanocomposites with different mass ratios were investigated. Cyclic voltammetry (CV)
measurements of the fabricated Li-S cells were done in a voltage window of 1.6-2.8 V. The
CV results of the fabricated cathodes at a scan rate of 0.1 mV s are shown in Figure 5(a).
The oxidation peaks of sulfur are located around 2.4 V, while the reduction peaks are
observed around 2.25 and 1.95 V. The fabricated Li-S batteries with the 3:1 mass ratio cZIF-
67/Ti3C2 nanocomposite have a sharp oxidation peak, while the other nanocomposite shows
combined double peaks. CV results of the fabricated S/cZIF-67/TisC, cathodes were also
obtained at different scan rates and are shown in Figure 5(b). The obtained CV results show
that sulfur's oxidation and reduction peaks shift to higher and lower voltage values as the
scan rate increases. The results demonstrate that the produced cathode electrodes have
reversible electrochemical performance.

To analyze the charge storage mechanism of the fabricated LSBs more clearly, the CV
measurements at different scan rates shown in Figure 5(b) were analyzed and are shown in
Figure 5(c)-(e). The diffusive and surface capacitive contribution calculations are analyzed
using Equations (4) and (5);

i =avP (4)

i(V)VY2= kv + ka.v12 (5)
where ki.v indicates that the surface capacitive contribution is dominant, while ka.v1/2
means the diffusion-based contribution is effective. Generally, high surface area materials
show a more widespread surface capacitive effect. When the scan rate decreases, diffusion
(purple color) processes are effective, while at high scan rates, the surface capacitive (blue
color) is dominant. It is seen that the surface capacitive effect is more pronounced at high
scan rates, and the diffusion contribution is more significant at low scan rates for the S/cZIF-
67/TisC, cathodes.
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Figure 5. (a) CV measurements of Li-S batteries prepared with S/cZIF-67/TizC, cathodes
at 0.1 mV/s scan rate. (b) CV measurements of Li-S batteries at different scan rates. (c)-(e)
Charge storage mechanism of S/cZIF-67/Ti3C; Li-S battery cathodes.
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Figure 6(a)-(b) shows the galvanostatic charge-discharge (GCD) curves of the Li-S batteries
at 0.1 C-rate. The fabricated batteries have flat discharge plateaus around 2.3 V and 2.1 V
during discharge. Li-S batteries using S/cZIF-67/TisC> cathodes reached specific capacity
values of approximately 750-780 mAh/g at 0.1 C-rate. GCD measurements were repeated
at different C-rates to determine the fabricated Li-S batteries’ GCD properties and specific
capacities. Figure 6(c) shows the specific capacity change with respect to the C-rate. Battery
devices naturally have some capacity drop at high C-rates due to the slow diffusion kinetics.
The fabricated Li-S battery devices demonstrated high rate capability at different C-rates.
Galvanostatic charge-discharge measurements were also applied to fabricated Li-S batteries
ataconstant 1.0 C-rate. Figure 6(d) shows the cycle life and capacity retention measurement
results at 1.0 C-rate for the fabricated Li-S batteries. After 300 GCD cycles, S cathodes
containing 3:1 mass ratio cZIF-67/TisC> showed higher electrochemical performance and
capacity retention compared to 1:1 mass ratio cZIF-67/TizC> cathodes. The obtained results
demonstrate that the fabricated nanocomposite structures improved the electrochemical
stability and the performance of the Li-S batteries.
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Figure 6. (a)-(b) GCD measurements of the fabricated Li-S batteries with nanocomposite
cathodes containing different mass ratios of cZIF-67/TisC, at different C-rates. (c) Rate
capabilities of the fabricated Li-S batteries. (d) Cycle life and capacity retentions at 1.0 C-
rate.

Conclusions

cZIF-67/Ti3C> nanocomposite structures with two different mass ratios were synthesized
using the wet chemistry method, and their structural characterizations were performed. 3D
nanocomposite structures were fabricated by growing high surface area ZIF-67 MOFs on
the conductive two-dimensional TizC, MXene sheets. The electrochemical charge storage
properties of the fabricated Li-S battery devices were carried out using CV and GCD
measurements. The fabricated nanocomposite cathodes were found to have potential for use
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in Li-S batteries. In GCD measurements, the fabricated Li-S batteries with 1:1 mass ratio
S/cZIF-67/TisC, cathodes reached a specific capacity of approximately 750 mAh/g. S
cathodes containing 3:1 mass ratio cZIF-67/TisC, showed higher capacity retention at 1.0
C-rate after 300 GCD cycles. The fabricated cZIF-67/TizC> nanocomposite materials
demonstrated their potential as a sulfur-host in Li-S batteries with remarkable properties
such as high rate capability, capacity retention, and rapid fabrication.
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Abstract

Atopic dermatitis, also known as eczema, is a chronic skin disorder that occurs as a result of many diseases and
genetic factors. Decreased filaggrin and ceramide levels in the epidermis are considered the prime pathogenesis
of atopic dermatitis.Aloe vera contributes to the treatment of atopic dermatitis thanks to its anti-inflammatory,
moisturizing and immune response regulating properties. SLN were characterized using UV-Visible
Spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM). BMV-
loadedSLN (BMV-SLN) was analyzed by FTIR and SEM. Release of BMV from nanoparticles and its free
solution form was also achieved. The gel formulation of BMV-SLN was developed using Carbopol 940 and
Aloe vera. BMV bound to SLN with 87% efficiency, and controlled release of BMV from the nanoparticles was
observed. BMV-bound SLN gel was formulated at pH 5.9. This gel formulationhavethe potential to be used in
treatment problems caused by atopic dermatitis.

Keywords:Eczema, solid lipid nanoparticle, betamethasone valerate, Aloe vera gel.

Egzema Tedavisine Yénelik Kati Lipid Nanopartikiiller iceren Aloe Vera Jel

Hazirlanmasi
Oz
Egzama olarak da bilinen atopik dermatit, birgok hastalik ve genetik faktor sonucu olusan kronik bir cilt
rahatsizligidir. Epidermisteki azalmis filaggrin ve seramid diizeyleri, atopik dermatitin ana patogenezi olarak
kabul edilmektedir. Aloe Vera, anti-inflamatuar, nemlendirici ve immun yaniti1 diizenleyici diizenleyici
ozellikleri sayesinde atopik dermatitin tedavisine katkida bulunur. SLN, UV-Goriiniir Spektroskopisi, Fourier
Déniistimli Kizilotesi Spektroskopisi (FTIR), Taramali Elektron Mikroskobu (SEM) kullanilarak karakterize
edilmigtir. BMV yikliSLN (BMV-SLN), FTIR ve SEM ile analiz edilmigtir. BMV-SLN'nin jel
formiilasyonu, Carbopol 940 ve Aloe vera kullanilarak gelistirilmistir. BMV, SLN'ye %87 verimlilikle
yiiklenmistir ve nanopartikiillerden BMV'nin kontrollii salimi gézlemlenmistir. BMV yiiklii SLN jeli, pH
5,9'da formiile edilmistir. Bu jel formiilasyonun atopik dermatitin neden oldugu sorunlarin tedavisinde
kullanilma potansiyeli oldugu sdylenebilmektedir.
AnahtarKelimeler:Egzama, kat1 lipid nanopartikiil, betametazonvalerat, Aloe vera jel.
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1. Introduction

Atopic dermatitis, also known as atopic eczema, is a chronic inflammatory skin disorder caused
by the interaction between multiple genetic and environmental factors. It is characterized by
itchy and scaly skin lesions, often localized on the flexural surfaces of the body [1].Today, the
prevalence of atopic dermatitis worldwide is increasing significantly. The disease occurs in
20% of children and 1%-3% of adults)[2].It causes difficulties in the daily lives of patients,
reduces their quality of life, and limits their mobility. Atopic dermatitis is a chronic
inflammatory skin condition that requires a multifaceted approach to treatment.The aim of
treatment is to restore epidermal barrier function and reduce skin inflammation. This can be
achieved by moisturizing the skin and using topical anti-inflammatory agents such as topical
corticosteroids and calcineurin inhibitors[3].

Betamethasone Valerate is a highly potent topical corticosteroid. Betamethasone is a topically
inactive synthetic corticosteroid. To be effective topically, it needs to be administered in the
form of esters such as betamethasone 17-valerate or betamethasone 17,21-dipropionate. The
esterified form usually has an increased lipophilic structure, which allows the drug molecule to
better penetrate through the lipid membrane of the skin. It helps to relieve swelling and irritation
of the skin. Since its effects on humans and animals are well known, it is frequently used in
adults and children.[2]

Nanoparticles, solid lipid nanoparticles, nanosuspension, nanoemulsion and nanocrystals are
important drug delivery systems developed using nanotechnology principles[4]. Solid lipid
nanoparticles (SLNs) are aqueous colloidal dispersions with sizes ranging from 10 to 1000
nanometers, consisting of a matrix of solid, biodegradable lipids. SLNs have been developed
for penteral, oral, rectal, dermal, and pulmonary applications. SLNs are widely preferred due to
their properties such as excellent biocompatibility, lack of biotoxicity, controlled drug release
and drug targeting, increased drug stability, high drug carrying capacity, and better transport of
lipophilic drugs [5].

Gel formulations are one of the forms of medication used in the treatment of atopic dermatitis.
Gels contain active ingredients dissolved or dispersed in a matrix containing water and other
solvents. The use of gel formulations in treatment has many advantages. They are easy to apply
and quickly absorbed, as well as ensuring that the active ingredients of the product are
effectively absorbed, and the symptoms of the disease are relieved. However, there are some
important points to consider. Gels are affected by heat and humidity, so the product should be
stored at the appropriate temperature.In conclusion, gel formulations are an effective treatment
method in the treatment of atopic dermatitis[6].

The Aloe vera plant has been used for centuries for its health, beauty, medicinal and skin care
properties.It contains 77 potentially active compounds, including vitamins, enzymes, minerals,
fatty acids, sugar, lignin, saponin, salicylic acid and amino acids.Thanks to the substances it
contains, it has healing, protection from ultraviolet and gamma rays, anti-inflammatory,
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antiviral, moisturizing, anti-aging, antiseptic and immune system effects.Aloe vera is used in
atopic dermatitis due to its anti-inflammatory, moisturizing and immune response regulating
effects [7].

The values that make this study unique can be considered as the preparation of the gel form
ofdrug loaded solid lipid nanoparticles, making it easy to apply, increasing the speed of action,
efficacy and absorption of the drug from the skin. It is thought that solid lipid nanoparticles
could affect the area where the drug should affect at higher rates, reducing the drug dosage that
should be used in the treatment, thus protecting patients from possible side effects and providing
a positive effect on their economic situation by using the drug for a shorter period of time. In
addition the anti-microbial, anti-inflammatory, wound healing, antioxidant and immune-
boosting properties of the Aloe vera extract could reduce the treatment of the factors that cause
the disease and the possibility of the disease recurring.

The advantage of the study compared to the currently used treatments is that it is loaded into a
delivery system, allowing the drug to affect the treated area directly, effectively, quickly and in
a controlled manner, thus shortening the recovery period of the patients. Compared to the drug
loaded treatment systems used with the Aloe vera gel in its content, it contributes to the healing
of the disease with its anti-inflammatory and moisturizing effects. It is shown that this
formulation, prepared in a simple and economical way, could contribute to human health by
treating the pain, itching and problems that prevent patients from daily life due to eczema more
effectively and in a shorter time.

2. Materials and Methods
2.1 Materials

Betamethasone 17-Valerate (BMV), Cetyl Palmitate (CP), Polysorbate 80 and Acetonitrile
were purchased from Sigma- Aldrich. Carbopol 940 was bought from Acros Organics and
Triethanolamine (TEA) was purchased from Carlo Erba. All other chemicals used were of
analytical grade and were used without any further processing or purification.

2.2 Synthesis of Solid Lipid Nanoparticles

Solid lipid nanoparticle synthesis was performed following procedure reported by Ak. et al.,
2021 [8]. Solid lipid nanoparticles were formulated using combination of the two techniques
named high shear homogenizer and ultrasonication. Aqueous phase, containing Tween- 80, was
heated up to 65°C in water bath. 100 mg cetyl palmitate (lipid phase) was heated up to the same
temperature separately. Two hot phases were then mixed together just before homogenization,
and pre-emulsion was achieved using a high-speed homogenizer (Ultraturrax, Isolab) at 22000
rpm for 2 min. This pre-emulsion continued to be homogenized for 1 min in a sonic bath.
Subsequently, the emulsion was quickly cooled to 4°C. The emulsion was left until it reached
room temperature. In order to obtain pure nanoparticles, they were placed in a pre-heated
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dialysis membrane (12000-14000 MWCO) (Sigma-Aldrich) and they weredialyzed against 50
mL of pure water at room temperature for 4 hours [9].

2.3 Encapsulation of BMV into SLN

The same techniques used for preparing drug- free SLN were applied for the formulation of
SLN loaded with BMV. BMV solutions prepared with acetonitrile to final concentrations of
0.25, 0.5, 0.75, 1, 1.25 mg/mL were added to the melten lipid phase at 65 °C and the procedure
above was applied. Dialysisprocedure was performed to remove free drug and to determine
drug loading efficiency. 2 mL of drug loaded SLN were placed in a pre-heated dialysis
membrane and dialysis was performed against 50 mL of d-water at room temperature for 4
hours [9]. The dialysis samples analyzed by UV- VIS spectrophotometer (Cary UV Vis 60
spectrophotometer)using calibration graph at 236 nm.The drug loading efficiency (DLE %) was
given by the formula 1:

Drug loading efficiency (DLE) (%) _ [(Initial drug amount(ug)— Unbound drug amount(ug)] %100 (1)

[Initial drug amount(ug)]
2.4 Characterization Studies

The chemical structures of dried SLN and BMV-loaded SLN were analyzed using fourier
transform infrared spectroscopy (FTIR). The sample was compressed into a transparent disk
and scanned from 4000 to 400 cm using an average of 16 scans, with a resolution of 1 cm™.
Scanning electron microscopy (SEM) was used to determine the morphological structure and
size of gold-coated SLN and gold-coated drug-loaded SLN.

2.5 In vitro Drug Release

In vitro drug release studies were performed using the dialysis membrane with an MWCO value
of 12000-14000 (Sigma-Aldrich) in 10 mL 10 mM phosphate buffer (pH 7.4) and 10 mL10
mM acetate buffer (pH 5.5). 2 mL of BMV-loaded SLN dispersion was taken into the dialysis
membrane and dialyzed at 300 rpm at 32°C and 37°C for 48 hours. At the intervals of 0.5, 1, 2,
4, 6, 8, 24 and 48h, all dialysis media replaced with a fresh buffer at the same
temperature[10].The amount of released BMVwas determined using UV- VIS
spectrophotometer at 236 nm. Cumulative drug release was calculated using the following
formula 2:

Amount of drug released (ug) x100 (2)

Cumulative release (%) = —
Initial drug amount (ug)

In vitro free drug release studies were performed using the dialysis membrane in 10 mL 10 mM
phosphate buffer (pH 7.4) and 10 mL 10 mM acetate buffer (pH 5.5). BMV was prepared in a
mixture of acetonitrile and distilled water 1:1 (v/v) with final concentration 1mg/mL.1 mL
ofdrug solution was taken into the dialysis membrane and dialyzed at 300 rpm at 37°C for 24
h. At the intervals of 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, and 24h, all dialysis media replaced with a
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warm fresh buffer at the same temperature[10].The amount of released BMVwas determined
and cumulative drug release was calculated using formula (2).

2.6 Preparation of Aloe Vera Gel Formulation Containing BMV-SLN

Carbopol 940, prepared as 1% (w/v), was stirred with a magnetic stirrer for 24 h[11].In order
to form the gel structure TEA was added to the Carbopol 940, which was stirred with the
magnetic stirrer at 3000 rpm and the pH was adjusted to 6.00[12].Aloe vera leaves were washed
with chlorinated water, cut and the gel inside was collected. The obtained gel was homogenized
with a blender. After the homogenization process, the obtained extract was filtered and stored
at +4°C[13].5 g of the prepared carbopol gel was taken and 1, 2, 2.5 and 3 mL of Aloe vera
extract and 1.8 mg (optimized amount) of BMV containing nanoparticle dispersion were added
into the gel. The formulations were evaluated based on pH and spreadability.

3. Results and Discussion
3.1 Synthesis and Characterization of Solid Lipid Nanoparticles

In this study, solid lipid nanoparticles consisting of cetyl palmitate lipid as a solid core coated
with aqueous surfactant were obtained. Solid lipid nanoparticles were synthesized by high-
speed homogenization and ultrasonication at temperatures above the melting temperature to
ensure homogenization of the lipid emulsion [14]. FTIR spectra of the obtained SLN and cetyl
palmitate are shown in Figure 1. Several peaks were observed in the FTIR spectrum of SLN in
the spectrum range of 400-4000 cm™.The peak at 1734 cm™ ! corresponded to C=0 tension, the
peak at 1462 cm™ ! was ascribed to C-H bending, the peak at 1090-1300 cm™ ! corresponded to
C-O stretching which were also seen in FTIR data of cetyl palmitate, Tween- 80. The peaks at
2916 and 2848 cm™ ! were related to aliphatic C—H stretching. The characteristic peaks of cetyl
palmitate and Tween 80 are also present in the spectrum of the obtained solid lipid nanoparticles
(SLNSs), resulting in similar spectra for cetyl palmitate and SLNs. The results are consistent
when compared with similar studies [15].

667



Preparation of Aloe Vera Gel Containing Solid Lipid Nanoparticles for Treatment of Eczema

100

Innn T
I

60

%T

50

40

30

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)
a)
100
90
80
70
'__
2
60
50
40
30
4000 3500 3000 2500 2000 1500 1000 500
b) Wavenumber (cm™)

Figure 1. FTIR spectra of a) solid lipid nanoparticles and b) cetyl palmitate.

The morphology of the nanoparticles was investigated by the SEM imaging method and shown
in Figure 2. According to the shape, the average size of the nanoparticles was determined to be
approximately 200 nm and the structure was found to be spherical, flat and smooth, which is
consistent with similar studies in the literature [8].
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Figure 2. SEM image of solid lipid nanoparticles.
3.2 Encapsulation of BMV into SLN

For the calibration curve of Betamethasone valerate, which has low water solubility, the main
stock drug was prepared inacetonitrile-distilled water 1:1 (v/v) mixture and dilutions were made
from the main stock at concentrations of 5, 10, 15, 20, 25, 30, and 35ug/mL[16].The maximum
absorbance peak of the drug was determined as 236 nm. The R? of the BMV standard graph
was found to be 0.9997. The calibration curve of the drug is given in Figure 3.
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Figure 3. Betamethasone valerate calibration curve.

Solid lipid nanoparticles containing initial dose of BMV at 0.25, 0.50, 0.75, 1.00 and 1.25
mg/ml were prepared. Drug loading efficiencies of the prepared BMV loaded nanoparticles
were calculated. The obtained results shown in Table 1.The nanoparticle group (initial BMV
dose of Img/mL) with the highest drug binding efficiency was selected as optimum for further
studies. As reported by Md S.thedrug/polymermassratiostestedwere 0.5:1, 0.25:1, 0.17:1,
0.125:1, and 0.1:1. The obtained result depicts that 0.5:1 (drug/polymer)
ratiowasfoundtohavethehighest %EE of 94.39 + 1.10% whereas 0.1:1 has theleastencapsulation
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of 62.43 £ 6.99%. It can be seenthat an increase in drug/polymermassratioresults in an increase
in EE. Hence, thisprovesthattheincreasingamount of drug in
theorganicphaseremarkablyinfluencesthe EE
duetothehigherinteractionbetweenthedrugandthepolymer[17].

Tablel.Encapsulation efficiencies(%) of drug at different concentrationsinto solid lipid
nanoparticles.

Initial BMV Concentration Loaded Encapsulation
(mg/mL) DrugConcentration Efficiency (%)
(mg/mL)
0.25 0.15 58

0.50 0.37 74.5

0.75 062 82.1

1 0.90 89.4

1.25 1.10 88.2

3.3 Characterization of BMV loaded SLN

As reported by Pandey et al. the characteristics peaks of BMV appeared at 3422 cm™ (-OH
stretching), 2955 cm™ and 2872 cm™* (—CH stretching), 1731 cm™ (C=0 stretching), 1616
cm™! (C=C stretching), and 1298 cm™* and 1264 cm™* (—CF stretching)[18].The FTIR spectrum
of BMV-SLNis represented in Fig. 4. According to FTIR spectrum analysis of BMV-SLN,
2916 and 2847 cm-1 (C-H tension band), 1732 cm-1 (C=0 tension band), 1464 cm-1 (C-H
bond bending band), 1099 and 1182 cm-1 (C-O bond tension band), 730 cm-1 (C-H bond
bending vibration) were observed. Spectral analysis showed that the BMV-SLN specific
functional groups on the surface of the nanoparticles exhibited almost the same chemical
properties as cetyl palmitate and exhibited the main characteristic peaks of the entrapped drug.
This study indicates that there is no molecular interaction that could change the chemical
structure of BMV[19].
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Figure 4. a) FTIR spectrum and b) SEM image of betamethasone valerate loaded solid lipid
nanoparticles.

Furthermore, BMV-SLN were morphologically examined with SEM. According to the SEM
image, it is seen that the nanoparticle has a shape close to spherical. The size of BMV-CPN
also increased a little. According to the literature, as the amount of drug contained in the
nanoparticles increases, their sizes also increase[17].

3.4 In vitro Drug Release

The in vitro drug release behaviorof nanoparticles was investigated under physiological
condition (pH 7.4) and under using simulated skin surface (pH 5.5) at 37°C and 32°C. As a
result of the release, at the end of 48 hours at pH 7.4; 18.27% at 37°C, 11.44% at 32°C BMV
was released from SLN. At pH 5.5; 24.66% at 37°C, 15.89% at 32°C BMV was released from
the SLN at the end of 48 hours. The faster release of BMV in an acidic environment may be
due to nanoparticle deterioration[8].The pH of the skin is acidic. Therefore, more drugs will be
released from nanoparticles interacting with the skin topically and a higher concentration of
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drug will reach the diseased area. The in vitro release of BMV is affected by the lipidic
components of SLN, which led to a simultaneous increase in the affinity of lipophilic BMV to
lipidic components and caused a relatively low release compared to free release [19].The results
of the release studies are given in Figure 5.
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Figure 5. BMV release from nanoparticles in a) pH 7.4 and b) pH 5.5 buffer at 37°C and 32°C.

Free drug release was investigated at both acidic pH and physiological pH at 37°C. At pH 7.4,
more than 50% of free BMV was released in the first 2.5 hours, and 84% of free BMV was
released after 24 hours. At pH 5.5, more than 50% of free BMV was released in the first 2 hours,
and at the end of 24 hours, 99% of free BMV was released. The reason for testing release studies
at both pH values is to show that it is suitable for physiological pH values and to show that the
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gel was developed for use on the skin surface and that it was worked in an acetate buffer that is
close to the skin pH value. The results of the free drug release studies given in Figure 6.
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Figure 6. BMV release from free solution in a) pH 7.4 and b) pH 5.5 buffer at 37°C.

For the treatment of eczema, medications must be taken regularly and periodically in a certain
dose. Patients usually ignore or forget this when using medications for a long time. When
evaluated from this perspective, the controlled slow release of BMV allows for a uniform
concentration of medication in the absorption area, allowing plasma concentrations to be
maintained in the therapeutic range after absorption. In this way, the side effects of the
medication are minimized and the frequency of application is also reduced.
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3.5 Preparation of Aloe Vera Gel Formulation Containing BMV-SLN
The pH values of the samples prepared by adding 1, 2, 2.5 and 3 mL of Aloe vera extract and
1.8 g of BMV containing nanoparticle dispersion into 5 g of carbopol gel were measured and

are shown in Table 2 and gel photographs are also displayed in Figure 7.

Table 2. Gel pH values obtained after adding Aloe vera extracts and BMV-CPN dispersion.

Contents pH

BlankGel 6.24

1 mL Aloe vera extract - 2 mL BMV-CPN 6.05
2 mL Aloe vera extract - 2 mL BMV-CPN 5.86
2,5 mL Aloe vera extract - 2 mL BMV-CPN 5.76
3 mL Aloe vera extract - 2 mL BMV-CPN 5.66

£ Rl ¥ o

i :
.l ! I -
e ——

Figure 7. Gel formulation photographs; (A) 5 g gel- 3 mL Aloe vera extract- 2 mL BMV-SLN
dispersion; (B) 5 g gel- 2,5 mL Aloe vera extract- 2 mL BMV-SLN dispersion; (C) 5 g gel- 2
mL Aloe vera extract- 2 mL BMV-SLN dispersion; (D) 5 g gel- 1 mL Aloe vera extract- 2 mL
BMV-SLN dispersion

As seen in Table 2, 2 mL of Aloe vera extract and 2 mL of BMV-CPN dispersion were selected
as optimum to be added to the gel. Other ratios can also be accepted as pH suitable for the skin,
and after 2 mL of Aloe vera extract, however the fluidity of the gel increased and its structure
that can be applied to the skin began to deteriorate.

Studies by Senyigit et al. also showed that by using the gel formulation, the concentration of
betamethasone valerate can be reduced and a higher flow can still be achieved. This may be a
notable advance in terms of reducing dose-dependent side effects and increasing the risk-benefit
ratio of betamethasone valerate[20].The results of a randomized double-blind clinical study by
Panahi et al.reported that Olivederma, a combination of Aloe vera and extra virgin olive oil, is
superior to topical corticosteroids after 6 weeks of treatment in terms of disease severity, quality
of life, and eosinophil count[21].The data obtained as a result of both these studies and our
study show that Aloevera gel formulation can be recommended as a promising alternative
system for topical application of betamethasone valerate.
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4 Conclusion

In the study, solid lipid nanoparticles were synthesized using cetyl palmitate and Tween-80,
and BMV, which has been proven effective to treat eczema, was encapsulated into solid lipids
with high efficiency. In this way, BMV, which has a hydrophobic character, was loaded into a
lipid carrier; in order to increase the speed of action, effectiveness and skin absorption of the
drug.With the anti-microbial, anti-inflammatory, wound healing, antioxidant and immune-
boosting properties of the Aloe vera extract, the treatment of the factors that cause the disease
and the possibility of the disease recurring can be reduced. With this formulation prepared with
a simple and economical method, it is shown that it will contribute to human health by treating
the pain, itching and problems that prevent the daily lives of patients due to eczema more
effectively and in a shorter time. The study could be used for the benefit of human health and
is promising.

Hypertrophic scar inflammation in eczematous lesions creates a strong barrier for dermal
penetration of drugs. To overcome this difficulty, various new topical formulations such as
solid lipid nanoparticles are quite suitable systems for penetration enhancement and sustained
release. It is known that these preparations are not only applied as “drug carriers” but also act
as “drug depots” to release active ingredients for a long time. The gel formulation formed by
adding BMV loaded SLNs to aloe vera gel was aimed to deliver the drug dermally and thus
prevent hepatic first pass metabolism and extensive fluctuations in drug-plasma levels resulting
from repeated oral administration of rapidly eliminated drugs. In the future, it is aimed to
complete pre-phase studies by determining efficacy, toxicology and biodistribution etc. with
in-vivo studies and to reveal the potential of the formulation.
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Abstract

Various biological materials were collected from Saklikent National Park (Antalya province) for investigation
species diversity of the family Zerconidae. The collected materials were transferred to the acarology laboratory,
mites were sorted with the Berlese-Tullgren funnels, and specimens of the zerconid mites were selected. Based
on the materials collected from Cedrus libani and Quercus coccifera habitats in the research area, Zercon
kasensis sp. nov. was described as a hew species for the science. The female specimens of the new species were
described, drawings were given and various body parts were measured. Males and immature stages of the new
species were not found. The new species was compared with other species in the same genus, similarities and
differences between the closer species were also presented.

Keywords: Acari, Mesostigmata, systematics, Saklikent National Park, Antalya

Zercon kasensis sp. nov., Giineybati Tiirkiye'den Yeni Bir Akar

(Acari: Zerconidae) Tiirii

Oz

Zerconidae familyasina ait tiir ¢esitliliginin aragtiritlmasi amaciyla Saklikent Milli Parki’ndan (Antalya) ¢esitli
biyolojik materyaller toplandi. Toplanan materyaller akaroloji laboratuvarina transfer edildi, akarlar Berlese-
Tullgren hunileri ile ayikland1 ve zerkonid akarlara ait 6rnekler segildi. Arastirma alaninda Cedrus libani ve
Quercus coccifera habitatlarindan toplanan materyallere dayanarak, Zercon kasensis sp. nov. bilim diinyasi i¢in
yeni bir tiir olarak tanimlandi. Yeni tiirlin disi 6rnekleri tanimlandi, ¢izimleri verildi ve gesitli viicut kisimlari
Ol¢iildii. Yeni tiriin erkeklerine ve ergin olmayan evrelerine rastlanmadi. Yeni tiir ayni cins i¢indeki diger
tiirlerle karsilastirildi, daha yakin tiirler arasindaki benzerlikler ve farkliliklar da ortaya konuldu.
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Zercon kasensis sp. nov., A New Mite Species (Acari: Zerconidae) From South Western Tiirkiye

1. Introduction

Studies aimed at determining biodiversity in protected areas have received the attention of many
scientists, leading to a focus on research in these areas. National parks are among the most
prominent protected areas in Tiirkiye. According to recent data, the country has 49 national
parks. One of these is Saklikent National Park, located on the border of Antalya and Mugla
provinces with a surface area is 1.643 hectares. The park features maquis vegetation at lower
altitudes and coniferous tree communities including Turkish pine, black pine and cedar, at
medium and higher elevations. The diversity of landforms and plant species has provided
favourable habitats for various life forms, including mites.

Systematic, faunistic, ecological and molecular studies on soil mites are quite common.
Especially systematic studies on zerconid mites (members of the family Zerconidae) has been
increasing both in Tiirkiye and worldwide [1-9]. Comprehensive regional and provincial studies
are being carried out to document the Zerconidae fauna of the country [10-18]. So far, 92
species belonging to genus Zercon have been identified from Tiirkiye [19-20].

During the examination of zerconid mites specimens collected from Saklikent National Park, it
was observed that two specimens were not resemble any known species of the genus Zercon.
As a result, they are described here as Zercon kasensis sp. nov.

2. Material and Methods

Based on the legal permission received from the General Directorate of Nature Conservation
and National Parks (Republic of Tiirkiye, Ministry of Agriculture and Forestry, No: 21264211-
288.04-7093271), soil and litter samples were collected from Lebanese cedar and kermes oak
habitats in Saklikent National Park, Kas county, Antalya province, south-western Tiirkiye. At
each sampling sites, data on coordinates and altitudes were recorded using a GPS device. All
collected materials were then transferred to the Acarology Laboratory at Pamukkale University
(PAU), Biology Department, Denizli, Tiirkiye.

Standard methods were used for extraction, measurement and drawing processes [21].
Terminologies of Lindquist & Evans (1965), Johnston & Moraza (1991) and Lindquist &
Moraza (1998) were used in identification of the mite specimens [22-24]. Podonotal setae are
shown in lower letters, opisthonotal setae are shown in capital letters. Various measurements
(e.g. length and width of idiosoma, lengths of dorsal setae and ranges for setal bases, scale bar
of the figures) were taken using a Olympus CX41 light microscope for the new specimens and
shown as um (micrometer). The type specimens of Zercon kasensis sp. nov. were stored in the
PAU.
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3. Results and Discussion

Figures 1-2. Dorsal and ventral appearance of Zercon kasensis sp. nov. (female) 1. Dorsum, 2.
Venter (scale bar equal to 100)

Family Zerconidae Canestrini, 1891

Genus Zercon C. L. Koch, 1836

Type species: Zercon triangularis C. L. Koch, 1836

For detailed diagnosis, see Urhan and Karaca, 2023 [13].

Zercon kasensis sp. nov. (Figures 1, 2)

Type material. Holotype $ from litter and soil under Lebanese cedar: Cedrus libani (Pinaceae),
38°28.013" N, 28°28.881" E, 1215 m a.s.l, nearby of Cukur Ardi¢ plateau, Camlikoy
neighborhood, Kas, Antalya, TURKIYE, 7 March 2023. One paratype ¢ from litter and soil
under kermes oak: Quercus coccifera (Fagaceae), 36°22.510' N, 29°30.230" E, 885 m a.s.l.,
nearby of Camliova neighborhood, Kas, Antalya, TURKIYE, 15 April 2023. Leg. Aysenur
Demirdoven.

Diagnosis. Two pairs of setae (JV1 and ZV1) in the anterior margin of ventrianal shield. Short

and smooth setae on the middle part of podonotum present, finely barbed with hyaline sheaths
setae in the lateral part present (except setae j1-2, both of them finely barbed without hyaline
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sheaths). Short and smooth setae in the middle part of opisthonotum present, partially elongated,
finely barbed with hyaline sheaths setae present in the lateral part (except marginal setae).
Gland pores gdS2 situated among setae Z2 and S3, closer to S3, gdZ3 larger and more obviously
than the other opisthonotal pores, situated among setae J3 and Z4, closer to Z4. Dorsal fossae
strongly developed and distinct. Tile-like patterns on podonotum and anterior margin of
opisthonotum present, remaining parts of opisthonotum punctated.

Female. Length of idiosoma (excluding gnathosoma) 455 and width 300 in holotype; length of
idiosoma 450, width 295 in paratype.

Dorsum (Fig. 1). Twenty pairs of setae on podonotal shield present, including j1-6, z2-6, s1—
6, r2 and r4-5. Bases of setae r1 and r3 on peritrematal shields, both of them inserted ventrally.
Setae j1-2 finely barbed but not having hyaline sheaths, j3-6, z2, z5-6, s1 short and smooth,
remaining podonotal setae (z3-4, s2-5, r2 and r4-6) finely barbed and having hyaline sheaths.
Setae s3 obviously and more elongated than other podonotal setae. None of setae j6, z6 and s5
extend the margin of posterior part of podonotum. Tile-like patterns on podonotal shield
present. Twenty-one pairs of setae on opisthonotal shield present, including J1-5, Z1-5, S1-5
and R1-6. Setae J1-5, Z1-2 and R1-6 short and smooth, all of them resembling in shape
(needle-like) and length. Although S1 finely barbed but not having hyaline sheath, Z3-5 and
S2-5 elongated, finely barbed and having hyaline sheaths. In the setal rows of opisthonotum (J,
Z and S), none of the setae extend the next base of the setae in the related rows. Although setae
S2-3 extend lateral margin of opisthonotum, Z4-5 and S4-5 extend beyond margin of
opisthonotum. The intervals between Z5-Z5 132-135. There is no intervals for setae Z5-JV5,
their bases are very closer to each other. Tile-like patterns on anterior margin of opisthonotum
present, remaining parts of opisthonotum with punctations.

Gland pores gdj2 situated among setae z2 and s1, closer to s1, gdj4 situated among setae j5 and
z4, gds4 situated among setae z5 and s5 or z6 and s4, gdZ1 situated above the base of seta Z1,
gdS2 situated among setae Z3 and S3, closer to S3, gdZ3 larger and more obviously than the
other opisthonotal pores, situated among setae J3 and Z4, closer to Z4, gdS5 situated below the
base of seta S5 (Fig. 1).

Venter (Fig. 2). All morphological characters (ornamentation, poroidotaxy, chaetotaxy etc.) of
ventral side of the new species are characteristic just as in all species within the genus. On the
peritrematal shield, the posterolateral parts extend the level of seta S1. Two setae on
peritrematal shield present, the first of them r1 short and smooth, the second r3 elongated and
finely barbed but not having hyaline sheath. Peritreme shaped like inverted comma. Gland pore
gvl situated above the anterior part of peritreme, at the level of between coxae Il1-Ill. Three
pairs of setae (st1-3) on sternal shield present. Only one pair of setae (st5) on epigynal shield
present. Seta st4 situated among sternal and epigynal shields, at the level of coxa Ill. All the
above-mentioned setae (st1-5) short and smooth. Gland pore gv2 situated among between
posterolateral parts of peritrematal shield and anterior part of ventrianal shield, with four
opening valves. Because of the presence of setae JV1 and ZV1, four setae on the anterior margin
of ventrianal shield. All of the setae (JV1-4, ZV1-4 and Ad) on ventrianal shield short and
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smooth. Gland pore gv3 situated closer to the base of adanal setae. Postanal seta (Pa) single.
Seta JV5 finely barbed and having hyaline sheaths, resembling to opisthonotal setae Z5 and S5,
but shorter them. Anterior part of ventrianal shield with squamous patterns and these extend the
level of setae JV3 and ZV4, remaining parts of ventrianal shield smooth.

Various measurements for opisthonotal setae in female specimens of Z. kasensis sp. nov., were
presented in Table 1.

Table 1. Lengths of setae on opisthonotal shield and distances of the setal bases from each
other in the same rows (mean values were given).

Setae Q | Setae Q | Setae Q
J1l 10 | Z1 10 | S1 15
J1-J2 48 | Z1-Z2 | 50 | S1-S2 23
J2 10 | Z2 10 | S2 38
J2-J3 | 35 | Z2-Z3 | 38 |S2-S3 | 50
J3 13 | Z3 45 | S3 43
J3-J4 38 | Z3-Z4 | 50 | S3-$4 50
J4 18 | Z4 58 |4 50
J4-J5 30 | Z4-Z5 | 62 | S4-S5 50
J5 18 | Z5 75 | S5 60

Male and immature stages (deutonymph, protonymph and larva). Not found.

Etymology. Because the female specimens of the new species were collected from the Kas
county of Antalya province (south-western Tiirkiye), the specific epithet “kasensis” was
assigned to the new species.

Remarks. General morphological characters of Zercon kasensis sp. nov. is considerably like to
Z. albanicus Ujvari, 2010 [25], Z. elongatus Ujvari, 2010 [25], Z. emirdagicus Urhan et al.,
2016 [26] and Z. tefenniensis Urhan, 2010 [27]. The distinctive morphological characters of
these related species as in Table 2.
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Table 2. Distinguishing features between Zercon kasensis sp. nov. and related species within

the genus.
Characters Z. kasensis Z. albanicus Z. elongatus Z&r;;;d;g;us Z. tefenniensis
sp. nov. Ujvari, 2010 Ujvari, 2010 2016 B Urhan, 2010
53 having h Zﬁnhea\s/rllzgth
Marginal setae having hyaline not having having hyaline hyaline sheath, y '
. . others not
on podonotum sheath hyaline sheath sheath others not having . .
hyaline sheath having hyaline
y sheath
finely barbed and 5 finely bar.bed
Podonotal setae . . but not having short and
having hyaline . short and smooth | short and smooth
z3-4 and s4-5 sheaths hyaline sheath, smooth

others smooth

Opisthonotal
seta S2

having hyaline
sheath

short and smooth

short and smooth

having hyaline

having hyaline

sheath sheath
Opisthonotal having hyaline having hyaline having hyaline having hyaline absent
seta S4 sheath sheath sheath sheath
S1 finely barbed | S1 and R1 finely
Marainal setae but not having barbed but not short and
9 hyaline sheath, having hyaline | short and smooth | short and smooth
on opisthonotum smooth

others short and
smooth

sheaths, others
short and smooth

larger than the

about same size

about same size

about same size

larger than the

. . with the others, . . .
Opisthonotal others, situated . with the others, with the others, | others, situated
situated among . .
pore gdZ3 among setae J4- setae J5-74 situated among situated among | among setae J5-
Z4 or J4-S4 ’ setae Z3-4 setae Z3-4 Z4, closer to Z4
closer to Z4
Pattern of irregular irregular
central surface g smooth smooth smooth g
. punctated punctated
on opisthonotum

Seta JV5 on
ventrianal shield

having hyaline
sheath

finely barbed but
not having
hyaline sheath

short and smooth

having hyaline
sheath

having hyaline
sheath

According to Table 2, all zerconid mites including the new species have four setae on the
anterior margin of ventrianal shield. Also, idiosomal setae of Zercon kasensis sp. nov. have the
full complementary, there is no absence of seta on podonotum or opisthonotum in the related

rows.
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4. Conclusion

Recently, various studies were carried out on zerconid mites in national park areas in Tiirkiye
and some new species were identified [28-33]. It is expected that studies on various mite groups
will be continued in national parks of the country, which are among the most protected areas.
Number of known species of the genus Zercon increased to 93 with Z. kasensis sp. nov. in
Tiirkiye. Species diversity of Zerconidae fauna in the country will increase with new studies to
be carried out locally or regionally.

Ethics in Publishing
There are no ethical issues regarding the publication of this study.
Author Contributions

Aysenur Demirdoven: Collection of specimens (lead), data acquisition (equal), data
analysis/interpretation (equal), preservation (lead). Rasit Urhan: Methodology (lead), project
administration, supervision (lead), identification, illustration, data acquisition (equal), data
analysis/interpretation (equal), critical revision of manuscript (equal), final approval and
accountability (equal). Mehmet Karaca: Conception/design of study, collection of specimens
(supporting), data analysis/interpretation (equal), drafting manuscript, critical revision of
manuscript (equal), final approval and accountability (equal). This paper was prepared based
on first author’s M.Sc. thesis.

Acknowledgement

We are grateful to the “Republic of Tiirkiye Ministry of Agriculture and Forestry, General
Directorate of Nature Conservation and National Parks” that provided the necessary
permissions for field surveys.

References

[1] Kaczmarek S., Marquardt T., Jangazieva B. (2020) Zercon utemisovi sp. n. — a new species
of Zerconidae (Parasitiformes, Mesostigmata) from Kazakhstan with notes on Zercon
karadaghiensis Balan, 1992, International Journal of Acarology, 46(1), 52-59.

[2] Kaczmarek S., Marquardt T., Seniczak A. (2021) A new species of Zercon (Parasitiformes:
Mesostigmata) from Norway, with notes on sexual dimorphism in Zerconidae, Systematic
and Applied Acarology, 26(9), 1676-1702.

[3] Marchenko I.1. (2021) Four new species of Halozercon (Acari: Mesostigmata: Zerconidae)

from South Siberia Mountains (Russia) with a key to all known species, Zootaxa, 4941(2),
151-185.

684



Zercon kasensis sp. nov., A New Mite Species (Acari: Zerconidae) From South Western Tiirkiye

[4] Marchenko I.I. (2022) Description of new genus Baikalozercon (Acari: Mesostigmata:
Zerconidae) with two new species from South Siberia Mountains (Russia), Zootaxa,
5120(3), 301-333.

[5] Moghimi F., Ahadiyat A., Karaca M., Kiadaliri H., Urhan R. (2021) Description of
Prozercon caspiansis sp. nov. (Acari: Mesostigmata: Zerconidae) from Iran, with
descriptions of male and larva of P. dominiaki Btaszak, 1979, Systematic and Applied
Acarology, 26(9), 1703-1720.

[6] Makarova O.L. (2023) Free-living mites (Acari) of the Franz Josef Land Archipelago, the
coldest Old World territory: diversity, geographic distributions, assemblages, Acarologia,
63(4), 1163-1186.

[7] Mohammad-Doustaresharaf M., Karaca M., Bagheri M., Urhan R. (2023) A taxonomic
study on the zerconid mites (Acari: Zerconidae) in northwestern Iran: descriptions of
three new species with three new records, Systematic and Applied Acarology, 28(3), 429-
13.

[8] Alinezhad Z., Ostovan H., Hesami S., Gheibi M. (2024) Abundance and diversity of

mesostigmatid mites (Acari: Mesostigmata) in Fars Province, Iran, North-Western Journal
of Zoology, 20(1), 1-13.

[9] Marquardt T., Kaczmarek S., Seniczak A., Chudas M. (2024) Biology and ecology of
Zercon hamaricus Kaczmarek et al. 2021 (Parasitiformes: Zerconidae) with
morphological study of all instars, The European Zoological Journal, 91(2), 729-747.

[10] Duran E.H., Urhan R. (2017) Zerconid mites (Acari, Zerconidae) in Istanbul, with four
new records for the Turkish fauna, Turkish Journal of Zoology, 41(5), 931-939.

[11] Urhan R., Duran E.H. (2019) Zerconid mites (Acari, Zerconidae) in inner Aegean Region,
with a new record for the Turkish fauna, Zootaxa, 4568(2), 323-336.

[12] Urhan R., Karaca M. (2022) Manisa ilinin zerkonid akar faunasi (Acari: Mesostigmata:
Zerconidae). In: Abali Y., Minareci O., Kaynar S.C. and Incedere L. (Eds), Manisa
Akademik Arastirmalar Isiginda (Fen Bilimleri & Cografya & Iktisat), Berikan Yaymevi:
Ankara, Tiirkiye, 4, pp. 208-234. (in Turkish)

[13] Urhan R., Karaca M. (2023) Species diversity of the mite family Zerconidae (Acari:
Mesostigmata) in Izmir Province. In: Demirer A. (Ed), Multifaceted Academic
Perspective: Science Research, SRA Academic Publishing: Klaipéda, Lithuania, 1, pp.
1-26.

685



Zercon kasensis sp. nov., A New Mite Species (Acari: Zerconidae) From South Western Tiirkiye

[14] Urhan R., Karaca M. (2023) Aydin ilinin zerkonid akar faunasi (Acari: Mesostigmata:
Zerconidae). In: Beram R.C. (Ed), Cok yonlii Akademik Perspektif: Fen Bilimleri
Arastirmalar;, SRA Academic Publishing: Klaipéda, Lithuania, 5, pp. 89-116. (in
Turkish)

[15] Karaca M., Urhan R. (2023) Zerconid mite fauna (Acari: Zerconidae) of Tekirdag
province, 1. Bilsel International Harput Scientific Research Congress, Elazig, Tiirkiye,
Proceeding Book, pp. 192-205. (in Turkish)

[16] Karaca M., Urhan R. (2023) Zerconid mite fauna (Acari: Zerconidae) of Kirklareli
province, 2. Bilsel International Ahlat Scientific Research Congress, Bitlis, Tiirkiye,
Proceeding Book, pp. 962-976. (in Turkish)

[17] Karaca M., Urhan R. (2023) Edirne ilinin zerkonid akar faunasi (Acari: Zerconidae),
Aegean Summit 10. International Congress of Applied Sciences, izmir, Tiirkiye,
Proceeding Book, pp. 1489-1498. (in Turkish)

[18] Karaca M., Urhan R. (2023) Balikesir’den kaydedilmis zerkonid akarlar (Acari:
Zerconidae). In: Bayyigit M., Azman M.A., Tiirker S., Canakct M., Yiiksel Y. and
Abdelghany A.H.A. (Eds), Cumhuriyetin 100. Yilinda Balikesir’in Kiiltiirel Birikimi,
Tarim, Gida ve Hayvancilik. Palet Yaymlari: Konya, Tirkiye, pp. 125-144. (in Turkish)

[19] Urhan R., Karaca M. (2024) Mugla’dan Zercon cinsinin (Acari, Zerconidae) yeni bir tiirii:
Zercon fethiyensis sp.nov., Afyon Kocatepe University Journal of Science and
Engineering, 24(5), in press. (in Turkish)

[20] Urhan R., Karaca M., Kassen Z. (2024) A new zerconid mite (Mesostigmata: Zerconidae)
from Southwestern Tiirkiye: Zercon tripolisensis sp. nov., Acarological Studies, 6(1), 52-
59.

[21] Bulut D.R., Urhan R., Karaca M. (2021) Zerconid mites (Acari, Zerconidae) from eastern
parts of Aydin Province (Turkey), with description of Zercon karacasuensis sp. nov.,
Acarological Studies, 3(2), 73-81.

[22] Lindquist E.E., Evans G. O. (1965) Taxonomic concepts in the Ascidae, with a modified
setal nomenclature for the idiosoma of the Gamasina (Acarina: Mesostigmata), Memoirs
of the Entomological Society of Canada, 47, 1-64.

[23] Johnston D.E., Moraza M.L. (1991) The idiosomal adenotaxy and poroidotaxy of

Zerconidae (Mesostigmata: Zerconina). In: Dusbdbek F. and Bukva V. (Eds), Modern
Acarology. Academia: Prague, Czech Republic, 2, pp. 349-356.

686



Zercon kasensis sp. nov., A New Mite Species (Acari: Zerconidae) From South Western Tiirkiye

[24] Lindquist E.E., Moraza M.L. (1998) Observations on homologies of idiosomal setae in
Zerconidae (Acari: Mesostigmata), with modified notation for some posterior body setae,
Acarologia, 39, 203-226.

[25] Ujvari Z. (2010) First records of zerconid mites (Acari: Mesostigmata: Zerconidae) from
Albania, with description of three new species, Opuscula Zoologica (Budapest), 41(1),
57-75.

[26] Urhan R., Duran E.H., Karaca M. (2016) Two new species of the genus Zercon C. L. Koch
from the Inner Aegean Region of Turkey (Acari: Mesostigmata: Zerconidae), Zoology in
the Middle East, 62(2), 164-170.

[27] Urhan R. (2010) Two new species of zerconid mites from Turkey, Zoology in the Middle
East, 50(1), 111-118.

[28] Urhan R., Ayyildiz N., Toluk A., Kogoglu E., Tasdemir A. (2007) Zercon agnostus
Blaszak, 1979 (Acari: Zerconidae) iizerine bir ¢aligma, Cankaya University Journal of
Science and Art, 7, 171-179. (in Turkish)

[29] Urhan R., Karaca M., Oztas M., Bulut D.R., Tepe M. (2010) Honaz Dag: Milli Parki
(Denizli) zerkonidleri (Acari: Mesostigmata: Zerconidae), 20. National Biology
Congress, Denizli, Tirkiye, Abstract Book, pp. 831-832. (in Turkish)

[30] Urhan R., Duran E.H., Karaca M. (2018) The diversity of zerconid mites (Acari,
Zerconidae) in Akdag National Park (Denizli/Turkey), International Journal of Scientific
and Technological Research, 4(10), 509-517.

[31] Kegeci B., Urhan R., Karaca M. (2021) Mites of the genus Prozercon (Acari, Zerconidae)
in Dilek Peninsula-Biiylik Menderes Delta National Park (Turkey), with description of a
new species, Acarological Studies, 3(1), 37-42.

[32] Bilki K., Urhan R., Karaca M. (2022) Mites of the family Zerconidae (Acari:
Mesostigmata) from Southwestern Turkey, with description of three new species,
Acarological Studies, 4(2), 89-103.

[33] Urhan R., Karaca M. (2023) Contributions to the Zerconidae (Acari: Mesostigmata) fauna

of Dilek Peninsula-Biiyiikk Menderes Delta National Park, Tiirkiye, Acarological Studies,
5(1), 21-33.

687



Erzincan Universitesi Erzincan University

Fen Bilimleri Enstitiisii Dergisi Journal of Science and Technology
2024, 17(3), 688-702 2024, 17(3), 688-702
ISSN: 1307-9085, e-ISSN: 2149-4584 DOI: 10.18185/erzifhed.1285704
Aragtirma Makalesi Research Article

Determination of Nifedipine in Pharmaceutical Preparations by Square Wave

Voltammetry Method

Bilal Yilmaz®t"

1Department of Analytical Chemistry, Faculty of Pharmacy, Ataturk University, 25240, Erzurum, Turkey

Received: 19/04/2023, Revised: 09/12/2024, Accepted: 25/12/2024, Published: 31/12/2024

Abstract

In the present study, the electroanalytical behaviour of nifedipine was investigated by cyclic voltammetry
method. The method was based on nifedipine being electrochemically oxidized at a platinum electrode in
nonaqueous solutions. At 1.16 V, the oxidation peak was noted. It was determined that nifedipine's oxidation
was diffusion-controlled. Additionally, a quick and easy square wave voltammetry method was developed and
validated in this work to determine nifedipine in pharmaceutical preparations. At concentrations between 5 and
50 pg/mL, the calibration curve is linear. The precision was given by relative standard deviation and was less
than 3.96%. Accuracy was given with relative error and did not exceed 2.00%. In pharmaceutical preparations,
nifedipine had an average recovery of 100.6%. Under the chosen experimental conditions no interference was
found. The suggested method is extremely accurate and precise. Therefore, the method is applicable to the
measurement of nifedipine in Adalat Crono tablets as pharmaceutical formulation.

Keywords: Nifedipine, voltammetry, validation, tablet

Farmasotik Preparatlarda Nifedipinin Kare Dalga Voltammetri Yontemi ile Tayini

Oz

Bu ¢alismada, nifedipinin elektroanalitik davranisi dongiisel voltametri yontemiyle incelenmistir. Yontem,
susuz ¢ozeltilerde bir platin elektrotta elektrokimyasal olarak oksitlenen nifedipine dayantyordu. 1.16 V'ta
oksidasyon piki kaydedildi. Nifedipinin oksidasyonunun difiizyon kontrollii oldugu belirlendi. Ek olarak,
farmasoétik preparasyonlarda nifedipini belirlemek i¢in bu ¢alismada hizli ve kolay bir kare dalga voltametri
yontemi gelistirildi ve valide edildi. 5 ve 50 pg/mL arasindaki konsantrasyonlarda kalibrasyon egrisi
dogrusaldir. Kesinlik bagil standart sapma ile verildi ve %3.96'dan azdi. Dogruluk bagil hata ile verildi ve
%2.00'yi gecmedi. Farmasotik preparasyonlarda, nifedipinin ortalama geri kazanimi %100.6'dir. Secilen
deneysel kosullar altinda higbir girisim bulunmadi. Onerilen yéntem son derece dogru ve kesindir. Bu nedenle
yontem, farmasoétik formiilasyon olarak Adalat Crono tabletlerdeki nifedipin dl¢timiine uygulanabilir.
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Determination of Nifedipine in Pharmaceutical Preparations by Square Wave Voltammetry Method

1. Introduction

Nifedipine (Figure 1) is a calcium channel antagonist of the dihydropyridine class that is
frequently used to treat vascular diseases such Raynaud's phenomenon, hypertension, and
angina pectoris. When taken orally, the lipid-soluble medication nifedipine is quickly and
thoroughly absorbed from the digestive tract. Due to extensive first-pass metabolism, nifedipine
has a systematic bioavailability of 50-70%, which may cause significant intersubject
pharmacokinetic variability. Nifedipine has a 2 to 5 hour elimination half-life [1].

H

HsC N CHs
H3COOC COOCH;
H
NO,

Figure 1. Structure of nifedipine

Several nifedipine determination methods have been published in reports. These include mass
spectrophotometric detection, multivariate image analysis, UV or electrochemical detection in
conjunction with HPLC [2-5], gas chromatography with electron capture [6-8] and LC-MS/MS
[9-10] methods.

According to reports, nifedipine's spectrophotometric detection involves interactions with
oxidation of the medication with iron(l111) [11,12], subcritical water extraction of the medication
[13], reaction of the medication's nitro group with potassium hydroxide in dimethyl sulfoxide
medium [14] and reduction of the medication with zinc/naphthalene chloride followed by
coupling with N-methyl-1,4-benzoquinon [15]. A thorough review of the literature revealed
that there are several chromatographic techniques for determining the presence of nifedipine in
human plasma, while the quantitative determination of nifedipine in pharmaceutical
formulation samples has only been covered in a small number of other publications [7, 9, 12].

An extensive literature analysis revealed a variety of chromatographic techniques for assessing
the presence of nifedipine in human plasma. Endogenous interference, probable drug loss
during re-extraction, arduous and time-consuming procedures for preparing and extracting
plasma samples, and the requirement for high-end, pricey equipment all had an impact on the
revealed procedures.

It's critical to develop a new formula for figuring out how much medication is in pharmaceutical
dose forms. Numerous therapeutic substances have been identified using electroanalytical
techniques, which have the advantages of frequently not requiring derivatization and being less
susceptible to matrix effects than other analytical techniques. Identifying electrode mechanisms
is another use of electrochemistry [16-19]. Drugs' redox characteristics may provide
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information on their pharmacological effectiveness, in vivo redox activities, or metabolic
destiny.

Although the electrochemical behavior and oxidation mechanism of nifedipine have analytical
significance, no research on the voltammetric oxidation of nifedipine in nonaqueous media has
been published. It is widely known that the electrochemical process and voltammetric response
of pharmaceuticals are directly influenced by the experimental and operational parameters. So,
it would be interesting to look at how nifedipine oxidizes in aprotic environments. However,
the voltammetry method has not yet been used to quantitatively assess nifedipine using a
platinum electrode.

This study describes Square Wave Voltammetry (SWV) method using a platinum disc electrode
to determine nifedipine using simple, quick, and selective processes that have been completely
verified. Also, the method was effectively used to evaluate the consistency of the formulation
content and to quantitate a commercially available nifedipine medication for QC.

2. Materials and Methods

2.1. Chemicals and reagents

Nifedipine standard (98> purity), lithium perchlorate (LiClO4) and acetonitrile were purchased
from Sigma (Germany). The nifedipine-containing Adalat Crono tablets were bought at a
pharmacy in Erzurum, Turkey.

2.2. Electrochemical instrumentation

Electrochemical experiments were carried out on a Gamry Potentiostat Interface 1000. The
single-compartment electrochemical cell used for all tests has a conventional three-electrode
setup. Platinum wire served as the counter electrode and a platinum disk served as the working
electrode. On microcloth pads, 1.0, 0.3, and 0.05 pum alumina slurries were used to
incrementally polish the working electrode. The reference electrode for each potential was
made of Ag/AgCI/KCI (3.0 M). The SWV was operated at pulse amplitudes of 25 mV, 10 Hz,
4 mV potential step and 0.1 V s scan rate.

2.3. Preparation of standard and quality control samples

In 0.1 M LiClOg4/acetonitrile, the stock standard solution of nifedipine (100 ug/mL) was
prepared. This stock solution was used to prepare working standard solutions. The
concentrations of the standard solutions were 5, 7.5, 10, 15, 20, 25, 30, 40 and 50 pg/mL. The
QC solutions were made at 7.5, 25 and 45 pg/mL concentrations.

2.4. Statistical analysis

With the use of a computer program, SPSS V.15.0 was used for the statistical analyses. The
nifedipine standard line and calculations were made using regression analyses. The mean and
standard deviation of the results were provided.
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3. Results and Discussion

3.1. Method development and optimization

At the Pt disc electrode, the electrochemical behavior of nifedipine was studied. The supporting
electrolyte in cyclic voltammetry was an acetonitrile solution with 0.1 M LiClOa. Figure 2
depicts a typical cyclic voltammogram for 100 pg/mL nifedipine at 0.1 V s scan rate. The
oxidation peak was seen in the anodic sweep at 1.16 V.

1,500 us

1,000 uA

500.0 nA

Current /A

0,000 A g
————— 100 pg/mL nifedipine

—————— backround

-500,0 nA
500.0 mv 1.000V 1.500 V 2.000V

Potential / V vs. Ag/AgCl
Figure 2. Cyclic voltammogram of nifedipine (100 pg/mL)

The influence of scan rate on the anodic peak currents and peak potentials was investigated in

the range of 0.01-1 V s of the potential scan rates in order to better understand the

voltammetric waves (Figure 3).
4.000 uA
3.000 uA

2,000 uA

1,000 us

Current /A

0,000 &

-1,000 uA
800.0 mv 1,000V 1,200V 1,400V 1,600 W

Potential / V vs. Ag/AgCl

Figure 3. Linear sweep voltammograms of 20 pg/mL nifedipine as a function of scan rate
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Figures 4a,b display the linear sweep voltammograms for nifedipine as a function of scan rate.
However, the logarithm of peak currents against logarithm of scan rates graphs at nifedipine
concentrations of 20 pg/mL show straight lines with a slope of 0.42, which is close to the
predicted value of 0.5 anticipated for an ideal diffusion-controlled electrode process [20].

This should be done using the log I-log v curve, therefore a diffusional process for the peak
should be taken into consideration. The redox species quickly diffuse from the solution rather
than precipitate onto the electrode surface, according to these data. This phenomenon may be
caused by the solubility of the intermediate species in acetonitrile.
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Figure 4(a-c). Scan rate dependence on the peak current (20 pg/mL)
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As the scan rate is raised, Figure 3 depicts how the oxidation peak potential (Epa) for peaks
moves toward more positive values. The equation below describes the relationship between the
peak potential and scan rate [21].

E,. = E” +RT/[(1—a)n,F]0.78+In(D"?;*)-0.5InRT /[1— & )n,F |J+ RT /[1- a)n,F ]/ 2Inv

pa

The plots of the oxidation peak potentials against In v demonstrate a linear connection in
accordance with this equation (Figure 5).

1200 - v=0,1223x+1126,6
R® =0,9676

E (m)

In v (v s
Figure 5. Dependency of the nifedipine anodic peak potentials on the scan rate

The slope indicates that the highest value of an is 0.75. Additionally, this value shows that the
processes of electron transfer are completely irreversible. This outcome demonstrates that the
chemical step is a charge transfer and a quick following reaction.

3.2. Validation of the method

ICH Q2B guidelines were followed while determining the validation parameters [22]. These
criteria include specificity, linearity, precision, accuracy, recovery, limit of detection (LOD),
limit of quantification (LOQ), robustness and stability.

3.2.1. Selectivity

In this study, it was investigated the potential interferences of common excipients and additives.
The QC samples were prepared and examined. At the concentrations present in dosage forms,
there is no evidence of any interference from these chemicals. The excipient employed in this
formulation was one that the pharmaceutical industry employs most frequently. The method's
specificity was examined by keeping an eye out for any interference from common tablet
ingredients like talc, lactose, sodium chloride, titanium dioxide and magnesium stearate. These
exceptions had no negative effects on the suggested method. The procedure might be selective
in accordance with the findings of the analysis.
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3.2.2. Linearity

Standard solutions at concentration of 5, 7.5, 10, 15, 20, 25, 30, 40 and 50 ug/mL were prepared
for SWV (Figure 6). Plotting the nifedipine concentration versus peak current responses
allowed for the construction of the calibration curve for the nifedipine (Figure 7).

1,500 uA

1.000 uA

$00.0 nA

Current /A

0.000 A Y
800.0 mv 1.000V 1.200V 1400V 1600V

Potential / V vs. Ag/AgClI

Figure 6. SWV voltammograms of nifedipine (5-50 pg/mL)
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Figure 7. Calibration curve of nifedipine (5, 10, 15, 20, 25, 30, 40 and 50 pug/mL)

All of the calibration curves' correlation coefficients (r) were consistently higher than 0.99.
Using the least squares method and the Microsoft Excel® application, the linear regression
equations were derived and described in Table 1.
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Table 1. Linearity of nifedipine

Parameter Nifedipine
Linearity range (pug/mL) 5-50
Slope 23.524
Intercept 139.74
Correlation coefficient 0.9992
LOD (pg/mL) 0.90
LOQ (png/mL) 2.70

3.2.3.Precision and accuracy

Using the QC samples, the SWV method's precision and accuracy were assessed for intra-day
and inter-day. The same-day analysis of the QC samples served to assess intra-day precision
and accuracy. It was able to assess the precision and accuracy between days by contrasting the
assays performed on two distinct days. The intra-day accuracy ranged from 0.04% to 1.55%,
while the precision ranged from 1.58% to 3.56% (Table 2). It is evident from the results that
this process has good accuracy and precision.

Table 2. Precision and accuracy of nifedipine

Intra-day Inter-day

Added Found +SD? Precision Accuracy® Found +SD? Precision Accuracy®

(ng/mL) % RSDP % RSDP
75 7.38+0.12 158 -1.55 7.47+0.10 1.38 -0.44
25 25.0140.89  3.56 0.04 24834098  3.96 -0.67
45  4533£1.03 2.8 0.74 45.67+1.03  2.26 1.48

3.2.4.Recovery

To evaluate the effects of formulation interference, the recovery was investigated at three
different concentrations. The recoveries were done by combining nifedipine tablet samples that
had already undergone analysis with a known quantity of pure medications. The recoveries
were calculated by comparing the amounts recovered from the spiked samples with the actual
added concentrations. The results are listed in Table 3.
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Table 3. Recovery of nifedipine in tablets (n=6)

Found + SD %Recovery %RSD?  Confidence

Tablet
Interval
Adalat Crono 30.2+0.51 100.7 1.69 29.2-31.3
(30 mg/tablet) 29.3+0.44 98.7 1.49 28.6-30.2
30.84+0.67 102.3 2.18 29.3-314
Adalat Crono 59.2+1.29 98.8 2.18 58.6-61.2
(60 mg/tablet) 61.1+£1.33 101.8 2.21 60.3-62.1
58.9+1.22 98.2 2.07 57.9-61.6

3.2.5.LOD and LOQ

The LOD and LOQ values of the proposed method were determined using calibration standards.
The computed values for LOD and LOQ were 3.3 and 10/S, respectively [22]. The results are
summarized in Table 1.

3.2.6.Ruggedness
The same instrument and standard standard solution were used in this study by a separate
analyst to assess the concentration of nifedipine (Table 4). No statistically significant
discrepancies between the operators were found in the results, indicating the ruggedness of the
developed method.

Table 4. Results of another analyst's studies of nifedipine (n=6)

Added Found (ng/mL) % Recovery % RSD?
(Mean£SD)
(ng/mL)
5 51+0.18 102.0 3.53
15 14.8 £ 0.25 98.7 1.69
35 352+ 1.67 100.6 4,74
3.2.7.Stability

The stability of the medication was established since it is known that nifedipine deteriorates in
light. Standards of 10, 25 and 50 pg/mL nifedipine were examined for a week under various
circumstances in the dark at 4 °C and in the light at room temperature (25 °C) to assess stability.
The solutions were reanalyzed against recently generated standard solutions after 2, 4, 8, 12,
24, and 48 h (light, 25°C), and 2, 4, 8, 12, 24, and 48 h (dark, 4°C) respectively (Table 5). The
findings demonstrate the stability of nifedipine standards, with recoveries >93% for up to 2
hours when stored in light at 25°C and for up to 2 days when stored in darkness at 4°C.
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Table 5. Stability of the nifedipine (n=3)

Time Recovery (%) % RSD?
Initial 100.1 2.92
2h 935 1.97
Light 4h 87.9 3.67
(25°C)
8h 83.6 2.03
12 h 73.8 3.78
24 h 68.9 2.47
Initial 99.8 3.28
2h 98.6 1.99
4h 97.4 4.04
Dark (4°C) 8h 96.2 3.01
12 h 95.3 1.67
24 h 95.8 3.16
48 h 94.9 2.93

3.3. Procedure for pharmaceutical preparations

Each Adalat Crono tablets, which contains 30 or 60 milligrams of nifedipine, was precisely
weighed and finely powdered. A suitable amount of powder was dissolved in 50 mL of 0.1 M
LiClOg/acetonitrile. Then, the final volume was made up to 100 mL in a balloon flask. Whatman
filter (paper no 42) was used to filter the tablet solutions after they had been properly diluted in
order to provide a final concentration that was within the linearity constraints of the SWV
method (Figure 8). The calibration curve was used to determine the drug concentration for
nifedipine.

1.500 uA

1.000 us

Current /A

500.0 nA

0.000 A
800.0 my 1.000 v 1.200 Vv 1400V 1600V

Potential / V vs. Ag/AgCl

Figure 8. The voltammograms of Adalat Crono tablet containing nifedipine ( 25 and 40
pg/mL)
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Additionally, the presented SWV voltammetric method was statistically evaluated with the
reported methods [14-16] using the F-test. The estimated F-values do not surpass the theoretical
values at a 95% confidence level (Table 6). Consequently, the differences between the methods
are negligible.

Table 6. Comparison of the proposed and reported methods for determination of nifedipine

Parameter  Proposed Reported Reported Reported Reported
SWvV Method [14] Method [15] Method [16] Method [24]

Mean 100.6 99.9-100.1 98.7-100.5 99.5-101.3 99.9-100.1
(Recovery

%)

SD 2.49

%RSD 2.45 0.52 0.60 1.50 0.72
Variance 5.95

F-test 3.78

The analytical findings in this investigation showed that the level of active ingredient in the
medicine is within the reported method's recommended range. The developed method was
demonstrated to be practical, accurate, and adaptable to drug dose forms. Therefore, developed
SWV method can be advised for the routine QC analyses of nifedipine in pharmaceutical
preparations.

3.4. Comparison of the methods

Nifedipine is covered in a monograph in the State Pharmacopoeia of Ukraine [25]. The SPhU
offers melting point analysis, infrared absorption spectrophotometry, qualitative TLC analysis
of the development of azo dye following the earlier restoration of the nitro group to amino
group, and quantitative analysis of the content of nifedipine. The definition of nifedipine in
pharmaceuticals and tablet form is governed by the United States Pharmacopoeia. Identification
is recommended using the definitions of UV-spectrophotometry and infrared absorption
spectrophotometry. Nifedipine in pills should be precisely measured using the HPLC method.

An extensive literature analysis revealed a variety of spectrophotometric methods for the
determination of nifedipine in pharmaceutical preparations. In these studies, the amount of
nifedipine in single and mixed dose forms was estimated using first order [26] and second order
[27] derivative spectra, respectively. The amount of the drug was calculated based on its
reactions with the folin-Ciocalteau reagent [26] and chloranil [28].

Also, two spectrophotometric methods have been developed based on the drug's interactions
with potassium hydroxide in dimethyl sulfoxide and ammonium molybdate in acidic buffer
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solution to yield colorful products with absorbance peaks at 430 nm and 830 nm, respectively
[14]. A kinetic spectrophotometric method has also been reported [29] based on the drug's
oxidation with KMnQg4 at neutral pH. The other spectrophotometric method was based on
Rahman et al.'s [15]. Zn/NH4ClI reduction of the nitro group of nifedipine to hydoxylamino
derivatives. Extractive spectrophotometric methods have also been published for the
measurement of the drug concentration in pharmaceutical formulations [24]. These methods
rely on the colorful drug complex made with dyes such eriochrome black-T, bromocresol green,
bromophenol blue and bromothymol blue.

The recommended SWV approach was compared to other methods from the literature.
Furthermore, statistical comparisons between the results obtained by the specified method and
those produced by the suggested methodology were done [14, 19, 24]. A statistical analysis of
the data using the variance ratio F test revealed no appreciable differences between the
performance of the suggested and reference procedures (Table 6). We found that the calculated
F-values did not significantly surpass the theoretical values, which led us to the conclusion that
the suggested method does not significantly deviate from spectrophotometric procedures.

4. Conclusion

The cyclic voltammetry method has been used in the current study to examine the
electrochemical behavior of nifedipine in nonaqueous media. Additionally, a fast, accurate,
simple and precise SWV method for nifedipine detection in pharmaceutical formulations was
developed and validated in the study. The method makes it possible to quickly analyze a number
of samples. Therefore, the method can be used to regularly monitor nifedipine, both in its
formulations and pure form.
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Abstract

Cancer is a complex health problem that occurs as a result of uncontrolled division of cells and includes
a series of diseases that depend on evidence and environmental factors. There are more than 100 types of cancer
known worldwide. This study used prostate cancer cells, which are the most common disease in men and cause
1,600,000 cases and 366,000 deaths annually. During the cancer treatment process, different medications are
used in most cancer patients. In this context, this study examining the proliferation and apoptosis effects of the
chemotherapeutic agent Cetuximab (CTX) and the antidepressant Agomelatine drugs on the prostate cancer
PC3 cell line emphasizes the great importance of psychological motivation in the treatment process. Focusing
on the characteristics and prevalence of prostate cancer, the effects of Cetuximab and Agomelatine on prostate
cancer cells were examined.
This research was conducted to understand how the drugs Cetuximab and Agomelatine affect the proliferation
and apoptosis in prostate cancer cells. The findings suggest that these drugs may provide potential effects in the
treatment of prostate cancer.

Keywords: Prostate cancer, cetuximab, agomelatine, PIBK/AKT/mTOR pathway, gene expression

Cetuximab ve Agomelatin flaclarinin Prostat Kanseri Hiicrelerindeki Proliferasyon ve

Apoptoza Etkisinin Incelenmesi

Oz

Kanser, hiicrelerin kontrolsiiz boliinmesi sonucu ortaya ¢ikan, delillere ve gevresel faktorlere bagl bir dizi
hastalig1 kapsayan karmagik bir saglik sorunudur. Diinya ¢apinda bilinen 100'den fazla kanser tiirii vardir. Bu
calismada, yilda 1.600.000 vaka ve 366.000 liimle sonuglanan ve erkeklerde en sik goriilen prostat kanseri
hiicreleri kullanilmigtir. Kanser tedavisi siirecinde ¢ogu kanser hastasinda farkli ilaglar kullanilmaktadir. Bu
baglamda kemoterapotik ajan Cetuximab (CTX) ve antidepresan ajan Agomelatin ilaglari ile prostat kanseri
PC3 hiicre hatt1 lizerindeki proliferasyon ve apoptoz iizerindeki etki ile tedavinin énemine odaklandi. Prostat
kanserinin 6zelliklerine ve yayginligina odaklanilarak Cetuximab ve Agomelatin'in prostat kanseri hiicreleri
tizerindeki etkileri incelendi.

Bu aragtirma, Cetuximab ve Agomelatin ilaglarmin prostat kanseri hiicrelerinde proliferasyonu ve apoptozu
nasil etkiledigini anlamak amaciyla yapildi. Bulgular, bu ilaglarin prostat kanseri tedavisinde potansiyel etkiler
saglayabilecegini diisiindlirmektedir.

Anahtar Kelimeler: Prostat kanseri, setuximab, agomelatin, PI3K/AKT/mTOR yolag1, gen ekspresyonu
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Investigation of the Effects of Cetuximab and Agomelatine Drugs on Proliferation and Apoptosis in
Prostate Cancer Cells

1. Introduction

Prostate cancer (PC) is one of the most common types of cancer in men worldwide and causes
significant health problems (1). Prostate cancer occurs due to the proliferation and growth of
cells in the prostate gland. This type of cancer is associated with various pathophysiological,
environmental factors and genetic factors mechanisms (2).

It is the tight expression status of the Epidermal Growth Factor Receptor (EGFR), which is one
of the most important factors in the pathogenesis of prostate cancer (3). EGFR is intricately
involved in processes such as apoptosis, differentiation process and cellular proliferation (4).
Accordingly, monoclonal antibodies such as the therapeutic agent Cetuximab, which targets
EGFR, are emerging as a different and important strategy for the treatment of this type of cancer
(5, 6).

However, drugs such as Cetuximab, which has a strategic importance, may cause resistance to
these and similar treatments over time, despite the initial positive responses for prostate cancer
(7, 8). Accordingly, additional treatment or alternative strategies are needed and this emerges
as an important issue for the treatment of prostate cancer.

Melatonin regulates mitochondrial functions in cancer cells, reduces reactive oxygen species
(ROS) levels, and suppresses tumor growth by arresting the cell cycle via p53/p21 pathways
(9, 10, 11). In prostate cancer cells, melatonin activates mitochondrial pathways and triggers
apoptosis. It increases the Bax/Bcl-2 ratio, leading to disruption of mitochondrial membrane
potential and cytochrome C release. This process induces cell death by activating caspase-3 and
caspase-9 (12).

The effects of melatonin on cellular metabolism, cell cycle, metastasis, oxidative stress,
apoptosis, and circadian rhythm have been investigated in detail in the context of prostate
cancer (13). It has been reported that the disruption of circadian rhythm is associated with the
progression of prostate cancer, and melatonin has been shown to suppress the growth and spread
of cancer cells by regulating this rhythm. However, more in vivo and in vitro studies are needed
to better understand the mechanisms of these effects (12,13).

Although the effects of melatonin on prostate cancer have been widely studied in the literature,
there is no direct study on agomelatine. Agomelatine is an analog of melatonin and has been
studied in various types of cancer. This drug, used in the treatment of depressive disorders, may
affect important mechanisms in cancer pathogenesis by regulating the circadian rhythm (14).
However, more research is needed to elucidate the effects of agomelatine on prostate cancer.
The literature also emphasizes that melatonin may affect hormonal regulation and cellular
differentiation in prostate cancer cells (12).

This study aims to understand the proliferation and apoptosis effects of drugs on PC3 prostate
cancer cells. It is aimed to examine the cellular and molecular responses in detail and explain
the pathways. These contribute to knowledge in prostate cancer treatment and research and
provide an environment for the development of sustainable treatment strategies.
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2. Material and Methods
2.1. Cell Culture

The prostate cancer PC3 cell line used in this study is stored in at -196 °C in Erzurum Technical
University, High Technology Application and Research Center (YUTAM), Molecular Cancer
Biology Laboratory.

For the PC3 cell line medium, 10% fetal bovine serum (FBS), 1% ml of penicillin-streptomycin
(Pen-Strep), 2% L-Glutamine was added to RPMI. The prepared media were stored in 50 ml
falcon tubes under +4 °C conditions. Parenteral PC3 monolayer cell lines were incubated in a
cell culture medium at 37°C with 5% carbon dioxide (CO2) and 95% humidity in an incubator
(Esco Co., Korea) in 25 cm? flasks under sterile conditions to facilitate cell proliferation.

The cell line, which was kept frozen, was kept in a 37 °C water bath until it was thawed. Then,
3-4 ml of the prepared medium, previously kept at 37 °C, was added into a 15 ml centrifuge
tube and centrifugation was performed at 1300 rpm for 5 minutes. Afterwards, the supernatant
was removed and the pellet remaining in the centrifuge tube was resuspended in the medium
and transferred to a total of 4 ml of medium in a 25 cm? flask.

2.1.3. Passaging of Cells (Subculturing)

Cells that had proliferated and reached a certain confluency (80%) in the cell line were first
washed with 2 ml of PBS buffer and then 3 ml trypsin/EDTA (Ethylene Diamine Tetraacetic
Acid) was added and kept in a CO» incubator for 7-10 minutes to separate the cells from the
surface. Then, 8 ml of medium was added and centrifuged at 1300 rpm. The supernatant was
removed from the centrifuged cell suspension. 10 ml of medium was added to the pellet and
transferred into a 25 cm? flask. The cells whose passaging process was completed were
incubated again at 37 °C in a 5% COz2 incubator with 95% humidity.

2.2. Drug Treatment
2.2.1. Cetuximab and Agomelatine Treatments

Prostate cancer cells (PC3) are prepared together with Agomelatine (Valdoxan, Thymanax,
AG0178) and Cetuximab (IMC-C225, Erbitux) cell medium with a concentration of 0.3 pg/ml,
3 ug/ml, 50 pg/ml and cetuximab 50 pg/ml. The concentration used in combined and single
study groups are listed in Table 1.

2.3. MTT Assay for Cell Viability

For MTT analysis, 1500 cells were seeded into each well into 2 different plates with 96 wells.
Afterwards, it was left for incubation at 37 °C in an oven with 5% CO. for 24 hours and 48
hours. MTT (cytotoxicity) analysis was performed to determine the cell viability. The kit was
used for this analysis (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma
Co. USA) (6-7).

705



Investigation of the Effects of Cetuximab and Agomelatine Drugs on Proliferation and Apoptosis in
Prostate Cancer Cells

2.3.1. Assay Procedure

MTT analysis is a common colorimetric cytotoxicity test that is frequently used to determine
cell viability and results are measured using a spectrophotometer (15). The effects of any
therapeutic agent to be used in the MTT method on the desired cell can be determined as
cytotoxic or proliferative (16). The MTT kit is used according to its instructions and the possible
cytotoxic effect on the PC3 cell line is measured. This method is based on the principle of
colorometric evaluation of the color change in cells incubated with the MTT agent (17).

Agomelatine and/or cetuximab drugs, prepared as serial dilutions kept in the incubator for 24
hours and 48 hours, were divided into groups in series and added to the cell medium. The first
column of the A series was set as the cell control and the second column of the A series was set
as the medium control. MTT method was then applied to the cells treated with agomelatine and
cetuximab, which were incubated for 24 and 48 hours.

Cells were seeded at a density optimized for the detection of cellular metabolic activity and
subsequently treated with the drugs. Post-treatment, MTT solution was added, and cells were
incubated to facilitate the formation of formazan crystals. The crystals were dissolved, and the
absorbance was measured at 570 nm spectrophotometrically. Data were normalized and
analyzed to determine the effects of treatments on cellular viability (Multiscan, Thermo, USA).

Based on the results of this analysis, the doses of agomelatine and dose of cetuximab were
determined according to previous studies (18, 19).

When these drugs were used together, two combined doses were administered. Afterwards,
drug applications at doses appropriate to the determined values were applied to the passaged
flasks and incubated for 24 and 48 hours, and these cell flasks were stored for use in gRT-PCR
analyses.

2.4. Quantitative Real-Time PCR (gRT-PCR) Analysis
2.4.1. RNA Isolation

Total RNA from PC3 prostate cancer cells treated with drugs was isolated using a commercially
available kit according to the manufacturer's instructions (Ambion RNA Mini Kit, USA). The
RNA isolation procedure followed a series of necessary steps including cell lysis,
homogenization and purification, and a detailed protocol was implemented to ensure the
integrity and purity of the isolated RNA. The concentration and purity of the obtained RNA
were determined spectrophotometrically using the Nanodrop device (EPOCH Take3 Plate,
Biotek), and the RNA samples were stored at -20 °C.

2.4.2. cDNA Synthesis

After RNA isolation, cDNA synthesis was performed using the Maxime RT Premix Kit. The
synthesis protocol involves mixing 5 pL. of RNA and 15 pL of RNase-free water. Reactions
were performed using a Veriti 96-well thermal cycler (Applied Biosystem) with temperature

706



Investigation of the Effects of Cetuximab and Agomelatine Drugs on Proliferation and Apoptosis in
Prostate Cancer Cells

settings of 45 °C for 60 min and 95 °C for 5 min. Following synthesis, cDNA samples were
measured spectrophotometrically and stored at —20 °C.

2.4.3. gqRT-PCR Analysis

gRT-PCR analysis Gene expression analysis of EGFR, Bcl-2, Bax, AKT3, PIK3CA, MTOR
and GAPDH genes was performed by gRT-PCR using primers specifically designed for each
gene (see Table 1 for primer sequences).

Amplification, detection, and data analysis were performed using the Qiagen Rotor-Gene real-
time PCR system (Rotor-Gene Q 5plex HRM system) to ensure specificity, efficiency, and
reproducibility of the results. Amplification conditions were set at 95°C for 3 min for enzyme
activation, 95°C for 5 s (40 cycles) for denaturation, and 60°C for 10 s (40 cycles) for
amplification. Relative gene expression was calculated using the AACT method and provided
insight into the molecular mechanisms of cellular responses to drug treatment.

Table 1. List of RT-qPCR primers used for RT-PCR analysis

PRIMER 5'-3' PRIMER SEQUENCES
BAX Forward CGCATCCTGAGGCACCGG
Reverse TTTCATCCAGGATCGAGCAGGG
GAPDH Forward GGTCAATGAAGGGGTCATTGATGG
Reverse ATTTGGTCGTATTGGCGCCT
EGFR Forward TCGTTGGACAGCCTTCAAGACC
Reverse AACACCCTGGTCTGGAAGTACG
BCL Forward CGCATCCTGAGGCACCG
Reverse TTTCATCCAGGATCGAGCAGGG
AKT3 Forward GGAAGAATGGACAGAAGCTATTCCA
Reverse TCCACTTGCCTTTCTCTCGAAC
MTOR Forward GTCAGTGGGACAGCATGGAAG
Reverse CCCATATGCCCGACTGTAACTC

Statistical analyses

MTT and RT-PCR data are expressed as mean =+ standard deviation. Normality analysis was
performed using the Shapiro-Wilk test (SPSS 20.0). Differences between groups were
determined using the Kruskal-Wallis test. A p value of <0.05 was considered statistically
significant.
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3. Results and Discussion
3.1. Invert microscopic analysis

MTT analysis provided detailed information about the cell morphology and population density
of post-treatment PC3 prostate cancer cells viewed with an inverted microscope. Detailed
analysis revealed that survival was significantly reduced in the Agomelatine and Cetuximab
treatment groups, with particularly pronounced effects observed at certain doses.

Additionally, the results revealed the possibility of dose- and time-dependent cytotoxic effects
of the administered drug. The pooled results of the MTT analysis provide important information
to further investigate the potential of Agomelatine and Cetuximab when used alone or in
combination as therapeutic agents in the treatment of prostate cancer. The morphology of PC3
cells for the 24 and 48-hour incubation period is seen in Figure 1.
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3.2. Cytotoxicity Analysis

The cytotoxic effects of Agomelatine and Cetuximab, alone and in combination, on the PC3
prostate cancer cell line were evaluated by comprehensive analysis. Figure 2 presents the
cytotoxicity results obtained when PC3 cells were treated with various dosages of Agomelatine
and Cetuximab and then incubated for 24 and 48 hours.

The results show that cell viability was significantly reduced in all treatment groups compared
to the control group and varied in a highly dose- and time-dependent manner. In particular,
administration of agomelatine at doses of 0.3 pg/ml (Ago-0.3) and 3 ug/ml (Ago-3)
significantly reduced cell viability after 24 and 48 h of incubation. Similarly, cetuximab (Cet-
50) at a dose of 50 mcg/ml showed strong cytotoxic effects, especially when used in
combination with both doses above. Co-administration of Agomelatine and Cetuximab showed
significant synergistic effects, especially during the 48-hour incubation period. Cytotoxicity
was not only additive but also showed an enhanced effect; this suggested an interaction between
the apoptotic and proliferative pathways affected by the two drugs.

24h 48h

» a c
: b b b b a
015 a a
b
: I I I I I i I I i
0
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Figure 2. Cytotoxicity results of PC3 prostate cancer cell lines treated with different dosages
of agomelatine and/or cetuximab and then incubated for 24 and 48 hours. The data were
expressed as mean + standard deviation. The letters (a,b,c) indicate the differences between the
groups. P value of <0.05 was considered statistically significant.

3.3. Real Time-PCR Analysis Results

Agomelatine and/or Cetuximab interact with EGFR protein at different concentrations and
durations, enabling communication between many cancer cells. EGFR, which regulates cell
growth and division, is associated with abnormal expression of this gene in multiple types of
cancer, such as prostate cancer. When we examine Figure 3, it explains and allows us to observe
the EGFR gene expression values for PC3 prostate cancer cells subjected to different
concentrations of Agomelatine and Cetuximab drug treatments and durations. When the 24-
hour incubated results in the first period were examined, when the Control group was evaluated
with the GAPDH gene, the highest EGFR/GAPDH ratio was observed in this period group.
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Figure 3. Gene Expression Values of EGFR, PIK3CA, BCL, BAX, mTOR, and AKT3 in PC3
Prostate Cancer Cell Lines Incubated for 24 and 48 Hours with Various Doses of Agomelatine
and Cetuximab. The data were expressed as mean + standard deviation. The asterisk indicates
the differences between the groups. P value of <0.05 was considered statistically significant.

EGFR Gene Expressions

In the study, it was observed that the level of EGFR mRNA expression decreased in the groups
administered Agomelatine and/or Cetuximab compared to the control groups. The mRNA

expression levels are seen in Fig 3.

PIK3CA Gene Expression

It was observed that PI3K mRNA expression increased more in the Ago3 and Cet 50 groups
with 24 hours incubation. It was determined that the increase in the distribution of Agomelatine
and Cetuximab in the other 24-hour incubation groups was limited compared to the control
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group. PI3K mRNA expression level was determined to be highest in the Cet-50 group with 48
hours incubation (Fig 3).

BCL-2 Gene Expression

While it was determined that Bcl-2 mRNA expression increased in the Ago0.3, Cet-50 and
Ago3+Cet 50 groups compared to the control group, mRNA expression in the other groups was
determined to be close to the control. Bcl-2 mRNA expression was observed to be at the highest
level in the Ago 0.3 +Cet-50 group (Fig 3).

BAX Gene Expressions

It was observed that the mMRNA expression level of the BAX gene increased with Ago3
application with an incubation period of 48 hours compared to the control group. It was
observed that mMRNA levels were close to the control in other groups (Fig 3).

MTOR Gene Expressions

An increase in mMTOR mRNA levels was observed in the 24-hour Ago3 and Cet50 groups
compared to the control. No significant change was detected in the mTOR mRNA expression
levels measured in the other groups and as a result of 48-hour applications compared to the
control groups (Fig 3).

AKT3 Gene Expressions

An increase was observed in the Ago3 and Cet50 groups with 24 hours of incubation compared
to the control. No change was detected in Akt3 mRNA levels in all other groups (Fig 3).

4. Discussion

Prostate cancer is one of the most common types of cancer in men worldwide and continues to
be an important health problem. This type of cancer usually occurs as a disease without visible
symptoms and early diagnosis is usually not easy. As cancer progresses, symptoms such as
problems in the urinary tract, difficulty urinating, or frequent urination occur (20). For the
diagnosis of this type of cancer, regular health checks are required for men in certain age groups.
Epidermal Growth Factor (EGF) is a group of proteins that regulate processes such as growth
and division in cancer cells (4). Cetuximab, a biological drug used in cancer treatments (21),
aims to prevent the growth and proliferation of cancer cells by bonding with the receptor on the
cell surface called epidermal growth factor receptor (EGFR). Recently, antidepressant agents
can be used as an additional treatment for problems related to mood disorders encountered in
cancer patients. Agomelatine, a drug recently used in the treatment of major depressive
disorder, has a mechanism that affects serotonergic and melatonergic receptors (22, 23).

Generally, in people diagnosed with cancer, chemotherapy drugs are used for treatment, and in
addition to these drugs, drugs such as antidepressants are used to prevent antidepressive
disorders (24, 25). Our study aimed to enrich the literature by evaluating the yet undiscovered
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treatment effectiveness of Cetuximab, a chemotherapeutic agent, and Agomelatine, an
antidepressant additional treatment method, on prostate cancer cells at different concentrations
and different incubation periods. This study investigates the effects of single or combined use
of 3 pg/ml and 0.3 pg/ml Agomelatine and 50 pg/ml Cetuximab on apoptotic cell death and
cell cytotoxicity for the in vitro PC3 prostate cancer cell line under 24- and 48-hours incubation.
Cell cytotoxicity was determined using the MTT method, which is a colorimetric test. Duplicate
groups with EGFR, BAX, BCL2, PIK3CA, mTOR and AKT3 genes were analyzed by real time
PCR.

In the study, 6 separate groups were created to better understand the individual and combined
effects of cetuximab and/or agomelatine drugs on the cell line. These groups were designed as
1. Control group, 2. Ago0,3 group, 3. Ago3 group, 4. Cet50 group, 5. Ago0,3 + Cet50 group,
6. Ago3 + Cet50 group. As a result of the applications, the division and proliferation of prostate
cancer cells have been significantly reduced. In addition, according to the 24-h incubation data
of the drugs, it was determined that there was a big difference in combination drug use.
According to the 48h cytotoxicity data, it is observed that cell growth is significantly reduced
in the low dose of agomelatine drug and in the combination of this group with cetuximab. After
determining the antiproliferative role of drugs on prostate cancer cells, protein and mRNA
isolations were performed using the same drug doses.

PCR was performed as the second step to investigate the proliferation and apoptosis effects of
cetuximab and/or agomelatine drugs at different doses and concentrations applied to PC3
prostate cancer cells. Expression values were determined by subjecting the effects of 6 different
primers to multiple tests. As a result of these data, the expression value of these drugs on the
bcl-2 gene is high in the 24h Ago0,3, Ago3 and Cet50 groups and the 48h Ago0,3, Ago3, Cet50,
Ago3 + Cet50 groups, showing that we have achieved the expected positive result. The drugs
we use, cetuximab and/or agomelatine, increased the effect of the Bcl-2 gene. Ago3 + Cet50,
one of the 24-h incubated groups, also has high expression values on the Bax gene of prostate
cancer PC3 drug-treated cells. The group with the highest expression value in the groups as a
result of 48h incubation is Cet50. The group with the lowest expression value in 24h and 48h
incubations is Ago3. This is generally a positive and desired outcome for these values. It was
observed that the expression values of the EGFR gene of PC3 prostate drug-treated cells were
high in the Ago0,3, Ago3 and Ago0,3 + Cet50 groups as a result of 24h incubation. It was
determined that expression values were high in all groups of 48h incubated cells (Ago0,3, Ago3,
Cet50, Ago0,3 + Cet50, Ago3 + Cet50). There is no increased expression of the PI3K gene in
PC3 prostate cancer drug-treated cells in the 24h and 48h groups. The expression of the 48h
Cet50 group increased in the opposite direction. According to the 24-h incubation data of the
groups formed with cetuximab and agomelatine drugs in different doses and combinations, it
was observed that the expression value of the mTOR gene increased in the Ago3 and Cet50
groups. ddCT values of 48h incubation cells are close to each other and the expression value is
not positive. It is observed that the expression values of the last primer, AKT3 gene, in drug-
treated prostate cancer cells are high in Ago0,3 and Ago0,3 + Cet50 of the 24h incubation
groups. It is shown that the values of the AKT3 gene in the groups incubated for 48 h are close
to each other and ineffective.
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The apoptotic effects induced by Agomelatine in our study are consistent with similar results
observed in prostate cancer cell lines in the literature (26). Melatonin has antitumoral effects in
many types of cancer by contributing to the maintenance of metabolic homeostasis through the
regulation of circadian rhythm. These effects are associated with reducing cellular oxidative
stress, improving mitochondrial functions, and activating apoptotic pathways (17, 23). In
addition, melatonin is reported to arrest the cell cycle and suppress tumor growth via the
p53/p21 pathways (22). These findings demonstrate that combinations of cetuximab and
agomelatine is more effective on apoptotic mechanisms in prostate cancer cell lines and indicate
that these molecular mechanisms should be supported by more comprehensive studies.

As aresult of these data, it was determined that although the Bcl-2 gene from 6 different primers
applied to different doses and combinations of cetuximab and/or agomelatine drugs in PC3
prostate cancer cells was antiapoptotic, the applied drugs had an effect and led the cancerous
cells to apoptosis. This shows the desired positive effect of the cetuximab and/or agomelatine
drugs used on cancer cells. In the results drawn for the Bax gene, the desired positive result of
cetuximab and/or agomelatine drugs could not be achieved due to the low values in the general
groups. Since the EGFR gene is a proliferation gene, it is observed that most of the drug groups
that are expected to be suppressed show pressure on EGFR. Therefore, it can be thought that
the drugs and doses used may slow down cell growth and proliferation. Since PI3K, mTOR,
AKT3 genes are genes that trigger proliferation, they are indicated in the graph with the values
at which they could not initiate proliferation in all groups administered with cetuximab and/or
agomelatine drugs in different doses and combinations. The data on these genes show that
cetuximab and/or agomelatine drugs may provide positive results in slowing or stopping the
division of PC3 prostate cancer cells and driving the cancerous cells into apoptosis.

5. Conclusion

This study was conducted to determine the temperature of different methods of cetuximab
and/or agomelatine drugs on PC3 cell proliferation. The results of the study revealed that there
was a significant decrease in the viability of human PC3 prostate cancer cells after separate and
combined applications in some groups. However, when the general effect of these applications
on apoptosis was investigated, it was seen that apoptosis was stimulated. The suppression of
proliferation and induction of apoptosis observed in some experimental setups provides new
horizons in the knowledge of the mechanistic basis of survival and death of PC3 cells in
response to this treatment.

Based on the results, it seems that new treatment screening processes can be carried out by
continuing with genes and mechanisms related to apoptosis and survival. In order to obtain a
definitive and complete result, more detailed studies are needed on this subject, both in vitro
and in vivo. Apart from these, the current study reveals that cetuximab and/or agomelatine drugs
and their services may present a promising additional treatment opportunity in addition to
prostate cancer drug treatments.
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Abstract

In this study, the impact of putrescine, a polyamine, on the germination, seedling growth, and mitotic index of
rye seeds (cv. Aslim-95) was investigated under osmotic drought conditions induced by polyethylene glycol
(PEG-6000) application. The experiment involved six different PEG doses (-2, -4, -6, -8, and -10 bars) in
combination with putrescine doses of 0.001, 0.01, and 0.1 mM. The concentration of -2 bars of polyethylene
glycol, representing osmotic drought, positively influenced some of the studied characteristics. However, the
stimulative effect of -2 bars of osmotic drought exhibited minimal changes with PEG 6000 + putrescine
combinations. Conversely, as the concentration of osmotic drought (PEG 6000 concentration) increased, all
observed traits, especially germination and seedling development, were negatively impacted. All putrescine
doses used in combination with PEG-6000 demonstrated positive effects on the examined characteristics and
reduced the germination duration. The most significant effect of putrescine on the negative effects caused by
osmotic drought was observed at a concentration of 0.1 mM on root dry weight and at a concentration of 0.001
mM on all other characteristics.

Keywords: Rye, PEG 6000, putrescine, germination, seedling, mitotic index.

Cavdarda Ozmotik Kuraklik Stresinin Azaltilmasi: Putresinin Cimlenme, Fide
Gelisimi ve Mitotik indeks Uzerindeki Tyilestirici Etkilerinin Degerlendirilmesi

Oz

Bu calismada, polietilen glikol (PEG-6000) uygulamasiyla olusturulan ozmotik kuraklik kosullarinda bir
poliamin olan putresinin ¢avdar tohumlarinin (Aslim-95 ¢esidi) ¢imlenmesi, fide biiylimesi ve mitotik indeksi
iizerine etkisi aragtirtlmistir. Bu ¢aligma, 0,001, 0,01 ve 0,1 mM'lik putresin dozlariyla kombinasyon halinde
alt1 farkl (-2, -4, -6, -8 ve -10 bar) PEG-6000 dozunu igermektedir. Ozmotik kurakligi temsil eden -2 bar
polietilen glikol konsantrasyonu, incelenen bazi 6zellikleri olumlu yonde etkilemistir. Ancak -2 bar ozmotik
kurakligin uyaric etkisi PEG 6000 + putresin kombinasyonlari ile minimum diizeyde degisiklik gostermistir.
Diger taraftan, ozmotik kurakligin (PEG 6000 konsantrasyonu) konsantrasyonu arttik¢a 6zellikle ¢imlenme ve
fide gelisimi olmak iizere gézlemlenen tiim 6zellikler olumsuz yonde etkilenmistir. PEG 6000 ile kombinasyon
halinde kullanilan tiim putresin dozlar1 incelenen 6zellikler tizerinde olumlu etki géstermis ve ¢imlenme siiresini
kisaltmigtir. Putresinin ozmotik kurakligin neden oldugu olumsuz etkiler tizerinde en belirgin etkisi kok kuru
agirliginda 0,1 mM konsantrasyonunda ve diger tiim 6zelliklerde 0,001 mM konsantrasyonunda gozlenmistir.
Anahtar Kelimeler: Cavdar, PEG 6000, putresin, ¢imlenme, fide, mitotik indeks

*Corresponding Author: erdaleren.yeler@tarimorman.gov.tr 718
Erdal Eren YELER, https://orcid.org/0000-0002-4749-4082

Metin TOSUN, https://orcid.org/0000-0001-9478-2485

Aras TURKOGLU, https://orcid.org/0000-0003-2611-8034


https://orcid.org/0000-0002-4749-4082
https://orcid.org/0000-0001-9478-2485
https://orcid.org/0000-0003-2611-8034

Mitigating Osmotic Drought Stress in Rye: Assessing the Ameliorative Effects of Putrecine on
Germination, Seedling and Mitotic Index

1. Introduction

Cereals represent fundamental commodities utilized either directly or indirectly in human
nutrition. Globally, over 50% of individuals derive their daily caloric intake from grains.
Notably, given that animals predominantly consume plant-based materials, and the contribution
of animal-based foods to daily caloric intake is approximately 20%, it becomes evident that
humans obtain roughly three-quarters of their daily nutrition from grains [1].

Rye holds significant importance in our country as it serves dual purposes as both bread and
fodder due to its high nutritional value. Its robust root system enables efficient water absorption
from the soil, surpassing other grains in this aspect. With an annual rainfall requirement of
around 150 mm, rye emerges as a viable alternative for cultivation in regions with low
precipitation. Moreover, its adaptability extends to sloping, stony, and low-fertility soils where
other cultivated plants may not thrive economically. The versatility of rye is further highlighted
by its root system's ability to develop either deep or superficially, depending on the specific soil
characteristics of the planting location. In our country, rye is cultivated across an area of 99,935
hectares, resulting in a production of 273 thousand tons and a yield of approximately 2.79 t/ha
[2].

Environmental stress factors have a detrimental impact on plant development and yield [3].
Drought stress occurs when plants are unable to extract sufficient water from the soil through
their roots or when the transpiration rate is excessively high. The repercussions of drought in
crop production include challenges such as insufficient plant emergence, reduced development,
and decreased yield [4]. The stages of seed germination and subsequent seedling growth are
particularly susceptible to adverse environmental conditions, and any damage during these
phases can prematurely terminate the plant life cycle [5, 6].

Drought poses a substantial constraint on global crop production, and contemporary climate
change exacerbates this issue [7]. The impact of drought conditions on plant growth and grain
yield is contingent upon the severity of drought and the developmental stage of the plant when
drought occurs. Seedling emergence stands out as a growth period highly sensitive to water
deficit. The rate and extent of seedling establishment play pivotal roles in determining yield
and time to maturity [8]. Therefore, for successful plant establishment, crucial characteristics
such as seed germination, vigor, and coleoptile length must meet adequate standards. In semi-
arid regions, low moisture levels during germination present a limiting factor. Some studies
suggest that coleoptile length is crucial for the successful establishment of seedlings, especially
when seeds are sown deep to reach moisture in dry soils [9]. Researchers often employ
chemicals like PEG in studies aiming to assess the drought resistance of seedlings during the
early development period, as these substances contribute to intensifying drought severity in
controlled environments [10].

Despite advancements in the discovery of new hormones, growth regulators, and insights from
plant gene technology, there remains a gap in our understanding of the physiology and
biochemistry of seed germination. Consequently, investigating the effects of growth regulators
such as triacontanol, brassinosteroids, and polyamines (putrescine, spermine, spermidine,
cadaverine) on seed germination becomes particularly intriguing. These regulators have shown
efficacy in influencing plant growth and development, holding the potential for significant
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advancements in addressing contemporary challenges such as hunger. The primary objective of
this study was to assess the impact of artificially induced osmotic drought using PEG 6000 on
the germination and seedling development of rye. Additionally, the study aimed to elucidate
the potential of putrescine, a growth regulator, in mitigating the adverse effects of osmotic
drought on these critical traits. This research has the potential to contribute valuable insights
into enhancing crop resilience and productivity in the face of environmental stressors, aligning
with the pressing global concern of food security.

2. Materials and Methods

The research was conducted in the Biotechnology laboratory of Atatiirk University Faculty of
Agriculture, utilizing seeds of the Aslim 95 variety of diploid rye (Secale cereale L.) as the
primary material. The seeds underwent a thorough preparation process, including washing with
tap water, stirring in 70% ethyl alcohol (EtOH) for 3 minutes, followed by three washes with
sterile distilled water within a sterile cabinet. Surface sterilization was carried out in a solution
containing 10% bleach with a few drops of Tween 20 (Sigma) for 15 minutes. After this process,
the seeds were again washed with sterile distilled water and left at room temperature for 24
hours at four different putrescine concentrations [0 (distilled water), 0.001, 0.01, and 0.1 mM]
[11]. Following the 24-hour period, the surface-sterilized seeds were washed to remove
putrescine and then transferred to blotting papers, where they were dried for 3 hours.
Subsequently, 25 dried seeds were sown in each 9 cm diameter petri dish containing two layers
of germination paper (Whatman paper number 1). A solution with six different osmotic
potentials [0 (pure water), -2, -4, -6, -8, and -10 bar], formed with PEG 6000, was added to the
petri dishes. Concentrations of 0, -2, -4, -6, -8, and -10 bar of PEG 6000 solutions were
employed to establish osmotic potential [12]. After this setup, the seeds were germinated at
20°C under a 16:8 hours light:dark photoperiod. For the following 10 days, 10 ml of each of
the six different doses of PEG 6000 solution was added daily. The experimental design included
4 replicates, following a Completely randomized design. The data obtained from the experiment
were subjected to analysis of variance using the SPSS statistical package program, employing
a 6 (osmotic potential) x 4 (putrescine dose) factorial arrangement. Subsequently, averages
were compared using the Duncan [12] test for further analysis.

Characters examined in the experiment

a. Germination-related characters: Germination rate concerning seed germination [14],
germination rate index [15, 16], germination vigor index [17] and mean germination time [18].

b. Seedling-related characters: The total number of embryonal roots, root length, shoot
length, root dry weight, and shoot dry weight were investigated in the seedlings obtained in the
experiment [19].

c. Mitotic index: The method specified by Sagséz [20] and Tosun [21] was used to prepare the
samples to determine the mitotic index. 5000-6000 cells were counted in each prepared
preparation. Cells in prophase, metaphase, anaphase, and telophase were evaluated as dividing
cells, and the others as non-dividing cells, and the mitotic index was calculated as % according
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to the formula given below [22]. Mitotic index (%) = (number of cells dividing / total number
of cells) x 100.

3. Results
3.1. Effects of drought and putrecine application on germination related characters
a) Germination Rate (GR)

The impact of drought, induced with PEG 6000, and putrescine treatments, as well as the
interaction between drought and putrescine, exhibited significant effects on the germination
rate (GR) of seeds (P<0.01) (Table 1). As the severity of drought, induced by PEG 6000
application, increased, there was a noticeable decrease in the germination rate of seeds.
Specifically, the GR, initially at 58.75% in the control, progressively decreased at -2, -4, -6, -8,
and -10 bar applications, ultimately reaching 6.00%. Conversely, putrescine application had a
positive effect on the germination rate. For instance, the GR, starting at 0.50% in the absence
of putrescine, increased to 55.50% at a 0.001 mM dose, 43.66% at a 0.01 mM dose, and 36.33%
at a 0.1 mM dose. The differences between all treatments were statistically highly significant.
Notably, the effect of putrescine on GR was more pronounced at the 0.001 mM dose compared
to other doses. In other words, treatments with doses higher than 0.001 mM significantly
enhanced the GR compared to the control, but their effects were less prominent than the 0.001
mM dose. The highest GR of 85.00% was achieved in treatments where drought was not
applied, while putrescine was administered at a dose of 0.001 mM (Table 2).

Table 1. Analysis of variance results of the characters related to germination after different
doses of PEG 6000 and putrescine applications to seeds.
The average of the squares of the errors

Variation source DF GR GRI GVI MGT
Drought (D) 5 6344.00** 31.30** 14143658.69** 23.69**
Putrecine (P) 3 13467.11** 10.09** 3227973.68** 35.42**
DxG 15 796.71** 0.43** 289791.39** 2.09**
Error 72 6.55 0.06 9839.28 0.07
Total 96

** Significant at the P<0.01 level.

Table 2. Data on some characters related to germination after PEG-6000 and putrescine

treatments to seeds.

Drought (bar) Putrecine (mM) GR (%) GRI GVI MGT (day)
0 3.00 ¢t 18.60 d 1966.00 d 557a
0.001 85.00 a 20.06 a 3604.00 a 420 ¢
0 0.01 82.00a 19.91b 3354.00 b 432¢
0.1 65.00 b 19.66 ¢ 2709.00 ¢ 454D
Mean 58.75 A? 19.56 A 2008.00 A 465F
0 0.00c 18.10d 1905.00 d 6.12 a
0.001 71.00a 19.73 a 353900 a 4.49 ¢
) 0.01 60.00 b 19.57b 3320.00 b 4.62c
0.1 58.00 b 19.40c 2655.00 ¢ 4.88b
Mean 47.25B 19.20 B 2854.00 B 5.02 E
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0 0.00b 17.70 ¢ 1219.68d 6.82a
0.001 58.00 a 19.21 ab 2084.00 a 522D
-4 0.01 56.00 a 19.38 a 179.44 b 4.76 ¢
0.1 55.00 a 19.18 b 1553.00 ¢ 520b
Mean 42.25C 18.87 C 1661.45 C 550D
0 0.00c 1731¢c 995.00 ¢ 7.80a
0.001 55.00 a 1882 a 1476.30 a 555b
-6 0.01 42.00b 18.16 b 1171.96 b 549D
0.1 40.00 b 18.61 a 1053.12 be 576Db
Mean 34.25D 18.22 D 1172.49 D 6.15C
0 0.00c 16.78 b 511.92 b 10.03 a
0.001 40.00 a 17.50 ab 796.28 a 542c
-8 0.01 22.00b 17.64a 760.26 a 572c¢
0.1 0.00c 17.11 ab 647.52 ab 8.00b
Mean 1550 E 17.26 E 681.26 E 7.29B
0 0.00b 1492 ¢ 98.56 d 10.29 a
0.001 24.00 a 17.11a 453.60 a 5.62¢
-10 0.01 0.00b 15.78 b 309.68 b 7.04Db
0.1 0.00b 1551 b 193.16 ¢ 7.63Db
Mean 6.00 F 1583 F 246.10 F 7.64 A
0 0.50D 17.23D 986.78 D 777 A
Mean of 0.001 55.50 A 18.74 A 1850.50 A 5.08 D
Putrecine 0.01 43.66 B 18.41B 1624.09 B 5.32C
0.1 36.33C 18.24C 1333.86 C 6.00 B
!, Differences between means shown with the same lowercase letter in the same column for each application are

insignificant.
2, Differences between means with the same capital letter in the same column are insignificant.

b) Germination rate index (GRI)

The impact of drought and putrescine treatments induced by PEG 6000 on the Germination
Rate Index (GRI) was found to be highly significant (P<0.01), with a similarly significant
interaction observed between drought and putrescine (P<0.01) (Table 1).

The GRI exhibited a continuous decrease in response to the increasing severity of drought.
Specifically, the GRI, starting at 19.56 in the control group, decreased to 19.20 at -2 bars. 18.87
at -4 bars, 18.22 at -6 bars, and 17.26 at -8 bars. Beyond this, at -10 bars, the GRI experienced
a much more significant decrease, reaching 15.83. Contrastingly, the effect of putrescine
application on GRI while statistically highly significant, remained at a limited level. For
instance, the GRI, initially at 17.23 in the control group without putrescine application.
increased to 18.74 with the application of 0.001 mM putrescine. At higher doses of 0.01- and
0.1-mM putrescine, the GRI exhibited slight decreases to 18.41 and 18.24, respectively.
Considering the drought x putrescine interaction, the highest GRI (20.06) was determined at
the 0.001 mM putrescine application dose in the group where drought was not applied (Table
2). This suggests a nuanced interplay between drought and putrescine in influencing the
germination rate index.
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c¢) Germination vigour index (GVI)

As depicted in Table 1, the effects of drought induced by PEG 6000, putrescine, and the
interaction between drought and putrescine on the the GVI were found to be highly significant
(P<0.01). The impact of drought induced by PEG 6000 on the GV decreased significantly with
the escalation of drought severity (PEG 6000 concentration). The GVI, initially at 2908.00 in
the absence of drought, steadily declined to 246.10 at the -10 bar dose. Notably, the most
substantial decrease occurred at doses of -8 and -10 bars. When evaluating the effect of
putrescine applied in combination with PEG 6000 on the germination vigour index, it was
observed that putrescine had a positive influence on the GVI. Specifically, the GVI, averaging
986.78 at 0 mM putrescine, reached its highest value at 1850.50 with the application of 0.001
mM putrescine, approximately doubling. There was a slight decrease in GVI at putrescine
concentrations beyond this. For instance, the GVI was 1624.09 at 0.01 mM putrescine and
1333.86 at 0.1 mM putrescine. Consistent with other traits the most significant effect of
putrescine on the GVI was observed at the dose where PEG 6000 was applied at a concentration
of -10 bars. For example, the GVI. starting at 98.56 when putrescine was not applied at this
dose. significantly increased to 453.60 with the application of 0.001 mM putrescine (Table 2).

d) Mean germination time (MGT)

The impact of drought, putrescine, and the interaction between drought and putrescine on the
Mean Germination Time (MGT) of diploid rye seeds was found to be highly significant
(P<0.01) (Table 1). It was observed that the MGT increased with the concentration of PEG
6000. Specifically, the MGT values were 4.65, 5.02, 5.50, 6.15, 7.29 and 7.64 days at PEG
6000 concentrations corresponding to osmotic pressures of 0, -2, -4, -6, -8 and -10 bars.
respectively. Notably, at doses of -8 and -10 bars.,the germination time was significantly longer
compared to other doses indicating a notable delay in germination under more severe drought
conditions. When analyzing the effect of putrescine on the MGT, it was observed that the MGT
was significantly reduced at different concentrations. For instance, the MGT, initially at 7.77
days in the control group, decreased to 5.08 days with 0.001 mM putrescine treatment.
Additionally, the MGT was 5.32 and 6.00 days at 0.01 and 0.1 mM putrescine concentrations,
respectively. The most significant effect of putrescine on the MGT was observed at -8 and -10
bar doses of PEG 6000. For example, the MGT, initially at 10.29 days with no putrescine
applied at -10 bars, decreased to 5.62 days with the application of 0.001 mM putrescine (Table
2). This suggests that putrescine has a notable impact in reducing the mean germination time.
particularly under more severe drought conditions.

3.2. Drought and putrecine application on seedling-related characters
a) Number of embryonal roots (NER)

The effect of drought, putrescine, and the interaction between drought and putrescine on the
Number of Embryonal Roots (NER) was found to be highly significant (P<0.01) (Table 3).
With the increase in the severity of drought induced by PEG 6000 application, the number of
roots in seedlings decreased. The NER, starting at 4.66 in the control group without PEG 6000
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treatment, steadily decreased at -2, -4, -6, -8 and -10 bar treatments, reaching 4.51, 4.16, 3.78,
3.57, and 3.40, respectively. The difference between the group without PEG 6000 (control) and
the -2-bar dose was statistically insignificant, grouping these two treatments together. However,
the other doses (-4. -6. -8. and -10 bars) formed distinct groups. In contrast, putrescine
application had a positive effect on the NER. For instance, the NER, initially at 3.90 in the
absence of putrescine, increased to 4.35 at 0.001 mM. 4.01 at 0.01 mM. and 3.79 at 0.1 mM
dose of putrescine. Upon closer examination of the drought x putrescine interaction, a small
decrease was noted in -4 bar + 0.01 mM, -4 bar + 0.1 mM, -6 bar + 0.001 mM, -6 bar + 0.01
mM, and -6 bar + 0.1 mM interactions compared to the control. The most significant effect of
putrescine on the NER was observed at -10 bar, like other traits. At this dose, the average
number of embryonal roots was 4.00 in the 0.001 mM putrescine treatment, compared to 3.00
in the control (Table 4). This underscores the potential of putrescine in mitigating the adverse
effects of severe drought on the number of embryonal roots.

Table 3. Variance analysis results of seedlings and some related characters after different doses

of PEG 6000 and putrecine were applied to the seeds

The average of the squares of the errors

Vl‘i‘giig” DF NER RL SL RDW SDW Ml

Drought (D) 5 20.99**  1520.85**  2600.13**  0.009** 0.015** 20388.66**

Putrecine (P) 3 7.23%%  402.04**  626.01**  0.004** 0.018**  9491.71%*
DxP 15 106%*  2514**  57.39%%  0003**  0.002**  962.31**
Error 72 0.48 131 0.98 0.001 0.001 60.23
Toptal 96

** Significant at P<0.01 level.

Table 4. Data on some seedling characters after PEG 6000 and putrescine treatments.

Drought (bar) Putrecine NER RL SL RDW SDW Ml
(mM)  (number)  (cm) (cm) (mg) (mg) (%)

0 4.40 b! 8.80d 10.86 c 0.0186d 0.0511d 26.53 c

0.001 4.95a 15.80a 20.24 a 0.0384a 0.0756 a 60.40 a

0 0.01 4.80 ab 13.89 b 19.65a 0.0288b 0.0686 b 65.58 a
0.1 4,50 ab 11.36 c 15.73 b 0.0252¢ 0.0624 c 4532 b

Average 4.66 A? 12.46 B 16.62 A 0.0277B 0.0644 A 49.46 B

0 4,55 ab 10.40d 8.65 ¢ 0.0309b 0.0413d 23.95¢

0.001 5.00a 17.30 a 18.09a 0.0602a 0.0685a 72.30a

-2 0.01 4.40b 15.05b 18.15a 0.0421ab 0.0624 b 67.10a
0.1 4.10b 12.15¢ 1440b 0.0327ab 0.0581c 45.86 b
Average 451 A 13.72 A 1482B 0.0414 A 0.0575AB 5230 A

0 4.20b 6.10d 6.22d 0.0219b 0.0479 a 20.42 ¢

0.001 470 a 11.40a 9.44 a 0.0219b 0.0612a 50.35a

-4 0.01 3.80c 9.80 b 8.48b 0.0171b 0.0527 a 35.19b
0.1 3.95 be 8.28 ¢ 7.25¢ 0.0394a 0.0447 a 32.47b
Average 416 B 8.89 C 7.85C 0.0250 BC 0.0516 BC 34.61C

0 3.85a 5.38¢ 4.17c 0.0077b 0.0291c 11.88 ¢

0.001 3.80a 8.35a 7.19a 0.0164b 0.0586 a 38.36 a

-6 0.01 3.80a 7.80 a 6.32b 0.0096¢c 0.0511b 26.69 b
0.1 3.70a 6.48 b 449 c 0.0568a 0.0318c 14.42 ¢
Average 3.78 C 7.00D 554D 0.0226 BC 0.0426 C 22.84 D

-8 0 3.40a 4.20c 2.91d 0.0151b 0.0227b 7.71¢c
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0.001 3.70a 570a 6.01a 0.0159b 0.0870a 23.6la

0.01 3.70a 5.10b 4.78 b 0.0114b 0.0315b 14.78 b

0.1 3.50a 4.70 be 3.82¢ 0.0256a  0.0269 b 761c

Average  3.57CD 492 E 438E 0.0170CD 0.0420C 13.43E

0 3.00c 157¢c 1.95¢ 0.0053b  0.0198b 4.02b

0.001 4.00a 3.10a 410a 0.0181a 0.0322a 7.17a

-10 0.01 3.60b 2.80a 3.52b 0.0077b  0.0306 a 6.78 a

0.1 3.00c 210b 2.29¢ 0.0081b 0.0219b 4.64b

Average 3.40D 2.39F 296 F  0.0098D 0.0261 D 5.65F

0 3.90BC 6.07 D 579D 0.0214BC 0.0353 C 15.75D
Average Put 0.001 4.35A 10.27A  10.84 A 0.0254 AB 0.0638 A  42.03A
0.01 4.01B 9.07B 10.15B 0.0178C  0.0494 B 36.02B

0.1 3.79C 751C 8.00C 0.0310 A 0.0409C 25.05C

L. Differences between means shown with the same lowercase letter in the same column for each application are

insignificant.
2, Differences between means with the same capital letter in the same column are insignificant.

b) Root length (RL)

As evident from Table 3, the effects of drought, putrescine, and the interaction between drought
and putrescine induced by PEG 6000 on the Root Length (RL) were statistically very significant
(P <0.01). The average RL generally decreased with the increase in the concentration of PEG
6000 applied to induce drought. However, the RL, measured at 12.46 cm in the control group,
slightly increased to 13.72 cm in the -2 bar application, with the difference between these two
groups being statistically very significant. Conversely, the RL decreased to 8.89, 7.00, 4.92,
and 2.39 cm in -4, -6, -8, and -10 bar treatments, respectively, with statistically significant
differences observed between these groups. Examining how putrescine application altered the
effect of drought induced by PEG 6000 on root length revealed that the RL, averaging 6.07 cm
in the control group, increased with putrescine application, reaching the highest value of 10.27
cm at a dose of 0.001 mM. Additionally, the RL was 9.07 cm and 7.51 cm at 0.01 and 0.1 mM
doses, respectively. The most significant effect of putrescine on RL was observed at the 0.001
mM dose. While there was an increase compared to the control at other doses, there was a slight
decrease compared to the first dose. Moreover, the most pronounced effect of putrescine on RL
was observed at -10 bar drought, where the RL reached approximately twice (3.10 cm) that of
the control (1.57 cm) when putrescine was applied at a dose of 0.001 mM (Table 4). This
highlights the potential of putrescine in significantly enhancing root length under severe
drought conditions.

c) Shoot length (SL)

The effect of drought and putrescine treatments on the Shoot Length (SL) induced by PEG 6000
was observed to be highly significant (P<0.01), with the drought x putrescine interaction also
exhibiting significant effects (P<0.01) (Table 3).

The SL exhibited a continuous decrease with the increasing severity of drought treatment (PEG
6000 dose). The average shoot length. initially at 16.62 cm in the control group, decreased to
14.82 cm at -2 bars, 7.85 cm at -4 bars, 5.54 cm at -6 bars, 4.38 cm at -8 bars, and 2.96 cm at -
10 bars.

When analyzing the effect of putrescine application on shoot length, it was observed that the
SL, initially at 5.79 cm in the control group (0 mM putrescine). doubled to 10.84 cm at a dose
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of 0.001 mM and reached 10.15 cm at a dose of 0.01 mM. The average SL was 8.00 cm at 0.1
mM putrescine dose. The most significant interaction effect between drought and putrescine
treatment was found in the -10 bar group. In this group, the SL, initially at 1.95 cm in the
absence of putrescine, more than doubled to 4.10 cm at the putrescine dose of 0.001 mM (Table
4). This emphasizes the potential of putrescine in mitigating the adverse effects of severe
drought on shoot length. particularly under extreme conditions.

d) Root dry weight (RDW)

The effect of drought (PEG 6000) and putrescine treatments, as well as the interaction between
drought and putrescine on the Root Dry Weight (RDW), one of the seedling characters
examined in diploid rye, was found to be highly significant (P<0.01) (Table 3). The highest
RDW value (mean 0.0414 mg) was determined at -2 bar drought, and the difference with the
control group (0.0277 mg) was highly significant. However, the RDW decreased continuously
at -4. -6. -8. and -10 bar drought doses, reaching 0.0098 mg at -10 bars. Examining the effect
of putrescine on RDW to determine its role in reducing the negative effects caused by drought,
unlike other characters, the highest values were determined at 0.1 mM concentration (0.0310
mg), followed by 0.001 mM dose with 0.0254 mg, with the difference between the two being
insignificant. It was followed by the control group with 0.0214 mg and 0.01 mM concentration
with 0.0178 mg. The most significant effect of putrescine on RDW was observed at -6 bars of
osmotic drought. At this dose, the RDW, initially at 0.0077 mg when putrescine was not
applied, increased more than seven times to 0.568 mg at 0.1 mM dose of putrescine. This effect
was followed by the control group and -2 bars of osmotic drought. In these two groups, the
increase compared to the control was almost doubled at 0.001 mM dose (Table 4). This
underscores the potential of putrescine in significantly influencing the Root Dry Weight,
particularly under severe drought conditions.

e) Shoot dry weight (SDW)

The effect of drought (PEG 6000) and putrescine treatments on the Shoot Dry Weight (SDW)
was highly significant (P<0.01). Similarly, the interaction between drought and putrescine also
significantly influenced the SDW (P<0.01) (Table 3). In terms of drought mean values, the
SDW exhibited a continuous decrease with increasing drought severity, and this decrease was
statistically significant. The SDW, initially at 0.0644 mg in the control group, decreased to
0.0575 mg at -2 bars, 0.0516 mg at -4 bars, 0.0426 mg at -6 bars, 0.0420 mg at -8 bars, and
0.0261 mg at -10 bars. The first two doses of putrescine, applied in combination with PEG 6000
to mitigate the negative effects of drought, significantly increased the SDW that had decreased
due to drought (P<0.01). For example, the SDW with different doses of putrescine was 0.0353
mg in the control group (0 mM), increasing to 0.0638 mg at 0.001 mM dose, with the highest
value obtained in this group. The 0.01 mM dose showed a significant decrease compared to the
first dose, reaching 0.0494 mg, but this value was still higher than the control. Similarly, the
0.1 mM dose of putrescine resulted in an increase (0.0409 mg) compared to the control, but this
value was lower than the first two doses. The highest SDW was found in the 0.001 mM
putrescine application at all drought doses. The most significant positive effect of putrescine
was observed at -8 bars considering all drought doses. In this group, the SDW, initially at 0.0227
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mg in the control, increased approximately four times to 0.0870 mg in the 0.001 mM putrescine
treatment (Table 4). This highlights the potential of putrescine in significantly influencing
Shoot Dry Weight, particularly under severe drought conditions.

3.2. Effects of putrescine application on mitotic index

The effect of drought and putrescine treatments induced by PEG 6000, as well as the interaction
between drought and putrescine on the mitotic index, was highly significant (P<0.01) (Table
3). The mitotic index, initially at 49.46% in the control group without PEG 6000, slightly
increased to 52.30% at the -2 bar dose compared to the control. However, at -4. -6. -8, and -10
bar drought doses, the mitotic index exhibited a continuous decrease, reaching 34.61%, 22.84%,
13.43%, and finally, 5.65%, respectively. Notably, there was a significant decrease in the
mitotic index, especially at -8 and -10 bars. When analyzing the effect of putrescine on the
mitotic index in terms of mean values, it was observed that putrescine application caused an
increase in the mitotic index compared to the control group. However, this increase was not
parallel to the dose increase. The mitotic index, initially at 15.75% in the control group without
putrescine, significantly increased at 0.001 mM putrescine dose, reaching the highest value of
42.03%, and then slightly decreased with increasing doses. Accordingly, the mitotic index was
36.02% and 25.05% at 0.01 and 0.1 mM putrescine doses, respectively, with all doses in
statistically different groups. The effect of putrescine on increasing the mitotic index, promoting
cell division, was more pronounced, especially at -6 and -8 bar drought doses compared to
others. In both drought doses, the highest increase was observed at 0.001 mM concentration of
putrescine, nearly three times higher than the control. The highest mitotic index was 72.30% at
-2 bar + 0.001 mM putrescine dose (Table 4). This suggests that putrescine has a significant
role in promoting cell division, particularly under drought stress conditions.

4. Disscussion

The research findings indicate that the germination rate, germination rate coefficient, and
germination rate index decreased with the increasing concentration of PEG 6000, reflecting the
escalating severity of osmotic drought. Simultaneously, the average germination time,
representing the duration of germination, increased. These results align with observations in a
study on the Norstar winter wheat variety, where prolonged germination periods were noted
due to a decrease in soil water potential (-0.20 Mpa; -1.5 Mpa). In that study, the germination
rate, initially higher than 80% in other stress levels, decreased to 56% in the -1.5 Mpa
application [23]. Another study involving 64 wheat genotypes found that the germination
strength index varied between 2331.1-5028.2 in the control application. The germination
strength index decreased by 82.5% in -5 bar osmotic potential application, and germination did
not occur in any wheat genotypes in -10 and -15 bar osmotic potential applications [24].
Additionally, it was reported that the germination strength index of 30 bread wheat genotypes
at -10 bar stress level ranged between 146.2-585.6. with the highest rate of decrease (85.8%)
observed in the germination strength index compared to other parameters and the control [25].
Under stress conditions (15% PEG), a study recorded that the seed vigor index decreased by
60.1-76.6% according to genotypes when compared to control groups [26]. These consistent
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findings across various studies emphasize the negative impact of osmotic drought on
germination-related parameters in different plant varieties.

In this experiment, the germination vigor index and germination rate showed a slight increase
at -2 bar osmotic drought compared to the control. However, significant decreases were
observed in these characters at -4 bar and higher doses of osmotic drought. The marginal
increase observed at -2 bar might be attributed to the fact that low doses of the stress treatment
stimulated the mentioned characters. A similar phenomenon was reported in a study involving
ethyl methanesulfonate (EMS), a chemical mutagen, where low doses of EMS acted as a stress
factor and stimulated plant regeneration in vitro. It was noted that low doses of EMS application
stimulated regeneration in mature embryo culture in wheat, causing an increase in shoot length,
coleoptile length, seedling height, root wet and dry weight, and shoot dry weight compared to
the control [16]. The literature information presented here suggests that low doses of stress
application can stimulate growth, leading to an increase in the mentioned characters compared
to the control. In a study investigating the response of 10 summer wheat genotypes to drought
stress during germination and the seedling period, it was found that the germination rates of the
varieties decreased by 0.0-34.1%, 0.0-64.4%, and 51.3-100.0% in -5.9, -8.2, and -11.3 bar
drought (osmotic potential) treatments, respectively. The variety x treatment interaction was
also significant in this study [27]. These findings highlight the complex and variable responses
of different plant varieties to drought stress, emphasizing the importance of considering specific
genotypes and stress conditions in research. In another study, where 5 different osmotic stresses
(0. -2. -4. -6. -8 bar) were applied to 2 wheat genotypes, it was observed that the germination
rates of the varieties decreased with the increasing stress level [28]. Similarly, in a study
involving 9 bread wheat genotypes, the germination rates were reported as 89.7%, 55.6%,
41.7%, and 24.1% at 0. -2, -4, -6, and -8 bar osmotic stress levels respectively [29]. These
findings highlight the negative impact of osmotic stress on germination rates in wheat, with a
clear trend of decreasing germination rates as stress intensity increases. In a study conducted
with 16 wheat varieties, the effects of different concentrations of PEG 6000 (control. 150 g
PEG 6000/850 ml pure water, 200 g PEG 6000/800 ml pure water, and 250 g PEG 6000/750
ml pure water) on germination and early seedling development were investigated. Significant
differences were observed among the genotypes in terms of the examined characters, and it was
noted that the germination rate decreased significantly with the increasing concentrations of
PEG [8]. This aligns with the general understanding that higher concentrations of osmotic
stressors, such as PEG, can negatively impact germination rates and early seedling development
in various plant species.

A study conducted on three durum wheat cultivars, the effects of -0,15, -0.58, -1.5, and -1.57
MPa osmotic potential applications created with PEG 6000 on germination were investigated.
The results showed a significant decrease in germination rate at increasing stress levels, and
germination was completely inhibited at the -1.57 MPa stress level [30]. This underscores the
sensitivity of durum wheat germination to severe osmotic stress conditions.

Considering the averages of different concentrations of putrescine in our study, it was observed
that germination rate, germination rate coefficient, germination rate index, germination
strength, and germination strength index increased as putrescine concentration increased, while
germination time shortened. These findings align with a study conducted in pistachio, where
positive results were obtained on germination speed, germination rate, and other seedling
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growth parameters because of indolebutyric acid (IBA) application at different doses [33]. The
positive impact of putrescine on germination-related parameters suggests its potential role as a
growth regulator in mitigating the effects of stress on seed germination and early seedling
development. The findings from this study reveal that the number of embryonal roots, shoot
length, and coleoptile length decreased continuously with the increasing severity of osmotic
stress induced by PEG 6000 application. This aligns with previous research in wheat and other
crops under similar osmotic stress conditions. For instance, a study on wheat seeds exposed to
osmotic potential conditions created with PEG 4000 found that water uptake gradually
decreased at lower osmotic potentials, leading to varying emergence rates of seeds. The grass
sheath (coleoptile) germination was reported to be more sensitive to low water potential than
rootlet germination [34]. Similarly, another study on bread wheat genotypes showed a decrease
in embryonal root numbers and root growth rates under stress conditions induced by PEG 6000
[33]. Moreover, studies on durum wheat cultivars subjected to different osmotic potential
treatments with PEG 6000 reported a significant decrease in the number of roots and seedling
length at increasing stress levels [32]. In addition, research on 30 bread wheat cultivars under -
10 bar osmotic stress conditions created with PEG 6000 solution indicated a decrease in root
length. shoot length, and grass sheath length, with an increase in root-shoot length ratio [26].
Similarly, a study on 16 wheat varieties exposed to different concentrations of PEG 6000
reported significant decreases in root length, shoot length, and coleoptile length with increasing
PEG concentrations, along with a significant increase in root/shoot length ratio [8]. These
consistent findings across various studies emphasize the detrimental effects of osmotic stress
on root and shoot development in wheat, providing valuable insights into the physiological
responses of plants to water deficit conditions.

The additional studies you mentioned further support the observed trends in this research. In a
study applying six different osmotic stress levels to wheat, it was found that root length
decreased significantly at stress levels higher than -6 bar [36]. Another study noted a similar
trend, reporting that root length decreased with increasing stress level in terms of low water
potential [37]. Moreover, a study on wheat genotypes exposed to different stress environments
found a substantial reduction in shoot length in stress treatments compared to the control.
Specifically, the average shoot length decreased by 70.02% and 85.34% in environments with
-0.6 and -0.8 Mpa stress, respectively [37]. Additionally, in barley, it was observed that as
osmotic pressure created with PEG 6000 increased, characters such as coleoptile length, shoot
length, and root length decreased [38]. These findings are consistent with these results and
further underline the impact of osmotic stress on root and shoot development in various cereal
crops, providing a comprehensive understanding of the physiological responses to water deficit
conditions.

The findings regarding root and shoot weights in our study align with existing research,
supporting the impact of osmotic drought stress on these parameters. In our study as in previous
investigations, osmotic drought stress induced by PEG 6000 significantly decreased root wet
weight, root dry weight, shoot wet weight and shoot dry weight. Interestingly we observed a
significant increase in root wet weight and root dry weight under -2 bar osmotic drought stress
conditions, followed by a decrease under subsequent increasing osmotic drought stress. This
initial increase at -2 bar may indeed be attributed to the growth-stimulating effect of low-level
stress conditions, as noted in other studies [28]. In a study on bread wheat researchers found
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that root weights decreased by 17.2-44.4%, and coleoptile weights decreased by 44.9-73.3%
compared to the control under -0.67 Mpa stress conditions induced by PEG 6000 [35].
Similarly, it was reported that root length, wet and dry root weights decreased significantly as
the severity of osmotic stress increased in wheat genotypes [8]. Consistent with our findings, in
barley, the shoot wet and dry weights, along with proportional water content, decreased
significantly as the osmotic pressure created by different concentrations of PEG 6000 increased
[38]. These consistent results across different cereal crops highlight the general impact of
osmotic stress on root and shoot development.

The positive effects of putrescine application on various germination and seedling growth
parameters in response to osmotic drought stress are noteworthy. Putrescine significantly
increased the germination rate, germination rate coefficient, germination rate index,
germination power, germination power index. and shortened germination time. This indicates
that putrescine played a crucial role in mitigating the negative effects of osmotic drought on
germination. Moreover, considering the averages of putrescine concentrations, it was observed
that putrescine significantly increased the number of embryonal roots, root length, shoot length.
coleoptile length, seedling length, root wet weight, shoot wet weight and shoot dry weight. The
highest impact of putrescine on these characters, except for root dry weight, was observed at
0.001 mM concentration, followed by 0.01 and 0.1 mM concentrations. In the case of root dry
weight, the most effective dose was 0.1 mM, although the difference between this dose and
0.001 mM dose was statistically insignificant. These findings suggest that putrescine
application has a positive influence on seed germination and early seedling growth under
osmotic drought conditions, providing valuable insights for potential applications in
agricultural practices to enhance stress tolerance in crops. The polycationic structure of
polyamines, such as putrescine, spermidine and spermine, is a key feature contributing to their
biological activity [39]. Numerous studies have demonstrated that the external application of
polyamines can enhance abiotic stress tolerance in plants.

In line with the findings of this study, a similar investigation was conducted to assess the impact
of drought and putrescine hormone on seed germination in wheat [17]. Different doses of PEG
6000 were applied to induce osmotic drought of varying severities (0. -2. -4. -6. -8. and -10
bar), and these doses were combined with 0. 0.01. 0.1. and 1 mM doses of putrescine. The
research revealed that as drought severity increased, germination rate, root and shoot length
decreased and germination time increased. Importantly. it was observed that the application of
1 mM putrescine mitigated these negative effects of drought. In a related study by the same
researchers [17]. PEG 6000 and putrescine (at doses of 0. 0.01. 0.1. 1 mM) were applied to
wheat and their effects on various seedling characters were investigated. The experiment
demonstrated that PEG 6000 negatively impacted seedling growth parameters at different doses
and notably, the 1 mM dose of putrescine alleviated the adverse effects of drought. These
findings underscore the potential of putrescine to mitigate the impact of drought stress on seed
germination and seedling growth in wheat, providing valuable insights for strategies aimed at
enhancing stress tolerance in crops.

Indeed, polyamines play crucial roles in various fundamental cellular processes, contributing
to the regulation of essential functions within plant cells. These functions include DNA
replication, transcription, translation, cell growth, enzyme activity regulation, cellular cation-
anion balance maintenance and membrane stability [40, 41]. Additionally, polyamines are key
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participants in numerous growth and development processes. such as cell division. breaking
tuber dormancy, seed germination, stimulation, support and development of flower buds, fruit
formation and ripening, embryogenesis, plant morphogenesis and responses to both biotic and
abiotic stresses. Polyamines have been recognized for their effectiveness in enhancing plant
tolerance to a range of stresses, including high and low temperatures, salinity, hyperosmosis,
hypoxia and exposure to atmospheric pollutants [42, 43]. The multifaceted involvement of
polyamines in these physiological processes highlights their significance in shaping plant
responses to environmental challenges and their potential as important components in strategies
for improving stress resilience. As mentioned earlier, the specific application of putrescine in
this study aligns with the broader context of polyamine involvement in plant stress mitigation.
The reported membrane-stabilizing effect of externally applied polyamines, including di-. tri-,
and tetra-amines, is significant in protecting plant cell membranes from damage under stress
conditions [42, 44]. Additionally, intrinsic polyamines play a role in maintaining membrane
integrity [45]. In Allium fistulosum, the external application of putrescine has been shown to
reduce oxidative damage by increasing antioxidant capacity [44]. The researchers observed a
reduction in superoxide radical (O2-) and H2O contents, leading to less oxidative stress in plant
cells as a result of externally applied putrescine. In a study involving Malus domestica Borkh.
(apple), which exhibits embryonal dormancy, the effects of different doses of spermidine (spd)
on primary root length. cell shape, and mitotic index in maize were investigated [47]. The study
found that low concentrations of putrescine and spermidine, such as 0.1 and 1 mM. stimulated
germination. However, higher doses, such as 5 mM, were found to be ineffective and even
inhibitory in germination. This underscores the importance of optimal concentrations when
applying polyamines, as excessively high doses may not yield the desired effects and could
even have adverse consequences on germination and other physiological processes.

5. Conclusion

The study results indicate that the dose of polyethylene glycol (PEG) 6000 applied to induce
osmotic drought at -2 bar had a positive impact on some of the examined characters. However,
the stimulatory effect of osmotic drought at -2 bar showed a minor change compared to the
combinations of PEG 6000 + putrescine applied in conjunction with PEG 6000. Beyond this
dose, all characters were negatively affected by the increasing severity of osmotic drought (PEG
6000 concentration). In contrast, all doses of putrescine applied in combination with PEG 6000
demonstrated positive effects on all the examined characters and contributed to the reduction
of germination time. The highest impact of putrescine was observed at a dose of 0.1 mM in root
dry weight and at a dose of 0.001 mM in all other characters. Consequently, the study suggests
that higher doses of osmotic drought stress had a significantly negative effect on germination
and seedling development. However, all doses of putrescine were able to partially alleviate the
adverse effects of osmotic drought induced by PEG 6000.
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Abstract

Lead compounds having cytotoxic and genotoxic properties can enter the body via the skin. Although Eau de
Goulard (EDG), which contains lead subacetate, is used to prevent edema and phlebitis, it raises concerns about
lead exposure. In the study, lead levels in the whole blood of 10 pregnant women were measured by inductively
coupled plasma mass spectrometry before and 120 minutes after topical application of the EDG. Upon analysis
of the whole blood samples, the average lead concentration was found to be 12.763 pg/L at 0 minutes and
15.823 pg/L at 120 minutes. Statistical analysis using the Paired-Samples t-test indicated a significant
correlation between lead levels in whole blood and time elapsed after the topical EDG application (R: 0.981,
p<0.05). The study showed that even short-term application significantly increased the lead concentration in
the whole blood of pregnant women (p<0.05). This application carries potential health risks due to lead
exposure. The study revealed that the topical EDG application threatens both maternal and fetal health and that
safer medical practices are needed to prevent phlebitis and edema.

Keywords: ICP-MS, Lead, Eau de Goulard, Trace elements, Validation

Eau de Goulard'in (2%Kkursun subasetat) Topikal Uygulanmasinin Ardindan Gebe

Kadinlarda Kursun Konsantrasyonlarimin ICP-MS ile Analizi
Oz
Sitotoksik ve genotoksik dzelliklere sahip kursun bilesikleri deri yoluyla viicuda girebilir. Kursun subasetat
iceren Eau de Goulard (EDG), 6dem ve flebiti dnlemek i¢in kullanilsa da kursun maruziyeti konusunda endiseler
yaratmaktadir. Calismada, 10 hamile kadinin tam kanindaki kursun seviyeleri, EDG'nin topikal uygulamasindan
once ve uygulamadan 120 dakika sonra indiiktif eslesmis plazma kiitle spektrometresi ile 6l¢iildii. Tam kan
orneklerinin analizinde ortalama kursun konsantrasyonu 0. dakikada 12.763 pg/L, 120. dakikada ise 15.823
ug/L olarak belirlendi. Paired-Samples t-testi kullanilarak yapilan istatistiksel analiz, tam kandaki kursun
seviyeleri ile topikal EDG uygulamasindan sonra gegen siire arasinda anlamli bir korelasyon oldugunu gosterdi
(R:0,981, p:0,000). Calisma, kisa siireli uygulamanin bile hamile kadinlarin tam kanindaki kursun
konsantrasyonunu 6nemli dlglide artirdigini gésterdi (p<0.05). Bu uygulama kursuna maruz kalma nedeniyle
potansiyel saglik riskleri tasir. Calisma, topikal EDG uygulamasinin hem anne hem de fetus sagligini tehdit
ettigini, flebit ve 6demin 6nlenmesi i¢in daha giivenli tibbi uygulamalara ihtiya¢ duyuldugunu ortaya koydu.
Anahtar Kelimeler: ICP-MS, Kursun, Eau de Goulard, Eser elementler, Validasyon
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Analyzing Lead Concentrations in Pregnant Women Following Topical Application of Eau de Goulard
(2% lead subacetate) via ICP-MS

1. Introduction

In hospitals, intravenous injection (IV) is the most preferred method of medication
administration. Peripheral intravenous catheters are used for 83% of hospitalized patients
receiving intravenous bolus/push medication [1]. IVs are multipurpose devices that may be used
to provide nutrients, fluids, drugs, and imaging-related contrast chemicals. However, despite
these varied IV applications, complications such as edema, phlebitis, infiltration, burning
sensation, and excessive fluid volume make it impossible to continue therapy [2].

Especially, phlebitis is characterized by inflammation of the vessel wall and symptoms such as
erythema, pain, and edema, along the affected vessel or surrounding the catheter insertion site.
Thus, patients with phlebitis endure greater pain, need to stay in the hospital longer, and spend
more money on their medical care [3]. To prevent edema and phlebitis among hospitalized
patients, a standard practice involves the regular administration of Eau de Goulard (EDG)
solution, which contains 2% lead subacetate. This therapeutic approach is used together with
antibiotic and anti-inflammatory creams. The reason for including EDG is that the lead
subacetate component in the solution reduces the symptoms of edema with its vasoconstrictor
effect in vascular complications [4-11].

Lead (Pb) compounds have toxic effects at the cellular level, negatively affecting many organs
and systems. Their genotoxicity can cause DNA damage, disrupt cellular replication and pave
the way for serious health problems such as cancer [12]. The use of EDG raises concerns due
to the toxic nature of Pb. Pb exposure can potentially cause severe complications during
pregnancy and also adversely affect the health of fetus [13,14]. The topical application of EDG
may release Pb into the bloodstream of pregnant women by absorption from the skin. So, this
situation may threaten the health of the mother and the fetus. To eliminate this risk, minimizing
Pb exposure of pregnant will be an effective method to safeguard the health of the fetus [15,16].
Therefore, monitoring Pb concentrations in the blood following topical application of EDG is
crucial to determine the safety of this therapeutic application for pregnant.

Blood is responsible for transporting trace elements between tissues. Therefore, it is an
important source of information about the amount and metabolism of trace metals in the human
body [17,18]. Whole blood, serum and plasma have been used in recent biological research for
the analysis of trace metals [19-22]. In the literature, some studies for trace metal analysis in
pregnant women have been reported. In these studies, whole blood [22-28], plasma [20,22,29],
serum [19,30], and urine [21,31] samples were used. There have been no published
investigations on the reliability of topical EDG use and its relationship to Pb concentrations.

The purpose of this study was to examine whether Pb from the topical application of Eua De
Goulard (2% lead subacetate solution) reaches the bloodstream after being applied to the
catheter area. To accomplish this, Pb concentration in the whole blood of pregnant women was
measured before and after the first EDG was applied, using Inductively Coupled Plasma Mass
Spectrometry (ICP-MS). Pb levels before and after the application were then analyzed
statistically.
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2. Materials And Methods
2.1. Study Population

The study adheres to the principles of the World Medical Association Declaration of Helsinki
(WMADH). Ten pregnant women, aged between 18 to 40 years, seeking medical attention at
Atatiirk University Faculty of Medicine, Department of Obstetrics and Gynecology, between
March 2020 and September 2020, were enrolled as participants. The study population consisted
of pregnant patients at risk of premature birth with a mean age of 30.32 &+ 5.3 years and a BMI
> 30 kg/m?.

Written informed consent was obtained from each patient. The study was carried out in
accordance with the Declaration of Helsinki and approved by the Atatiirk University Clinical
Research Ethics Committee on 07.11.2019 (Permission Number: B.30.2.ATA.0.01.00,
Decision Number: 65/482). The study included pregnant women who were at risk of premature
birth and were administered 1V medication (Ritodrine) via the catheter. To prevent phlebitis
and edema around the catheter on the left arm, nurses soaked sterile hydrophilic gauze with
EDG solution and pressed the gauze on the catheter area for fifteen minutes every hour. A
qualified nurse collected a 3-mL blood sample from the right arm of each participant both prior
to and two hour following the first administration of EDG. These samples were collected in
evacuated tubes (BD Vacutainer®), which were free of trace metals and contained heparin as
an anticoagulant. 2 mL of blood was transferred to an Eppendorf tube which was previously
cleaned in a 100-clean room. Before analysis, the blood sample was immediately frozen at -80
°C.

During the study period, all patients were closely monitored and their treatment continued in
the Gynecology and Obstetrics Service. All participants were provided with comprehensive
high-risk pregnancy care, including regular uterine ultrasonography and fetal heart monitoring.

2.2. Reagents and standard solutions

All aqueous solutions utilized in the study were prepared using purified water obtained through
the Milli-Q Advanced A 10 purification system (Millipore, USA). To prevent contamination
during sampling, storage, and analysis, all equipment, including tubes, glass bottles, and
micropipette tips, used in the study were cleaned. This ensured the elimination of potential
contaminants that could affect the accuracy and reliability of the results. Whole blood samples,
the solutions of internal standard and standard were prepared using a mixture solution
consisting of 65% HNO3 (Merck, USA) and 33% H20; (Sigma Aldrich, Germany) (>99%).
This solution served as the medium for dissolving and diluting the respective samples,
maintaining consistency in the analytical process. To create the calibration curve, a standard
stock Pb solution was prepared at a concentration of 100 ppm by diluting the Agilent® Trace
Elements (USA) solution. By utilizing increasing concentrations of 2% nitric acid solution, both
standard Pb samples in the range of 1-500 pg/L and quality control samples (25, 200 and 400
ug/L) were prepared. The internal standard stock solution containing 10 ppm Bismuth was
prepared. Each sample contained the internal standard at a concentration of 1 ug/L to adjust for
calibration curve deviations during analysis.
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2.3. Instrumentation

The ICP-MS method was used for quantification of Pb in the whole blood samples [32]. The
drying process was carried out using an oven (Milestone connect ETHOS UP microwave), and
ultra-pure water was obtained with Direct-Q 8 UV Ultrapure Water systems. To analyze the
samples, and process the data, the Agilent 7800 Quadrupole ICP-MS device, equipped with an
Integrated Sample Introduction System (ISIS 3) and SPS 4 Autosampler, along with Mass
Hunter 4.2 Workstation Software 7800 ICP-MS Top C.01.02, was used. The device was
calibrated using Agilent tune solution (1 ppm Ce, Co, Li, Mg, Tl, Y). For Pb analysis, the helium
(He) collision mode was employed, with argon (Ar) gas used as the carrier gas. The ICP-MS
system was run at 1550 W of radio frequency power. The detailed settings and operating
parameters of the ICP-MS system applied in the method are provided in Table 1. Values for the
measured concentrations (ug/L) were recorded.

Table 1. Agilent 7800 Quadropole ICP-MS operating parameters

Parameter Value
Plasma conditions Forward power 1200W
Plasma gas flow 15.0 L/min
Carrier gas flow 0.99 L/min
Carrier gas pressure 1.45 kPa
Dilution gas flow 1 L/min
He gas flow 4.5 mL/min
QP bias -15V
Oct bias -18V
Cell entrance 40V
Cell exit 60 V
Deflect -0.8V
Plate bias -60 V
Nebulizer pump speed 0.30 rps
Sample uptake rate 1.5 mL/min

2.4. Sample Preparations

In the sample preparation process, measures were taken to prevent atmospheric particle
contamination. In accordance with the publication by Meyer et al.[32], the sample processing
methodology was optimized. To prevent contamination from air particles, the whole blood
samples were prepared for ICP-MS analysis using the Milestone Connect ETHOS UP
microwave oven and Direct-Q 8 UV Ultrapure Water equipment. Initially, the the whole blood
samples were homogenized by vortexing for one minute. A 15 ml polypropylene tube with a
screw cap (VWR labs) was filled with 0.5 mL of whole blood. After adding 0.5 mL of hydrogen
peroxide (H202) and 1 mL of 65% nitric acid (HNO3), the liquid was quickly vortexed. Tubes
were then placed in a heating system and heated to 130°C for 60 minutes in order to dissolve.
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Following incubation, ultrapure water was added to the digested sample volume until it reached
15 milliliters. For sample preparation and analysis, around 18 MQ cm™ ultrapure water was
utilized. Samples were prepared for measurement after centrifugation (3 min/ 2500 rpm) and
vortexing. To eliminate particulate matter, the prepared samples were filtered using a 0.45 um
syringe tip. The filtered samples were subjected to ICP-MS analysis six times, and the results
were averaged to ensure accuracy and precision in the measurements. The standard and whole
blood samples were diluted at the same ratio using ultrapure water. Parameters such as final
volume, sample volume, and dilution coefficient were accurately entered into the calculation
section of the total dilution sub-tab in the software. The dilution factor, calculated using the
formula: "Dilution factor = (final weight or volume / sample quantity or volume) * dilution
coefficient," was used to verify the analytical process's accuracy. Table 2 shows the ramping
conditions for the microwave program in the degradation process.

Table 2. The ramping conditions of the microwave program.

Step Time Tl T2 Pressure Power
1 00:10:00 200°C 100°C 45bar Max power*

2 00:15:00 200°C 100°C 45bar Max power*
*Max power: 1500W for Ethos and 1200W for Start units.

2.5. Method Validation

The validation of the ICP-MS method involved a series of assessments to determine the
accuracy, precision, and sensitivity of the method.

Standard samples (1-500 pg/L) were analyzed, and a calibration curve was established by
performing linear regression analysis on the obtained results. The curve equation and
correlation coefficient (R) were determined, providing an indication of the method's linearity.
The sensitivity of the method was evaluated through the determination of the limit of detection
(LOD) and the limit of quantification (LOQ) values. LOD and LOQ values were calculated as
three and ten times the standard error of the curve slope, respectively, signifying the minimum
concentration of Pb that could be reliably detected and quantified.

Intra-day and inter-day precision and accuracy of the ICP-MS method were assessed using three
replicates of the quality control (25, 200 and 400 pg/L) samples. The accuracy and precision of
the method were examined through the calculation of percent relative error (RE%) and percent
relative standard deviation (RSD%) values, respectively, for both intra-day and inter-day
analysis results of the control samples. Acceptance criteria required values below 15% to
indicate satisfactory precision and accuracy.

The range of 80-120% is the acceptable range for the percent recovery value. This criteria
further validates the method's applicability and reliability for the analysis by verifying that the
amount of Pb recovered from the samples was within an acceptable range.
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2.6. Statistical Analysis

The statistical analysis was performed using the SPSS 15.0 package program to evaluate the
impact of topical EDG application on whole blood Pb levels. The mean and standard deviation
values of whole blood Pb levels before and after the application were computed using the
Paired-Samples t-test. This analysis aimed to evaluate any significant changes in Pb
concentrations resulting from the application. p<0.05 was considered significant. Any
observed p-value below this threshold indicated a statistically significant difference in the Pb
levels between before and after the application.

3. Results and Discussion

Before the analyses, the method was validated by evaluating in terms of accuracy, precision,
linearity, sensitivity and percentage recovery parameters in the study. Finally, it was
successfully applied to the whole blood samples of the pregnant women for Pb analysis.

Standard Pb samples prepared in the range of 0.1-1000 pg/L were analyzed by the method. The
results were plotted against concentrations. In the linear regression analysis, the equation of the
calibration curve was determined as y = 33242.1153x + 6031.6467. This showed that there was
a strong linear relationship between the measured values and the Pb concentration in the
samples. The correlation coefficient was calculated as 0.9999, confirming the excellent fit of
the data to the calibration curve (Figure 1). Determining the linear working range of the
developed ICP-MS method between 1-500 ug/L (1, 10, 50, 100, 250, 500 pg/L) reveals the
concentration range in which accurate and precise quantitative analysis of Pb levels can be
made reliably.

208 Pb [No Gas]

x107 y =33242.1153x + 6031.6467
R=1.0

T T T
200.0 400.0 600.0

Concentrations pg/L

Figure 1. Calibration curve of standard Pb solutions at 1-500 pg/L (Agilent® Trace Elements)
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Additionally, the sensitivity of the method was evaluated by determining the LOD and LOQ
values. LOD and LOQ values were found to be 0.0418 and 0.1395 ug/L, respectively. These
values indicate the minimum concentration of Pb that the method can detect and reliably
quantify, further affirming the method's high sensitivity for trace element analysis.

To assess the accuracy and precision (intraday and inter-day) of the ICP-MS method, quality
control samples were analyzed three times. According to the analysis results, RSD% and RE%
values were found to be 0.662% and 1.540%, respectively. The method has high accuracy and
precision for the quantitative analysis of Pb in whole blood samples.

Recovery experiments were carried out at two different concentrations (25, 200 and 400 pg/L).
Calculated recovery values (100.2%) were within the acceptable range of 98-102%; This result
proves the reliability of the method in accurately recovering and quantifying trace elements in
samples. Additionally, the repeatability of the method was evaluated by analyzing 25, 200 and
400 pg/L samples in ten replicates. The results were found to be the same over 95%.
(24.96+0.161 pg/L, 200.35+£2.425 ng/L and 403.94+1.295 ug/L)

To eliminate differences in analyte sensitivity caused by matrix components in the sample,
internal standards must be used in trace element analysis. In this study, a 1 pug/L concentration
of bismuth was added to each sample. Consequently, the normalizing of matrix-induced waves
allowed the ICP-MS approach to reach excellent sensitivity.

The validated ICP-MS method was applied to the whole blood of women. Table 3 lists the Pb
concentrations at two different times. At the 0™ and 120" minute, the average Pb concentrations
were determined to be 12.763 pg/L and 15.823 pg/L, respectively (Figure 2, Table 4).

Table 3. Pb concentrations in whole blood samples at 0 and 120 minutes following EDG

application (mean =+ standard deviation, n=10)

Patients 0. minute (ug/L) 120. minute (ng/L)

1 12.763 +1.04 15.822 +3.04
2 14.363 + 0.82 14.976 £ 2.19
3 11.999 + 0.39 16.432 + 1.38
4 14379 +£2.13 13.973 £ 0.76
5 13.337+£0.01 17.452 £ 1.51
6 12.975 + 1.41 14.838 £ 1.68
7 12.273 + 1.38 16.137+0.43
8 11.678 + 0.93 16.346 + 0.69
9 11.869 + 0.86 17.176 = 1.14
10 11.974 +2.62 15.135+£1.76
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16 =

14

Lead (ng/L)

12 »,

0. Min 120. Min
Status

Figure 2. Boxplot showing change in the Pb concentrations with topical application of EDG

Table 4. Mean levels of Pb in whole blood of ten patients at 0. and 120. minutes

Paired Samples Statistics
Groups Mean (ug/L) n Standard Deviation Standard Error Mean
0. minute 12.7630 10 8.25083 2.60914
120. minute  15.8225 10 10.30786 3.25963

The Paired Sample t-test was used to determine whether or not this increase was statistically
significant. It was found that there was a considerable rise in Pb concentration following EDG
treatment (<0.05, Table 5).

Table 5. Statistical analysis results with the Paired Samples t-test

Time Paired Differences t df Sig. (2-tailed) R*
Mean SD*  Std. Error 95% CID*
Mean
Lower Upper
0. min/120. min -3.059 2.719 .860 -5.005 -1.114 -3557 9 .006 0.981

*R: Correlation coefficient, CID: Confidence Interval of the Difference, SD: Standard Deviation

Pb exposure is a global public health concern. Pb is the second most dangerous environmental
toxic agent due to its high toxicity and widespread presence. According to the World Health
Organization, the maximum acceptable concentration for Pb has not yet been determined.
Additionally, it is stated that the estimated contribution of Pb to the "global burden of disease”
is 0.6%. According to a number of studies, high blood Pb levels are associated with cognitive
problems such as memory loss, difficulty focusing, learning challenges, and even reduced 1Q,
particularly in the developing brain [33,34].
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IV is the most preferred method of administering large amounts of fluid into a vein via a catheter
in hospitalized patients. However, this method causes complications such as phlebitis,
thrombophlebitis, and edema [3]. For the well-being of the patient and the successful
progression of treatment, topical Eau de Goulard solution is frequently used in hospitals [4—
11]. Lead subacetate contained in the Eau de Goulard solution causes safety concerns with this
method. Determination of Pb levels in patients after administration will provide important
information about the reliability of EDG.

In this study, whole blood samples of patients who applied EDG around the catheter for 15
minutes were analyzed using the validated ICP-MS method. Intra-day and inter-day RSD% and
RE% values of quality control solutions were below 15%. As a result, the results obtained from
the ICP-MS method had high accuracy and precision. The sensitivity of the ICP-MS method
was high because the LOD and LOQ values are at low levels such as 0.0418 and 0.1395 pg/L.
The correlation coefficient found close to 1 showed that there was a strong positive correlation
between the concentrations and the analysis results. Recovery values calculated by analysis of
standard Pb samples at three different concentrations were within the acceptable range (80-
120%).

The ICP-MS method had advantages compared to many studies reported in the literature. The
method had a large linear range (1-500 ug/L) for determination of Pb [22,23,30]. Compared to
other studies, the method allowed to determination with high accuracy (RE%: 1.54%) of Pb in
the whole blood volume as low as 0.5 mL [22,24,28]. Since whole blood samples were used in
the study, samples were prepared for ICP-MS analysis in a short time of approximately 1 hour,
without the need for serum and plasma separation processes [22,24,28,29]. HNO3:H20- (2:1)
mixture was used for sample preparation and high recovery was achieved. To eliminate the
masking problem and minimize the matrix effect in the determination of Pb, samples were
prepared by diluting with distilled water as an analyte-free matrix compared to an acid or alkali
mixture. In this way, the analysis of Pb in whole blood samples was performed with higher
sensitivity (LOD: 0.0418 ng/L) [22,24,26,29,30].

EDG treatment increased the mean Pb concentration in the whole blood of patients by 3.05950
ug/L after 2 hours (Table 4). Statistical analysis of the analysis results with the Paired-Samples
t-test showed that there is a significant correlation between Pb levels in the whole blood and
the time elapsed after Pb exposure (R: 0.981; p<0.05, Table 5). It was determined that there
was a significant difference in Pb concentrations before and after application (Figure 2). As a
result, EDG, applied topically for 15 minutes to prevent phlebitis and edema, significantly
increased the Pb concentration in the whole blood according to the Paired-Samples t-test
(p<0.05, Table 5).

Percutaneous absorption is important in assessing the risk of exposure to toxic substances such
as Pb. They are known to both accumulate in the skin and widely penetrate the body and cell
membranes after long-term topical application. It is well-established that prolonged contact or
topical application can lead to Pb absorption through the skin. However, it has not been reported
in any study that Pb enters the systemic circulation after short-term topical application [35-38].
Unlike the literature, this study showed that short-term Pb exposure increased Pb concentration
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in whole blood. Various factors also contribute to the increase of Pb concentration in whole
blood by topical EDG application. Application duration and frequency, concentration of the
EDG (lead subacetate) solution and physical properties of the skin are among these factors.
Each of these factors can affect the absorption of Pb from the skin and subsequently lead to the
accumulation of Pb in the bloodstream, tissue, and bones [38]. In this study, the effect of EDG
solution applied to the skin for 15 minutes on Pb concentrations, especially in pregnant women
was investigated. The results conclusively showed that this practice led to a significant increase
in participants’ whole blood Pb concentrations, threatening the health of pregnant women and
fetuses.

The presence of Pb salts at parts per billion raises serious concerns about fetal health even if
they are poorly soluble. Recent studies have demonstrated a strong correlation between cord
blood Pb levels and maternal blood Pb levels [39]. There have been important scientific findings
that Pb exposure can cause metabolic, neurological and psychological problems in pregnant
women and fetuses. It has been reported that in cases where the maternal blood level is
approximately 10 ug/dl, hypertension, spontaneous abortion and cognitive development of the
fetus are negatively affected in pregnant women. Studies show that maternal Pb exposure is
associated with serious outcomes such as low birth weight, preterm birth, stillbirth, spontaneous
abortion, congenital defects and hypertension. Pb exposure in the intrauterine period can lead
to serious health problems such as fetal growth retardation, nervous system disorders, postnatal
mental retardation, motor skill disorders and renal dysfunction [39-43]. Studies conducted by
the United States Centers for Disease Control and Prevention (CDC) have determined the
acceptable blood Pb level as 50 ng/mL in children. However, no lower threshold has been
reported for pregnant women. To avoid the reported effects of Pb, it is critical to identify the
factors that may contribute to increased Pb exposure and immediately execute preventive
measures against these causes. For example, the development of safer and more effective Pb-
free treatment methods that can replace EDG is a critical part of this effort [44]. In the context
of alternative treatment options, hot-cold and dry-wet compresses, nonsteroidal anti-
inflammatory drugs (NSAIDs), topical products containing heparinoids and herbal creams
(such as Aesculus hippocastanum and Arnica montana) have been shown in various studies to
be effective in preventing phlebitis and relieving symptoms [45-47]. In addition, blood Pb tests
for confirmation and monitoring purposes should be performed in accordance with the protocols
determined by the CDC, and maternal blood or umbilical cord blood Pb levels should be
measured during delivery. Women with blood Pb levels above 450 ng/mL should be treated by
specialists experienced in the management of complications related to Pb toxicity and high-risk
pregnancies [39,41-43].

It is known that skin thickness, contact time, and pregnancy can all influence lead absorption.
Thicker skin may act as a barrier, reducing lead absorption, however longer contact times may
enhance absorption. Furthermore, pregnancy can impact lead absorption and distribution in the
body by generating metabolic changes such as hormonal alterations, higher blood pressure, and
abnormalities in nutrient transport. Although this study did not directly investigate these factors,
it is obvious that these limitations may have an impact on the generalizability of our findings
and that more research into lead exposure is required.
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4. Conclusion

In this study, the effect of topically applied Eau de Goulard (2% lead subacetate) solution on
lead concentration in whole blood was investigated. A validated ICP-MS method was employed
for whole blood samples in the study. Through this method, a notable elevation in lead
concentrations within the whole blood of pregnant women was determined. The findings of the
study drew attention to the potential threat that topical application of Eau de Goulard poses to
both maternal and fetal health. The sensitivity of the ICP-MS method played a pivotal role in
detecting even low concentrations of lead absorbed through the skin into the systemic
circulation. Eau de Goulard can be applied topically for shorter periods and at longer intervals
to reduce lead exposure and prevent lead from reaching the bloodstream. In addition, the use of
Eau de Goulard solutions with lower lead concentrations may be a viable strategy. However,
this study suggests that safer, lead-free treatment methods should be the first choice for pregnant
women who are a vulnerable population, rather than Eau de Goulard, which has been shown to
increase lead exposure. In conclusion, the study emphasizes the necessity for in-depth
investigations into the toxic effects of topical Eau de Goulard application. This step is crucial
for shedding light on the potential health risks associated with this common medical practice.
Finally, the study represents an important step toward advocating for safer medical protocols
and enhancing awareness about lead exposure, particularly among sensitive populations like
pregnant women.

Limitation of the study

The small number of patients limits the study. Comprehensive studies with large numbers
of participants are needed to more clearly determine the safety and toxicity of Eau de Goulard
solution. In addition, the application of multivariate analyses that take into account factors such
as age, BMI, and skin condition that may affect lead absorption through the skin, as well as the
increasing number of participants, will provide stronger results.
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Abstract

This study aimed to analyze the chemical composition and evaluate the antibacterial activity of essential oil
extracted from the Hyoscyamus niger L.inflorescence collected from Erzincan, Tiirkiye. The essential oil was
extracted using hydrodistillation and analyzed by GC-MS, identifying 23 components, with major constituents
being 10-heneicosene (35.72%), phytol (20.50%), and acetic acid, butyl ester (10.10%). The antibacterial
activity was tested against six bacterial strains, including Staphylococcus aureus, Clostridium perfringens,
Enterococcus faecalis, Bacillus cereus, Listeria monocytogenes, and Escherichia coli, using the disc diffusion
method. The H. niger inflorescence essential oil exhibited moderate antibacterial activity, specifically against
C. perfringens, with a zone of inhibition of 11.7 + 1.2 mm compared to the positive control imipenem (17.0+1.0
mm). The results suggest that H. niger inflorescence essential oil has potential as an antibacterial agent,
highlighting the importance of exploring plant-derived compounds as alternatives to traditional antibiotics in
combating multidrug-resistant bacteria.

Keywords: Hyoscyamus niger L., Essential oil, Antibacterial, GC-MS

Hyoscyamus niger L. Ciceklerinden Elde Edilen Ucucu Yagin Antimikrobiyal
Aktivitesi ve Kimyasal Bilesimi

Oz
Bu ¢alismada, Erzincan, Tiirkiye'den toplanan Hyoscyamus niger L. ¢icek durumlarindan elde edilen ugucu
yaglarin kimyasal bilesimi ve antibakteriyel aktivitesi incelenmistir. Ugucu yaglar hidrodistilasyon yontemiyle
elde edilmis ve kimyasal bilesenleri GC-MS ile analiz edilmistir. Analiz sonucunda, ugucu yagda toplam 23
bilesen tespit edilmistir; major bilesenler 10-heneikosan (%35,72), fitol (%20,50) ve asetik asit, biitil ester
(%10,10) olarak belirlenmistir Antibakteriyel aktivite, disk difiizyon yontemi kullanilarak Staphylococcus
aureus, Clostridium perfringens, Enterococcus faecalis, Bacillus cereus, Listeria monocytogenes ve
Escherichia coli dahil olmak tizere alt1 bakteri susuna kars1 test edilmistir. H. niger ¢igek durumlarindan elde
edilen ugucu yag, pozitif kontrol imipenem (17.0+1.0 mm) ile kargilastirildiginda 11.7 + 1.2 mm'lik inhibisyon
alanmyla 6zellikle C. perfringens'e kars: kabul edilebilir seviyede antibakteriyel aktivite sergiledigi gézlenmistir.
Sonuglar, H. niger ¢icek durumlarindan elde edilen ugucu yagin antibakteriyel potansiyele sahip oldugunu ve
coklu-antibiyotik direngli bakterilerle miicadelede dogal kaynakli bilesiklerin antibiyotiklere alternatif olarak
arastirtlmasinin 6nemi vurgulanmstir.
Anahtar Kelimeler: Hyoscyamus niger L., Ugucu yag, Antibakteriyel, GC-MS
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Antimicrobial Activity and Chemical Composition of Essential Oil Extracted from Hyoscyamus niger L.
Inflorescence

1. Introduction

The genus Hyoscyamus (Solanaceae) comprises six species in the flora of Turkey: Hyoscyamus
aureus L., Hyoscyamus albus L., Hyoscyamus muticus L., Hyoscyamus niger L., Hyoscyamus
pusillus L., and Hyoscyamus reticulatus L. [1]. H. niger (black henbane) is the most renowned
species of the Hyoscyamus genus. It has been utilized as a medicinal plant since ancient times
in both Greece and Tiirkiye[2-4]. The mature corolla of H. niger is a lurid yellow, typically
veined with purple; the fruiting calyx is constricted in the middle; and the upper cauline leaves
are amplexicaul [1].

H. niger is used in folk medicine as an antiasthmatic, anthelmintic and for toothaches [2-5].
Phytochemical investigations show that all parts of H. niger contain hyoscyamine and
scopolamine [6]. In addition to these compounds, lignanamide, tyramine derivative, and non-
alkaloid compounds were isolated from H. niger seeds, and many secondary metabolites were
identified in its essential oil [7,8]. Previous studies have reported the antibacterial, antifungal
antiviral, and insecticidal activities of H. niger seeds [1, 7-10]. Additionally, the essential oil of
H. niger has been reported to exhibit antibacterial and antioxidant properties. [8].

Recent studies have demonstrated the wide-ranging pharmacological effects of essential oils,
driven by their complex mixtures of monoterpenes, sesquiterpenes, phenolics, and other volatile
compounds. For instance, essential oils from medicinal plants have been shown to exhibit
significant antimicrobial, anti-inflammatory, and antioxidant activities, with potential
applications against antibiotic-resistant pathogens [11-13]. Advances in analytical techniques,
such as GC-MS and LC-MS, have enabled the precise characterization of these oils, linking
their bioactivities to specific chemical constituents [14].

Antibiotic resistance has become a serious problem affecting millions of people globally.
Because of this resistance, there has been an increase in research into alternative solutions, such
as medicinal plants [15,17]. As a result, the World Health Organization (WHO) has published
a list of global priority diseases caused by multidrug-resistant bacteria to discover novel
effective drugs [16]. The aim of this study is to investigate the chemical composition of the
essential oil from H. niger inflorescence collected in Erzincan, Tiirkiye, and to evaluate their
antibacterial activity against six bacterial strains: five gram-positive strains, Staphylococcus
aureus, Clostridium perfringens, Enterococcus faecalis, Bacillus cereus, Listeria
monocytogenes, and one gram-negative strain, Escherichia coli.

2. Materials And Methods
a. Plant Material

The plant material was collected in June 2024 at inflorescence stage from Kurutilek village in
Erzincan, Turkiye (39° 46' 33.47" N, 39° 29' 38.57"E), located at an altitude of 1740 m. Fresh
inflorescences of Hyoscyamus niger were used for the essential oil extraction. The herbarium
specimens were prepared by drying the collected plant material under shaded conditions with
adequate ventilation to ensure preservation and prevent degradation of morphological and
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chemical characteristics. The authentication of voucher specimens was conducted by Prof. Dr.

Ali Kandemir and deposited at the Herbarium of Erzincan Binali Yildirim University in
Erzincan, Turkiye (EBYU 000005).

b. Essential Oil Extraction

A total of 500 grams of fresh Hyoscyamus niger inflorescence (HN) were mixed and subjected
to hydrodistillation for 3 hours using a Clevenger apparatus according to the method
recommended in the European Pharmacopoeia. The extraction procedure was carried out in
triplicate. Subsequently, the essential oil were carefully collected and stored in sealed sample
tubes, which were then kept at 4 °C until analysis [31].

2.3. GC-MS Analysis Conditions

GC-MS analyzes were carried out utilizing a Thermo Scientific Trace 1310 GC-MS (Trace
1310, Thermo Scientific, Milano, Italy) system equipped with an HP-5MS capillary column (30
m x 0.25 mm and 0.25 m ID), in accordance with previously reported techniques [17,18]. In
split mode, helium was employed as the carrier gas, with a 50:1 ratio and a constant rate of flow
of 1.2 mL/min. The mass transfer line and injection site were both set to 280 °C. Starting at 60
°C for three minutes, the temperature of the column oven was set to increase to 200 °C at a rate
of 3 °C/min for 0 minutes, and then ramp up to 240 °C at a rate of 5 °C/min for five minutes.
The mass spectrometer was set up with the following parameters: electron ionization (EI) mode
was used with an ionization energy of 70 eV, and the ion source temperature was maintained at
280 °C. Based on a homolog n-alkane series (C8-C40), the Van den Dool and Kratz equation
was used to compute the retention index (RI) for each secondary metabolite. Chemical identity
was validated using NIST2004 MS libraries and Wiley. The relative peak area percentages of
each chemical were calculated using the peak areas from the MS chromatograms.

2.4. Antibacterial Activity

Staphylococcus aureus (ATCC 6538), Clostridium perfringens (ATCC 13124), Enterococcus
faecalis (ATCC 8459), Bacillus cereus (ATCC 10876), Listeria monocytogenes (ATCC 51774)
and Escherichia coli (ATCC 25922) were examined for antibacterial activities. The standard
protocol was followed for performing the disc diffusion test [19]. Sterile blank discs measuring
6 mm were put on Nutrient Agar medium after 100 uL of bacteria (108 cells/ml) was added. A
blank disc was injected with 5 uLL of the sample, and a positive control disc containing the
antibiotic imipenem was put on the medium. Plates were incubated for 24 hours at 37 °C. A
digital caliper was utilized to measure the inhibitory zones and report the mean diameter +
standard deviation of three replications in millimeters.
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3. Results and Discussion

3.1. The composition of Hyoscyamus niger Essential oil

The hydrodistillation technique was used to produce essential oil from Hyoscyamus niger
inflorescence (HN) with a yield of 0.06% (yellow oil). There were 23 components found in the
essential oil of HN, accounting for 97.17% (v/w) of the total oil. Inci at all. detected 22
secondary metabolites in the essential oil obtained from the aerial parts of H. niger. It was also
reported that 42 secondary metabolites were identified in the essential oil obtained from the H.
niger seeds [8]. It is known that the difference observed in these yields is due to the climate and
environmental conditions in which the plants grow [21]. Table 1 presented the chemical
composition of essential oil along with the percentage of each secondary metabolites, retention
index (RI), and retention time (RT). Acetic acid, butyl ester (10.10%), 10-heneicosene
(35.72%), and phytol (20.50%) were determined to be the major components (Table 1). In the
study conducted on H. niger aerial parts essential oil, hexahydrofarnesyl acetone (19.19%) and
phytol (52.09%) were reported as major components. In the same study again conducted on H.
niger seeds essential oil, the major component was reported to be hexahydrofarnesyl acetone
(46.36%) [8]. In the presented study, hexahydrofarnesyl acetone was found to be 0.11%. In
another study, it was reported that the major components of the essential oil obtained from H.
niger leaves were n-Eicosane and phytol [30]. These results support the presented study.
Although borneol was detected as the major secondary compound in the essential oils of
Hyoscyamus sp., borneol was not identified in the presented study [20, 29]. Additionally, In the
presented study, the presence of 20 compounds was identified in the essential oil of HN for the
first time (Acetic acid, butyl ester, ethylbenzene, p-xylene, styrene, methylbutyl propanoate, a-
pinene, eucalyptol, linalool, camphor, caryophyllene, y-elemene, nerolidol, germacrene B,
dodecanoic acid, 8-heptadecene, 2-hexadecanol, 9-nonadecene, 9-eicosene, 10-heneicosene, 9-
octadecenoic acid) [8,30].

Table 1. Chemical constituents identified in the H. niger L. esential oil

Compounds RT RI RI (NIST)  Composition (%)
Acetic acid, butyl ester 3.69 813 814 10.10
Ethylbenzene 4.58 865 867 0.94
p-xylene 4.73 883 882 4.99
Styrene 5.18 894 895 3.68
Methylbutyl propanoate 5.52 969 968 0.22
a-pinene 7.23 945 945 0.20
Eucalyptol 8.68 1043 1045 0.67
Linalool 10.56 1101 1102 0.15
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Camphor 11.83 1145 1145 1.84
Caryophyllene 19.21 1443 1442 0.32
y-elemene 19.52 1445 1440 0.15
Nerolidol 20.05 1531 1533 0.11
Germacrene B 22.55 1562 1559 0.69
Dodecanoic acid 2270 1571 1572 0.52
8-heptadecene 25.13 1678 1678 1.49
2-hexadecanol 27.22 1705 1706 0.13
Hexahydrofarnesyl acetone 28.67 1848 1847 0.11
9-nonadecene 29.23 1894 1892 3.55
9-eicosene 29.74 1914 1916 9.42
10-heneicosene 33.49 2060 2061 35.72
9-octadecenoic acid 3429 2125 2125 0.11
Phytol 34.70 2149 2148 20.50
Phytol, acetate 35.25 2227 2228 1.56
Total 97.17

RT: Retention time, RI: Retention index, Rl (NIST): RI literature (NIST webbook)

3.2. Antibacterial Activity

Antibacterial activity test results of Hyoscyamus niger inflorescence (HN) essential oil are
presented in Table 2. In this context, it was determined that HN essential oil (5 uL) exhibited
moderate antibacterial activity against all bacterial chains compared to the positive control
imipenem (10 mcg). Inci et al. reported in their study that HN essential oil exhibited higher
activity against E. coli (inhibition zone: 32 mm) and S. aureus (inhibition zone: 21 mm)
compared to the positive control streptomycin (zone inhibition: 30 mm- 20mm, respectively)
[8]. This difference is attributed to the difference in the components of essential oil in the
presented study. In a different study, the methanol extract extracted from the seeds of H. niger
has been found to have significant antibacterial activity (inhibition zone: 25.0 mm) against S.
Aureus [22]. Chalabian et al. also reported that the alkaloid extract obtained from H. niger root
and aerial parts had strong antibacterial activity [23]. Vanitha et al. tested the antibacterial
activity of 10-heneicosene, the major component of HN essential oil, on S. pneumoniae and A.
fumigatus. Vanitha et al. reported that 10-heneicosene has strong antibacterial activity [24].
When we look at the antibacterial activity studies on the other major component, phytol, it has
been reported that it has strong antibacterial activity on E. coli [25] and P. aeruginosa [26]
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bacterial chains (growth inhibition MIC: 62.5 ng/mL-19 pg/mL, respectively). In another study
conducted on phytol, it was shown that it exhibited strong antibacterial activity on Clostridium
sporogenes, Sarcina lutea, and E. faecalis bacterial chains [27]. It has been emphasized that
phytol exerts antibacterial effects by dysregulating the function of eukaryotic cells through a
series of effects, including disruption of membrane permeability and depolarization of the
mitochondrial membrane [24-28]. According to this information, the antibacterial activity and
antibacterial activity mechanism of HN essential oil can be explained.

Table 2. Disc diffusion results (mm) of H. niger L. essential oil for tested pathogenic bacteria

Bacterial strains HN (5 pL) Imipenem* (10 mcg)
Staphylococcus aureus 14.3+0.5 45.3+0.6
Clostridium perfringens 11.7£1.2 17.0£1.0
Enterococcus faecalis 13.0+0.9 45.0+1.0
Bacillus cereus 13.3+1.2 30.0+1.0
Listeria monocytogenes 7.0+£1.7 36.3+2.1
Escherichia coli 15.7+1.5 35.3+2.1

HN: Hyoscyamus niger inflorescence essential oil, *: Positive control (Imipenem)

4. Conclusion

The chemical compounds identified in this study using GC-MS analysis were produced through
hydrodistillation, which was followed by an examination of their chemical variation and
antibacterial activity. Despite the broad geographical distribution of Hyoscyamus niger
inflorescence (HN), there were small variations in the essential oil composition and showed
efficacy against various bacterial strains. According to scientists, the search for antibiotic
alternatives is critical since the antibiotic era is ending. HN essential oil may be effective
antibacterial agents. Furthermore, the war against multidrug-resistant bacteria must be fought
by means other than antibiotics, and volatiles may play an essential role in this.
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Abstract

The effects of different storage conditions on textural, microbiological and color properties of phyllo were
investigated. Phyllo samples were stored at room temperature (20°C) for 3, 5 and 7 days, in refrigerator (4°C)
for 7, 14 and 21 days, and in deep freezer (-18°C) for 20, 40 and 60 days. It was determined that phyllo samples
stored in the deep freezer exhibited higher L* color values (82.33-82.97), followed by samples stored in the
refrigerator (78.53-81.75) and samples stored at room temperature (75.74-77.75), respectively. A statistically
similar and lower total color change (AE) occurred in the phyllo samples stored at room temperature and in the
refrigerator compared to the samples stored in the deep freezer. The samples stored in the refrigerator exhibited
higher hardness, chewiness and gumminess values, while the samples stored in the deep freezer exhibited lower
values. Most of the samples produced were similar to the control sample in terms of springiness property. In
terms of relaxation time, the samples stored at room temperature and in the deep freezer exhibited statistically
similar and lower values than the samples stored in the refrigerator. Additionally, the samples stored in the deep
freezer had higher breaking force and breaking length values. The total mesophilic aerobic bacteria count of the
samples varied between 3.38-12.30 log cfu/g, and mold and yeast count varied between <2.00-6.87 log cfu/g.

Keywords: Phyllo (yufka), storage, textural properties, microbiological properties, color

Farkh Depolama Kosullarinin Yufkanin Dokusal, Mikrobiyolojik ve Renk Ozellikleri

Uzerine Etkisi

Oz

Farkli depolama kosullariin yufkanin dokusal, mikrobiyolojik ve renk 6zellikleri {izerine etkisi arastirilmigtir.
Yufka ornekleri oda sicakliginda (20°C) 3, 5 ve 7 giin, buzdolabinda (4°C) 7, 14 ve 21 giin ve derin dondurucuda
(-18°C) 20, 40 ve 60 giin boyunca depolanmustir. Derin dondurucuda depolanan yufka 6rneklerinin daha yiiksek
L* renk degerlerine (82.33-82.97) sahip oldugu ve bunu sirasiyla buzdolabi (78.53-81.75) ve oda sicakliginda
depolanan 6rneklerin (75.74-77.75) izledigi belirlenmistir. Oda sicakligi ve buzdolabinda depolanan yufka
orneklerinde, derin dondurucuda depolanan drneklere kiyasla istatistiksel olarak benzer ve daha diisiik seviyede
toplam renk degisimi (AE) meydana gelmistir. Buzdolabinda depolanan ornekler daha yiiksek, derin
dondurucuda depolanan 6rnekler daha diisiik sertlik, ¢ignenebilirlik ve sakizimsilik degerleri sergilemistir.
Uretilen &rneklerin cogu elastikiyet ozelligi bakimmdan kontrol &rnegine benzerdir. Gevseme siiresi
bakimindan oda sicakliginda ve derin dondurucuda depolanan 6rnekler buzdolabinda depolanan 6rneklere gore
istatistiksel olarak benzer ve daha diisiik degerler gostermistir. Ayrica derin dondurucuda depolanan 6rnekler
daha yiiksek kopma kuvveti ve kopma uzunlugu degerlerine sahiptir. Orneklerin toplam mezofilik aerobik
bakteri sayis1 3.38-12.30 log kob/g ve kiif ve maya sayisi ise <2.00-6.87 log kob/g arasinda degismistir.

Anahtar Kelimeler: Yufka, depolama, dokusal 6zellikler, mikrobiyolojik dzellikler, renk
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The Effect of Different Storage Conditions on Textural, Microbiological and Color Properties of Phyllo
(Yufka)

1. Introduction

Cereals and cereal-based products have an important role in human nutrition as they provide a
significant portion of the daily energy needed [1]. Phyllo, also called yufka or fyllo, has a special
position among cereal-based products due to its being a ready-to-use, practical [2] and easily
accessible product and creating a feeling of fullness. It is a semi-finished product obtained by
rolling out and partially baking the dough prepared using baklava and pastry type of wheat
flour, drinking water, edible salt and additives when necessary [3]. Phyllo is a single-layered,
cream-colored and 1-2 mm thick product [4] and can be produced in different shapes and sizes
according to need [2].

Phyllo attracts attention especially due to its practical use [5] and is used as an intermediate
product in the preparation of many pastries such as borek, flatbread [2], baklava, and pies like
kasseropita and spanakopita [6], as well as desserts, samosas, and other delicious dishes [7]. It
offers the opportunity to produce various food products in a short time and is widely preferred
by consumers in modern living conditions, especially by people who have a busy work life and
limited time to spare for food preparation and consumption [5]. For this reason, the demand for
phyllo, which already has a wide consumption geography spanning the Middle East, Balkans,
Caucasus and Turkey, is constantly increasing [8]. It is also stated that phyllo has become one
of the most popular foods in many US, Asian and European countries due to its ease of cooking
and taste [7, 9].

The most important quality characteristics of phyllo are surface color, proper baking degree and
uniform diameter and thickness [10]. Additionally, textural properties are known to be
extremely important for phyllo, especially in terms of the quality of the final product to be
prepared using phyllo. It is expressed that phyllo must have perfect springiness and flexibility.
It must also have excellent extensibility, all of which are desirable to provide the ability to fold
and roll during processing [2, 4, 10]. In addition, phyllo should be neither be sticky nor so weak
that it tears easily. If phyllo does not meet the appropriate textural properties, the final products
cannot be properly produced, or even if they are produced, significant quality problems may
arise in the final product, leading to substantial economic losses.

Phyllo generally has a short shelf life due to its neutral pH (6-7) and comparatively high water
activity (0.6-0.8 aw), which make it a suitable substrate for aerobic microorganisms. This
requires keeping the phyllo under appropriate storage conditions; which it is typically stored at
4-6°C in retailers and/or frozen in supermarkets [6]. However, the effect of different storage
conditions on the textural properties, one of the most important quality parameters of phyllo, is
still not well known. In this study, the effects of different storage temperatures and periods on
the textural properties of phyllo were investigated. Phyllo samples were also examined in terms
of color and microbiological properties during the storage period.
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2. Material and Methods
2.1. Material

Flour (Cevikler Altinyazma) and salt used in phyllo production were obtained from Erzincan
local market. Drinking tap water was used in preparing the phyllo. The properties of the flour
were as follows; moisture content: 13.0%, wet gluten: 29.70%, dry gluten: 10.41%, gluten
index: 92.75%, falling number: 1.035 s, Zeleny sedimentation: 35 mL. The L*, a* and b* color
values of the flour were 85.50, -0.57 and 9.13, respectively. The farinograph parameters were
as follows; water absorption: 69.1%, stability: 17.2 min., development time: 15.8 min., degree
of softening: 35 FU. The extensograph parameters were as follows; extensibility: 114 mm,
maximum resistance: 682 BU, energy: 91 cm?.

2.2. Methods
2.2.1. Phyllo Production

Phyllo production was carried out by Irem Yufka company operating in Erzincan province
(Figure 1). Firstly, 50 kg of flour was sifted, and 30 liters of water and 2 kg of salt were added.
The mixture was kneaded for 30 min., the obtained dough was rested for 30 min., and then
divided into balls of 130 g in size. After they were rolled out to a diameter of 60-70 cm, they
were placed on a hot sheet and baked for 15 seconds on both sides. Then, they were soaked and
rested for 2 hours. The rested phyllo samples were packaged in polyethylene bags with low
moisture permeability and stored for short, medium and long periods in different storage
conditions (3, 5 and 7 days at room temperature (20°C); 7, 14 and 21 days in refrigerator (4°C);
20, 40 and 60 days in deep freezer (-18°C)). The non-stored sample, i.e. the first day of
production, was considered as the control sample.

Packaging

Figure 1. Phyllo production flow chart
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2.2.2. Analysis of Phyllo Samples
2.2.2.1. Color Measurement

The color measurement of phyllo samples was carried out using the color analyzer (Minolta,
CR-200, Japan) and measuring L*, a* and b* color values. Total color change (AE) was
calculated as follows:

AE = [(Lo-L1)? + (a0-a1)? + (b0-b1)?]"/2

where, Lo, a0, bo are L*, a* and b* color values of control phyllo sample (non-stored sample;
first day of production), and L1, a1, b1 are L*, a* and b* color values of stored phyllo samples,
respectively.

2.2.2.2. Texture Profile Analysis (TPA)

Texture profile analysis in the phyllo samples (25 mm diameter, 4 layers (4x1 mm thickness))
was performed using a texture analyzer (TA.XTplus, Stable Micro Systems Ltd, Godalming,
Surrey, U.K.) equipped with a 5 kg load cell and cylindrical metal probe (36 mm) (P/36). TPA
test was carried out under conditions: 0.5 mm/s pre-test speed, 0.2 mm/s test and post-test speed,
30% compression rate, 20 g trigger force. The obtained results were expressed as hardness (N),
cohesiveness, springiness, chewiness (N) and gumminess (N).

2.2.2.3. Stress Relaxation Test

The stress relaxation test was performed on phyllo samples with a texture analyzer (TA.XTplus,
Stable Micro Systems Ltd, Godalming, Surrey, U.K.) equipped with Tortilla/Pastry Burst Rig
under the following conditions: pre-test and test speed: 1 mm/s; post-test speed: 5 mm/s;
holding time: 120 s; distance: 5 mm; trigger force: 5 g. Maximum force (g), minimum force ()
and relaxation time (s) values (time required for the maximum force to decrease to its 80%)
were calculated from the obtained curve.

2.2.2.4. Stretching Test

The stretching test was performed on phyllo samples with a texture analyzer (TA.XTplus,
Stable Micro Systems Ltd, Godalming, Surrey, U.K.) equipped with Tortilla/Pastry Burst Rig
under the following conditions: pre-test and test speed: 1 mm/s; post-test speed: 10 mm/s;
distance: 30 mm; trigger force: 5 g. Breaking force (g), breaking length (mm) and deformation
modulus (g/mm) (breaking force/breaking length) were calculated from the obtained curve.

2.2.2.5. Microbiological Analysis

For the microbiological analysis, 90 ml of sterile physiological saline solution (0.85% NaCl)
was added to 10 g of the sample and homogenized for 50 seconds. Plate Count Agar (PCA) and
spreading method were used to determine total mesophilic aerobic bacteria count (TMAB).
Petri dishes were incubated at 30°C for 48 hours. To determine total number of yeast and mold,
Potato Dextrose Agar (PDA) and spreading method were used. Incubation was carried out at
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28-30°C for 120 hours. The results were expressed as log colony forming units/g (log cfu/g)
[11].

2.2.3. Statistical Analysis

All analyzes were carried out in triplicate. The data obtained were subjected to variance analysis
using IBM® SPSS Statistics software version 22.0.0.0. The averages of main variation sources
found to be important (p<0.05) were compared with the Duncan Multiple Comparison Test.
The results were expressed as mean =+ standard error. Pearson’s Correlation Test was applied to
determine the correlation among textural characteristics of phyllo samples.

3. Results and Discussion
3.1. Results of Color Measurement

Color is one of the most important criteria for food products [12]. Color, a physical
characteristic that customers use to assess product quality [13], indicates the composition and
freshness of the food products and provides information about whether there is falsification or
not [12]. L*, a* and b* color values and total color change (AE) of phyllo samples are given in
Table 1. L* value indicates the dark-light density of a product, and the closer to 100, the lighter
the color [14]. Storage temperature significantly affected the L* color values of the samples
(p<0.01). In general, the phyllo samples stored in the deep freezer exhibited higher L* color
values, followed by the samples stored in the refrigerator and samples stored at room
temperature, respectively. It is expressed that color change in the baked product originates from
Maillard reactions which occur between proteins and reducing sugar and the increase in
melanoidin concentration resulting from these reactions gives brownness to the product [15].
As known, the increasing the temperature causes the rate of the Maillard reaction to increase
[16]. This situation explains why the highest level of L*color value was measured in the deep
freezer temperature and the lowest level at room temperature. Although there was no
statistically significant difference between the samples belonging to the short and medium
period storage process in terms of the L* color value, an increase in storage time led to an
increase in the L* color values of the samples stored at room temperature. Similarly, an increase
was observed in the L* color values of the samples stored in the refrigerator due to the increase
in the storage time. In the samples stored in the deep freezer, the increase in the storage time
firstly increased the L* color value of the phyllo samples and then decreased this value.
Nevertheless, the L* color values of the samples stored under deep freezer conditions were
statistically close to each other and higher than the control sample in all three storage periods.
It is thought that the degradation of color pigments over time may be effective in the increase
in L* color values depending on storage time. On the other hand, it is known that color has a
crucial importance on the acceptability of bakery products involving dough-based preparations,
and a bright and clear appearance is generally desired [9]. Therefore, it can be said that the
storage process and increasing the storage time in the refrigerator and deep freezer conditions
provided positive changes in the phyllo samples in terms of L* color value, since its increase
indicates increased brightness and clarity as desired.
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Table 1. L*, a* and b* color values and total color change (AE) of phyllo samples®

Storage Storage

* * *
Temperature  Time (Days) L a b AE
0 (Contraol) 77.61+£0.33d -0.53+£0.03b 16.86+0.07a -
3 75.74+0.19¢ -1.05+0.00f 13.42+0.12e¢ 3.96+0.01bc
20°C 5 76.60+0.39¢ -0.94+0.01d 13.73+0.46¢ 3.33+0.55¢cd
7 77.75+0.75d -1.23+0.01g 14.12+0.02de 2.934+0.06cd
GA 76.93+0.35C** -0.94+0.10B**  14.53+0.52C**  3.40+ 0.24B**
7 78.53+0.14d -1.34+0.01h 13.96£0.91¢ 3.16+0.88cd
4°C 14 79.70+0.19¢ -0.86+0.03¢ 16.41+0.07ab 2.17+0.21d
21 81.75+0.18b -0.43+0.00a 14.47+0.03cde 4.79+0.14ab
GA 79.40+0.59B** -0.79+0.13A%** 15.43£0.50B**  3.37+0.54B**
20 82.39+0.07ab -1.34+0.00h 15.07+0.05¢cd 5.17+£0.09ab
-18°C 40 82.97+0.02a -1.00+0.00e 16.58+0.02ab 5.39+0.02a
60 82.33+0.01ab -1.06+0.03f 15.54+0.03bc 4.944+0.01ab
GA 81.33+0.82A%** -0.98+0.11C** 16.01£0.28A**  5.17+£0.09A**
P ** ** ** *%*

& Means with different lowercase and uppercase letters in the same column are statistically different (p < 0.05).
**P <0.01, GA: General Average.

a* value indicates the red/green color density of a product (+a: red, -a: green) [14]. The a* color
values generally decreased in the stored samples compared to the control sample. Storage
temperature affected the a* color values of the samples at a statistically significant level
(p<0.01). In general, the phyllo samples stored in the refrigerator had higher a* color values,
while the samples stored in the deep freezer had lower a* color values. When the storage period
reached the middle period, a* color values of the phyllo samples increased in all storage
temperatures. On the contrary, further increase in the storage time, which means that the storage
time reached the long period, caused these values to decrease again in the samples stored at
room temperature and in the deep freezer. However, in the samples stored in the refrigerator,
a* color value increased when the long period was reached. b* value indicates the yellow/blue
color density (+b: yellow, -b: blue) [14]. The b* color values generally decreased in the stored
samples compared to the control sample. It was determined that the storage temperature affected
the b* color values of the samples at a statistically significant level (p<0.01). In general, the
phyllo samples stored in the deep freezer had higher b* color values, followed by the samples
stored in the refrigerator and samples stored at room temperature, respectively. Although it was
not statistically significant, the increasing the storage time caused an increase in b* color values
of the samples stored at room temperature. In the samples stored in the refrigerator and deep
freezer, medium period storage process caused an increase in b* color values, while the long
period storage process caused a decrease.

It was determined that a statistically similar and lower total color change (AE) occurred in the
phyllo samples stored at room temperature and in the refrigerator compared to the samples
stored in the deep freezer. It is known that pigments can ordinarily degrade easily due to the
many factors such as temperature, pH, light, etc. [17], however, they can be preserved at low
temperatures away from these factors [18]. On the other hand, some studies have reported that
exposure to low temperatures in different food samples can result in pigment damages such as
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carotenoid degradation [19], decrease in chlorophyll content [20], etc. Therefore, it is thought
that in this study, storage process in the deep freezer may have caused relatively more damage
to the color pigments of the samples due to the low temperature effect, and therefore caused
more total color change and variations in a* and b* values. In the samples stored at room
temperature, the increasing the storage time decreased the total color change. In the samples
stored in the refrigerator, medium period storage process caused a decrease in the total color
change, while the long period storage process caused an increase. The opposite effect was
observed in the samples stored in the deep freezer. That is, medium period storage process
caused an increase in the total color change of the samples, while the long period storage process
caused a decrease, however, all three values were statistically close to each other, especially the
samples stored for short and long periods. When the color measurement parameters were
examined in general and natural color of the phyllo was taken into consideration, it was
concluded that although the total color change reached its maximum level, the deep freezer
conditions, in which the highest L* color values were obtained, were better in terms of color
properties, since a bright and clear appearance is desired [9].

3.2. Results of Texture Profile Analysis

The textural properties are very important for phyllo, especially in terms of quality of final
product to be prepared using phyllo. The phyllo must have good flexibility and springiness
properties. In addition, it must have good extensibility and be neither sticky nor weak enough
to tear. All these features are desirable to supply it the ability to fold and roll during processing
[2, 4, 10]. Hardness, cohesiveness and springiness values of phyllo samples are given in Figure
2. Hardness is the force required to deform a sample to a certain level [21]. Both very hard and
very soft structures are undesirable in the phyllo as it affects the quality of the final product to
be prepared using phyllo. The hardness values generally decreased in the stored samples
compared to the control sample. The decrease in the hardness values of the samples due to the
storage process was probably related to amylolytic and proteolytic enzymes present in the flour,
which were activated by water during dough preparation and originated from microbial activity
(Table 5), and phase transformations of water. In general, the phyllo samples stored in the
refrigerator exhibited higher hardness values, followed by the samples stored at room
temperature and samples stored in the deep freezer, respectively. The freezing process is one of
operation that significantly affects dough quality [22]. During the freezing process, water
molecules bond with hydrogen bonds to form a hexagonal crystal structure, leading the volume
increases by approximately 9% [23]. The formed ice crystals negatively affect especially
proteins in the dough system, as a result, three-dimensional gluten network is damaged by ice
crystals [22]. Moreover, when thawing, which is necessary for rehydration of the gluten matrix
in the frozen dough, is carried out at a certain temperature, condensation phenomenon takes
place on the dough surface because the dough has a lower temperature than surrounding air
[22], that is, the dough cannot regain all the water it lost. All these cases lead to significant
decreases in the strength of dough [22] and, therefore the hardness of samples stored in the deep
freezer decreases further. In addition, it is thought that the reason why the samples stored at
room temperature had lower hardness values than the samples stored in the refrigerator may
primarily due to higher enzyme activity. As it is known that enzymes have optimal temperature
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requirements for maximum activity. Most of the enzymes work optimally between 30-70°C
[24]. The low temperature ranges do not generally meet the needed activation energy, leading
to the decreases in enzyme activity [25]. The increasing the storage time caused a significant
decrease in the hardness values of the samples stored at room temperature and in the deep
freezer. This decrease appears to be due to a general increase in the microbial activity linked to
enzyme activity (Table 5). Although there was no statistically significant difference between
medium and long period storage processes, the increase in the storage time had an increasing
effect on the hardness values of the samples stored in the refrigerator. This may be due to the
environment being relatively unfavorable in terms of temperature for enzymes activity. In
addition, it is thought that the increase in the hardness values of the samples stored in the
refrigerator depending on the storage time may have caused by partial retrogradation. It is
mainly responsible for the hardness that occurs over time in foods containing starch [26] and
occurs either too slow or to dense at extreme temperatures due to Brownian motion mechanism
of macromolecules [27], which this range, where the highest hardness was measured, was a
relatively medium temperature degree in this study.

Hardness (N) Cohesiveness Springiness

J = be be

0y 3 5 7 4 2 20 40 60 0 3 5 7 T 13 M 2 40 60 oy 3 5 7
Storage Time (Days)

Figure 2. The effect of different storage temperatures and periods on the hardness, cohesiveness
and springiness values of phyllo samples, respectively (C: Control)

7 14 2

20 40 60

Cohesiveness is described as the density of internal bonds in the structure of food [28]. It was
determined that the storage process caused the phyllo samples to tend to exhibit lower
cohesiveness values in general. The samples stored in the refrigerator had higher cohesiveness
values, followed by the samples stored at room temperature and samples stored in the deep
freezer in general, however, it was not statistically significant. The increasing the storage time
had a reducing effect on the cohesiveness values of the samples stored at room temperature and
in the deep freezer in general. The opposite effect was observed in the samples stored in the
refrigerator, but it was not statistically significant. It was determined that the changes in the
cohesiveness values of the samples depending on the storage time and temperature were similar
to the changes in the hardness values in general. Therefore, it is thought that the occurrences
that damage the hardness properties of samples such as breakdown of proteins, which gluten is
mainly responsible for cohesiveness of bakery products [29], and carbohydrates due to
microbial and enzyme activity, ice crystal formation [22] and failure to completely rehydration
during thawing caused similar injuries, weakening the internal structure of the samples and
leading to loss of dough strength. It was already determined that there was a significant
correlation between the hardness and cohesiveness values of the phyllo samples (r = 0.802™)
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(Table 4). In addition, it is expressed that the decrease in the cohesiveness due to the increase
in the storage time is caused by instability of protein macromolecular colloid originated from
the freezing concentration effect such as changes in solubility and denaturation of protein and
cohesion force among the protein molecules, and this case tends to the increase with the increase
in the storage time, as seen in deep freezer storage process in this study. Supportively our
findings, it is stated that longer frozen storage periods have also an unfavorable effect on
interactions among starch and gluten network [30].

Springiness is an expression of how well a sample springs after initial deformation [31]. As
mentioned earlier, phyllo must have a good springiness to obtain optimum processing
properties. It was determined that the samples stored at room temperature and in the deep
freezer exhibited statistically similar and higher values than the samples stored in the
refrigerator. Only the sample stored in the refrigerator for 21 days exhibited a statistically lower
springiness value than the other samples. Nevertheless, there was no numerically sharp decrease
in the springiness value of this sample, meaning that all phyllo samples had similar springiness
properties to the control group in general. It can be said that the fact that different storage
conditions, including long periods and wide temperature ranges, do not significantly affect the
springiness property, which is essential for phyllo, is a quite positive and desirable result for
this study.

Table 2. Chewiness and gumminess values of phyllo samples?
Storage Temperature  Storage Time (Days) Chewiness (N)

Gumminess (N)

0 (Control) 12.37+0.22a 12.39+0.22a
3 6.77+0.13¢ 6.800. 14¢
20°C 5 4.71+0.01de 4.72+0.00de
7 4.45+0.00ef 4.43+0.03¢f
GA 7.08+ 1.21B** 7.09+ 1.21B**
7 7.19+0.39¢ 7.20+0.41¢
4°C 14 9.75+0.25b 9.75+0.25b
21 9.90+0.30b 9.88+0.31b
GA 9.80:£0.70A%* 9.81:£0.70A%*
20 5.1340.14d 5.14+0.14d
-18°C 40 3.9440.02f 3.95+0.02f
60 2.47+0.14¢g 2.48+0.14¢
GA 5.98+1.44C* 5.99+1.44C**
P ** **

@ Means with different lowercase and uppercase letters in the same column are statistically different (p < 0.05).
**P <0.01, GA: General Average.

Chewiness and gumminess values of phyllo samples are given in Table 2. Generally, both
chewiness and gumminess decreased in the stored samples compared to the control sample. It
was determined that the storage temperature affected the chewiness and gumminess values of
the samples at a statistically significant level (p<0.01). In general, the phyllo samples stored in
the refrigerator had higher chewiness and gumminess values, while the samples stored in the
deep freezer had lower values. In the samples stored at room temperature and in the deep
freezer, the increase in the storage time decreased the chewiness and gumminess values. In the
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samples stored in the refrigerator, chewiness and gumminess values increased with increasing
the storage time, however, there was no statistically significant difference between medium and
long storage periods. Chewiness is defined as the measure of energy required to make solid
foods ready to be swallowed while being chewed in the mouth [32]. It is calculated by
multiplying the hardness, cohesiveness and springiness parameters. Gumminess is the measure
of the energy required to make semi-solid foods ready to swallow. It is calculated by
multiplying the hardness and cohesiveness parameters [21]. Chewiness and gumminess are
secondary textural parameters derived from primary textural attributes. Consequently, these
parameters are influenced by fundamental factors, particularly hardness, as the hardening of
food texture typically indicates an increase in the energy required to make the food ready for
swallowing. Therefore, the changes in the hardness values of the phyllo samples, depending on
storage temperature and duration, were directly reflected in the chewiness and gumminess
values. Consistently, positive and significant correlations were observed between hardness and
chewiness (r = 0.997**), hardness and gumminess (r = 0.997**), and chewiness and gumminess
(r = 1.000**) (Table 4).

3.3. Results of Stress Relaxation Test

The stress relaxation test, used to investigate the viscoelastic properties of foodstuffs, is based
on measuring the force required to maintain deformation under a certain stress value over time
[33]. Relaxation time, maximum force and minimum force values of phyllo samples, that are
the basic textural parameters obtained from the stress relaxation test, are given in Table 3.
Relaxation time value expresses to the time required for the maximum force to decrease to its
80% for this study. It was determined that the storage temperature affected the relaxation time
values of the phyllo samples at a statistically significant level (p<0.01). The samples stored at
room temperature and in the deep freezer exhibited statistically similar and lower relaxation
time values than the samples stored in the refrigerator. As the storage time increased, the
relaxation time value firstly decreased and then increased in the samples stored at room
temperature and in the deep freezer. However, they could not reach their levels in the short
period storage time, in which case it can be said that the increase in the storage time had a
generally decreasing effect on the relaxation time values of these samples. In the samples stored
in the refrigerator, the increasing the storage time caused relaxation time values to increase. It
is thought that the changes in the relaxation time values of the stored samples due to temperature
and period variation sources may be caused by changes in the hardness properties of the
samples. The lower relaxation time is associated with the material that shows liquid-like
property, on the contrary, the higher relaxation time is associated with a more solid property
[34]. Based on this, it is thought that the samples stored in the refrigerator, which had higher
hardness values (Figure 2), exhibited higher relaxation time values. In addition, the samples
stored at room temperature and in the deep freezer may have exhibited close and lower
relaxation time values, since they had close and lower hardness values than the samples stored
in the refrigerator even if statistically different. Similarly, as storage time increased, the
relaxation time values of the samples stored at room temperature and in the deep freezer
generally decreased, while the relaxation time values of the samples stored in the refrigerator
increased, which a similar change trend was also observed in the hardness values of the samples.
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Table 3. Relaxation time, maximum force and minimum force values of phyllo samples?

Storage Storage . . . .
Temperature Time (Days) Relaxation Time (s) Maximum Force (g) Minimum Force (g)
0 (Control) 8.63+0.22d 33.83+0.05f 24.74+0.12f
3 11.06+0.00b 41.02+0.50¢ 33.52+0.49¢
20°C 5 8.68+0.02cd 37.71£0.37¢ 31.92+0.33d
7 9.53+0.13bcd 39.38+0.28d 30.66+0.66d
GA 9.48+0.37B** 37.99+ 1.02B** 30.21+ 1.26B**
7 8.48+0.06d 42.30+0.20b 36.55+0.55b
4°C 14 9.2940.52cd 43.17+0.18b 37.35+0.55b
21 17.61+£1.28a 50.98+0.79a 41.46+0.50a
GA 11.00£1.47A** 42.57+£2 30A%* 35.03+£2.36 A%**
20 11.01+0.32b 32.10£0.10g 25.35+0.25¢ef
-18°C 40 9.71+£0.00bcd 31.60+0.40g 26.37+0.14¢
60 10.38+0.61bc 31.45+0.45¢g 25.80+0.56ef
GA 9.93+0.36B** 32.244+0.38C** 25.57+0.26C**
P ** ** **

& Means with different lowercase and uppercase letters in the same column are statistically different (p < 0.05).
**P <0.01, GA: General Average.

It was determined that the storage temperature significantly affected the maximum force values
of the phyllo samples (p<0.01). While the samples stored at room temperature and in the
refrigerator showed higher maximum force values than the control sample, the samples stored
in the deep freezer showed lower values. Among the samples subjected to storage process, the
samples stored in the refrigerator exhibited higher maximum force values, followed by the
samples stored at room temperature and samples stored in the deep freezer, respectively. For
the samples stored at room temperature, the increasing the storage time initially decreased and
then increased the maximum force values, though there was a general trend of decrease.
Although there is no statistically significant difference between the short and medium period
storage process, the increase in the storage time had an increasing effect on the maximum force
values of samples stored in the refrigerator. It had also a decreasing effect on the maximum
force values of samples stored in the deep freezer, however, it was not statistically significant.
The storage process was generally effective in increasing the minimum force values of the
phyllo samples compared to the control sample. The storage temperature affected the minimum
force values of samples at a statistically significant level (p<0.01). In general, the samples
stored in the refrigerator had higher minimum force values, while the samples stored in the deep
freezer had lower values. Although there was no statistically significant difference between the
samples stored in the medium and long period, the increasing the storage time caused a decrease
in the minimum force values of samples stored at room temperature. In the samples stored in
the refrigerator, the increasing the storage time caused an increase in the minimum force values
of samples, however, there was no statistically significant difference between the samples
stored in short and medium period. In the samples stored in the deep freezer, the minimum force
value firstly increased and then decreased with the increase in the storage time, however, the
minimum force values in all three storage periods were statistically similar. Similar to relaxation
time, the trends in maximum and minimum force values can also be attributed to changes in the
hardness of the samples. The maximum force refers to the measure of the initial resistance of
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the sample to deformation in the course of stress relaxation analysis, while the minimum force
refers to the measure of the ultimate resistance measured at the end of the analysis. The increase
in mentioned values, which are closely connected with the hardness of food structure, implies
that the material shows a more solid-like property and requires higher deformation amount [35].
For this reason, the changes in hardness values of the samples depending on storage temperature
and period were generally reflected in maximum and minimum force values (Figure 2).

3.4. Results of Stretching Test

The effects of different storage temperatures and periods on the breaking force, breaking length
and deformation modulus values of phyllo samples are given in Figure 3, respectively. It was
determined that the samples stored in the deep freezer exhibited higher breaking force values,
while those stored in the refrigerator generally showed lower values. As the storage time
increased, the breaking force values of the samples stored at room temperature decreased
significantly. A general decrease was also observed in the samples stored in the deep freezer,
however, the breaking force values of the samples stored medium and long period were
statistically insignificant. In the samples stored in the refrigerator, when the storage period
arrived to the middle period, the breaking force value increased, but further increase decreased
this value again. It was determined that the breaking force values of the phyllo samples had a
negatively correlation with the maximum force (r = -0.645") and minimum force (r = -0.657")
values (Table 4), suggesting that changes in breaking force values of the samples may depend
on this relationship. That is, the samples with higher maximum and minimum force values,
which was previously stated to indicate a harder sample structure, exhibited easier breakable
property due to their harder structure, and this situation caused them to exhibit lower breaking
force values. As another pointer, it is clearly seen in Figure 2 that the samples with higher
hardness values had lower breaking force values, while the samples with lower hardness values
had higher breaking force values when comparing on the group basis.

Breaking Force (g) Breaking Length (mm) Deformation Modulus (g/mm)
©20°C

Hie
e
o

1004 £

0 (IC) 3 5 7 7 14 20 40 60 0 EC) 3 5 7 7 14 pal 20 40 60 0 EC) 3 5 7 ‘7 14 20 40 60
Storage Time (Days)

Figure 3. The effect of different storage temperatures and periods on the breaking force,
breaking length and deformation modulus values of phyllo samples, respectively (C: Control)

Breaking length refers to the average distance required for the breaking process, and the
increasing this distance means that the dough extensibility increases [36]. It was determined
that the storage process caused the breaking length values of all samples to decrease, which
expresses that the control sample had the highest breaking length value. In general, the samples
stored in the deep freezer exhibited higher breaking length values, followed by the samples
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stored at room temperature and samples stored in the refrigerator, respectively. At all three
storage temperatures, there was a general decrease in the breaking length values of the samples
in parallel with the increase in the storage time. The changes in the breaking length values of
the samples can be generally attributed to the close relationship between breaking length and
breaking force values (r = 0.926™) (Table 4). As stated in the previous section, the decrease in
the breaking force values of the samples is due to the increase in the breaking ability resulting
from the increase in the hardness of the sample structure, facilitating the breaking action. That
is, the decrease in the breaking force means that the breaking action ends faster, leading to a
decrease in the breaking length value expressing the distance required for breaking. Therefore,
the samples with lower breaking force values exhibited lower breaking length values, while the
samples with higher breaking force values exhibited higher breaking length values. For these
reasons, phyllo samples with higher springiness, which implies that they can tolerate the applied
deformation better and do not immediately deform/rupture/break, exhibited higher breaking
length values (r = 0.656") (Table 4).

It was determined that the samples stored in the refrigerator had higher deformation modulus
values, followed by the samples stored in the deep freezer and samples stored at room
temperature, respectively. As the storage time increased, the deformation modulus values
generally decreased in the samples stored at room temperature and in the deep freezer. In the
samples stored in the refrigerator, the deformation modulus values firstly increased and then
decreased to a similar statistical level depending on the storage time. Deformation modulus is
a parameter obtained by using the breaking force and breaking length values, stating that it is
characterized by these values, and gives an idea about the processability properties of the
phyllo. When the stretching/tearing properties of phyllo are considered, the deformation
modulus is desired to be low, while the breaking force and breaking length values are desired
to be high, which enables that the phyllo is not too weak to tear in order to obtain optimum
processing performance. In this context, it can be said that storage process in the deep freezer
conditions was generally more suitable, as the samples stored in that condition had relatively
higher breaking force and breaking length values with a moderate deformation modulus.

Table 4. Pearson’s correlation coefficient of textural characteristics of phyllo samples

Hardness Cohesiveness  Springiness Chewiness  Gumminess g/lo?')éé lll/cl)lpc.e ?ﬁf:atlon ngilgmg Egﬁzlt(;]ng
Cohesiveness 0.802™ - - - - -
Springiness -0.441 -0.292 -
Chewiness 0.997™ 0.799™ -0.500 -
Gumminess 0.997™ 0.800™ -0.497 1.000™ -
Maximum Force 0.465 0.304 -0.783" 0.493 0.491
Minimum Force 0.350 0.190 -0.738" 0.381 0.380 0.968™
Relaxation Time 0.150 0.207 -0.809™ 0.199 0.197 0.583 0.489
Breaking Force 0.025 0.253 0.460 0.010 0.013 -0.645" -0.657" -0.226
Breaking Length -0.088 0.128 0.656" -0.119 -0.116 -0.801™ -0.844™ -0.367 0.926™
Deformation 0.376 0.362 0577 0.421 0.422 0.437 0.512 0.391 0.165 -0.216

Modulus

#p<0.05 ** p<0.01

3.5. Results of Microbiological Analysis

Total mesophilic aerobic bacteria (TMAB), and yeast and mold count of phyllo samples are
given in Table 5. Compared to the control sample, storage process at room temperature and in
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the refrigerator caused an increase in the total mesophilic aerobic bacteria count of the samples,
while the deep freezer conditions caused a decrease. In general, the samples stored at room
temperature had higher total mesophilic aerobic bacteria count, followed by the samples stored
in the refrigerator and deep freezer, respectively. As it is known, microorganisms have certain
temperature requirements for growth and reproduction, and each microorganism has optimum
temperature ranges in which it reproduces at the maximum level [37]. In general, mesophilic
bacteria reproduce at 37°C at an optimum level [38], while molds and yeasts reproduce at 25-
30°C [37]. Reproduction of microorganisms decreases as environment temperature moves away
from these limits [39] as in this study. As expected, the increasing the storage time at all three
storage temperatures generally led to an increase in the total mesophilic aerobic bacteria
numbers of the samples and it was especially higher at room temperature. The change trend in
the yeast and mold count was partially similar for similar reasons. Storage process at room
temperature and in the refrigerator caused an increase in the total yeast and mold count of the
phyllo samples compared to the control sample. An increase was also observed in the samples
stored in the deep freezer conditions, but, it was relatively lower. The increasing the storage
time resulted in an increase in the total number of yeast and mold in the samples stored at room
temperature and in the refrigerator. In the samples stored in the deep freezer, the increase in the
storage time firstly increased and then decreased the total nhumber of yeast and mold. The
increase in microbial load due to prolonged storage time, which is one of the stages that should
be given importance in terms of microbiological stability [40], has also been observed in
different food samples [41]. Considering the effect of the storage process on the microbial load
of the phyllo samples, it was concluded that the storage process in the deep freezer conditions
was more promising due to a relatively lower total mesophilic aerobic bacteria and mold and
yeast count with a relatively lower overall rate of increase.

Table 5. Total mesophilic aerobic bacteria (TMAB) and yeast and
mold count of phyllo samples

Storage Storage TMAB Total Number of Yeast
Temperature  Time (Days)  (log cfu/g) and Mold (log cfu/g)

0 (Control) 6.61 <2.00
3 7.94 4.72
20°C 5 9.81 6.41
7 12.30 6.65
7 8.69 3.79
4°C 14 8.38 3.98
21 8.98 6.87
20 3.38 <2.00
-18°C 40 4.27 3.04
60 4.43 2.69

4. Conclusion

Phyllo is an important cereal-based semi-product. Phyllo, which has an important role in human
nutrition, is generally stored in cold storage conditions due to its short shelf life. In this study,
the effect of different storage conditions on the textural, microbiological and color properties
of phyllo was investigated. In general, the phyllo samples stored in the deep freezer exhibited
higher L* color values, followed by the samples stored in the refrigerator and samples stored at
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room temperature, respectively. A statistically similar and lower total color change (AE)
occurred in the phyllo samples stored at room temperature and in the refrigerator than the
samples stored in the deep freezer. The samples stored in the refrigerator exhibited higher
hardness values, followed by the samples stored at room temperature and samples stored in the
deep freezer, respectively. The storage temperature did not affect statistically significantly the
cohesiveness values of the samples. Most of the phyllo samples were similar to the control
sample in terms of springiness property. The samples stored in the refrigerator had higher
chewiness and gumminess values, while the samples stored in the deep freezer had lower
values. In terms of relaxation time value, the samples stored at room temperature and in the
deep freezer exhibited statistically similar and lower values than the samples stored in the
refrigerator. In addition, the samples stored in the deep freezer generally had higher values in
terms of the breaking force and breaking length. For microbiological properties, the storage
process in the deep freezer conditions was more appropriate by reason of a relatively lower total
mesophilic aerobic bacteria and yeast and mold count with a relatively lower overall rate of
increase.

As a result, it was concluded that the deep freezer conditions were more suitable for preserving
the color and microbial properties of phyllo. Considering textural properties of phyllo, it was
determined that the refrigerator conditions were more suitable in terms of hardness, chewiness,
gumminess, relaxation time, maximum force and minimum force values, while the deep freezer
conditions were more suitable in terms of springiness, breaking force and breaking length.
Overall, considering the textural quality of phyllo, it would be more appropriate to recommend
deep freezer conditions, as the springiness and stretching properties of phyllo are relatively
more important in terms of processability.
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Abstract

One of the types of forgery performed on digital images is copy-move forgery (CMF). This type of forgery is
carried out by pasting a region copied from the same image over another region of the image. It is very important
to determine whether there is any forgery on these images, as they can be used as evidence in many fields. In
this study, an analysis of forgery detection is performed using Histogram of Oriented Gradients (HOG), Local
Binary Patterns (LBP), and Multiscale Basic Features (MBF) for block-based copy-move forgery detection. The
performance of various features, both individually and in combination, is evaluated. Combinations such as
HOG+LBP, HOG+MBF, and MBF+LBP were tested, but the expected performance improvement was not
achieved. Although the performance increase was not significant, the highest results were generally obtained
with the LBP+MBF hybrid feature, resulting in an F1 score of 88.5%. Additionally, while HOG and LBP
features are frequently used in block-based approaches, the use of the MBF feature has not been found in the
literature. This study contributes to the existing methods in the field of block-based forgery detection and
highlights the effectiveness of various features and feature combinations.

Keywords: Copy-move forgery, HOG, LBP, MBF

Blok Tabanh Sahtecilik Tespiti: HOG, LBP ve MBF Kullanilarak Performans

Karsilastirmasi

Oz

Dijital goriintiiler lizerinde yapilan sahtecilik tiirlerinden biri de kopyala-yapistir sahteciligidir (CMF). Bu
sahtecilik tiirii, ayn1 gériintiiden kopyalanan bir bolgenin, goriintiiniin baska bir bolgesi tizerine yapistirilmasiyla
gergeklestirilir. Bu goriintiiler, birgok alanda delil olarak kullanilabileceginden, {izerinde herhangi bir sahtecilik
olup olmadiginin belirlenmesi olduk¢a 6nemlidir. Bu ¢alismada, blok tabanli kopyala-yapistir sahteciligi tespiti
i¢in Yonlendirilmis Gradyanlarin Histogrami (HOG), Yerel Ikili Oriintiiler (LBP) ve Cok Olgekli Temel
Oznitelikler (MBF) kullanilarak sahtecilik tespiti iizerine bir analiz yapilmistir. Cesitli 6zniteliklerin hem tek
bagina hem de birlikte performanslart degerlendirilmistir. HOG+LBP, HOG+MBF ve MBF+LBP gibi
kombinasyonlar denenmis, ancak beklenen performans artisi saglanamamistir. Performans artist ¢ok biiyiik
olmasa da, en yiiksek sonuglar genellikle LBP+MBF hibrit 6zelligi ile elde edilmis ve %88,5'lik bir F1 puani
ile sonuglanmigtir. Ayrica, HOG ve LBP o6zellikleri blok tabanli yaklagimlarda sik¢a kullanilsa da, MBF
Ozniteligini kullanan yaklagimlara literatiirde rastlanmamustir. Bu c¢alisma, blok tabanli sahtecilik tespiti
alanindaki mevcut yontemlere katki saglamakta ve ¢esitli 6znitelik ve 6znitelik kombinasyonlarinin etkinligini
vurgulamaktadir.
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1. Introduction

The rapid development of technology has significantly increased the use of digital images and
the operations performed on these images. Along with this increase, studies on forgery detection
systems on digital images have become increasingly important. In particular, the widespread
use and ease of use of image editing applications such as Photoshop has led to a rapid increase
in the number of forged images, making it crucial to accurately and reliably detect whether such
images are forged or not, as they can be used as evidence in many areas, such as forensic cases.

To make it difficult to detect forgeries, various post-processing operations such as blurring,
noise addition, and illumination modification are performed on forged images. This makes
forgery detection more challenging and increases the need for the development of a reliable
copy-move forgery detection system. Therefore, the focus of much research in this area has
been the development of robust and effective detection methods against forged images.

Methods used in copy-move forgery detection (CMFD) systems are generally divided into two
groups: keypoint-based methods and block-based methods. Keypoint-based methods have the
disadvantage that the boundaries of the forged region cannot be precisely determined. In block-
based methods, the entire image information is used, but this can negatively affect the accuracy
rate. In the literature, various studies have been conducted in order to improve the performance
of copy-move forgery (CMF) detection systems, but research on the use of hybrid features in
block-based approaches has been very limited.

In the field of image processing, the use of hybrid features has been widely investigated in
keypoint-based methods, where successful results have been achieved [1-3]. However, the lack
of emphasis on the potential benefits of hybrid features in block-based approaches points to an
important gap in this field. The main objective of this study is to investigate the use of hybrid
features in block-based CMFD systems to address the challenges of detecting forgery region
boundaries and to present a new method aimed at improving performance.

Main Contributions of the Proposed Method to the Literature:

e The proposed method introduces a new CMFD (Copy-Move Forgery Detection)
approach that compares the use of HOG, LBP, MBF, and hybrid features in block-
based forgery detection systems.

e The problem of not being able to detect forgery zone boundaries, which is frequently
encountered in keypoint-based methods, has been solved.

In this research, we propose a CMFD system that utilizes various hybrid features in a block-
based approach. Thus, the aim is to compare the performance of these features while addressing
the disadvantage of not being able to detect forgery boundaries, which is often encountered in
keypoint-based methods. The rest of this paper is organized as follows: In the second section
of this article, the related work on copy-move forgery detection methods are detailed. In the
third section, the stages of the proposed method are explained. In the fourth section,
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experimental results and comparisons of the proposed method with other methods in the
literature are presented. Finally, in the fifth section, the results of the study and future studies
are detailed.

2. Related Work

Copy-move forgery detection is a popular area of research that is being intensively studied. The
methods developed for forgery detection in digital images with evidentiary value can be
basically divided into 3 categories. These categories are keypoint-based, block-based and
hybrid approaches.

In key-point based CMFD systems, in the first stage, identifiers are created on the key points
detected on the image. The keypoint-based descriptors (local features) obtained from the whole
image are compared with each other. As a result of this comparison, if there are local features
that match each other, the locations of these features are marked as forged regions. Amerini et
al. [4] used the SIFT feature, which is invariant to post-processing such as scaling differences,
illumination differences and rotation changes, in their proposed CMFD system. In the
application, forgery detection was performed by taking into account the matches between the
extracted SIFT features.

In recent years, many studies have been conducted to increase the success rate by using hybrid
features [1,5,6]. In the study by Aydin [7] keypoint locations are detected using the DOG
detector and a LI1OP descriptor is built on these keypoints. Thanks to this hybrid feature, higher
performance was achieved on different datasets. In the method proposed by Wang et al. [8],
simple linear iterative clustering (SLIC) and the K-multiple-means methods are used to detect
keypoint locations. They obtained a hybrid feature using Fast Quaternion Generic Polar
Complex Exponential Transform (FQGPCET) and Graylevel co-occurrence matrix (GLCM) as
features. They obtained a high precision value in the experimental results of their proposed
method.

In block-based approaches, the image is decomposed into fixed-size blocks and features are
extracted from each block, and forgery defects persist throughout these features. Fridrich et al.
[9] were among the pioneers in this area, proposing a method where the image is divided into
blocks, and Discrete Cosine Transform (DCT) feature vectors are extracted. These vectors are
then lexically filtered and compared to detect forgeries. Ganguly et al. [10] suggested an
approach where local tetra pattern-based texture descriptors are extracted from the blocks,
which are then compared to identify forgery. This method has shown increased robustness to
common post-processing and has been particularly effective in detecting small forgeries that
traditional methods miss. Shehin et al. [11] present a method that combines the Discrete Cosine
Transform (DCT) with eigenvalues to enhance the detection and localization of forgery,
especially in images subjected to post-processing operations like rotation. This method
processes overlapping blocks of the image, extracting features using DCT and eigenvalues, and
applies cumulative DCT features for more robust detection, even against rotation attacks. Weng
et al. [12] proposed a new CMFD method based on UCM-Net, a U-Net-like architecture for the
problem of forgery detection, which is difficult to solve due to the photometric similarities
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between forged regions and original regions. In particular, the method treats large and small
forged regions differently and uses various deep networks and techniques to extract the features
of these regions and localize the forged regions more precisely. UCM-Net provided higher
accuracy rates in the face of operations such as blurring, rotation, and noise that make forgery
detection difficult. Experiments have shown that UCM-Net outperforms existing best practices.

3. The Proposed Method

This paper proposes a three-stage method for the detection of copy-move forgery: (i)
decomposition of the image into overlapping blocks, (ii) feature extraction and fusion of the
extracted features, (iii) detection of forgery regions. There are several studies in the literature
that apply various histogram-based local features using block-based approaches [10,13].
However, the combination of different feature extraction techniques such as Local Binary
Pattern (LBP), Histogram of Oriented Gradients (HOG) and Multiscale Basic Features (MBF)
and performance comparisons are limited. In Aydin's skin cancer recognition study [14], the
combination of these features has been shown to yield better results.

In recent years, keypoint-based features have been widely used in copy-move forgery [15,16],
and hybrid methods developed by combining different keypoint based methods are becoming
widespread [1, 8]. In this study, the performance comparison of the features used in block-based
approaches and the fusion features obtained by combining these features in various
combinations was performed. Figure 1 presents the flowchart of the proposed method, which
shows the general operation of the proposed method.

In the first stage of the proposed method, the analyzed image is divided into overlapping 8x8
blocks. The 8x8 block size is chosen because it is widely used in block-based approaches in the
literature [10, 18]. While smaller blocks require higher computational costs and increased
memory consumption, larger blocks may result in a loss of detail and decreased detection
accuracy.

In the second stage, Local Binary Pattern (LBP), Histogram of Oriented Gradients (HOG) and
Multiscale Basic Features (MBF) are extracted separately from each block. For each of these
methods, 9-dimensional feature vectors are obtained from LBP and HOG, and 1536-
dimensional feature vectors are obtained from MBF. In order to evaluate the performance of
hybrid features, these individual features are combined to form new feature sets. For example,
the HOG+LBP combination provides 18-dimensional feature vectors, HOG+MBF provides
1545-dimensional feature vectors and LBP+MBF provides 1545-dimensional feature vectors.
These hybrid features are named as HOG+LBP, HOG+MBF and LBP+MBF, respectively.

782



Block-Based Forgery Detection: Performance Comparison Using HOG, LBP and MBF

Input Image
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Features Features Features

— b

Use Features and Hybrid
Features to Identify
Matching Blocks

l

Apply RANSAC to
Eliminate False Matches

l

Mark Matching Blocks as
Forgery Region

Figure 1. Flowchart of the suggested approach

In the last stage, all extracted features in the second stage are stored in the M matrix and sorted
according to the dictionary order. If the Euclidean distance between each feature vector and the
other vectors in the M matrix is less than the previously determined threshold value, these
vectors are considered to be matched and the relevant blocks are labeled as copy-move forgery
regions. In this method, hybrid features obtained by combining the features frequently used in
keypoint-based methods are used in the block-based approach.

3.1 Dataset

The CoMoFoD dataset is a rich database that is widely used in research on digital image forgery
and contains different forms of forgery. For each 40 images in the CoMoFoD dataset, a total of
200 images were created by applying operations such as translation, rotation, scaling, distortion,
combination. In addition, different types of attacks such as image blurring (I1B), color reduction
(CR), JPEG-compression, contrast adjustment (CA) and changes in brightness (BC) were
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applied to these 200 images in the CoMoFoD dataset. The final number of all these 512x512
images is 10,400. In this study, only the first 40 images containing translation in the CoMoFoD
(Copy-Move Forgery Detection) dataset were used to measure the performance of the
application developed for copy-move forgery detection.

4. Experimental Results

In this study, experiments were conducted to compare the performance of various features for
the copy-move forgery detection problem. The experiments were performed on a computer with
an Intel i5 processor and 8 GB of RAM, using the Python programming language. In this
context, HOG, LBP, MBF and combinations such as HOG+LBP, HOG+MBF, and LBP+MBF
were included as features.

The experiments were conducted on 40 plain copy-move forgery applied images with a
resolution of 512x512 from the CoMoFoD dataset. Precision, recall, F1-score, and accuracy
were used as performance metrics. Precision measures the ratio of pixels that are actually fake
among all pixels labeled as fake, while recall measures the ratio of correctly predicted fake
pixels to the total fake pixels. In short, precision focuses on the false positives, while recall
focuses on the rate of forgery detection. Since both metrics are important, the harmonic mean
of precision and recall is calculated as the F1-score. Lastly, the accuracy is calculated as the
ratio of correctly labeled pixels to the total number of pixels. The calculation formulas for
precision, recall, F1 score and accuracy metrics are given in Equations 1, 2, 3 and 4,
respectively.

recall(r,) = TPTJFPFN ?
o TP
Precision(p,)=—— ?
_ Recall*Precision (3)
F1Score = 2 x Recall+Precision
__TheTn
Accuracy T TP+FP+TN+FN ¥

Table 1 shows the results of the experiments performed using 40 plain copy-move forgery
images from the CoMoFoD dataset.

Table 1. Results of experiments

Method Precision Recall F1 Score Accuracy

HOG 0.297 0.928 0.451  0.799
LBP 0.868 0.894 0.881  0.986
MBF 0.895 0.869 0.882  0.990
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Method Precision Recall F1 Score Accuracy

HOG+LBP 0.879 0.871 0.875  0.989

HOG+MBF 0.874 0.873 0.874  0.989

LBP+MBF 0.878 0.891 0.885  0.990

As shown in Table 1, the experiment using the HOG feature resulted in a high recall value but
a low precision value. This shows that the HOG feature tends to over-detect fake regions, which
leads to a large number of false positives.

Table 2 presents the performance comparison of the proposed method with other methods in
the literature. The performance results in Table 2 are obtained using 40 plain copy-move forged
images from the CoMoFoD dataset. Except for the proposed method, other method results are
taken from [10]

Table 2. Comparative analysis for plain copy-move forgery applied to 40 forged images in
CoMoFoD dataset.

Method Year Precision Recall F1 Score
Lietal. [18] 2014 0.418 0.833 0.557
Silvaetal. [19] 2015 0.492 0.775 0.602
Liuetal. [20] 2018 0.455 0.802 0.581

Kumar et al. [21] 2022 0.910 0.818 0.844

Proposed

Method 0.878 0.891 0.885

The precision and recall values obtained in the experiments performed using the LBP and MBF
features are consistent and higher. These methods have shown an effective performance in
detecting fake and non-fake regions. In the experiments conducted with the HOG+LBP,
HOG+MBF, LBP+MBF methods obtained by the combination of features, they showed slightly
better performance than the individual methods. The best overall performance was obtained by
LBP+MBF with 0.878 precision, 0.891 recall and 0.990 accuracy.
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In Figure 2, some prediction images obtained from the experiment performed with the
LBP+MBF features, which obtained the highest performance, are given.

Figure 2. Results of the suggested approach on plain copy-move forgery images from the
CoMoFoD dataset: a) counterfeit image, b) ground truth, c) detection result of the proposed
method.

5. Conclusions

In this study, the performances obtained by using HOG, LBP, MBF features and different
combinations of these features in the block-based approach were compared for the copy-move
forgery detection problem. The experiments were carried out by measuring the similarities of
HOG, LBP, MBF and HOG+LBP, HOG+MBF and LBP+MBF features on 40 forged images
in the CoMoFoD dataset. In the performance evaluation performed using precision, recall, f1-
score and accuracy evaluation metrics, the application performed with LBP+MBF provided the
highest performance. The lowest performance was obtained in the experiment performed using
the HOG feature. In the future, the use of more robust features and machine learning models
will be investigated to improve the detection rate in the block-based approach.
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Abstract

In this model, the models created by Chua and Wang about high and low order basic passive circuit elements
are mentioned and the advantages and disadvantages of these models are commented comparatively. In the
Chua model, voltage, current, flux and load are considered as fundamental quantities and these circuit elements
are placed with a quadratic method. On the other hand, in the Wang model, a new model is put forward on the
grounds that voltage and current are not fundamental quantities, and therefore the quadratic model is not
completely correct. According to this model, only flux and load are considered as basic quantities and circuit
elements are positioned with a triangular model. However, since there are some deficiencies/errors in the
placement of the elements in these two models, we think that both models are not completely correct. Thus, we
come to the conclusion that accurately defining the advantages and disadvantages of both models will form an
important basis for creating a more accurate model.

Keywords: Memristor, Chua’s model, Wang’s model

Temel pasif devre elemanlari iizerine modellerin karsilastirilmasi

Oz

Bu galismada, yiiksek ve diisiik dereceli temel pasif devre elemanlari hakkinda Chua ve Wang tarafindan
olusturulan modellerden bahsedilerek bunlarin avantajlar1 ve dezavantajlarindan mukayeseli olarak
bahsedilmektedir. Chua modelinde gerilim, akim, aki ve ylik temel biiyiiklik olarak disiiniilerek bu devre
elemanlar1 karesel bir metodla yerlestirilmektedir. Buna karsin Wang modelinde ise, gerilim ve akimin temel
biiytikliik olmadig1 ve bundan dolay1 karesel modelin tam manasiyla dogru olmadig: gerekgesiyle yeni bir model
ortaya konulmaktadir. Bu modele gore, sadece aki ve yiik temel biiylikliik olarak diisiiniilmekte ve tiggensel bir
model ile devre elemanlar1 konumlandirilmaktadir. Ancak bu iki modelde de elemanlarm yerlestirilmesinde
bazi eksikler/hatalar bulundugu i¢in her iki modelin tam olarak dogru olmadigmi diisiinmekteyiz. Béylece her
iki modelin avantajlar1 ve dezavantajlarmin dogru olarak tamimlanmasiyla daha dogru bir modelin
olusturulmasinda 6nemli bir temel olusturacag diisiincesine ulasmaktayiz.
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Comparision of models on basic passive circuit components

1. Introduction

It was thought that the basic circuit elements were now completed, the starting with the
invention of the capacitor by Ewald Georg Von Kleist in 1745, and then continuing with the
resistor in 1827 by Georg Simon Ohm, and a few years later with the proposal of the coil by
Michael Faraday in 1831. However, considering the relations between voltage, current, flux
and load, which are accepted as basic quantities by Chua in 1971, it was stated that there should
be a circuit element that should establish the relationship between flux and load [1]. After this
study [1], researchers began to focus on both this proposed new circuit element and its different
derivatives. Afterwards, the relationship between these elements and which basic guantities
should be became a matter of debate, and as a result, two separate models were proposed in this
field [2,4].

Chua’s Model: The first model about circuit elements was proposed by Chua [2]. Chua first
created the quadratic model shown in Figure 1 in 1971, the fourth of which he called memristor,
and which showed a symmetrical connection between four circuit elements, including the other
three basic circuit elements: resistor, capacitor and inductor [1,2]. All elements shown in the
same color in Figure 1 are defined as belonging to the same circuit type, that is; They are the
forms which are frequency dependent resistors (red), inductors (blue), negative resistors
(orange) and capacitors (green) [2]. In this way, when establishing relationships between circuit
elements, Chua accepted that there are four different quantities: current, voltage, load and
magnetic flux.
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Figure 1. Periodic table of circuit elements developed by Chua [2] in the form of two
terminals (a,p).

790



Comparision of models on basic passive circuit components

It is mentioned that in this model, there is a circuit element that establishes a linear connection
between each of the four quantities. According to this, a resistor is a circuit element that
establishes a relationship between current and voltage, a capacitor between load and voltage,
and a coil between flux and current. Chua mentioned this connection in her work in 1971, where
he stated that there is no element that provides a connection between the flux and the load, and
that this is the memristor, which is a missing circuit element [1,3]. In consequence, Chua created
a model by mentioning that the basic elements are not limited to just four, as shown in Figure
1, but are much more.

According to Chua’s model, o denotes voltage, B denotes current, and the change along the axis
indicates the degree of derivative or integral of current or voltage. In addition, in the model,
resistance is considered as [0,0] since it is an element that has a direct relationship with current
and voltage. The capacitor is included in the table as [0,-1] since it is the integral of voltage and
load (integral of current), and the coil is included in the table as [-1,0] because it establishes the
relationship between flux (integral of voltage) and current. Here, the (-) sign denotes the integral
and the (+) sign denotes the derivative. For example, according to this model, there is a circuit
element that reveals the [-2,+3] relationship, and it provides the relationship between the
second-order integral of the current and the third-order derivative of the voltage. As seen in
Figure 1 [2], the elements arranged diagonally are of the same type; for example, all of the red
colored elements represent the series of elements that show resistor properties, the blue colored
elements show coil properties, the green colored elements show capacitor properties, and finally
the yellow colored elements represent the series of elements that show negative resistance
properties.

Wang’s Model: \Wang [4], in her Chua model [5], claimed that the Chua model was not correct
by explaining some asymmetric and abnormal situations and listed these claims as follows:

a. Unitary Abnormality: While the passive circuit elements resistor, capacitor and coil have
their own units such as Ohm, Farad and Henry respectively, a different unit cannot be
recommended for the memristor in the Chua model, and the use of ohm as the unit of the
memristor gives the impression that this model is incomplete or incorrect [4].

b. Nonlinearity Anomaly: When Chua’s model is examined, it can be said that the elements
consist of two different groups. One of these groups consists of linear passive circuit elements
such as resistors, capacitors and inductors, and the other group consists of non-linear behavior,
including the memristor. In this case, the memristor, which is the element in the second group,
should show non-linearity. Otherwise, it can be concluded that the memristor should have the
same characteristics as a resistor [1,4].
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c. Status of Fundamental Quantities: Chua model was developed on the basis of two
fundamental relations: voltage and current. It is stated that these relations have the equation

forms which are i =dg/dt and v =de/dt. However, Wang [4] states that this assumption is
completely incomplete or wrong.
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Figure 2. Triangular model developed by Wang for basic circuit elements [4].

d. Presence of Negative Element: In the Chua model [2], there is a negative resistance and the
presence of this element causes the inconsistency between active and passive elements. Because
negative resistance can be achieved with some active elements.

This model, developed by Wang as an alternative to Chua’s model due to the anomalies or
deficiencies mentioned by Wang about the Chua model above, is not square but has a triangular
format, unlike Chua [4,6]. As a result, it is possible to depict the Wang model, which has two
basic quantities and three basic circuit elements, as shown in Figure 2, as schematized by Wang

[4].

2. Results and Discussions

In his proposed model, Chua accepted elements such as resistors, capacitors, coils and negative
resistors as basic elements, and it is possible to depict the current-voltage curves of these
elements as suggested by Chua [2,3], as shown in Figure 3. As seen in Figure 3, the precisely
known elements are resistor, capacitor, inductor and memristor. As stated in this figure, the
relationship between current and voltage is linear in the resistor, and hysteresis in the oval

792



Comparision of models on basic passive circuit components

memristor, capacitor and inductor. Also, if you pay attention, when the voltage is zero in the
resistor and memristor, the current is also zero, and in the capacitor and coil it is different from
zero. This means that there is no phase difference in the resistor and memristor and they do not
store energy, while there is a phase difference in the capacitor and coil and they store energy

[7]1.
Direng i Kapasitor 1
dv=Rdi / dg = Cav
Vv \—/
M~ e
indiktor i
nane Memristor A j
Do =Ldi \ dé=Mdq
\‘ﬁy ' O‘ T v

Figure 3. Current-voltage graph of the four basic passive circuit elements, according to
Chua's idea.

In addition, since these four elements, the capacitor, inductor and memristor, have frequency-
dependent properties, it can be said that these three elements have the ability to store
information. When the voltage-current, voltage-load and current-flux curves of memristors,
memcapacitors and meminductors, which are considered as memeelements, are examined
among themselves, respectively, it can be seen in Figure 3 that the hysteresis curve is obtained.
Additionally, when Figure 3 is examined, it can easily be said that the four passive circuit
elements are a group or have similar features. It is also possible to observe these changes in
different literature studies [8].

Due to the anomalies or deficiencies in the Chua model, the model developed and explained by
Wang as an alternative to Chua has a triangular format that not square, unlike the Chua model,
as depicted in Figure 2 [4,6]. According to this format, neither resistor, capacitor nor coil are
basic circuit elements, but memristor, memcapacitor and memminductor are accepted as basic
circuit elements. Another difference of this model from the Chua model is that voltage and
current are not accepted as fundamental quantities, and these quantities are only the time
derivatives of flux and charge and they are not thought to be separate quantities.

As seen in Figure 2, according to Wang's model, each corner of the triangle represents a
different type of basic circuit element. In other words, there are three types of elements as basic
circuit elements and the other elements are derivatives of these three elements. For example,
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memcapacitor is the basic circuit element and but capacitor or 1st order memcapacitor is a
derivative of it.

Table I. Compatibility of the relationship between charge (q) and flux (¢) with the new
element, according to Wang's idea [4,7].

Relationship between g and ¢ Compatibility with the new element recipe.
q-9¢
d It fits.
S ®»
dt
do
a dt
dqg de It does not fit.
dt dt

According to Wang's idea [4,9], the fundamental quantities are only charge (g) and flux (¢).
Therefore, the number of new elements will also decrease as the number of basic sizes
decreases. According to Wang's approach, for an element to be a basic circuit element, elements
that provide a connection either between the load and flux, or between the derivative or integral
of only one of them and itself, can be new elements. As a result, this situation is shown briefly
in Table I.

Thus, when these two models are compared, it is possible to say that both models have missing
and advantageous parts. In the Chua model, which is the first mentioned model, the basic
quantities are accepted as four. At this point, "Are voltage and current a fundamental quantity,
or are voltage derived from the derivative of the flux and current from the time derivative of
the load, respectively?" It is natural that the question comes to mind. If voltage and current are
accepted as quantities, it can be said that the initial assumption of Chua's model is correct and
the model proposed by Wang is wrong. However, if voltage and current are not fundamental
quantities, then it comes to mind why only charge and flux are fundamental quantities. If it is
said that voltage is the time-dependent derivative of flux and current is the time-dependent
derivative of the load, then it can be assumed that the flux is the integral of the voltage and the
load is the integral of the current. Therefore, this situation cannot be considered as either a
completely correct or completely wrong assumption.
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Another situation is that negative resistance is present in Chua's theorem but not in Wang's
theorem. If the resistor is a new element, the negative resistance is expected to be accepted as
a new element. However, this element is present in Chua's table but not in Wang's table.

On the other hand is that Wang did not accept resistor, capacitor and coil as a basic element,
and instead memristor, memcapacitor and meminductor were accepted. While a behavior such
as resistance exists in almost all elements, it remains a question mark why it is not considered
a basic element. The same applies to capacity and coil. Therefore, it will be difficult to accept
Wang's theorem as correct in this respect.

Again, three basic elements were accepted by Wang and the other elements were considered as
different versions of these three basic elements. This reveals the situation that there will be no
new element, which cannot be said to be completely true. In addition, in Wang's theorem, it is
assumed that there is no connection between the second order derivative and the first order
derivative of an element. In other words, there is always a relationship between the degree of
derivative or integral of something and the derivative or integral of that degree.

In Chua's theorem, it has revealed a contradiction the fact that the units of elements such as
memristors and memcapacitors are the same as those of resistors and capacitors. Therefore, it
can be said that this situation is one of the weakest points of the Chua model.

3. Conclusion

In this study, the Chua and Wang models, which are the two main models proposed so far on
passive basic circuit elements, are commented in the terms of circuit elements. These circuit
elements, including the basic circuit elements resistor, inductor, capacitor, and the smart resistor
(memristor) proposed in their context, are examined in these two models, and the models are
compared to each other in terms of circuit elements such as current, voltage and flux.

In the Chua model, current, voltage, flux and charge are considered as fundamental quantities.
However, in the Wang model, voltage and current are not fundamental quantities and elements
such as flux and charge are considered as fundamental quantities. But, due to our opinion of the
fact that there are some deficiencies and errors in the placement of the elements in both models,
we conclude that it is not possible to interpret that both models are completely correct in the
placement of the elements and their association with each other.

Resultantly, the necessity of new elements increases day by day, but it is of great importance to
define and model them mathematically correctly. Predicting the behavior of higher order
elements is delayed due to the inadequacy of the presented models. Although both models
offered to eliminate this deficiency have disadvantages and advantages, it is important to come
up with a new model to overcome this bottleneck. As a result, if a model is to be created, it
must first be well defined exactly what the required quantities will be, and the model must be
built on it.
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Abstract

In this article, a square wave was generated with a voltage-controlled oscillator circuit (VCO) using a bandgap
reference voltage circuit and a low drop-out (LDO) circuit. The band gap reference circuit can generate a
constant 500mV voltage between -40°C and +125°C. The LDO circuit is driven by a bandgap reference voltage
circuit and exhibits a stable output even at different voltage levels. The last circuit, VCO, is driven by the LDO
circuit. It can generate square waves between 1200MHz and 1600MHz at the output. Simulations using 130nm
TSMC technology parameters have been successfully achieved.

Keywords: Bandgap reference voltage circuit, low dropout regulator circuit, voltage controlled oscillator
circuit.

Sicakliktan ve Kaynaktan Bagimsiz Devreler ile Voltaj Kontrolli Osilator

Gerc¢eklenmesi

Oz

Bu makalede, band araligi referans gerilim devresi ve diisiik diigiimlii regiilator devresi (LDO) kullanilarak
gerilim kontrolli salinict devresi (VCO) ile kare dalga iiretildi. Band araligi referans devresi -40°C ile +125°C
arasinda sabit 500mV gerilim iiretebilmektedir. LDO devresi ise band araligi referans gerilim devresi ile
stiriilmekte olup farkl gerilim seviyelerinde bile kararli bir ¢ikis sergilemektedir. Son devre olan VCO ise LDO
devresi tarafindan siiriilmektedir. Cikista 1200MHz ile 1600MHz arasinda kare dalga iiretebilmektedir. 130nm
TSMC teknoloji parametreleri kullanilarak yapilan benzetimler basarili bir sekilde elde edilmistir.

Anahtar Kelimeler: Bant aralig1 referans gerilim devresi, diisiik ¢ikigh regiilator devresi, gerilim kontrollii
osilator devresi.
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Voltage Controlled Oscillator Realisation with Temperature and Source Independent Circuits

1. Introduction

In order to obtain circuits to operate with good performance, voltage reference circuits that are
independent of temperature and power supply fluctuations are required [1],[2]. It is possible to
find many reference voltage circuits with different features in the literature [3-6]. Especially, it
is important to design sub-1v supply circuits [7].

Low drop-out (LDO) circuits are used as power supplies in RF, analog and mixed signal
applications [8]. In noise-sensitive systems, a low-output regulator is generally used after the
DC-DC converter stage to meet the power need. In LDO circuits, wide loop bandwidth and fast
response time are important at the design stage, and studies that take these parameters into
consideration can be easily found in the literatiire[9-10].

Voltage controlled oscillators (VCO) are circuits that are widely used in many applications and
can produce square waves even at high frequencies. Ring oscillators and LC oscillators can also
be used as voltage-controlled oscillators. Ring oscillators are types of oscillators obtained by
connecting the last delay stage to the first delay stage [11]. If the delay multiples increase, the
frequency of the produced signal decreases and its cost increases[12-13].

In this study, the band gap reference voltage circuit, LDO circuit and VCO circuit found in the
literature were rearranged for the desired purposes and turned into a block that can work
together. Bandgap reference circuit exhibited high performance from -40°C to 125°C. LDO
circuit also exhibited similar performance under connected capacitor and current source as load.
The last circuit, VCO, generated a close to ideal square wave at the desired frequencies even
under load. For all simulations, TSMC 130nm parameters were are used to analyze the circuits
and all results are obtained with high performance.

2. Material and Methods
2.1.Bandgap Reference Voltage Circuit

While designing the bandgap reference voltage circuit, the opposite temperature coefficients of
PMOS and NMOS transistors were used. There are many transistor models, and in this study,
mathematical analyzes were made using the o power model [14]. Vgs voltage,

s

anl, (T |«

Ves_zrc = Vo =T + 8 ° (T_j (2.1)
0

When the first order derivative of the above expression is taken with respect to temperature,

av T\
GS _ZTC
—_ = = + JE— 2.2
e n H[Toj (2.2)
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Similarly, when the above expression is derived one more degree with respect to temperature,

d Ves_ztC B Eay_ L
— ez [P _q|pT e Ta 2.3
de (a j’] 0 ( )

Here, V1Ho is the threshold voltage at zero Kelvin, n, o, B are constant coefficients, and when
the second order derivative is equal to zero, the B value must be equal to the a value. This
ensures that transistors operate independently of temperature. Although the B value is fixed and
1.5, the a value varies between 1 and 2. For a value equal to 1, the transistor must be operated
in the active region, and for a value greater than 1, it must be operated in the saturation region.
Since both values (a, ) must be equal, the two values become equal thanks to the saturation
operation of the transistors.

As seen in Figure 1, the tail current of the OTA (Operational Transconductance Amplifier)
circuit is created by the Mag transistor driven by the voltage created with the help of the Ma1-
Maas transistors. A simple OTA structure was used, consisting of OT A Mas-Mag transistors, and
its output was connected to the gate terminals of Maio-Ma11 transistors to drive them. In
addition, the required current for the LDO circuit was created with the help of Ma1s-Mazis
transistors.

Current driver stage OTA Temperature independent circuit  Current source generator

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
“““““

Mar ] F—— EMAZ Mas |—'—| Mas M“‘DWEMA“ Voltage

output |
‘ Ma3 ’—I—'EMM :
s  Tw 3™
‘ RA1 P

MaA14 |
4 : |—%E MAl(%
— Current output

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 1. Modified temperature independent bandgap reference circuit[14]

The dimensions of the transistors in the circuit and the values of the elements used are important
to obtain the 500mV voltage value. Table 1 contains information about circuit elements.

Tablel. Element dimensions and values of the circuit.

Circuit Element | W(um) | L(um) | Circuit Element | W(um) | L(pum)
Ma1-a2 2 1 Maz12 16.1 1.3
Masz-a4 4 4 Maa1s 8.1 1
Mas-as 16 4 Mai4 10 1
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Maz-as 16 2 Mais- A16 1 1
Mag 3 1 Ra1 10 kQ
Maio 16 2 Raz 110 kQ
Ma11 16.2 2 Ras 120 Q

As seen in Figure 2a, a temperature-independent voltage value of 500mV was successfully
obtained. The temperature changed from -40°C to 125°C with 5°C temperature steps.

504 500.4
5027 500.2
< —
£ 500 — E
5 E 500 —
> >
498 — 499.8 —
496 i : 499.6 : : :
0 10 20 30 -50 0 50 100 150
time(ms) Temperature (°C)
(@) (b)

Figure 2. a) Time-dependent reference voltage output b) the reference voltage output for
different supply voltages.

The output voltage of the circuit according to different supplies is seen in Figure 2b. As can be
seen from the figure, the circuit exhibits a very stable output despite the wide temperature range,
showing a change of 5.5 ppm/°C. Finally, the frequency-dependent variation of the power
supply rejection ratio (PSRR) value was obtained in Figure 3 and was found to be -20dB on
average.
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Figure 3. The change of PSRR value depending on frequency.

2.2. LDO Voltage Regulator Circuit

Low output regulator (LDO) circuits are used extensively in many analog circuits due to their
features such as low power consumption, high power supply rejection ratio (PSRR) and high
current capability [8]. Many different types of LDO circuits can be found in the literature [15-
18]. The LDO circuit [19] found in the literature, which will be used for the square wave
generator, has been modified. The block diagram of the circuit is shown in the figure 4. Here,
while reference voltage is applied from the positive input of the opamp, feedback is provided
from the other input. A high current block was added to the circuit to provide the high current
(a few mA) required for the oscillator circuit.

Reference
Voltage +

Opamp

Supply voltage

C

High current

Output
]

i block
Tunable
resistor
T
R1 Load
R2

Figure 4. Block diagram of the LDO circuit.
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As seen in the circuit in figure 5, the LDO circuit consists of three blocks. These are the opamp
section where amplification and comparison are performed, the variable and fixed resistance
region for feedback and voltage level control, and the high current block to provide high current.

Amplifier Circuit High current stage

LDO_Out
|

A

.
.
.
.
- [T Ma10 {

< 9 L 1
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lJ

]

]

]
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Figure 5. Modified LDO circuit diagram [19].

Here, capacitor Cg: provides impedance matching thanks to its high resistance at low
frequencies and low resistance at high frequencies. Cg> capacitor is also used to improve the
power supply rejection ratio (PSRR) value. Mgs-Mgs transistors are transistors used to adjust
the current given to the load at the output. The current drawn by the load occurs through the
Mgg and Mgy transistors and the Rgs resistor. Here, resistors Rg2 and Rgs are used to limit
unnecessary current flow and therefore excessive power consumption. Resistors Rg: and Rga
are also used to regulate current flow when there is no load. Mgs transistors, generally called
power transistors, are implemented with PMOS transistors. However, in this design, NMOS
transistor was used due to its higher electron mobility and lower parasitic capacitances
compared to PMOS transistor. The dimensions and element values of the elements of the circuit
are given in table 2. Here, care has been taken to create a circuit suitable for chip
implementation, especially by choosing low capacitor values.

Table 2. Element dimensions and values of the circuit.

Circuit Element W(um) L(um) | Circuit Element | Element values
Mg1-2,6 2 1 Ce1 3pF
Mgs3-5.7.9 1 1 Cse2 10pF
Mg10-16 30 0.25 Re1 100kQ
Rp2 30kQ Res 1kQ
Re4 10kQ RBgs 146kQ
Rss 200kQ Rg7 110kQ
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When the input is 1.8V, the output voltage is measured as 1.2V. As seen in Figure 6a, the output
was measured as a stable and constant value when 500pF load capacitor is connected. Likewise,
when the input voltage was set to 2.5V, the time-dependent change of the output voltage was
measured. It can be easily seen in Figure 6b, even if the input voltage changes radically, the

output voltage changes very little.

1.23

1.25
Output voltage Output voltage

1.22 1.24 —
S 121+ S 123
G a S
S 12 > 1224

1.19 121+

1.18 ‘ ‘ 12 \ \

0 10 20 30 0 10 20 30
time (ms) time (ms)
(@) (b)

Figure 6. a) The variation of output voltage with time when the input voltage is 1.8V and b)

2.5V.

When the loop gain and phase margin of the LDO circuit are analyzed, it appears as shown in
Figure 7. Itis desired that the gain and phase angle of the LDO circuit be high. As seen in Figure
2.8, 108.06dB and 117.07° were obtained.

120

108.06

80

40 —

Loop Gain (dB)

40 4

Phase degree (degree)

10° 10' 10° 10° 10* 10° 10° 10" 10° 10°

Frequency (Hz)

Figure 7. Loop gain and phase margin changes.
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2.3. Voltage Controlled Oscillator (VCO) Circuit

Voltage controlled oscillator (VCO) circuits are advantageous circuit types due to their low
power consumption and suitability for VLSI circuits. There are different types of VCO circuits
in the literature [20-22]. In this study, the modified circuit is seen in Figure 8 and consists of
two basic blocks. The first block is the part where the square wave signal is produced, and the
second block is the block required to provide enough current when the load is connected. The
first block consists of 3 parts. The first part; It consists of the current supply stage, the inverter
stage where the signal is generated, and the current limiting stage that provides current
limitation. As the number of inverter stages increases, the generated signal decreases inversely.
To operate at high frequencies, inverter stages must be increased.

Voltage supply

[—u#wm Current
IC Mcs |—|E Mc7 |—|E Mc1s I—|E Mc1g |—|E Mc2s limitation stage
Cvee HAEMes I Mew —EMe —E Mes | nyerter stage
B |_:l Mcs |—||_f Mco |_||_f Mcis l_"j Mc21 I—| Mca7
H-igh —||: Mc1o [, Mcis [, Mc22 l_j Mc2s Current
current limitation stage
stage —|§Mcn EMCU EMcza Mc29
eIMCG Mci2 Mcis Mc24 Mcso
r T e o ! = ]

Mcs1i J_—
Output —
Mc32 VCONT

Figure 8. Modified VCO circuit [20]

In addition, Mc11, Mc17, Mc23 and Mcag transistors enable the Kyvco value to be improved. These
transistors take an active role in reducing the effect of changing the Vcont value. Transistor
dimensions and element values of the designed circuit are given in table 3.

Table 3. The element dimensions and values for the circuit.

Circuit Element | W(um) | L(um) | CircuitElement | W(um) | L(um)
Mci 2 1 Mc16,17,22,23 0.7 0.2
Mc: 1 2 Ma2s 2 0.2
Mcs 25 0.5 Mc2g 1 0.2
Mc4-5,8-9,14,15,20,21,26 27 0.3 0.2 Mcsi-32 1 0.3
Mcio-11 0.5 0.2 Mcs3-34 3 0.3
Mcs,12,18,24,30 14 0.35 Mcss-36 10 0.3
Mc7,13,19,25 15 0.5 Mcso-64 30 0.3
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The VCO circuit is supplied with 1.2V supplied from the LDO circuit. It has been successfully
achieved that the designed circuit produces a square wave between 0V-1.1V and its frequency
is controlled with a voltage source. Here, the control voltage value was set to 0.6V to generate
the signal and the signal at 1.2GHz was produced as seen in figure 9. Likewise, when the
control voltage was set to 1.1V, the output voltage was easily obtained as 1.6GHz without
distorting the signal shape.
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Figure 9. Signal generated by the VCO circuit a) 1.2GHz b) 1.6GHz.

Kvco value is a quantity that indicates the relationship between the control voltage and the
produced frequency. It is desirable that the generated frequency is not too sensitive to the
control voltage. Figure 10 shows the change in the frequency generated by the control voltage.
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Figure 10. Variation of frequency with control voltage a) with no load b) with
0.6pF load. Here, the Kvco value is 730 MHz/V.
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Another important advantage of the modified VCO circuit is the duty cycle value of the
produced square wave. Here, if these ratios for 1200MHz and 1600MHz frequencies are
calculated as in figure 11, the results are obtained as follows.
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Sekil 11. a) 1200MHz and b) 1600MHz signal output.

The duty cycle ratios for 1200MHz and 1600MHz signals are shown in table 4. As shown, the
duty cycle for 12200MHz signal is very good, is in acceptable limits for 1600MHz signal output.

3. Results and Disscussion

Table 4. Duty cycle ratios of signal outputs of the VCO circuit.

Frequency ton (ps) | toff(ps) Duty cycle ratio
1200 MHz 391.934 | 430.924 %47.63
1600 MHz 250.813 | 369.683 %40.376

As seen in Figure 12, the LDO circuit was fed by the current and voltage produced by the
temperature-independent bandgap reference circuit. Afterwards, the voltage source required by
the VCO circuit was produced with LDO. Thus, all blocks were fed with a single source and
the desired square wave production was achieved.

ﬁ Cikis

1.8V
’ 1
4
Band-Ga Reference Reference
Referencz Current LDO Voltage o VCO
N 4 Circuit Circuit
Circuit
Reference T
Voltage \C/onltrol
otlage

Figure 12. The connection diagram of all presented circuits.

When the band gap reference circuit, LDO circuit and VCO circuit are combined, oscillation is
achieved without much performance degradation. All circuits are connected to each other and
while the VCO circuit is driving a 0.4pF load, the current provided by the band gap reference
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circuit to the LDO circuit is seen in figure 13. Figure 13a shows the current drawn while
producing a 1200MHz signal. The pins seen here are a systematic problem caused by the
program and do not represent circuit performance. Additionally, as can be seen, the supplied

current exhibits a very stable behavior. A similar situation can be seen in figure 13b.
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Figure 13. Entire system is interconnected a) 1200MHz and b) 1580MHz
currents provided by the band gap reference circuit for signal outputs.

When all circuits are combined, the outputs of the LDO circuit are seen in the graphs below for
1200MHz and 1580MHz. As can be seen, both LDO outputs give almost the same result. From
here it is understood that the LDO circuit is stable.

15 15
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S S
(<5} ()
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0 100 200 300 400 500 0 100 200 300 400 500
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Figure 14. Entire system is interconnected a) 1200MHz and b) voltage
provided by the LDO circuit for 1580MHz signal outputs.

Finally, the VCO output is obtained when all circuits are connected to each other. As seen in
Figure 15, it is understood that the square wave shape of the signals produced at both
frequencies does not change.
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Figure 15. Entire system is interconnected a) 1200MHz and b) output
generated by the VCO circuit for 1580MHz signal outputs.

4. Conclusion

In this study, a bandgap reference voltage circuit was realized by taking advantage of the
opposite temperature coefficients of PMOS and NMOS transistors. The circuit exhibited a
stable behavior between -40 °C and 125 °C and the temperature change was obtained as 5.5 ppm
/ °C. The frequency-dependent variation of the PSRR value of the designed circuit between 1
Hz and 10 GHz was found to be -20 dB on average. While the input voltage of the LDO circuit
is 1.8V, the output voltage is measured as 1.2V. A square wave between 0V-1.1V was produced
with the VCO circuit, and signals at 1.2GHz and 1.6GHz frequencies were obtained with the
help of a voltage source. A 0.4pF load was easily driven by the generated square wave. This
study shows that the performance of the VCO circuit does not change when examined both
under load and no load. Finally, all circuits were connected to each other, the performance of
the entire system was examined, and the circuit block fed by a single high-performance source
was successfully operated.
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Abstract

Radiation at the high dose may attenuate myocardial functions while presenting the therapeutic effect on cancer
cells and thus can life-threatening. There are numerous phytotherapeutic studies in the literature to reduce or
eliminate tissue damage. Therefore, the current study was planned to evaluate the role of umbelliferone
radiation-induced cardiac injury using biochemical and histological data. Rats will be divided into eight
different groups as control, radiation and treatment groups. Radiation exposure to the rats induced oxidative
stress, inflammation, pathological changes and vascular dysfunction in cardiac tissue. Whereas umbelliferone
in high dose (100 mg/kg) pretreatment supported the anti-oxidant activity and also reduced inflammatory
response and histopathologic damage in heart tissue against radiation-associated toxicity. In conclusion, it was
shown that umbelliferon (100 mg/kg) pretreatment can be used against the side effects of radiotherapy.

Keywords: Radiation, umbelliferone, oxidative stress, cardiotoxicity, rat

Umbelliferon'un Radyasyona Bagh Miyokard Hasarlarina Kars1 Radyoprotektif
Etkisi

Oz

Yiiksek dozda uygulanan radyasyon, kanser hiicreleri lizerinde tedavi edici etki gosterirken miyokardiyal
fonksiyonlar1 zayiflatmakta ve yasami tehdit etmektedir. Literatiirde doku hasarini azaltmak veya gidermek i¢in
¢ok sayida fitoterapotik ¢aligma vardir. Bu caligma ile biyokimyasal ve histolojik yontemler kullanarak
umbelliferonun radyasyona bagli kalp hasarindaki roliiniin degerlendirilmesi hedeflenmistir. Bu amagla,
Sicanlar kontrol, radyasyon ve tedavi gruplari olmak iizere sekiz farkli gruba ayrilmistir. Sicanlarin kalp doku
orneklerinde radyasyon maruzuyetinin oksidatif streste artma, inflamasyon, patolojik degisiklikler ve vaskiiler
disfonksiyona neden oldugu goriilmistiir. Yiiksek dozda (100 mg/kg) umbelliferon uygulanan grupta ise anti-
oksidan aktivite desteklenmis ve radyasyonla iligkili toksisiteye karst kalp dokusunda inflamatuar yanit1 ve
histopatalojik hasar1 azalttigi goriilmiistiir. Sonu¢ olarak, umbelliferon (100 mg/kg) 6n tedavisinin
radyoterapinin yan etkilerine kars1 kullanilabilecegini géstermistir.

Anahtar Kelimeler: Radyasyon, umbelliferon, oksidatif stres, kardiyotoksisite, sican

*Corresponding Author: scolak@erzincan.edu.tr 811
Nurdan DUMLU, https://orcid.org/0009-0009-1658-6484

Fatime GEYIKOGLU, https://orcid.org/0000-0003-2488-1757

Suat COLAK, https://orcid.org/0000-0001-8320-3038


https://orcid.org/0009-0009-1658-6484
https://orcid.org/0000-0003-2488-1757
https://orcid.org/0000-0001-8320-3038

Radioprotective Effect of Umbelliferon Against Radiation-Induced Myocardial Damages

1. Introduction

According to the report published by the World Health Organisation in 2021, cardiovascular
diseases are in the first place among the causes of death. In second place are respiratory system
diseases due to the Covid-19 pandemic that we experienced between 2019-2021. Cancer cases,
which were in the top 3 among the causes of death in previous years, decreased to 6th place
among the causes of death with the global epidemics [1]. By 2035, It is estimated that there
will be 24 million new cancer cases worldwide [2]. Surgery, chemotherapy, radiotherapy
methods and their combinations are still frequently used in cancer treatments. Radiotherapy
(RT), one of them, remains the most widely used method of cancer treatment and is estimated
to be given to a round 60% of cancer patients [3]. Although ionizing radiation therapy has
beneficial effects on living cells, it has also been reported that it has many side effect that
develop depending on dose and duration and finally this effects reduced quality of life [4].
Furthermore, these adverse effects have also been linked to developing metabolic disorders,
which may cause to serious complications such as renal failure, impairment in lung function,
liver injury, neuropathy, atherosclerosis or cardiac damage [5-9].

Many of these toxic effects result from excessive Reactive Oxygen Species (ROS) that induce
oxidative stress caused by ionising rays used in radiotherapy [10]. Our body has an antioxidant
enzymatic defense system such as catalyze (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GPx). These prevent oxidative stress by directly scavenging reactive
oxygen species or reducing their effect [11]. In cases where this system is insufficient, the intake
of primarily plant-derived dietary antioxidants is thought to play an important role in protecting
human health [12-14].

The coumarins are biologically active compounds that have heterocyclic structure and
belonging to the class of benzopyrone. Coumarins and their derivatives have recently been
studied extensively and found to have many biological properties, including antibacterial, anti-
inflammatory, antioxidant, antitumor, antiviral, and especially anticoagulant [15-17].
Umbelliferone (UMB), known as 7-hydroxycoumarin, is a naturel coumaric compound that
found in many plant [18]. Although there are many theories to explain how umbelliferone
works, the most widely accepted is that it has antioxidant properties [19]. Studies have reported
that it is effective against myocardial ischaemia damage [20], liver damage [21], testicular
dysfunction [22] and diabetic nephropathy [23].

In recent years, the discovery of new agents of natural and herbal origin has become
increasingly popular among researchers due to the lack of complete treatment of human
diseases and undesirable side effects. From this point of view, this study aimed to determine
whether umbelliferone pretreatment reduces radiation-induced myocardial damage. Thus, our
study for the first time reveals the novel therapeutic role of umbelliferone in cardiac tissue
against radiation-induced injury.
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2. Materials and Methods
Umbelliferone and chemicals

Umbelliferone (purity >98%) and other chemicals have been purchased from Merck Healthcare
KGaA (Darmstadt, Germany). Thromboxane B2 (TXB2) was obtained from Cell Signaling
Technology (Danvers, MA, USA). TAC (Randox, UK), TOS commerical kits (Rel Assay
Diagnostics; Mega Tip, Gaziantep, Turkey) were purchased from commercial sources.

Animals care and maintenance

In this experimental study, fifty six male Spraque Dawley rats (weighing 280-300 g) were
obtained from Animal Center of Atatiirk University. The animals were housed in an air-
conditioned room (20- 24°C) with 12-hour light-dark cycle. The rats were provided free access
to standard feed and water ad libitum. All experimental procedures were approved by
Institutional Ethical Committee for Animal Care and Use at Atatiirk University, Erzurum,
Turkey (Code number: 263, 26.12.2019B.30.2.ATA.0.23.85-11) and were conducted in
accordance with the National Institutes of Health Guide for Care and Use of Laboratory
Animals [24].

Experimental design

The experimental groups were formed as 7 groups with 8 animals in each group. The groups
were administrated different doses as follows:
Group I: (Control group) given physiological saline,

Group IlI: (Radiation group) exposed a single high dose of 12 Gy of gamma rays,
Group 111, IV and V: (Umbelliferone groups) Administered umbelliferone (30, 60 and 90
mg/kg body weight/day) alone,

Group VI, VIl and VIII: (treatment groups) received umbelliferone orally (30, 60 and 90 mg/kg
body weight/day) for 5 days prior to radiation exposure.

The umbelliferone doses were determined based on the literature and our pilot studies [25]. After
treatment for 24 h, the animals were anesthetized by injections of 12 mg/kg xylazine and 80
mg/kg ketamine and were sacrificed to collect heart tissues. The tissue samples were carefully
collected and divided into two parts: one part was fixed in 10% formalin solution for
histopathological studies and the second part was stored as a lysate for biochemical and other
analysis.

lonizing radiation exposure

The cardiac irridation model was established as previously described by researchers [26,27].
According to the this procudure, a Theratron 780-C source (AECL, Ontario, Canada) with a
dose rate of 0.78 Gy/min was used to deliver a single 12 Gy dose to whole body. The
applications were carried out in the Radiotherapy Unit of Atatiirk University Medical College
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Hospital, Erzurum, Turkey. A tissue-equivalent ionisation chamber was used to calibrate the
exposure setup by physical measurement. The homogenous irradiation field measured 30 x 30
cm, exhibiting uniformity within 1%. Each rat was placed in a ventilated circular holder during
irradiation to minimize movement, ensuring that the whole body received a uniform dose of
radiation.

Total Antioxidant Capacity and Total Oxidant Status

Total antioxidant capacity (TAC) and total oxidative status (TOS) assay kits were used to
measure oxidative stress and resistance to oxidants. Measurements were conducted according
to the protocols of TAC and TOS Kkits [28,29]. The TAC and TOS results were given as mmol
trolox equivalent/L and pmol H2O; equivalent/L, respectively.

TNF-a and Thromboxane B2 (TXB2)

Rat heart tissue samples (approximately 2 g) were weighed and then stored at -80 °C. After,
tissue samples were homogenized into phosphate-buffered saline (PBS) and centrifuged at
10,000g, 4 °C for 10 minutes. The supernatants (40 ul) were collected and promptly transported
to —80 °C. Thromboxane B2 (TXB2) and tumor necrosis factor alpha (TNF-a) levels were tested
using commercially available ELISA kits, according to the manufacturer's instructions.

Histopathological studies

Rat heart tissue samples were fixed in buffered 10% formalin for 48 h and then embedded in
paraffin blocks. The heart tissues were sectioned at 5 um and stained using Haematoxylin-Eosin
(H&E), Congo Red and Periodic Acid-Schiff (PAS) methods. The slides were examined under
a light microscope. Changes in heart tissue were scored in twenty different areas for each
section. The cardiac lesions (congestion, infiltration, haemorrhage and apaptotic) in the groups
were scored out of a maximum of 18. These lesions were scored as 1 if less than 30%, 2 if
between 30-60% and 4-5 if more than 60% [30].

Statistical Method

Data analysis of TAC, TOS, TNF-a, TXB2 parameters was performed using SPSS 24.0 for
Windows software (SPSS Inc., Chicago, IL). Data are expressed as means = SE. Since, all
results follewed a normal distribution comparisons between the groups were carried out using
one-way parametric ANOVA. The data were commented according to the significance level of
0.05.

Results and Discussion
Evaluation of biochemical parameters

TAC, TOS, TNF-a, TXB2 tissue levels in all experimental groups are presented in Table |
according to the groups. In the RAD group (group I1), TOS levels in rat heart tissue increased
while TAC levels decreased compared to the control group. This is a clear indication that the
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oxidative balance in the heart tissue was impaired. However, no significant difference was
found between the control and RAD+UM25 and RAD+UM50 treated groups. Furthermore, it
was observed that these levels returned to control levels in UM100-treated rats.

We also evaluated the anti-inflammatory activity of UMB by determining the TNF-a value.
While the level of TNF-a was significantly up-regulated in the radiation-exposured group, the
group pretreated with UMB100 showed a marked down-regulation of TNF-a in the heart tissue
sample (p <0.05).

TXB2 levels were significantly higher in the irradiated group compared to the other groups

(p <0.05). This increase is an important evidence of vascular injury. In the rats treated with
different doses of UMB, the level of TBX2 did not change level of the control group (p> 0.05).

Table 1. Effects of Umbelliferone on TAC, TOS, TNF-a and TXB2 levels

TAC TOS TNF-a TXB2

(mmol Trolox (umol H20> (pg/mg tissue) (pg/mg)
Groups Equiv./L) Equiv./L)
Control 7.94+0.80 5.01+0.24 3.90+0.29 429+19
Rad 3.90 +0.10° 8.10+0.012 6.30+0.272 645+15°
Umb25 8.17+0.12° 5.13+0.06" 3.81+0.12° 411419
Umb50 8.29+0.27" 5.13+0.11° 3.78+0.05" 40713
Umb100 8.42+0.10P 5.05+0.19° 3.83+0.12° 404+8
Umb25+Rad 4.80+0.1620° 4.79+0.05%0¢ 5.10+0.152b¢ 596+132b
Umb50+Rad 4.6420.142b¢ 4,50+0.0520¢ 4.40 +£0.172b¢ 495+162b¢
Umb100+Rad 7.57£0.23 Ped 4,97+0.01°¢d 3.83+0.08P¢d 469+123bcd

Data are presented as means = SD (n=7). **¢¢ The groups in the same column with different
letters are statistically significant (p< 0,05). Abbreviation used: Rad: Radiation, Umb25: 25
mg/kg Umbelliferone, Umb50: 50 mg/kg Umbelliferone; Umb100: 100 mg/kg Umbelliferone

Many researchers are currently working on the development of new methods in cancer
treatment. But, as of today, radiotherapy is one of the most effective and preferred methods in
cancer treatment. Unfortunately, although the number of patients treated with this method is
increasing day by day, the side effects of the method have not been reduced [31,32]. In a clinical
application, ionizing radiation such as gamma rays or X-rays are frequently preferred. However,
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The type and dose of radiation have an important role in the development of cardiotoxicity seen
with radiation [33].

It has been demonstrated that exposure to ionizing radiation causes oxidative stress by increases
ROS production, reduces antioxidant capacity, and inducing apoptosis [34, 35]. The main
impacts of oxidative stress on cardiotoxicity induced by radiation involve several kinds of
molecular pathways and oxidative damage to organic macromolecules such as proteins, lipids,
and DNA. Excessive production of ROS also contributes to this impact. [31, 33]. Many of these
possible effects have been ameliorated by the presence of different antioxidants, both enzymatic
and non-enzymatic, including GSH-Px, SOD, vitamin E, melatonin and zinc [35]. The TOS is
frequently included in the set of parameters used to characterize cellular stress responses [36].
From our experimental data, we found that the level of TOS in rat heart tissues increased
significantly with the application of irridation. On the contrary, it was noticed that TAC levels
decreased. This indicates that irradiation increases oxidative stress in rat heart tissue and that
this stress depletes antioxidant stores. In the current study, high dose of umbelliferone
pretreatment increased TAC levels through umbelliferone supplementation, which is important
for the redox modulation of heart tissue after high-dose radiation exposure. Considering the
data, the results of our study clearly demonstrate that umbelliferone has a radioprotective effect
on the rat heart by decreasing the formation of reactive oxygen species

An essential intermediate and second messenger such as interleukin-1 (IL-1) and tumor necrosis
factor (TNF) are formed by irradiation-induced ROS [37]. Multifunctional proinflammatory
cytokine TNF-a. is primarily created by activated mononuclear phagocytes, however it can also
be produced occasionally by T Ilymphocytes, smooth muscle cells, and activated
polymorphonuclear endothelial cells [38]. The anti-inflammatory effect of umbelliferone
detected by biochemically measuring expression of TNF-a levels on irridation-induced cardiac
tissue damage. There are some articles indicating that inflammation occurs after irridation
applied to rat heart tissue [39,40]. The results of our study are similar to those of these studies,
and there was a significant increase in TNF-A levels in the patient group of animals. However,
pretreatment with high dose of umbelliferone prevented significant increases in TNF-a in
cardiac muscle cells and markedly reduced inflammation induced by acute irradiation. TNF-a
and other cytokines promote inflammation not only through the recruitment of white blood cells
but also through the activation of NF-kB. [41]. The inhibition of TLR/NF-«B signaling during
myocardial ischemia is believed to be connected to umbelliferone's radioprotective function
[42]. We attempted to demonstrate in this experimental investigation that umbelleriferone, in
addition to its antioxidant properties, plays an impotant role in the inflammatory response in
irradiation-induced heart damage.

Strong blood vessel constrictor Thromboxane A2 (TxA2) has been linked to the etiology of a
number of cardiovascular disorders. The half-life of TxA2 is very short and therefore is rapidly
metabolized to form the relatively stable but inactive TXB2 [38, 43]. In this work, the
concentration of TXB2 level was measured to reflect the quantity of TXAZ2. In the current
investigation, it was indicated that, in contrast to the control values, TXB2 levels were
considerably enhanced following acute radiation exposure. On the other hand, umbelliferone
injection dramatically reduces the rising radiation-mediated TXB2 levels in rats. This finding
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suggested that radiation exposure causes the secretion of pro-inflammatory cytokines and may
reduce vascular damage in the heart tissue. This finding could point to the potential of
umbelliferone as a novel endovascular treatment for heart damage.

Evaluation of histopathological changes

Histological examinations were performed on cardiac tissue from irridated rats using different
staining techniques, and examples of result are given in Figs. 1, 2 and 3. Firstly, H&E staining
results showed that the heart tissues of the control group rats had a normal morphology and
appearance. In the radiated patient groups, there were more light stained and necrotic areas
throughout the cardiac muscle tissue. This is an indication of weakened cardiac muscle tissue.
The presence of cylindrical shaped cell nuclei, oedema, congestion and infiltration were among
other important findings. Severe degeneration was also observed around the vessels, On the
opposite, in the Rad+UMB100 group, the heart tissue had a well-preserved appearance and
shape. The pathological changes, such as the presence of necrotic areas, congestion and edema,
were observed less frequently. The results in UMB25 and UMB50 groups were not given
because they were similar to the patient group (Fig 1).

Rad group was shown a severe damage in figure b-h. C; Congestion, N; Nekrosis, E; Edema,
H; Haemorrhage, I; Infiltration, double black arrows; Artery wall damage, black arrows;
Reduced edema area, Circle; Apoptotic cells, Frame; Vacuolization 1) Slight renal injury in
group given umbelliferone (100 mg/kg) before irradiated,. (H&E), Bar: 100 um
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According to the PAS staining results, the presence of light stained areas and a decrease in
glycogen content were observed in rat heart tissues exposed with radiation compared to the
control group. PAS staining also revealed edema and vessel wall degeneration, which were
present in H&E staining (Fig 2).

Fig. 2. Heart tissue section staining with PAS. a) The control group had normal architecture.
b) Reduced glycogen content in the irradiated group. Black arrow; Muscle cell degeneration,
White arrow; Intense PAS-positive staining around the vessel. (PAS), Bar: 100 pm.

With Congo red staining method, several histopathologic changes such as marked protein
accumulation was observed in cardiac muscle cells and vascular endothelium. However, this
was not observed in the UMB100-treated patient groups and histological results were similar
to the control group (Fig 3).
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Fig 3. a) The control group had normal architecture. b and c¢) The amyloid aggregations in
heart tissue (Circle) and vasculer area (Arrow) d) Normal histological appearance of kidney in
group given umbelliferone before irradiated. (Congo red), Bar: 100 um.

In order to provide more accurate and clear evidence of histopathological findings in rat heart
tissue, a semi-quantitative scoring system was performed and the results are presented in Table
2. As aresult of radiation exposure, congestion, inflammation, haemorrhage and apoptotic cells
increased in myocardial tissue and this result was statistically significant (p <0.05). Whereas in
the Umb100 pretreated group, pathological conditions could be restored.
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Table 2. Comparison of histomorphologic scores between groups in heart tissue

Control 0,00+0,00 0,00+0,00 0,00+0,00 0,00+0,00
Rad 5,49+0,50? 4,81+0,622 4,50+0,912 4,86+0,64%
Umb25 0,00::0,00° 0,000,00° 0,000,00° 0,00+0,00°
Umb50 0,00+0,00° 0,00+0,00° 0,00+0,00° 0,00+0,00°
Umb100 0,00::0,00° 0,00::0,00° 0,00::0,00° 0,00::0,00°
Umb25 +Rad 3,96+0,3430 4,69+0,472° 4,43+0,732P 4,72+0,52%0
Umb50+Rad 3,8440,413P 3,00+0,26%P¢ 1.80+0,443b¢ 1,70+0,4030¢
Umb100+Rad 1,41£0,1930¢ 1,60+0,112b¢ 1,5740,212b¢ 1,9240,243b¢
Data are presented as means + SD (n=7). 2°<¢ The groups in the same column with different letters are statistically significant (p<
0,05). Abbreviation used: Rad: Radiation, Umb25: 25 mg/kg Umbelliferone, Umb50: 50 mg/kg Umbelliferone; Umb100: 100 mg/kg
Umbelliferone

Cardiac dysfunction may result from radiation-induced cardiac fibrosis and remodeling [9]. Our
pathological findings demostrated numerous tissue damage such as widespread interstitial
edema, vacuolization, degenerations in arteries, widespread hemorrhagic formations,
degenerations in contraction bands, congestion in large and small capillaries, muscle fiber
degenerations, intense infiltration areas, decrease in glycogen content in muscle cells, amyloid
accumulations in the lumens of vessels and between muscle fibers. In line with our result, El-
Benhawy et al., (2021) found that, radiation exposure resulted in rregular longitudinal cardiac
muscle fibers with areas of destructive and necrotic myocytes, interstitial mononuclear cellular
infiltration, dilated congested blood vessels and dilated spaces between the cardiac muscle
fibers in heart tissue [44]. Also, with the work done by Sarhan and Naoum who showed
distorted cardiac muscle fibres of the irradiated rats with deeply stained nuclei (pyknotic) and
highly thickened and elongated arterial Wall [45].

In addition to all the findings, Hemnani and Parihar (1998) reported that the production of
superoxide anions and their derivatives, which cause peroxidation of lipids in cell membranes,
is responsible for the radiation-induced cardiotoxicity mechanism [46]. Damaged cardiac tissue
observed in the present study may be due to increased oxidative stress. Radiation-induced
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histopathological changes in rat heart tissue are significantly attenuated by pretreatment with
umbelliferone.

Conclusion

As a result, Current study reflects new and beneficial evidence about the role of umbelliferone
agianist heart injury before radiation exposure. Umbelliferone has a beneficial role in reducing
oxidative stress and cardio-toxicity induced by radiation exposure. Moreover, It has also been
shown to have a protective effect on biochemical, inflammation and pathological parameters.
Researchers should focus more on the development of new therapeutic agents for patients
harmed by IR exposure during radiotherapy.
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Abstract

This paper presents an analysis of the dispersion and |S,; | frequency characteristics of three periodic structures
constructed in rectangular waveguides. Unit cells with dielectric-loaded step discontinuities based on double
steps, symmetric double steps, and glide-symmetric double steps were investigated using full-wave
electromagnetic simulation software. All dispersion diagram results obtained from the three different models
are compared to each other by fixing the period of the unit cell (p = 13.68mm) for each periodic structure.
|S,, | frequency characteristics of the first propagating mode are examined for finite implementations of all
considered structures. The transmission characteristics of different numbers of periodic arrangements of each
periodic unit cell were investigated. Then, the effect of geometric variations, including glide symmetry, on the
transmission characteristics is investigated by keeping the number of unit cells constant (N = 10). Furthermore,
the filter performance characteristics of the proposed structure are compared with those of the reported studies
in the open literature.

Keywords: dispersion analysis, glide symmetry, periodic structures, rectangular waveguides, step discontinuity

Periyodik Dielektrik Yiiklii Kayma Simetrili Adim Siireksizligine Sahip Dikdortgen
Dalga Kilavuzu Yapilarimin Modellenmesi, Analizi ve Karsilastirilmasi

Oz

Bu makale, dikdortgen dalga kilavuzlarinda olusturulan {i¢ periyodik yapmnin dispersiyon ve |S,| frekans
karakteristiklerinin analizini sunmaktadr. Cift adim, simetrik ¢ift adim ve kayma-simetrik ¢ift adima dayal
dielektrik yiikli adim siireksizligine sahip birim hiicreler, tam dalga elektromanyetik benzetim yazilimi
kullanilarak incelenmistir. Ug farkli modelden elde edilen tiim dispersiyon diyagrami sonuglari, her periyodik
yap1 i¢gin birim hiicrenin periyodunu sabitleyerek (p = 13.68mm) birbirleriyle karsilagtirilmistir. Ttiim dikkate
alinan yapilarin sonlu yapilari igin ilk yayilan modun |S,; | frekans karakteristikleri incelenmistir. Her periyodik
birim hiicrenin farkl sayidaki periyodik dizilimlerinin iletim karakteristikleri incelenmistir. Sonra, birim hiicre
sayisi sabit tutularak (N = 10) kayma simetrisi de dahil olmak iizere geometrik degisimlerin iletim
karakteristikleri iizerindeki etkisi incelenmistir. Ayrica, Onerilen yapmin filtre performans ozellikleri agik
literatiirde rapor edilen galigmalarla kargilagtirilmistir.

Anahtar Kelimeler: adim siireksizligi, dikdortgen dalga kilavuzlari, dispersiyon analizi, kayma simetrisi,
periyodik yapilar
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Modeling, Analysis, and Comparison of Rectangular Waveguide Structures Having Glide Symmetrical

1. Introduction

The investigation of electromagnetic wave propagation and its effects on periodic structures is
a current and interesting research area [1]. By appropriately selecting the dimensions of the
geometries and medium properties in periodic structures, passband/stopband regions can be
obtained. These properties are widely exploited in waveguides [2, 3], substrate-integrated
waveguides [4], microstrip [5] type filters, and leaky wave antennas [6]. In recent years, the
investigation of the dispersion characteristics of unit cell designs of dielectric-loaded metallic
rectangular [7] and corrugated parallel-plate waveguide [8-10] periodic structures has become
a popular topic. Higher-symmetry unit cell modeling of such structures is frequently preferred
due to its features, which provide benefits in applications such as low dispersion, wider
stopbands, and passbands [11-13].

In dielectric-loaded rectangular waveguides, step discontinuity structures are used for purposes
such as examining field distribution changes [14] and obtaining passband/stopband regions [15,
16]. It is well known that the use of multiple-step discontinuities in rectangular waveguide unit
cells creates deeper stopbands and passband fluctuations when the structure is connected in a
finite number of cascades [15, 16]. However, to the best of our knowledge, the modeling and
analysis of the unit cell structure with glide-symmetric step discontinuity in dielectric-loaded
rectangular waveguides has not been investigated. To fill this gap in the literature, systematic
modeling and analysis results are presented in this study. First, a unit cell with classical step
discontinuity is modeled. In the second stage, a second-step discontinuity is modeled in the
opposite direction to the step discontinuity region of the model used in the first stage. In the
final stage, the glide symmetry approach is applied to the model created in the second stage.
Dispersion diagrams of the structures are obtained, and the passband/stopband regions of
periodic structures are analyzed. A finite periodic implementation is performed for all models,
and frequency characteristics are examined. The details of these modellings and the results are
given in the following sections.

2. Material and Methods
In this section, the dispersion properties of the selected unit cell models will be analyzed.

2.1. Considered Unit Cell Geometries for the Analysis

A periodic structure with glide symmetry is a structure that is invariant under the translation of

the half-period of the structure in the periodicity direction and mirroring with respect to the
glide plane [9, 10]. Accordingly, the glide operator (G) for a periodic structure with a direction
period p can be written as [17]:

X = —x
G = y-=Uu (1)
z—>zZ+p/2

Figure 1 shows the geometries of the investigated unit cell models. From Figure 1(a) to Figure
1(c), the step-by-step application of the glide symmetry operation (G) given in equation (1) in
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a rectangular waveguide with step discontinuity is given. Figure 1(a) shows the rectangular
waveguide unit cell structure with conventional step discontinuity, with examples from the
literature [14-16]. Figure 1(b) shows the unit cell of the rectangular waveguide geometry with
a symmetric double-step discontinuity [18]. Figure 1(c) shows the newly proposed rectangular
waveguide unit cell with double-step discontinuity generated by glide symmetry. All models
were homogeneously loaded with the same dielectric material. To obtain the dispersion
diagrams of the unit cell models, the generalized scattering matrices of these structures were
obtained using the CST Microwave Studio Frequency Domain Solver based on the Finite
Element Method (FEM). All waveguides consist of metallic walls with a thickness of t as
indicated in Figure 2. The interior of the structure is filled with a dielectric material with ¢, =
4.8. The boundary conditions in x and y are assigned as electric (Et = 0) since all side walls are
metallic. All unit cell structures are excited by a waveguide port operating in 10 modes from
the input and output reference planes. To find the Floquet modes and stop bands supported by
each unit cell, the obtained generalized scattering matrix elements are substituted into the
eigenvalue equation [3]:
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Figure 1. Unit cell of periodic rectangular waveguide with the following different geometries:
(a) one step discontinuity with symmetric dielectric loading (conventional structure — 1 (CS -
1)) (b) Two symmetric step discontinuity with dielectric loading (conventional structure — 2
(CS - 2)) (c) glide symmetric step discontinuity with dielectric loading (proposed structure
(PS)). p depicts the period of given unit cell geometries. u,., is taken as 1.

I, (Si;,Si) and (a4, by) in Equation (2) denote the unit matrix, block S-matrix elements, and
complex amplitudes incident and reflected from reference plane-1 (RP-1), respectively. For
single Floguet mode propagation, eigenvalue A is defined as 4, , = eti® g = Bp € 0, where
B is Floguet phase factor [3, 19]. With fine frequency scanning, the passband and stopband

regions can be determined by finding whether there is at least one propagating mode
corresponding to the eigenvalue pair at each step.

2.2. Dispersion Diagram Analysis

Figures 2-4 shows the first passband/stopband regions of dispersion diagrams of the unit cell
geometries of CS-1, CS-2, and PS in Figure 1. There is a two-stage flow for obtaining these
graphs. In the first stage, the investigated unit cells are simulated in CST using the simulation
details given in the previous subsection. In the second stage, the dispersion diagrams of the unit
cells are obtained by substituting the obtained generalized scattering matrices into Equation 2
and solving this equation. The parameters of all models are presented in Figure 1, and the values
of these parameters are given in Figures 2-4. The period of each unit cell was kept constant at
the same value to observe the effects of the modification of each stage and the glide symmetry
on the dispersion diagrams and transmission characteristics. Despite the homogeneous
dielectric loading, the step discontinuities in the cross-sections caused high-order mode
interactions.
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Figure 2. Dispersion diagram of conventional structure-1 given in Figure 1 (a) with the
following parameters: C; = 14.8mm, C, = 0.7C;, p; = 0.416(Cy, p, = 0.0925C,, h =
0.5mm, t = 0.035mm, &, = 4.8, p = 2p; + p, = 0.9245C;. t and h are the thickness and
the height (in the y-direction) of the rectangular waveguide walls, respectively.

To monitor these effects on the mode of the periodic structure, 10 excitation modes are
considered sufficient. The first Floquet mode of CS-1 started at approximately 5.5 GHz and
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Figure 3. Dispersion diagram of conventional structure-2 given in Figure 1 (b) with the
following parameters: C; = 14.8mm, C, = 0.7C;, p; = 0.416C,, p, = 0.0925C,, h =
0.5mm, t = 0.035mm, &, = 4.8, p = 2p; + p, = 0.9245(;.
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Figure 4. Dispersion diagram of proposed structure given in Figure 1 (c) with the following
parameters: C; = 14.8mm, C, = 0.7C;, p; = 0.18541C;, p, = 0.0925C;, p; = 0.37C;, h =
0.5mm, t = 0.035mm, &4 = 4.8, p = 2p; + 2p, + p3 = 0.9245(;.

ended at 6.889 GHz, and the first stopband of this periodic structure occurs at 6.889-7.825 GHz,
as shown in Figure 2. Unlike CS-1, CS-2 has a symmetric step discontinuity, starting from x =
0 and extending to (C1-C2) is formed in CS-2. The effect of this change on the dispersion
diagram of the periodic structure is shown in Figure 3, where a wider stopband is slightly shifted
to the upper frequency. Because of these modeling and simulations given in Figure 1(c), the
dispersion diagram shown in Figure 4 can be obtained. Glide-symmetric modeling caused the
stopband of the periodic structure to increase to higher frequencies and narrowed it with respect
to CS-2. Figure 5 shows the electric and magnetic field distributions of two propagating Floquet
modes obtained using the CST Eigenmode Solver. It is seen from Figure 5 that the first
propagating mode is TE1o and the second mode is TE2o from the field patterns. In addition, it is
observed in Figure 5 that in the electric and magnetic field distributions, one is mostly at
maximum in the regions where the other is at minimum. In addition, changes in the cross-
section of the unit cell change the cut-off frequencies of the propagating Floquet modes in the
unit cell. In addition, the length of each waveguide region along the z-axis seen in Figure 5 is
also very important in the formation of passband/stopband regions according to the guided
wavelength of the waveguide in the relevant region [15, 16].

(a) E-field, The First Mode, 7.98GHz  (b) H-field, The First Mode, 7.98GHz

a8(v/m) dB(A/m)
o w0

(c) E-field, The Second Mode, 12.55GHz  (d) H-field, The Second Mode 1, 12.55GHz
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Figure 5. Electric and magnetic field distributions of propagating Floquet modes for different
frequencies.

3. Results and Discussions
In this section, the frequency characteristics of various numbers of cascade-connected unit cells,
whose dispersion properties were determined in Section 2, will be analyzed.

3.1. Finite Modeling of Periodic Dielectric Loading of Rectangular Waveguides with
glide symmetric step discontinuity

To observe the bandstop or bandpass filter characteristics, simulations of all the studied models
with a finite number of periodic arrays are given in Figures 6-8. First, the frequency
characteristics of the first mode of |S,, | of the 10 waveguide modes were plotted for all models.
As it is well known, it is expected that as the periodic sequence increases, a stopband region
very close to the stop band obtained in the dispersion diagram of the periodic structure is
formed. In addition, a deeper level of suppression appears as the number of unit cells increases.
However, increasing the number of unit cells increased the ripple levels in the passband. Figure
6 shows |S,; | frequency characteristics of CS-1 for N =10, N = 15, and N = 20, where N is the
number of unit cells.

S,,| - dB

—==-Conventional Structure - 1 (N=10)
= =Conventional Structure - 1 (N=15)
——Conventional Structure - 1 (N=20)

6 6.5 7 7.5 8 8.5 9
Frequency - (GHz)

Figure 6. | S, | frequency characteristics of conventional structure - 1 given in Figure 1(a)
with given parameters in Figure 2 for different cascaded scenarios.

Figures 7 and 8 show |Sz1| frequency characteristics of CS-2 and PS for N =3, N=5, N =7,
and N = 10, respectively. It can be clearly observed that the occurrence of symmetric step
discontinuity (CS-2) leads to a wider and deeper stopband with fewer unit cells; however, this

832



Modeling, Analysis, and Comparison of Rectangular Waveguide Structures Having Glide Symmetrical

leads to higher levels of fluctuations in the passband (close to -15dB). Switching from
symmetric step discontinuity (CS-2) to glide symmetric step discontinuity (PS) with fewer unit
cells results in a wider passband (7 — 10 GHz) and lower ripple levels (maximum -2.5 dB) in
this passband, as shown in Figures 7 and 8. However, the stopband region has shifted, and the
formation of a passband at higher frequencies is no longer valid. To compare the three models
at the same dimensions, the number of unit cells was kept as high as possible to obtain a

sufficiently deeper stopband.

0 LR L AR S L
-10 - gt ;("-.};3. b4 |
451 { A ]
200 | % e -
1 i P /3
Ui LN ot ’
7k A R - Y
407 B ' ’ 1
it . ’
J: * P
1 ~ -
[an) N L H ~ o B - i
5 60 4 =
1 !
™~
w80 7
100} § ]
E —==Conventional Structure - 2 (N=3)
-120 + = =Conventional Structure - 2 (N=5) |
Conventional Structure - 2 (N=7)
""" Conventional Structure - 2 (N=10)
140 ‘ ‘ ‘ ‘
6 7 8 9 10 11

Frequency - (GHz)

Figure 7. |S,,| frequency characteristics of conventional structure - 2 given in Figure 1(b)
with given parameters in Figure 3 for different cascaded scenarios.
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Figure 8. |S,,| frequency characteristics and the proposed structure given in Figure 1(c) with
given parameters in Figure 4 for different cascaded scenarios.
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To compare and understand the frequency effects of different unit cell models called CS-1, CS-
2, and PS, finite implementations of these structures for N=10 are carried out in CST
Microwave Studio as shown in Figure 9. The parameter t is critical to understand the evaluation
of the frequency response in the proposed structure. For this purpose, a parametric analysis
showing the effect of the parameter t for N=10 is shown in Figure 10. In the curves ranging
from t=0 to t=p/2, the passband in the range of 6.2 - 7.5 GHz and the fluctuations occurring
there gradually decreased and reached very low levels. In addition, Figure 10 shows that in the

(b)
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(©)

Figure 9. 3D view of cascaded-connected considered unit cells for N=10 in CST Microwave
Studio.

same curves, the stopband between 7-9.8 GHz is replaced by a passband around 6.5-10 GHz. It
is also possible to see in Figure 10 that the passband fluctuations gradually decrease at higher
frequencies. It is clear from Figure 10 that this level of double step discontinuity given in this
paper causes very high levels of fluctuations in the passband of the structure. In addition, gliding
the one-step discontinuity region along the periodicity axis without changing the period of the
unit cell reduces both the passband ripple levels. It also results in a wider passband and a shift
of the stopband to higher frequencies.

Or
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Figure 10. The effects of t parameters on the interested structure.
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Accordingly, Figure 11 shows |S,,| frequency characteristics of all three models for N = 10.
According to Figure 11, the glide symmetric model allowed for a wider passband, as shown in
Figure 11. In addition, the application of glide symmetry to the considered structure improved

the fluctuation levels in the passband.
gy - B A U SR O
-20 - ‘

40+

-60 -

IS,,| - dB

-80

-100 ¢

—=-Conventional Structure - 1 (N=10)
—Conventional Structure - 2 (N=10)| |

-120 - =Proposed Structure (N=10)

6 7 8 9 10 11 12 13 14
Frequency - (GHz)

Figure 11. Comparison of |S,;| frequency characteristics of given structures for N=10.

The frequency characteristics of the PS N=10 model were compared with those of similar
designs in the literature, and the results are given in Table 1. According to the literature with
very similar stopband characteristics, the best suppression level was obtained in the proposed
study (PS, N=10). On the other hand, the proposed structure ranked second after [20] in terms

of compactness in the compared studies.

Table 1. Comparison of the proposed structure with previous studies.

Studies Bandstop % FBW Suppressio Circuit Size
Region for - for n level (mm X mm xmm)
20dB|S,,| —20dB  MIN Sy

. (dB)
[2], fig. 5 10-11.32 12.38 -48 10.16.x 22.86 x 301.84
[20], fig. 20 | 10.7-10.85 1.39 -30 10.16 x22.86 x 16.957
PS N=10 10.14-11.429  11.95 -66 14.8x0.5x 136.826

“FBW can be calculated as follows: %FBW=(f, — f1)/f, Where f, = (f> + f1)/2. fo. f1 and
f, are center, lower and upper frequency of the stopband region with respect to -20 dB.
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4. Conclusion

In this paper, a comparative analysis of a rectangular waveguide unit cell with homogeneous
dielectric-loaded glide symmetric step discontinuity and conventional structures is presented,
and its implications for filter design are investigated. The glide-symmetric unit cell structure
produced a narrower stopband (between 10.124 and 11.42 GHz) than the other considered
models. For N = 10, a wider passband with a lower ripple level (between 7-10 GHz and less
than -2.5 dB) was obtained among all the modeled structures. The passband/stopband
characteristics of the proposed structure demonstrate that these structures can be used in filter
applications. Classical filter theory or direct coupling matrix synthesis approaches [21] can be
used in each unit cell design of the proposed structure to minimize passband ripples and achieve
the filter design goals. Higher-order symmetries can play an important role in achieving a wider
passband. In this respect, different types of higher-order symmetries [12, 13] can be applied to
rectangular waveguides with homogeneous dielectric-loaded step discontinuity in future
studies.
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Abstract

Uric acid (UA) is the end product of purine metabolism in the human body. The determination of the amount of
uric acid in biological samples is made by many analytical methods. However, due to the high cost and time
consumption of these methods, many sensors have been developed for the determination of uric acid by
electrochemical methods. Analysis of biological samples using electrochemical methods is possible in a shorter
time and with cheaper devices. In this study, electrochemical determination of uric acid was performed by
modifying the glassy carbon electrode with two-dimensional molybdenum disulfide using two different methods
(drop-coating and electrochemical coating). From the uric acid determination with the MoS2(1)/GCE numbered
electrode, the sensitivity was found to be 11.4 pA.mM'l, the linear operating range from 4 uM to 520 uM, and
the detection limit was 0.8 pM. With MoS2(2)/GCE, the 1st linear working range against Uric acid was found
to be 0.1 uM — 20 pM, the sensitivity was 331 pA.mM'1 and the detection limit was 6.7x10° M. The 2nd linear

operating range was 20 uM - 687 uM, and the sensitivity was determined as 62.4 uA.mM'l. In order to determine
the efficiency of uric acid determination with MoS2(2)/GCE, Uric acid determination in blood serum samples
obtained from the hospital was successfully performed with MoS2(2)/GCE with a relative error of 3.7%.

Keywords: Uric acid, Two-Dimensional Molybdenum disulfide, Electrochemical Determination

2D-MoS:; ile Modifiye Edilen GCE Kullanilarak Urik Asit Tayini

Oz

Urik asit (UA) insan viicudundaki piirin metabolizmasinin son iiriiniidiir. Biyolojik orneklerde iirik asit
miktarmm belirlenmesi birgok analitik yontemle yapilmaktadir. Ancak bu yontemlerin yiiksek maliyet ve zaman
tiikketimi nedeniyle elektrokimyasal yontemlerle tirik asit tayini igin birgok sensor gelistirilmistir. Biyolojik
numunelerin elektrokimyasal yontemlerle analizi daha kisa siirede ve ucuz cihazlarla miimkiin olmaktadir. Bu
caliymada, camsi karbon elektrotun iki farkli yontem (damlatarak kaplama ve elektrokimyasal kaplama)
kullanilarak iki boyutlu molibden disiilfiir ile modifiye edilmesiyle iirik asidin elektrokimyasal tayini yapildu.
MoS2(1)/GCE numarali elektrot ile yapilan tirik asit tayininde duyarhiligin 11,4 uA.mM'l, dogrusal galisma
araligmin 4 uM ile 520 uM arasinda oldugu ve tespit limitinin 0,8 pM oldugu belirlendi. MoS2(2)/GCE ile iirik
aside kars1 1. dogrusal ¢aligma araligi 0,1 uM — 20 uM, hassasiyet 331 pA.mM'l ve tespit limiti 6,7x10-8 M
olarak bulunmustur. 2. dogrusal ¢aligma araligi1 20 uM - 687 uM, duyarlilig: ise 62,4 ],tA.mM'1 olarak belirlendi.

MoS2(2)/GCE ile iirik asit tayininin etkinligini belirlemek amaciyla hastaneden alinan kan serum 6rneklerinde
Urik asit tayini MoS2(2)/GCE ile %3,7 bagil hata ile basaril1 bir sekilde gergeklestirildi.

Anahtar Kelimeler: Urik asit, iki Boyutlu Molibden disiilfiir, Elektrokimyasal Tayin.
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1. Introduction

Molybdenum disulfide (MoS>): It is one of the important two-dimensional (2D) transition metal
dichalcogenides from graphene analogues. MoS: is the most interesting material of this group
with its graphite-like structure [1]. Transition metal dichalcogenides (TMD) are denoted by the
general formula MXz (M = Mo, W, V, Nb, Ta, Ti, Zr, Hf and X = S, Se, Te). They have found
a very wide application area by forming an interesting group of materials with unique
electronic, optical, thermal, mechanical and electrical properties and structures similar to
graphene [2]. For example; such as in lubricants, hydrogen storage, catalysts, transistors, optics,
nanoelectronics. TMDs contain aggregates in planar structure with weak van-der-waals-force.
In recent years, the most studied of the transition metal dichalcogenides are MoS; and WS;.
The layered structure of MoS: is shown in Figure 1 [3].

Figure 1. Layered structure of MoS,, monolayer thickness 6.5 A

MoS: has a hexagonal layer configuration. Atoms in the layer are connected by strong covalent
bonds, the layers are connected to each other by weak forces, as in graphite, and each
molybdenum layer is sandwiched between two sulfur layers [4]. In this study, glassy carbon
electrode was modified using two-dimensional MoS» and used for uric acid determination. The
amount of uric acid in the blood, which is the end product of purine metabolism in the human
body [5]; It indicates the balance between the production of uric acid in the liver and intestine
and its excretion through the kidneys. Most of the uric acid is excreted by the kidneys, and a
small amount is excreted through the intestines. Depending on the foods and their uric acid
content, the amount of uric acid in the blood constantly changes. In a healthy adult, blood uric
acid levels range between 4-7 mg/100 mL in men and 3-6 mg/100 mL in women [6]. An
increase in uric acid can be an indicator of many diseases. Determination of uric acid level is
an important examination in the treatment of gout, but it also provides information about many
other diseases. An increase in uric acid is seen in many diseases such as leukemia (blood
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cancer), some anemia, lymphatic system cancers, and some hormonal disorders such as
hyperthyroidism (overwork of the thyroid gland). In such cases, detecting the uric acid
concentration in the urine is useful for early diagnosis of the disease. Electrochemical
determination of uric acid is possible. Figure 2 shows the electrochemical oxidation of uric acid

[7].

H
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Figure 2. Electrochemical oxidation of uric acid

Electro-analytical techniques allow the qualitative and quantitative determination of a large
number of inorganic and organic substances. These techniques have been developing more
rapidly in recent years due to some of their superiorities over other analytical techniques
(spectroscopy, chromatography, etc.) and find application areas. These superiorities are
sensitivity, speed, ease of sample preparation, selectivity, low detection limit and low cost. Uric
acid determination can be determined by different methods such as chromatographic [8,9] and
spectrophotometric [10,11]. However, due to the superiorities mentioned above, an increase in
the determination of uric acid by electrochemical method [12-16] has been observed in recent
articles.

In this study, MoS, modified electrodes were prepared by drop coating and electrochemical
coating techniques and exploited for uric acid determination in blood sample.

2. Materials and Methods

Electrochemical measurements were done in a three-electrode system with a computer-
controlled CHI 660E potentiostat. Glassy carbon electrode (GCE) and modified glassy carbon
electrodes (MoS2(1)/GCE electrode and MoS2(2)/GCE electrode) were used as working
electrode, platinum wire as counter electrode and saturated calomel electrode (SCE) as
reference electrode. MoS; in powder form was obtained from Ozdogu Madencilik Ltd.Sti. and
uric acid was obtained from Sigma Aldrich. Standard solutions of uric acid were prepared in
phosphate buffer pH=7. Phosphate buffer solution (pH=7) was used as the supporting
electrolyte. For the preparation of MoS2(1)/GCE electrode and M0S2(2)/GCE electrode, drop
coating method and electrochemical coating method were applied. Uric acid was determined
using the MoS2(1)/GCE electrode prepared by taking 5 uL of the coating suspension. Since the
preparation of the MoS2(1)/GCE electrode prepared by the drop coating method was given in
detail in our previous publication [17]. Electrochemical coating method was used for the
preparation of the MoS2(2)/GCE electrode. In another study, the cleaned surface of GCE
electrodes was coated in three different times and the optimum time determination was
determined as 3600 seconds (18). For this reason, 3600 seconds was preferred as the duration
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in this study. The coating was carried out by keeping the GCE in 0.5 M NaOH containing the
coating suspension (10% v/v) at constant potential (1.0 V) for 60 minutes. Detailed information
on how the MoS2(2)/GCE electrode is prepared can be found in doctoral thesis [18]. The
differential pulse voltammetry (DPV) method was used for uric acid determination.

3. Results and Discussions
3.1. Determination of Uric Acid with MoS2(1)/GCE

Uric acid determination was made with MoS2(1)/GCE electrode prepared. The differential
pulse (DP) voltammograms versus increasing uric acid concentrations with MoS2(1)/GCE (in
pH=7 phosphate buffer) are given in Figure 3 and the calibration curve produced from the peak
currents of DP voltammograms is given in Figure 4.
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Figure 3. DP voltammograms at different concentrations for Uric Acid determination with
MoS2(1)/GCE
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Figure 4. The plot of peak currents versus UA concentration measured by MoS2(1)/GCE

For comparison, differential pulse voltammograms against increasing uric acid concentrations
in pH=7 phosphate buffer with GCE were given in Figure5 and concentration versus peak
currents plot is given in Figure 6.
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Figure 5. DP voltammograms at different concentrations for UA determination by GCE
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Figure 6. The plot of peak currents versus UA concentration measured by GCE

When Table 1 is examined, the sensitivity value for MoS2(1)/GCE and uric acid was found to
be 11.44 pA/mM, and the sensitivity value for GCE for uric acid was 11.41 pA/mM. It showed
almost the same catalytic efficiency for uric acid with MoS2(1)/GCE compared to GCE.

Table 1. Comparison of the values obtained in the determination of UA with M0oS2(1)/GCE

and GCE
Electrode Name
GCE MoS2(1)/GCE
Linear Operating Range (uM) 4-520 4-520
Line Equation (WA/ mM) y=11.407x +0.3031 y=11.438x +0.0224
R? 0.9914 0.9969
Sensitivity (LA/ mM) 11.41 11.44

Analytical performance values for uric acid with MoS2(1)/GCE were given in Table 2.

Table 2. Analytical performance values for uric acid with MoS2(1)/GCE

Linear Working Range (uM) 4 -520
Sensitivity (WA.mM™?) 11.4
LOD (uM) 0.84
LOQ (uM) 2.81

After taking the differential pulse voltammograms at varying uric acid amounts with
MoS2(2)/GCE, they were superimposed and the resulting graph is given in Figure 7, and the
peak currents against concentration are plotted in Figure 8. As seen in Figure 8, first a linear
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interval with a higher slope and then a second linear interval with a lower slope were found for
the concentration range studied. The 1st linear operating range is presented in Figure 9 and the
2nd linear operating range is presented in Figure 10.
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Figure 7. DP voltammograms at different concentrations for UA determination with
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Figure 8. The plot of peak currents versus UA concentration measured by MoS2(2)/GCE
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Figure 9. 1st linear operating range for UA determination with MoS2(2)/GCE
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Figure 10. 2nd linear operating range for UA determination with MoS2(2)/GCE

Table 3 has been prepared to compare electrode sensitivity with GCE and MoS2(2)/GCE.

847



Determination of Uric Acid Using 2D-MoS; Modified GCE

Table 3. Comparison of M0S2(2)/GCE values obtained in uric acid determination with GCE

Electrode Name
GCE MoS2(2)/GCE MoS2(2)/GCE
Linear Operating Range (uM) 20 -520 0.1-20 20 - 687
Line Equation (pA/mM) y=11.407x+0.3031 | y =331.44x-0.798 y = 62.406x+7.4757
R? 0.9914 0.9989 0.9948
Sensitivity (LA/ mM) 1141 3314 62.4

When Table 3 is examined, it was observed that the sensitivity of MoS2(2)/GCE and uric acid
determination increased 29 times in the 1st linear operating range compared to GCE. In
addition, it was found that the sensitivity value in the 2nd linear operating range with
MoS2(2)/GCE increased by 5.5 times compared to GCE. As can be seen, it has been possible
to determine uric acid in a wide range from very low to very high concentrations with
MoS2(2)/GCE and with high sensitivity. Analytical performance values of M0S2(2)/GCE for
uric acid are presented in Table 4.

Table 4. Analytical performance values for uric acid with MoS2(2)/GCE

1.Linear Working Range(LWR) (uM) 0.1-20
(1. LWR) Sensitivity (uWA.mM™) 3314
2.Linear Working Range(LWR) (uM) 20 — 687
(2. LWR) Sensitivity (uA.mM™) 62.4
LOD (nM) 67
LOQ (nM) 224

3.2. Determination of Uric Acid in Blood Samples with M0S2(2)/GCE

For the determination of uric acid in blood serum with MoS2(2)/GCE, DP voltammograms
were produced from 1 mL of sample by adding 9 mL of pH=7 phosphate buffer. This process
was repeated three times. Then, uric acid solutions were prepared at known concentrations in
pH=7 buffer solution. Concentrations were calculated for three samples by taking the DP
voltammograms by the standard addition method. The received DP voltammograms are
superimposed and presented in the concentration-peak current graphs. Concentration-peak
current graphs for samplel, sample 2 and sample 3 are given in Figure 11, Figure 12 and Figure
13, respectively.
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Figure 11. By standard addition method in the blood serum sample 1 with MoS2(2)/GCE uric
acid determination
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Figure 12. By standard addition method in the blood serum sample 2 with MoS2(2)/GCE uric
acid determination
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Figure 13. By standard addition method in the blood serum sample 3 with M0S2(2)/GCE uric
acid determination

In Table 5, uric acid values obtained from real samples are presented with their relative errors.

Table 5. Uric acid concentrations obtained from real samples with MoS2(2)/GCE, with their
relative errors

Sample | Calculated UA UA Values in Real Value % Relative Error
Concentration Blood (mg/100 mL)
(mM) (mg/100mL)
1 0.03040 511 5.3 3.6
2 0.02984 5.02 5.3 5.3
3 0.03082 5.18 5.3 2.3

( X') average = 5.10 mg, t = 4.30 (at 95% Confidence level)
95% Confidence Level = 5.10 + 0.20 mg

The real value is 5.3 mg/100 mL which is in between the range of given confidence level.
Results can be given at 95% confidence intervals.
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4. CONCLUSIONS

In the determination of uric acid with the modified electrode (M0S2(1)/GCE) obtained by the
drop-coating method; sensitivity was found to be 11.4 pA.mM?, linear operating range from 4
uM to 520 uM, and the detection limit was 0.8 uM. In the determination of uric acid with the
electrode (M0S2(2)/GCE) obtained by electrochemical coating method, the 1st linear working
range was found to be 0.1 uM — 20 pM, the sensitivity was 331 pA.mM™, and the detection
limit was 6.7x108 M. The 2nd linear operating range was 20 uM - 687 uM, the sensitivity was
determined as 62.4 pA.mM. In order to determine the effectiveness of uric acid determination
with MoS2(2)/GCE, uric acid determination in blood serum samples obtained from the hospital
was successfully performed with MoS2(2)/GCE with a relative error of 3.7%.
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Abstract

The importance of meeting energy demands from renewable sources is growing daily. Reverse electrodialysis
(RED) is a membrane-based technology that produces energy using electrolyte solutions with different
salinities. This study has generated energy from the RED system using the commercial Fujifilm Type Il ion
exchange membranes (IEMs). Many parameters affect the power generation performance of the RED system.
This study systematically investigated the parameters, the presence of divalent ions and organic molecules, the
electrolyte solution concentration, and the flow velocity. The flow velocity results indicated that energy
efficiency increased with increasing flow velocity of the electrolyte solutions. The presence of divalent ions
created uphill transport. The results showed that increasing the mole ratio of divalent ions in the feed electrolyte
solutions dramatically decreased the RED system performance due to increasing resistances. The organic
fouling test of the anion exchange membranes (AEMSs) was carried out using a real humic and fulvic acid
mixture under static conditions. The results indicated that fouling layers formed in the AEMs structure, and
these layers decreased by 30% of RED performance. Lastly, the RED system's long-term performance was
tested for 4 hours at a constant current density of 8 A/m? before and after AEM fouling experiments. The results
revealed the fouling layers severely reduced the power generation performance of the RED system.

Keywords: reverse electrodialysis, ion exchange membrane, uphill transport, organic fouling, blue energy.

Ters Elektrodiyalizde Gii¢ Uretim Performansin Etkileyen Faktorlerin Arastirilmasi

Oz

Enerji taleplerini yenilenebilir kaynaklardan kargilamanin 6nemi her gegen giin artmaktadir. Ters elektrodiyaliz
(RED), farkli tuzluluklara sahip elektrolit ¢6zeltileri kullanarak enerji lireten membran tabanl bir teknolojidir.
Bu ¢aligmada ticari Fujifilm Tip II iyon degistirici membranlar (IEMs) kullanilarak RED sisteminden enerji
retilmistir. RED sisteminin gii¢ iretim performansmi birgok parametre etkilemektedir. Bu ¢aligmada, iki
degerlikli iyonlarin ve organik molekiillerin varligi, elektrolit ¢dzelti konsantrasyonu ve akis hizi sistematik
olarak arastirilmigtir. Akis hizi sonuglari, elektrolit ¢ozeltilerinin akis hiznin artmasiyla enerji verimliliginin
arttigm1 gostermistir. Cift degerlikli iyonlarin varligi konsantrasyon gradyanmin tersine tagmim yaratti.
Sonuglar, besleme elektrolit ¢dzeltilerindeki iki degerlikli iyonlarin mol oranmin artirilmasinin, artan direngler
nedeniyle RED sistem performansini dnemli dlglide azalttigini gosterdi. Anyon degistirici membranlarin
(AEMs) organik kirlenme testi, statik kosullar altinda gercek hiimik ve fulvik asit karisimi kullanilarak
gerceklestirildi. Sonuglar, AEM yapisinda kirlenme tabakalarmm olustugunu ve bu tabakalarin RED
performansini %30 oraninda azalttigin1 gdsterdi. Son olarak, RED sisteminin uzun vadeli performansi, AEM
kirlenme deneylerinden 6nce ve sonra 8 A/m? sabit akim yogunlugunda 4 saat boyunca test edildi. Sonuglar,
kirlenme katmanlarmin RED sisteminin gii¢ liretim performansini ciddi sekilde azalttigini ortaya koydu.

Anahtar Kelimeler: ters elektrodiyaliz, iyon degistirici membran, konsantrasyon gradyani tersine tagmim,
organik kirlilik, mavi enerji.
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1. Introduction

Access to energy is one of the most fundamental human rights required to improve people's
living standards and ensure sustainability. The meeting energy demand of the rapidly growing
population with fossil fuels is a huge problem for all living due to its hazardous impact on the
environment. Salinity gradient energy (SGE), also called blue energy, is considered a promising
technology since its efficiency and sustainability are not dependent on external conditions, and
it does not produce solid, liquid, or gas waste. This technology produces energy by converting
chemical potential into electrical or mechanical energy [1-4]. The potential source of this
technology is the sea and river water and the place where the junction of these two sources.
Theoretical studies based on Gibbs's free energy calculations report that the global potential of
SGE considering entire regions that could be used is around 1.4-2.6 TW. This is equivalent to
20% of total demand [2,3,5]. Using the full potential of SGE could reduce energy-related COg,
CHys, and N20O emissions by 25%, 27%, and 8% respectively [6]. The SGE technology includes
three different techniques, RED, PRO (pressure retarded osmosis), and CapMix (capacitive
mixing) [1]. Of the mentioned techniques, RED is considered the most promising of those
proposed so far because of its high power density and functionality [7-9]. Technically, a RED
stack consists of AEMs and CEMs (cation exchange membranes) placed in succession between
electrodes, and a spacer and gasket separate these membranes. The concentrate and dilute
electrolyte solutions are fed to compartments between IEMs. The salinity difference across
IEMs creates a Nernst potential, and this potential is converted to electricity by a redox reaction
at electrodes.

Many researchers have been working on renewable energy harvesting from the RED system
using standard commercial IEMs and NaCl salt ions [10-12]. Further, the effect of membrane
type [11,12], flow rate [13,14], spacer thickness [15], electrode system [16-18], and feed
concentration [19] on power generation was comprehensively investigated. However, few
studies are focused on the effect of multivalent ions and organic substances on power generation
performance. The studies in the literature that used NaCl do not accurately shed the actual
industrial-scale RED energy harvesting performance because the electrolyte solutions in the
actual applications do not include only monovalent ions. The multivalent ions decrease the
power generation, depending on the concentration in the feed electrolyte solutions. The reason
for performance loss is the uphill transport that occurs in the presence of multivalent ions,
creating high resistance in the RED system. In this transport, multivalent ions are transported
against the concentration gradient, whereas monovalent ions are transported through the
concentration gradient. This counter-current transport of ions creates electroneutrality, resulting
in potential differences reduction between the compartments and a loss of power density by
increasing the resistance [20]. For instance, Vermaas et al. reported that almost 50% loss of
power density in the RED system, where Fujifilm IEMs were located, was obtained when the
10% MgSO4 and 90% NaCl of mole fraction were in the feed electrolyte solution in both
concentrate and dilute compartments [21]. Similarly, Pintossi et al. studied the effect of
multivalent ions on the RED performance using commercial FujiFilm IEMs. They concluded
the presence of multivalent ions increases the resistance of the RED system and decreases the
permselectivity of the IEMs [22]. Organic fouling is another problem in power generation from
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the RED system on an industrial scale. The presence of organic substances, a source of fouling,
creates a fouling layer in the membrane structure, reducing the power generation performance
by increasing resistance and decreasing the permselectivity of the IEMs. For instance, the first
laboratory-scale RED fouling test results, using sea and river water as the electrolyte solution,
showed a high-pressure drop during operation even though pretreatment was applied to the feed
solutions with a 20-micron filter [23]. This was attributed to organic fouling layer formation,
especially in the AEMs structure.

This work aims to systematically study four fundamental parameters that affect the power
generation performance of the RED system using commercial Fujifilm IEMs. These parameters
are i) the flow velocity of electrolyte solutions, ii) electrolyte solution concentrations, iii) the
presence of divalent ions, and iv) the presence of organic acids. To this end, three different flow
velocities and two different electrolyte solution concentrations were used. The effect of divalent
ions was first investigated using the same concentration in concentrate and dilute
compartments. Then, the compartment composition effect was studied by changing the divalent
ion concentrations in the compartments. The organic fouling tendency of AEMs was tested
using a real humic and fulvic acid mixture solution under static conditions. The long-term
energy generation performance of the RED system was determined before and after the organic
fouling test of AEMs.

2. Material and Methods
2.1. Materials and chemicals

This study used commercially available AEMs (Fujifilm Type I1) and CEMs (Fujifilm Type I1)
from Fujifilm manufacturers as ion exchange membranes (IEMs). IEMs were washed with
deionized water and stored in 0.5 M NaCl solution for at least one day before use. The properties
of IEMs are given in Table 1. Analytical grade KsFe(CN)s, KsFe(CN)e, and NaCl were used to
prepare the electrode solution and NaCl and Na>SO4 for electrolyte solutions. All chemicals
used in electrode and electrolyte solutions preparations were supplied from Merck (Germany)
and used without further purification. The real (not model) humic and fulvic acid mixture (Ant,
Tiirkiye) was used for the fouling test. All solutions were prepared with deionized water.

2.2. Experimental set-up

A schematic view of the RED system (STT Products B.V. BA Schiedam, Netherlands) is given
in Figure 1. The electrodes in the system are Ti/Ru-Ir alloyed mesh-type anode and cathode.
The polyamide 6-based spacers (Sefar, Switzerland) with 450-micron thickness, 71% porosity,
and 38% open areas and silicon rubber gasket were used to separate the membranes with a 10cm
X 10cm active area in the RED system [24]. Three repeat units (one repeat unit consisting of
one AEM and one CEM) were used in the study. Dilute and concentrate solutions were
represented as low and high salinity, respectively. The electrode solution was fed as a closed
loop circulated to the electrodes. Two peristaltic pumps were operated for the dilute,
concentrate, and electrode solutions feeding speed adjustment in the RED system. The feeding
speed of the electrolyte solutions was changed during the study, but the electrode feeding speed
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was constant at a 300 mL/min volumetric flow rate. Electrochemical measurements were
carried out using Gamry Instrument Reference 3000 (USA). All RED tests were carried out at
room temperature (25 °C). RED test experiments were repeated four times, and the standard
deviations of the power were obtained on the order of 10. Since the standard deviation values
were too small, they did not add to the values.
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Figure 1. A schematic view of the RED system, a) components, and b) working principle. The
figure is reprinted with permission from [25] (Copyright 2020, Elsevier).

2.3. Electrode and electrolyte solution preparation

The electrode solution (2 L) was prepared using 0.05 M KzFe(CN)s, 0.05 M KsFe(CN)s, and
0.25 M NaCl ions. To this end, all chemicals were well mixed using deionized water at room
temperature (25 °C). Then, the mixture was put in a sunlight-proof tank for use. Two different
electrolyte solutions, dilute and concentrate, are used in the RED system. The 0.017 M NacCl
(dilute) / 0.513 M NaCl (concentrate) solution pair and 0.1 M NaCl (dilute) / 2.5 M NacCl
(concentrate) solution pair were separately used as electrolyte solution pairs. On the other hand,
in the experiments where monovalent (NaCl) and multivalent ions (Na>SO4) were present
simultaneously, only a 0.017 M NaCl / 0.513 M NaCl solution pair was used. The Na>SO4
concentration was adjusted to be 10% and 50% mole of the total solution concentration.
Multivalent ions were added to both dilute and concentrate electrolyte solution compartments.
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The label was coded as 90% NaCl+10% Na;SO4 and 50% NaCl+50% Na,SO4 for 10% and
50% mole ratios, respectively.

2.4. Theoretical background

The salinity difference between the compartments creates a potential difference known as the
Nernst potential. The theoretical open circuit voltage (OCV) (V) (when no current is allowed)
of each compartment in the presence of monovalent and multivalent ions is calculated using
Equations 1 and 2, respectively [26].

a a RT mceYy,
OCVeneoric = (42 +%224) L2 In (T2 1)
- + d¥d
2- 2— 1/2
a mNa+yNa+ 1 mE e 1 mS0i so
O0CVineoric = [(Zf/_”’f) 7 —xlIn (mc a+ija+):| (aaem) N ; * ln( Et—y;cz—) + 7 soﬁ— 502—
a d Ya 503~

anem and acem are the membrane permselectivity, z., and z+ are the negative and positive ion
valence, respectively, R is the universal gas constant (8.31 J/mol K), T is the temperature (K),
F is the Faraday constant (96485 C/mol), m is the molality of the electrolyte solution, yis the
activity coefficient of the ion. The subscripts ¢ and d of constants in the equations represent the
concentrated and dilute compartments.

The maximum net power density (Pne) (W/m?) is calculated as the difference in power densities
created by the RED system and consumed by the pumps (Prump). Equations 3-8 are used for the
calculations of Pnet [27,28].

(ocv)?
PNet - TCU Pump (3)
_ _ZAPix¢p; _ APcx¢po+APgxpg
PPump - AMembrane N AMembrane (4)
AP = 12%pu*L2 (5)
" Detiotre
4xe
dy, = 5v——— 6
" Bl ©
L
tres = U (7)
_ ¢
U= wxhxgxN (8)

Rcen is the total resistance of the RED stack (Q cm?), AP is the pressure difference over the feed
water compartment (Pa), @ volumetric flow rate (m®/s), Amembrane is the total membrane area
(m?), u is the viscosity of the electrolyte solution (Pa s), L is the cell length (m), dh is the
hydraulic diameter of the channel (m), tres is the residence time of the electrolyte solution in the
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RED stack (s), ¢ is the porosity of the spacer, h is the intermembrane distance (m), U is the
linear flow velocity (m/s), w is the membrane width (m) and N is the membrane number.

The flow regime (Reynolds number, Re) of electrolyte solutions is determined by Equation 9.

Re = 282 )

W L€
pis the electrolyte solution density (kg/m3).

Table 1. Properties of Fujifilm Type 1l IEMs used in the RED stack [29].

Properties AEM CEM
Reinforcement Polyolefin Polyolefin
Thickness dry (um) 160 160
Electrical resistance (Q cm?) 5 8
Perm selectivity (%) 95 96
lon exchange capacity (meg/g) 0.9 1.1
pH stability 2-10 4-12
Temperature stability (°C) 40 40

2.5. Fouling test

The fouling tendency of the commercial AEMs was tested in the presence of a real (not model)
humic and fulvic acid mixture (Ant, Tiirkiye). The humic and fulvic acid mixture is an organic
acid, and it is commonly present in sea and river water. To this end, the membranes were
immersed in the solution with a 20-ppm acid mixture under static conditions for 7 days at room
temperature (25 °C). Then, membranes were washed with deionized water to desorb weakly
adsorbed organic molecules in the membrane structure. After simple rinsing, the power
generation performance of the fouled membranes in the RED system was tested using a 0.017
M NaCl /0.513 M NaCl electrolyte solution pair under a constant flow velocity of 0.52 cm/s at
room temperature (25 °C).

2.6. Long-term test

The long-term power generation performance of IEMs was tested before and after fouling
experiments using a constant current density of 8 A/m? and a flow velocity of 0.52 cm/s with a
0.017 M NaCl /0.513 M NaCl electrolyte solution pair. The experiments took 4 hours and were
at room temperature (25 °C). The current density that achieved the highest power density has
been identified as the optimum current density value used in long-term performance tests.

Table 2 summarizes the experimental conditions and parameters used in the energy generation
performance in the reverse electrodialysis system.
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Table 2. Experimental conditions for energy generation from the RED stack.

The electrolyte Flow Presence of Presence of organic
Membranes solution velocity T (°C) divalent ions compound
concentration (cm/s) (moles %) (ppm)*
0,

Fujifilm Type I 0.017 M NaCl 10% Na S04
AEM & CEM & 0.26 20

0.513 M NaCl 50% NaySO4

0.52 25

Fujifilm Type 1l 01 M&NaCI 200 ) )
AEM & CEM 25 M NaCl

* The effect of organic compound presence on energy generation performance was tested only using 0.017 M
NaCl & 0.513 M NacCl electrolyte solution concentration with 0.52 cm/s solution velocity conditions.

3. Results and Discussion

In this study, the RED performance of the commercially available Fujifilm Type Il IEMs was
tested using different electrolyte solution concentrations, flow velocities, the presence of
multivalent ions, and organic foulants. The effect of these four variables on the RED system
performance is crucial. The power generation performance is based on creating a maximum
potential difference between the compartments by transporting the ions from the concentrate to
dilute compartments and a minimum total resistance during the operation. The theoretical OCV
in Equations 1 and 2 indicate that the solution concentration is the most significant parameter
since it influences the created potential difference logarithmically [26]. On the other hand, the
resistances in the RED system consist of ohmic and non-ohmic. Membrane resistance, spacer
properties, electrolyte solution conductivity, inter-membrane distance, and electrode resistance
are significant parameters in determining the ohmic resistances. The non-ohmic resistances are
based on two fundamental phenomena: boundary layer area resistance and area resistance due
to bulk concentration changes. The flow velocity of the electrolyte solution is one of the most
significant parameters, reducing these two resistances by decreasing concentration polarization
on the membrane surface [13].

In real applications, the feed electrolyte solutions include multivalent ions and organic
molecules that trigger the membrane fouling, reducing the power generation performance [23].
The presence of multivalent ions causes uphill transport. In this transport, three scenarios
negatively affect the RED system performance: i) transport of multivalent ions from the dilute
to concentrate compartments, ii) binding the multivalent ions to a single fixed-charged group,
iii) binding the multivalent ions to multiple fixed-charged groups in the membrane structure. In
the first scenario, the transport of multivalent ions creates electroneutrality by dropping the
potential difference between the compartments because two monovalent ions (CI) are equal to
one divalent ion (SO4%) in the opposite transport direction. In the second scenario, a multivalent
ion stack inside the membrane cross-section structure decreases the ion exchange capacity and
permselectivity. In the third scenario, multivalent ions located within the membrane cross-
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section cause severe membrane resistances since they reduce the free volume of the membrane,
resulting in the reduction of the ion exchange capacity. [20-22]. Lastly, organic molecules in
the feed solution create fouling layers in the membrane structure, and the layers prevent ion
transport by increasing membrane resistance. These layers also cause an increased pressure
drop, increasing the pumping power of the electrolyte solution to the RED system. Therefore,
the Pnet produced by the RED system is reduced by increased energy consumption [27]. This
study investigated the effects of the parameters above-mentioned on power generation
performance in detail.

3.1. Effect of concentration and flow velocity of electrolyte solution on RED performance

Table 3 indicates the power generation performance, where only NaCl salt ions were used. The
power density values in Table 3 are the maximum values obtained from the RED system. The
maximum power density was obtained at a current density of 4 A/m? for the 0.017 M NaCl /
0.513 M NaCl electrolyte solution pair while at a current density of 6 A/m? for the 0.1 M NacCl
/2.5 M NaCl electrolyte solution pair. The results indicated that the power density increased
with increasing flow velocity at both concentration pairs. Similarly, the same trend in the effect
of flow velocity and feed electrolyte concentration on power generation performance was
observed in the literature [7, 29]. Increasing the flow velocity allows for decreasing the non-
ohmic resistances formed in the membrane structure [13]. The thickness of the boundary and
bulk concentration layers, known as non-ohmic resistances, increase on the membrane surface
on time, especially at low flow velocities, and create a mass transfer resistance [28]. Decreasing
tres (Equation 7) and increasing Re (Equation 9) cause the acceleration of ion transport across
the membrane cross-section, increasing the generated power density since boundary and bulk
concentration layer thicknesses decrease. Similarly to the power density values, the
experimental OCV and calculated average membrane permselectivity (%) values shown in
Figure 2 also increase as the flow velocity increases due to decreasing non-ohmic resistances.

Further, Table 3 points out no significant difference in power density between the solution pairs
with different salinities at flow velocities of 0.26 cm/s and 0.52 cm/s, even though there was a
statistical difference in the theoretical and experimental OCV values at these velocities between
the solution pairs. However, the generated power density at the flow velocity of 2.09 cm/s in
the 0.017 M NaCl / 0.513 M NaCl electrolyte solution pair was higher than the 0.1 M NaCl /
2.5 M NaCl electrolyte solution pair. This result is consistent with the OCV and permeability
in Figure 2.

It is known that the power density produced by the RED system also includes the Ppymp.
Therefore, calculating the Pnet produced by the system is extremely important in determining
the system's efficiency. Table 3 shows the highest power density value was obtained at a 2.09
cm/s flow velocity in both electrolyte solution pairs. In parallel with this result, the power
consumed by the pump at the highest flow velocity was also calculated as the highest. At this
point, although the RED system produced the highest power value at a flow velocity of 2.09
cm/s, considering the Ppump, it was found that the Pnet generated at a flow velocity of 0.52 cm/s
was the optimum value for the RED system. Also, the system yield calculations show that the
highest efficiency was achieved at a flow velocity of 0.52 cm/s for both solution pairs.
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Considering the results in this section, 0.017 M NaCl / 0.513 M NaCl electrolyte solution pair
was selected as the optimum for the remainder of the studies due to the higher yield obtained
from the RED system. This choice also serves the idea of using the RED system in real
applications at the junction of sea (0.513 M NaCl) and river (0.017 M NaCl) on a model scale.

Table 3. The RED performance of Fujifilm Type Il IEMs in the presence of monovalent ions.

Feed Flow velocity tres Power density Ppump Pret *Prheoric  **Yield
Compositions (cm/s) (s) (W/m?) Wim?)  (W/m?)  (W/m?) (%)
0.26 2.30 384 0.156 0.001 0.155 57.4
0.017M (NaCl)
& 0.52 4.70 19.1 0.175 0.004 0.171 0.270 63.3
0.513M (NaCl)
2.09 18.7 4.80 0.197 0.066 0.131 48.5
0.26 2.30 384 0.160 0.001 0.159 411
0.1 M (NaCl)
& 0.52 4.70 19.1 0.174 0.004 0.170 0.387 43.9
2.5 M (NaCl)
2.09 18.7 4.80 0.177 0.066 0.111 28.7
*Prheoric = OCVheoric X Current, **Yield (%) = (Pnet / Ptheoric) X 100, OCVTheoric data given in Figure 2a.
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Figure 2. a) Experimental OCV (V), b) Average membrane permselectivity (%). Average
membrane permselectivity was calculated as the ratio of experimental and theoretical OCV
values (OCV experimental/ OCVineoretical) (Theoretical OCV values were embedded in Figure 2a).

3.2. Effect of multivalent ion and flow velocity of electrolyte solution on RED performance

In real energy harvesting applications, monovalent and multivalent ions are present
simultaneously in the feed electrolyte solutions [19-23]. Therefore, examining the multivalent
ions' effect on the power generation performance is essential. In this section, the power densities
of the RED system in the presence of divalent ions (SO+%) were determined using different
electrolyte solution concentrations and flow velocities. Table 4 indicates the power density and
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Pnet Values produced by the RED system and power loss (PL) when SO4% are in different mole
ratios in concentrate and dilute electrolyte solution compartments. The PL values in Table 4
show the power density difference of the RED system performed in the presence and absence
of SO4* ions.

The results indicated the power density increased as the flow velocity increased in all feed
solution compositions, like the monovalent (CI°) ion study. However, it has been shown that the
power density produced in the presence of SO4* ions was lower compared with the presence of
Cl ions (Table 3). These results indicate a decrease in generated power density when SO4%ions
are used. There are two fundamental reasons for the occurrence of PL. The first is the uphill
transport created by the SO4% ions since the membranes have low permselectivity against CI-
/SO4? ions, and the second is the increasing membrane resistances in the presence of SO4 ions.
Further, the PL also varies depending on the SO4> ion concentrations and the compartments in
which it is used (Table 4). To this end, the effect of SO4> ion concentration and the compartment
composition on the PL was investigated by applying two different strategies in detail.

In the first strategy, the same amount of SO4% ions was used in the dilute and concentrate
compartments (Table 4). The results showed that increasing the amount of SO4? ions from 10%
mole to 50% mole in the total electrolyte solution decreased the power density dramatically and
parallelly increased the PL. Pintossi et al. [20, 22] reported similar results and observed that
power density decreased when the mole ratio of SO4> ions increased in the feed electrolyte
solution. These results can be explained by the three different transport: i) low permselectivity
of AEMs (CI/SO4%), ii) reduced fixed charge group numbers in AEMs, and iii) increased
membrane resistance. Increasing the multivalent ion concentrations in the feed electrolyte
solution made these three transports more dominant, resulting in a heavy loss of power density.
Figure 3 shows the theoretical and experimental OCV values and the average membrane
permselectivity as a function of SO4% ion concentrations using three different flow velocities.
The difference between the theoretical and experimental OCV values shows a measure of total
resistances formed on the membrane and Cl/SO4* permselectivity. Although the theoretical
OCV value of the system when using the 50% mole of SO4> ions in both compartments' solution
was the highest, the experimental OCV values were the lowest at three different flow velocities.
This means high SO+ ion concentrations create more total resistances by decreasing membrane
permselectivity, resulting in a loss of power density.

The second strategy used different SO+ ion concentrations in the dilute and concentrate
compartments to understand the compartment composition’s effects on the RED performance.
High ion concentration was first used in the dilute and then in the concentrate compartments
(Table 4). The results showed that when the high SO4% ion concentration was used in the dilute
compartment, the power density values at three flow velocities decreased more than the low
SO4% ion concentration used in the same compartment. The reason is that electroneutrality is
the dominant transport mechanism when using high SO.* ion concentration in dilute
compartments rather than the resistances. In summary, the PL results in Table 4 indicate
divalent ions in the feed electrolyte solution cause heavy power density loss due to creating
uphill transport, increasing total resistance, and decreasing membrane permselectivity.
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Table 4. The RED performance of Fujifilm Type Il IEMs in the presence of multivalent ions.

Flow velocity tres Power density Ppump Pnet *PL
Membranes (cm/s) Re s) (W/m?) Wim3)  (Wimd) (%)
0.017M 0.26 2.30 38.4 0.115 0.001 0.114 26.5
(90% NaCl+10% Na>SOs)
& 0.52 4,70 19.1 0.142 0.004 0.138 19.3
0.513 M
(90% NaCl+10% Na2S0a) 2.09 18.7 4.80 0.183 0.066 0.117 10.7
0.017M 0.26 2.30 38.4 0.085 0.001 0.084 45.8
(50% NaCl+50% Na>SOs)
& 0.52 4,70 19.1 0.093 0.004 0.089 47.9
0.513 M
(50% NaCl+50% Na2S0a) 2.09 18.7 4.80 0.111 0.066 0.045 65.6
0.017M 0.26 2.30 38.4 0.114 0.001 0.113 27.1
(50% NaCl+50% Na>SOs)
& 0.52 4.70 19.1 0.116 0.004 0.111 35.1
0.513 M
(90% NaCl+10% Na2S0a) 2.09 18.7 4.80 0.133 0.066 0.067 48.9
0.017M 0.26 2.30 38.4 0.122 0.001 0.121 22.0
(90% NaCl+10% Na>SOa)
& 0.52 4.70 19.1 0.128 0.004 0.124 275
0.513 M
(50% NaCl+50% Na2S0a) 2.09 18.7 4.80 0.152 0.066 0.086 34.4
*PL (%) = ((PneT)Nact — (PNET)Naci+Na2s04) / (PNET)Nact), (PNET)NacI data given in Table 2.
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Figure 3. a) Experimental OCV (V), b) Average membrane permselectivity (%). Average
membrane permselectivity was calculated as the ratio of experimental and theoretical OCV
values (OCV experimental/ OCVineoretical) (Theoretical OCV value was embedded in Figure 3a).
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3.3. Organic fouling tendency and long-term performance of IEMs

The determination of the fouling behavior of membranes is of such importance for guiding real
applications. It is well known that organic, inorganic, and biological substances are commonly
present in natural water sources, and these substances play a significant role in membrane
fouling, decreasing performance and shelf life and increasing operating costs [23]. In the scope
of this study, the organic fouling behavior of AEMs was tested using a real (not model) humic
and fulvic acid mixture solution. The main reason for examining the fouling behavior of AEMs
is that their structures have a positive charge. Most of the substances in nature have a negative
charge. Therefore, the electrostatic interactions between the negatively charged substances and
positively charged AEMs surfaces become more dominant and trigger fouling exponentially.
Since CEMs have a negative charge, electrostatic repulsion occurs between the contaminant
and the membrane surface. Therefore, CEMs do not get fouled as much as AEMs. For this
reason, there is a vigorous effort in the literature to produce fouling-resistant AEMs.

Figure 4 shows the Pnet values of the RED system before and after exposure of the AEMs to
the humic and fulvic acid mixture solution. The maximum Pnet values were obtained at a current
density of 8 A/m? for both conditions. However, a 30% decrease was observed in the maximum
Pnet Values after membrane fouling. This is because organic acid molecules are present in the
membrane structure even after washing. Figure 5 shows AEM surface images before and after
the fouling test. While the non-fouled membrane is white, the fouled membrane is yellow-
brown. The color change refers to the presence of organic molecules in the membrane structure,
decreasing the power generation performance of the RED system by reducing permselectivity
and increasing resistances. Vital et al. [30] used natural water in reverse electrodialysis for
energy generation and observed fouling on the membrane surface since the membrane color
changed dramatically after the operation, like ours. Further, they applied the pre-treatment
protocol to the feed water to mitigate the membrane fouling, and the results indicated the pre-
treatment worked to prevent fouling. Similarly, Vermaas et al. [23] investigated the effect of
natural seawater and river water for the feed electrolyte solution on the energy generation
performance from the RED system with a long-term study. They reported that power density
dropped approximately 40% at the end of the first day due to the organic fouling layers on the
membrane structures.
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Figure 4. Effect of organic foulants on the power generation performance.
(0.52 cm/s constant flow velocity and 0.017 M NaCl / 0.513 M NaCl electrolyte solution pair)

a) non-fouled (before) b) fouled (after)

Figure 5. Membrane surface images a) before and b) after exposure to organic acid mixture.

Testing membranes' long-term performance is critical in determining their usability in
industrial-scale systems. To this end, the RED system was operated for 4 hours nonstop with a
constant current density of 8 A/m? and flow velocity of 0.52 cm/s with a 0.017 M NaCl / 0.513
M NaCl electrolyte solution pair. Figure 6 shows the RED system's long-term power generation
performance. The result indicates that the initial Pnet value of the RED system where non-fouled
membranes are used decreased gradually until 2 hours. Then, the value almost reached a stable
and kept constant. The reason for the drop in performance in the first 2 hours is the accumulation
of salt ions in the membrane structure over time. This means that fouling slowly occurred in the
membrane structure. This period can be defined as the time required for the system to reach a
steady state. On the other hand, the initial Pnet of the RED system where fouled membranes
decreased sharply by almost 30%, and the value was constant during the operation. These
obtained results show that membrane fouling significantly reduces the power generation
performance of the RED system.
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Figure 6. Long-term stability test of the RED system.

4. Conclusion

This study showed the effect of divalent ions, organic acids, electrolyte solution concentration,
and flow velocity, significantly affecting the power generation performance in real applications.
The flow velocity effect results indicated that the power generation performance decreased as
the flow velocity reduced due to increased system resistances with decreasing flow velocity,
especially non-ohmic resistances. The general projection for industrial-scale RED applications
is to use sea and river water as feed electrolyte solutions. In this respect, the solution
concentration pair used in this study, which corresponds to sea and river salinity, is of a nature
that will shed light on industrial-scale studies. This study also indicated that divalent ions and
organic substances seriously affected the power generation performance negatively. In
particular, a significant drop in performance was observed as the concentration of divalent ions
used in the compartments was increased. In addition, studies on the effect of composition in the
compartments have shown that high divalent ion concentrations used in the dilute compartments
have a more negative on performance. These results reveal that electrolyte solutions must be
pretreated before feeding them to the RED system. In addition to the pretreatment protocol,
coating the membrane surfaces with fouling-resistant materials, especially organic and
biofouling, will reduce fouling and increase monovalent ion selectivity, increasing energy
efficiency.
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Abstract

This study presents a deep learning approach for early detection of melanoma, one of the most dangerous skin
cancers. In this article, all pre-trained models of the Keras library are trained with the I1SIC skin cancer dataset
available on Kaggle and the accuracy of each model is analyzed in detail. With the results obtained from the
trained models, the models were fine-tuned to further optimize the performance of each model. After re-
evaluation with fine-tuning, the accuracy rates were compared: DenseNet121 and MobileNet were found to be
the two best models with high accuracy among the fine-tuned models. As such, these two models were combined
in an ensemble approach to achieve a better overall accuracy. The skin cancer detection rate obtained with this
ensemble approach is 93.03%. Therefore, the deep learning-based ensemble method appears to be a reliable and
powerful technique that can be used to diagnose serious diseases such as skin cancer. This model can be used
to provide a powerful support system with great potential to assist dermatologists in the early detection phase
by easing workload and improving patient outcomes.

Keywords: Transfer learning, skin cancer classification, fine tuning, model ensemble

Topluluk Ogrenmesi ile ince Ayarli MobileNet ve DenseNet121 Modelleri
Kullanilarak Cilt Lezyonlarinin Gelistirilmis Siniflandirilmasi

Ozet

Bu ¢aligma, en tehlikeli cilt kanserlerinden biri olan melanomun erken teshisi i¢in bir derin 6grenme yaklagimi
sunmaktadir Bu makalede, Keras kiitiiphanesinin 6nceden egitilmis tiim modelleri, Kaggle'da bulunan ISIC cilt
kanseri veri kiimesi ile egitilmis ve her modelin dogrulugu ayrintili olarak analiz edilmistir Egitilen modellerden
elde edilen sonuglarla, her modelin performansini daha da optimize etmek i¢in modellere ince ayar yapilmistir
Ince ayar ile yeniden degerlendirme yapildiktan sonra dogruluk oranlar1 karsilastirilmistir DenseNet121 ve
MobileNet, ince ayarli modeller arasinda yiiksek dogruluk oranina sahip en iyi iki model olarak bulunmustur
Bu nedenle, bu iki model daha iyi bir genel dogruluk elde etmek i¢in bir topluluk yaklagiminda birlestirilmistir
Bu topluluk yaklagimi ile elde edilen cilt kanseri tespit orani %93,03. Bu nedenle, derin 6grenme tabanli
topluluk yontemi, cilt kanseri gibi ciddi hastaliklarin teshisinde kullanilabilecek giivenilir ve giiglii bir teknik
olarak goriinmektedir Bu model, is yiikiinii hafifleterek ve hasta sonuglarmi iyilestirerek erken teshis
asamasinda dermatologlara yardimci olmak i¢in biiyiik potansiyele sahip giiclii bir destek sistemi saglamak i¢in
kullanilabilir.

Anahtar Kelimeler: Transfer 6grenme, cilt kanseri siiflandirma, ince ayar, model birlestirme
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1. Introduction

Ultraviolet or ultraviolet rays with wavelengths between 100 and 400 nanometers have a
significant effect on skin cancer [1]. These rays are divided into three categories: UV-A, UV-
B and UV-C. UV-C rays are relatively less harmful than other rays and cannot reach the skin
surface because they are absorbed by the atmosphere [2]. However, if UV-B and UV-C rays
come into contact with the skin, it can cause damage to the skin tissue and cancer. Melanoma,
a type of skin cancer, is divided into two types: benign and malignant, with an irregular
structure containing several colors [3]. Early detection of malignant melanoma allows
dermatologists to recommend surgical removal of the affected skin area to prevent the spread
of the malformation in melanoma cells. Automatic disease recognition and diagnosis systems
with machine learning and deep learning methods have been rapidly increasing in medical
applications in recent years [4, 5, 6, 7]. These applications help specialists and significantly
reduce their workload. Similarly, pre-diagnostic decision support systems have been
proposed for skin cancer detection. In this study, a deep learning-based skin lesion detection
mechanism is developed using images from the ISIC archive on Kaggle. In order to compare
the performance of the proposed model with state-of-the-art models for early detection of
malignant melanomas, only studies using the same dataset are evaluated.

1.1. Related studies

In a study by Basaran and C,elik [8], the ISIC dataset was first trained with the
EfficientNetBO model and then deep features were obtained using Particle Swarm
Optimization (PSO) and Genetic algorithm (GA) with the fully connected layer of this model.
The features selected over different feature combinations were classified with Support Vector
Machine, one of the classical machine learning methods, and an accuracy rate of 89.1% was
achieved. Anand et al. [9] aimed to improve model accuracy by adding a flat layer, two dense
layers with an activation function called LeakyRelu, and a sigmoid layer to a pre-trained
VGG16 model and achieved 89.09% accuracy on the ISIC dataset. Sethanan et al. [10]
classified melanoma, vascular lesions, melanocytic nevus, cutaneous fibromas, benign
keratosis, and different carcinomas and skin moles using the HAM10000 dataset along with
the ISIC dataset. In the proposed model, the input images are passed through the CNN model
by applying image segmentation methods such as U-net, RP-Net, Threshold method, Edge
detection and data augmentation such as rotation, shifting, and flipping in a dual artificial
multiple intelligence system (AMIS). The proposed model outperformed the traditional CNN
models with 98.4% on the hybrid dataset. Hussein et al. [11] applied various transfer learning
networks such as AlexNet, ResNet-18, SqueezeNet, and ShuffleNet to the ISIC dataset and
observed that the ResNet-18 model performed relatively better than other models with an
accuracy of 89.9%. On the other hand, when precision, sensitivity and specificity values were
compared, it was seen that the specificity rate exceeded 90% in the SqueezeNet model and
surpassed the other models. Precision values showed slight differences in other models
except ShuffleNet. However, when the F1 score value is analyzed, it is seen that the ResNet
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model has better performance than the other transfer learning models in general. Tuncer et
al. [12] presented a CNN model called TurkerNet, which aims to improve classification
performance by minimizing the number of trainable parameters by working on four basic
components: input block, residual bottleneck block, efficient block and output. Since the
proposed model shows high performance with an accuracy of 92.12% even with low trainable
parameters, it can be frequently preferred in medical applications as a low-weight CNN
model. Bazgir et al. [13] proposed an optimized Inception model for skin cancer based on the
InceptionNet architecture with data augmentation and the addition of base layers. The
proposed model was applied to the dataset from the ISIC archive and achieved 84.39% and
85.94% accuracy rates in Adam and Nadam optimizations, respectively. In another recent
study presenting a deep learning-based approach, Prasad et al. [14] applied EfficientNet-B3,
a deep transfer learning model, to ISIC data with rescaling, brightness, and contrast
equalization preprocessing in the range of 20%. As a result of the experimental studies,
90.62% accuracy, 90.21% recall, 91.33% F1-score and 91.91% precision were obtained. A
general comparison of the studies using the raw dataset | used in this study is presented in
Table 1.

Table 1. Comparison of Classification Methods for Skin Lesion Analysis

Year Study Method Classifier Accuracy
2022 Basaran and Celik PSO-GA SVM 89.1%
(8]
2022 Anand et al. [9] VGG16 Softmax 89.09%
2022 Alfi etal. [15] CNN Softmax 92%
2023 Ramya and  Enhanced genetic SVM 89.19%
Sathiyabhama algorithm
[16]
2023 Hussein et al. [11] ResNet-18 Softmax 89.39%
2023 Shekar and Hailu DenseNet-169, local Random 89.70%
[17] binary pattern Forest
2024 Bazgir et al. [13] Optimized InceptionNet Softmax 85.94%
2024 Prasad et al. [14] EfficientNet-B3 Softmax 90.62%
2024 Turker et al. [12] TurkerNet Softmax 92.12%
This study Ensemble of  Softmax 93.03%
Fine Tuned
MobileNet and
DenseNet121
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1.2. Research Contributions

The main research contributions of this work are listed below: ¢ The proposed MobileNet-
DenseNet ensemble model outperforms other works in the literature using the same dataset,
making significant progress in skin lesion diagnosis.

*The experimental results are presented in comparison with widely used pre-trained
network models that have shown successful results in the literature.

*The highest performance was achieved by combining the DenseNet and MobileNet
architectures from the pre-trained transfer learning models, and this achievement was
compared with different studies in the literature using the same dataset.

¢ A fusion-based pre-trained transfer learning approach is proposed to improve skin
lesion classification performance.

The flow diagram of the hybrid model combining DenseNet and MobileNet transfer learning
networks with CNN is given in Figure 3.

2. Materials and Methods

2.1. Dataset

For the study, the Kaggle skin cancer dataset, an open-source platform containing 1800
images of benign and malignant skin lesions sized 224*224, was used [18]. This special
dataset consists of training and test sets containing images divided into two classes: benign
and malignant. Figure 1 shows a representative example of the dataset. Data augmentation
included random rotations, zoom, and contrast adjustments to simulate diverse real-world
scenarios, improving model robustness.
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Class: benign Class: benign Class: benign

Class: benign

Class: malignant Class: benign

Class: malignant Class: malignant Class: mallgnant

Figure 1. ISIC Archive sample skin lesions

As seen in Figure 2, the dataset of this study has been divided into training and test sets
according to class labels. The benign dataset contains 360 images for testing and 1440 images
for training. Similarly, for malignant training, 1197 training and 300 test images have been
allocated.
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Figure 2. The number of benign and malignant lesions in the training and test dataset
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2.2. The proposed ensemble transfer learning model

The use of pre-trained transfer learning models in the field of healthcare has significantly
improved classification performance in recent years. The hyper-parameters of these models
and the fact that the datasets on which the deep learning approaches are trained are balanced
and contain a sufficient number of data affect the classification performance. In this study, |
propose a hybrid use of a pre-trained deep learning approach on original data for skin lesion
classification. Figure 3 shows the general flowchart of the proposed MobileNet-DenseNet
ensemble model. In the proposed model, all layers in MobileNet are made trainable and fine
tuned without any preprocessing of the original data set. Then, using the CNN architecture,
Global AverageMaxPooling2d, Dense 1024, Batch Normalization, Dropout (0.5), Dense 64
and Dense 2 layers were used to reduce the number of classes to two, malignant and benign,
by gradually reducing the layers in order not to lose the features obtained from the pre-trained
model. As a second model, the last 171 layers of the DenseNet121 model out of a total of
427 layers are trainable and subjected to fine tuning. After the same CNN operations, the
output obtained from both models was combined end-to-end to obtain a hybrid ensemble
model.

The Global Average Pooling layer is a process that calculates the average output of the
feature map in the previous layer. As shown in Figure 3, a
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Figure 3. The diagram of the proposed ensemble transfer learning model

Global Average Pooling layer preceding the Dense layer fully connected layer is used to
extract features from the trainable layers where fine tuning is performed. With this average
calculation, the features are significantly reduced, preparing the model for the final
classification layer. In Global Average Pooling, overfitting is avoided by averaging the
feature map. A dropout layer is used to reduce overfitting during the training process. It is
the elimination of some memorizing nodes in the network to prevent the network from being
memorized. Thus, the memorization of the network is tried to be eliminated. The dropout
layer is a flattening layer for fully connected layers. Dropout increases the smoothing ability
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of the neural network. With dropout, neurons in the network are randomly assigned a zero
weight value. For this process, the dropout rate is set to 0.5 to make the model robust to small
changes in the input and to ensure high performance models. Dense fully connected layers,
which are added after the dropout process, are gradually reduced to 2 classes in order to
prevent the loss of features and these features are given to the Softmax layer to give the
classification result. The training process employed the Adam optimizer with a learning rate
of 0.001, chosen for its balance between convergence speed and stability. Other
hyperparameters, such as batch size (32) and dropout rates (0.5), were fine-tuned through
cross-validation to avoid overfitting.

2.2. Mathematical Model for Global Average Pooling, Dropout, and Average Ensemble

Let F represent the output feature map of the preceding layer, as follows:

[f1,1 fiz f1,n]
F:|f2_'1 fz‘,z fz.,ni

Vs foz = found

where the output of the j-th channel of the i-th feature map is represented by fi.

The average output for every channel is determined by the Global Average Pooling
operation:

Mm
Ms

h= w=1

where H and W represent the feature map’s height and width, respectively, to create
a vector G that represents the feature map’s summary. This technique works well to lessen
overfitting. [19]

In order to avoid overfitting, the Dropout layer then randomly changes a fraction p of
the input units to zero during training:

F with probability 1 — p

Y=D(F)={y win probability p

This technique helps to improve the generalization of neural networks [20].

Finally, the Dense layer receives the output from the Dropout layer and uses C units
for classification:

Z=W-Y+b

where, prior to applying the Softmax activation function, Z is the output, b is the bias
vector, W is the weight matrix, and Y is the input from the Dropout layer:

876



Enhanced Classification of Skin Lesions Using Fine-Tuned MobileNet and DenseNet121 Models with
Ensemble Learning

P = Softmax(Z2)
where P gives the predicted probabilities for each class.

To employ an average ensemble strategy to integrate many models, let M represent
the number of models and Oi represent the output of the i-th model:

0; = Softmax(Z;)

The final ensemble output Oensemble can be computed as the average of the outputs
from all models:

1 M
Ocnsemble = MZ 0;
i=1

This averaging method is a common ensemble strategy used to enhance predictive
performance. [21].

3. Experimental Results

In the study, the dataset was initially trained on pre-trained models and accuracy rates were
obtained. These models were first tested without any modifications and the accuracy rates for
each were determined. After the initial training phase, fine-tuning was applied to each model
to further optimize model performances. Fine-tuning was used to adjust model weights in
pre-trained models to improve their ability to generalize from training data. After fine-tuning,
the models were trained and the accuracy rates were redetermined. After this step, the
DenseNet121 and MobileNet models had the highest accuracy among the fine-tuned models.
Table 2 shows the 5 models with the highest accuracy. Fine-tuning adjusts pre-trained model
parameters to better adapt to specific datasets, improving performance on new tasks.

Table 2. Individual performance of transfer learning models after fine tuning and CNN

applications
Model PrecisionRecall F1 Score Accuracy Epoch
MobileNet 0.9242 09242 09241 0.9242 22
DenseNet121 09232 09227 09228 0.9227 68
ResNet50V2 0.8803 0.8803  0.8800 0.8803 63
VGG19 0.8787 0.8787  0.8787 0.8787 49
Xception 0.8713 0.8712 0.8709 0.8712 68

The graphs of training and test accuracy, training and validation loss values of the
DenseNet121 model according to the number of epochs are given in Figure 4. As can be seen
from the figure, while the training accuracy increases rapidly when the number of epochs is
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increased up to 20, it reaches a more regular accuracy rate after 60 epochs. Similarly, the test
accuracy varied at each step, but it reached over 90% after the 60th epoch. When comparing
the training and validation loss values, the training loss value decreased in the opposite
direction of the accuracy rate as the number of epochs increased and progressed more
consistently than the test loss.

Training and Test Accuracy for DenseNet121 Training and Validation Loss for DenseNet121

1.00 —— Training Loss
08 Test Loss

095
06

Accuracy
Loss

085

02

080

—— Training Accuracy
— Test Accuracy 00

0 2 40 60 80 100 0 2 40 60 80 100
Epochs Epochs

Figure 4. Training and Test Accuracy/Loss graphs for DenseNet121 according to the
number of epochs

Figure 5 shows the training-test accuracy and training-validation loss graphs of the
MobileNet model according to the number of epochs. Similar to the DenseNet graph, while
more stable accuracy and loss rates are determined on the train data, large differences are
observed between 20 and 40 epochs in the test set. Therefore, the number of epochs was
truncated at 22 to minimize test loss.

Training and Test Accuracy for MobileNet Training and Validation Loss for MobileNet
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Figure 5. Training and Test Accuracy/Loss graphs for MobileNet according to the number of
epochs

An ensemble approach was used to further improve the accuracy of the classification system.
Ensemble learning involves combining the predictions of multiple models to improve overall
performance and robustness. In the study, the fine-tuned outputs of several transfer learning
models were combined together to create a more comprehensive and accurate classification
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mechanism. The ensemble method exploits the unique strengths of each model, reducing the
weaknesses that any one model may have. This method reduced the probability of
misclassification and increased the model’s ability to generalize across different data
samples. The result is a significant improvement in accuracy and reliability, as demonstrated
by the MobileNet and DenseNet121 ensemble, which reached an accuracy of 93.03%. Table
3 shows the results obtained by combining the models with the highest accuracy with the
ensemble method. For model ensembling, the average method was used, where the outputs
of the individual models, MobileNet and DenseNet121, were averaged to make the final
prediction. This approach leverages the complementary strengths of the models: MobileNet's
efficiency and DenseNet121's ability to extract deep features. By averaging their outputs, the
ensemble model reduces the impact of potential biases or weaknesses of individual models,
leading to improved robustness and accuracy. This method ensures that each model
contributes equally to the final decision, making it an effective and computationally efficient
strategy for combining predictions in a classification task.

Table 3. The performances of ensemble models

Model Precision Recall  F1 Score Accuracy
MobileNet + DenseNet121 0,9307 0,9303 0,9303 0,9303
MobileNet + Xception 0,9218 0,9212 0,9209 0,9212
DenseNet121 + VGG19 0,9148 0,9136 0,9137 0,9136
MobileNet + ResNet50V2 09121 09121 09121 09121
MobileNet + VGG19 0,9120 09121 0,9120 09121
DenseNet121 + ResNet50V2 0,9120 09121 0,9120 09121
DenseNet121 + Xception 0,9030 0,9030 0,9030 0,9030
ResNet50V2 + VGG19 0,8984 0,8984 0,8984 0,8984
Xception + VGG19 0,8940 0,8939 0,8937 0,8939
ResNet50V2 + Xception 0,8842 0,8833 0,8828 0,8833

In Figure 6, the performance of DenseNet121, MobileNet and DenseNet121+ MobileNet hybrid
transfer learning model on skin cancer is measured classwise in confusion matrices. In
distinguishing two very similar classes, the total number of misclassifications of the
DenseNet121 model is 51 while the number of misclassifications of MobileNet is 50. The total
number of misclassifications obtained as a result of the combination of both models is reduced
to 46. It can be said that the proposed ensemble model is effective in classifying data that are
very similar to each other.
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DenseNet121 MobileNet Ensemb

Figure 6. MobileNet, DenseNet121 and proposed model’s confusion matrices

4., Discussion

The results of this study show that the performance of pre-trained deep learning models in
the classification of skin lesions is enhanced by the ensemble technique. By fine-tuning the
MobileNet and DenseNet121 models and then creating an ensemble, superior performance
metrics have been achieved compared to individual models or other ensemble combinations.
The ensemble model combining MobileNet and DenseNet121 has achieved the highest
precision, recall, F1 score, and accuracy, surpassing other commonly used models such as
ResNet, VGG19, and Xception. One of the most significant strengths of this approach is its
hybrid structure that combines the strengths of both MobileNet and DenseNet. MobileNet is
known for its efficiency and speed, complementing DenseNet’s ability to leverage deeper
feature representations. While fine-tuning the last 171 layers of DenseNet121, allowing all
layers in MobileNet to be trainable ensured that both models adapted to the unique
characteristics of the skin lesion dataset without overfitting. The use of dropout layers and
global average pooling also contributed to the overall performance of the model. These
techniques reduced overfitting and ensured that the model memorized the training data, which
is crucial in medical imaging tasks where generalization to new, unseen data is vital.
Additionally, instead of relying on a simple voting scheme, the end-to-end combination of
the models’ outputs ensured the full utilization of each model’s strengths and provided a
robust classification output. Experimental results further emphasize that independent models
like ResNet50V2 and Xception perform reasonably well, but they cannot distinguish between
benign and malignant skin lesions as effectively as the ensemble model. Confusion matrices
reveal that the combination of MobileNet and DenseNet121 reduces misclassification errors,
especially when distinguishing between classes with very similar features, compared to
individual models. This is very important in the field of healthcare, where accurate
classification can lead to significant clinical outcomes.

Despite these promising results, there are some limitations in our approach. For example,
while our ensemble model achieved high performance metrics, the computational complexity
and training time were higher compared to individual models. Especially the DenseNet121
model required more epochs to stabilize compared to MobileNet, indicating that future
studies should explore more efficient ways to combine deep learning models so that the
computational load does not increase significantly.
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5. Conclusion

This model, which proposes a hybrid ensemble model combining MobileNet with
DenseNet121, was used for the classification of skin lesions. The approach here was to
leverage the strengths of both models. By fine-tuning the final layers of the models, better
learning was achieved. Subsequently, high accuracy was achieved using the merging method.
Thanks to this, it has reached the latest technological performance in classifying skin lesions
as benign or malignant. It has been determined that such hybrid approaches can provide better
results compared to individual models obtained from transfer learning and other ensemble
combinations. This study demonstrates the potential of transfer learning in healthcare
applications, particularly in the classification of skin lesions. The reduction in
misclassifications with the collective approach underscores its value, especially in a clinical
setting where accurate diagnosis is paramount. However, further research is needed on the
optimal computational efficiency of this approach, especially for its use in real-time
applications. Large-scale and more diverse datasets will further validate the generalization of
the proposed model. These promising results enable the investigation of community methods
on medical images in many other applications where appropriate and efficient classification,
which is absolutely necessary for the clinical decision-making process, is required. The
proposed ensemble model significantly reduced misclassification rates compared to
individual models, demonstrating its potential in medical imaging. By leveraging
MobileNet’s efficiency and DenseNet121°s deeper feature extraction, the ensemble achieved
higher accuracy and generalization.
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Abstract

This study focuses on the software development process of a mobile application that aims to support children's
learning, development and entertainment processes while ensuring their safety in the online environment. The
project, which was carried out within the framework of the Software Development Life Cycle (SDLC), adopted
a systematic approach that included requirements analysis, design, development, testing and maintenance
phases. This systematic structure enabled the project to proceed in a planned manner and effective use of
resources. The project aims to minimize digital security risks, provide appropriate content for children and
enable parents to safely control their children's internet use. Extreme Programming (XP) methodology was
preferred in the SDLC development phase. The principles specific to this methodology such as pair
programming, test-driven development (TDD) and continuous integration were effectively applied. The use of
XP enabled user feedback to be processed quickly and the application to be continuously improved. Thus, the
software adapted not only to technical requirements, but also to user experience and security needs. This
process, which successfully completed security and performance tests, demonstrates that effective management
of the entire process, not just coding, in software development projects directly contributes to project success.
The study aims to contribute to the literature on children’s digital safety and to provide a basis for future research
in this field.

Keywords: Methodology, SDLC, Software Engineering, Software Testing, XP

Yazihim Gelistirme Yasam Dongiisii Cercevesinde Cocuklar icin Bir Mobil Giivenli
Icerik Gelistirme Uygulamasi

Oz

Bu caligma, ¢ocuklarin ¢evrimigi ortamda giivenligini saglarken, 6grenme, gelisim ve eglence siireglerini
desteklemeyi amaglayan bir mobil uygulamanin yazilim gelistirme siirecini ele almaktadir. Yazilim Gelistirme
Yasam Dongiisti (SDLC) gergevesinde yiiriitiilen proje; gereksinim analizi, tasarim, gelistirme, test ve bakim
asamalarini iceren sistematik bir yaklagimi benimsemistir. Bu sistematik yapi, projenin planl bir sekilde
ilerlemesini ve kaynaklarm etkili kullanimint miimkiin kilmistir. Proje, dijital giivenlik risklerini minimize
ederek cocuklara uygun igerik sunmay1 ve ebeveynlerin ¢ocuklarmin internet kullanimimi giivenle kontrol
edebilmesini saglamay1 hedeflemektedir. SDLC gelistirme asamasinda Ekstrem Programlama (XP)
metodolojisi tercih edilmistir. Bu metodolojiye 6zgii olan ¢ift programlama, test odakl gelistirme (TDD) ve
stirekli entegrasyon gibi prensipler etkin bir sekilde uygulanmistir. XP'nin kullanimi, kullanic1 geri
bildirimlerinin hizli bir sekilde iglenmesini ve uygulamanin siirekli iyilestirilmesini saglamigtir. Bdylece
yazilim, yalnizca teknik gereksinimlere degil, ayn1 zamanda kullanici deneyimi ve giivenlik ihtiyaglarmma da
uyum saglamistir. Giivenlik ve performans testlerini basariyla tamamlayan bu siire¢, yazihim gelistirme
projelerinde yalnizca kodlama degil, tiim siirecin etkin yonetiminin proje bagarisina dogrudan katki sagladigmi
ortaya koymaktadir. Calisma, ¢ocuklarin dijital glivenligi alanindaki literatiire katki sunmay1 ve bu alanda
gelecekte yapilacak aragtirmalar i¢in bir temel olusturmay1 hedeflemektedir.
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A Mobile Secure Content Development Application for Children in the Software Development Life Cycle
Framework

1. Introduction

The process of developing a software product is considered as the software life cycle and
consists of various phases such as planning, analysis, design, implementation, testing and
maintenance [1,2]. These phases are implemented sequentially through a model. The software
development model expresses the strategy for the realization of the software and this strategy
includes a set of activities, objects, transformations and events [3]. The software process
includes all activities involved in software development. All activities of specification,
development, verification and evolution are part of all software processes. In addition to the
functionality and performance that customers expect, a good software product is expected to be
easily modifiable according to changing customer requirements. In other words, a good
software product should be maintainable, reliable, efficient and acceptable. In order for a
software product to be successful, all activities planned throughout the software lifecycle
process must be realized within the planned time and cost scope.

Today, a wide variety of software such as operating systems, mobile applications, web
applications, cloud-based applications are being developed. The developed software can appeal
to very different audiences. The software development process should be implemented by
choosing the right methodology according to the scope and scale of the software. In today's
digital world, it is of great importance to ensure that children use the internet safely, to provide
them with appropriate safe and educational content, and to enable parents to safely control their
children's internet use. For this reason, it is necessary to have applications that contain safe
content for children. At the same time, content producers should be guided in this area.
Managing the software processes required for the realization of such applications is also of
great importance in terms of both time and cost. For this reason, this study focuses on a medium-
sized mobile software application that contains safe content for children. In today's digital
world, it is of great importance to ensure that children use the internet safely, to provide them
with appropriate safe and educational content, and to enable parents to safely control their
children's internet use. For this reason, it is necessary to have applications that contain safe
content for children. At the same time, content producers should be guided in this area.
Managing the software processes required for the realization of such applications is also of
great importance in terms of both time and cost.

The term digital security is often used interchangeably with internet security, cyber security,
online security, information security and data security. While some researchers in the field of
early childhood education see the benefits of digital technology in supporting children's
learning and social interactions, others have concerns about its negative impacts on children's
health and development. Children growing up in the digital age from an early age are exposed
to digital technology and overshadowed by digital security threats. According to the OECD
(2021), digital security risks in children can be divided into 4Cs (concerning contact, content,
conduct, and contract risks). Children also have privacy risks, advanced technology risks, and
health and well-being risks. This often causes parental concern and tends to discourage
children's use of technology. There is an important need to raise parents' awareness about the

885



A Mobile Secure Content Development Application for Children in the Software Development Life Cycle
Framework

impact of digital devices on children's health and development and to ensure that they use the
internet safely [4].

Cyberbullying is increasingly recognized as a threat to the mental health of children and young
people. Children, young people and their families may not know how to stay safe online or how
to respond to unsafe online experiences. Child and Adolescent Mental Health Physicians
believe that new generations should be guided by education from a young age, but it is
impossible to reach everyone [5].

In this study, the software of a mobile application that will support children's learning,
development and entertainment processes while keeping them safe in the online environment
was realized within the framework of the Software Development Life Cycle (SDLC). This
process was carried out by progressing step by step with the principles of continuous
improvement within the framework of the software development life cycle. Within the scope
of the study, requirements determination, system design, development, testing and maintenance
phases are included.

2. Software Development Life Cycle

The Software Development Life Cycle (SDLC) is a systematic process that covers all phases
of software projects from planning to deployment and maintenance. Careful and meticulous
work at every stage of the software development lifecycle and the application of the right
methodologies contribute significantly to the successful completion of the project by improving
the quality of the software [6].

SDLC is used in the software industry to design, develop and produce high-quality, reliable,
cost-effective and timely software products. It is also called the software development process
model [6]. SDLC models form the backbone of software engineering practice by guiding a
systematic and structured approach to creating high quality software products. As technology
evolves and market demands become more dynamic, software development organizations are
faced with the challenge of selecting the most appropriate SDLC model to meet project
requirements efficiently and effectively. Developers, project managers, and quality engineers
should have a thorough understanding of the advantages, disadvantages, and applicability of
various SDLC models in the context of software quality engineering in order to make informed
decisions [7].

The SDLC is a fundamental framework that guides the process of building software
applications, including mobile applications. It consists of a series of well-defined phases
designed to ensure the development of high-quality software that meets or exceeds customer
expectations [7,8].

2.1 SDLC Methodology Phases

SDLC methodologies provide a structured framework that guides the process of designing,
developing and implementing software solutions. These methodologies are diverse and each
offers an approach tailored to a specific project needs, complexity and objectives. One of the
key aspects of the SDLC is its ability to adapt to the unique requirements and constraints of
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different software projects, including mobile applications [10,11]. A visualized description of
the stages in the SDLC is presented in Figure 1 [9].

¢ Planning
1. Define project scope, objectives and requirements
2. Identify stakeholders and roles
3. Create a project plan, including timelines and resources
e Analysis
1. Collect and document detailed requirements from users and stakeholders
2. Analyze the information collected to understand the functional and non-functional
requirements of the system
3. Develop use cases, user stories or functional specifications
e Design
1. Create an architectural design that defines how software components interact
2. Develop detailed technical specifications
3. Designing the user interface
e Application (Coding)
1. Writing the actual code based on design and specifications
2. Perform unit tests to ensure that individual components function as intended
3. Integrate code modules as needed
e Testing and Merging
1. Conduct various tests, including integration testing, system testing and user testing
2. Identify and correct defects and problems
3. Verify that the software meets the completed requirements
e Maintenance and Sustainability
1. Monitoring and maintenance of the software
2. Addressing and correcting reported problems or defects
3. Make necessary updates, enhancements and patches

4

IMPLEMENTATION

THE
SOFTWARE
DEVELOPMENT
CYCLE

Figure 1. Software lifecycle.
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2.2 Using Decision Support Matrix for Selection of SDLC Methodologies

In software development, selecting an appropriate SDLC methodology is a critical decision that
significantly impacts project outcomes [10]. To effectively carry out this decision-making
process, the use of a decision support matrix is invaluable. A decision support matrix provides
a structured approach to evaluate and compare various SDLC methodologies based on their
compatibility with project-specific factors, enabling stakeholders to make informed and
strategic choices [11].

A decision support matrix considers several key factors that influence the suitability of an SDLC
methodology for a given project:

Project Complexity: The complexity of a project's requirements, architecture and technology
stack can influence the choice of SDLC methodology. Projects with high complexity can benefit
from methodologies that allow iterative development and frequent adaptations [12].

Stability of Requirements: The stability of project requirements is a very important
consideration. Projects with well-defined and stable requirements may tend towards a linear
approach, while projects with evolving requirements may prefer Agile methodologies [6].

Customer Involvement: The extent to which customers or end users should be involved
throughout the development process plays an important role. Agile methodologies emphasize
regular customer feedback, while traditional methodologies may involve customers primarily
in the requirements phase [12].

Flexibility and Adaptability: The project's capacity to accommodate changes and adapt to
evolving needs is an important factor. Agile methodologies excel in providing flexibility, while
traditional methodologies may struggle to accommodate late-stage changes [6].

Timeline and Predictability: The timeline requirements of the project and the organization's
need for predictability in terms of project milestones and deadlines are considered. Traditional
methodologies offer a relatively predictable timeline, while Agile methodologies embrace
change and evolution [13].

Creation of Decision Support Matrix;

Factor Weighting: Assign relative weights to each factor based on its importance to the project
[14]. For example, if customer engagement is very important, it may receive a higher weight.

Scoring Criteria: For each factor, scoring criteria can be defined, usually on a scale from low to
high or inadequate to excellent [15,16].

Methodology Assessment: Evaluate each SDLC methodology against factors and criteria and
points are awarded based on compliance [17].

Calculation of Weighted Scores: Multiply the assigned weights by the scores for each factor for
each methodology. Sum these weighted scores for each methodology to obtain the total
weighted score [18,19].
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Selection: The methodology with the highest overall weighted score is the recommended choice

[11].

The general structure of the decision support matrix is shown in Figure 2.

Decision Support Matrix Methodologies

Scoring Criterias Factor Weights Agile Methods Traditional Methods

Al

A2

A3

Decision

Figure 2. Decision support matrix.

2.3 Software Development with SDLC Methodologies
2.3.1 Traditional Software Development Methodologies

It is an approach that generally follows the planning, design, development, testing and
maintenance phases in a sequential and systematic way. It is used in complex projects where
requirements are clear, large teams are working and complex projects. The most common
traditional software development models include the cascade model, the V-process model and
the spiral model.

The cascade model is one of the oldest methods used in software development processes. It is
an approach in which project steps are sequential and progressive, one step is not completed
until the next step is completed, and it is difficult to go back to the previous step.

The V process model is considered an improved version of the waterfall model. The software
development process has a test phase corresponding to each development phase. Thus, each
phase is verified. It is preferred in projects with high quality requirements.

The spiral model places great emphasis on risk analysis and risk management, which are
ignored in the waterfall model. The project is divided into cycles and each cycle is detailed and
its risks are assessed separately. Therefore, it is suitable for high-risk projects. It is also close
to contemporary models.

2.3.2 Agile Software Development Methodologies

They are software development approaches that enable fast and effective response to customer
requirements and can easily adapt to all kinds of changes [20]. It allows software development
projects to be developed in short cycles by dividing them into small, manageable parts. It is
used in situations where it is difficult to predict the detailed roadmaps and designs of projects.
The most common agile software development methods include Scrum, Kanban, Extreme
Programming (XP) and Lean software development [21].
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The Scrum model is an agile software development model and its general characteristic is that
it is observer, developer and iterative. The Scrum model is used when it is difficult and complex
to plan a software project completely from the beginning. According to this method, a team is
formed for the software development process and a scrum master responsible for the team is
determined. This enables teams to work faster and more efficiently. Scrum teams ensure the
progress of the project by holding sprint meetings at certain intervals [22].

Kanban is a visual management methodology that aims to make production processes and
workflows more efficient. It is used in software development processes in the form of
scheduling to control the phases [23].

XP is an agile software development methodology designed to improve software quality and
responsiveness to changing customer requirements. XP is particularly effective in dynamic
environments where requirements are likely to change because it encourages adaptability and
communication. Team roles in XP vary, but key positions include developers, customers (or
their representatives), coaches and monitors who collectively prioritize tasks, write user stories
and evaluate progress. XP increases productivity and fosters innovation by fostering a culture
of trust and shared responsibility, making it a valuable methodology for teams that want to
deliver high-quality software in a flexible, customer-centric way [24].

Lean software development is adapted from lean manufacturing principles and aims to make
software development processes more efficient and effective. It is a methodology used to
minimize waste in software development processes, maximize customer value and ensure
continuous improvement [25].

3. Mobile Application Project Management

Mobile application project management is the management of the processes and tools used in
the development of mobile applications. This enables both organizing software development
teams and achieving specific business goals. Successful mobile app project management
ensures that the development process is completed on time and within budget, ensuring that the
app meets the targeted quality and user experience standards.

In this project, a mobile application will be developed to create a clean platform for children
that is easy to use, has a high level of security and at the same time does not contain
inappropriate content. The application is designed to work on 10S and Android platforms. The
stages of the application within the scope of SDLC are presented below;

3.1 Software Methodology Selection

XP stands out as one of the agile software development methodologies. Developed by Kent
Beck in the 1990s, this methodology aims to maximize customer satisfaction, improve
teamwork and adapt to changing requirements in software projects. XP is a particularly suitable
approach for projects with frequently changing requirements and where fast deliveries are
critical [24]. XP is built on a set of fundamental principles. These principles include small and
frequent releases, test-driven development (TDD), pair programming, continuous integration,
simple design, continuous feedback, code standards and the 40-hour work week. These
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principles are designed to make the software development process more efficient and agile. For
example, through small and frequent releases, software is delivered in such a way that
customers can provide early feedback [26]. TDD ensures that tests are written before the coding
process and bugs are detected early [27]. Pair programming improves code quality by
encouraging developers to work together [28]. Continuous integration ensures that new code is
continuously integrated into the main code base and that this process is tested [29]. Many
advantages are gained through the use of XP. These include fast feedback, quality coding and
flexibility to change. Frequent deliveries and customer involvement allow the software to be
improved in the early stages [30].

Agile software development methodologies include Scrum, Kanban and Feature-Driven
Development (FDD). A decision-making matrix was created to decide which software
development method to use for the application planned to be made within the scope of this
project, and as a result, it was deemed more appropriate to use the XP software development
process in our software project due to the different sections it contains. XP was chosen
especially because of its advantages of handling user feedback quickly, continuous
improvement of the system through frequent releases and maintaining high quality standards.
According to this software development process, each section is designed, coded and tested
separately. After the testing phases of the sections are completed, all sections are merged. This
user-oriented method contributed to the app providing an effective solution to ensure children's
digital safety.

3.2 Software Requirements Analysis

Requirements analysis is critical to the success or failure of a software project. Requirements
analysis should be performed in order to determine customer expectations in the initial phase
of software projects and to minimize the errors that may occur in the later stages of the software
project. The requirements determined in the early stages of the project may change as the project
progresses. Therefore, they are dynamic. They are divided into two as functional and non-
functional requirements. The steps of requirements analysis are as follows;

e Requirements Gathering: Gathering needs from users and stakeholders. This can be
done through surveys, interviews and observations.

e Requirements Definition: Analyzing the information collected and transforming it into
specific, measurable and achievable requirements.

e Requirements Documentation: Detailed documentation of requirements. These
documents serve as a guide for the project team.

e Requirements Verification and Validation: Checking the accuracy and completeness of
requirements and validation by stakeholders.

e Requirements Management: Monitoring requirements and managing changes
throughout the project [31,32].

These steps ensure that the project achieves its goals and meets user needs. Some common
techniques used in the requirements analysis process include flow diagrams and prototyping
[33].
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For the development of the application, requirements were first analyzed. For this, the functional
and non-functional requirements that make up the software were identified. Then, a feasibility
study was conducted for the analysis and it was decided whether the project should be carried
out or not. Cost and time analysis were made within the scope of the feasibility study.

3.2.1 Functional Requirements

Requirements are expressed as services provided directly to the user in order to meet the user's
needs and expectations. It defines what the system should do. Some functional requirements of
the software developed in the study are presented below;

Users should be able to register and login to the application with e-mail and password.
Users should be able to create multiple child profiles and set age-appropriate content
filters for each profile.

The system should be opened according to the authorization level of the logged in user.
Users should be able to search for content in the system using the content search feature.
The user should be able to update their profile information (name, profile photo, etc.).
Users should be able to access detailed information about each content such as author,
publication date, age group.

The user should be able to play the game of their choice within the app and track their
achievements in the games.

Users should be able to play online multiplayer games with other players.

The user should be able to watch the cartoon of their choice within the application.
The user should be able to read the books they have selected within the application or
listen to them as audiobooks.

The user should be able to add any content to their favorite list.

Parents should be able to limit the usage time of the app and view viewing and reading
history.

If there is a problem with the password, a password renewal link should be sent to the
e-mail address.

3.1.2 Non-Functional Requirements

It is a performance requirement that addresses the quality and correct operation of the software,
not the service provided directly to the user. It defines how the system should perform. Non-
functional requirements help to ensure that the user's needs are met, that it is reliable. It also
helps to make it easier to use and maintain.

The system must be secure against unauthorized access. It should ask for member login.
The application should scale to serve 100000 users at the same time.

Access to the application should be provided via the internet.

The app's response time to user requests should not exceed 2 seconds.

Loading and playback of books, videos and games in the app should not exceed a
maximum of 3 seconds.

Age verification mechanisms should be in place to control access to content.
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e The user interface should be simple and colorful so that children can use it easily.

e There should be a feedback mechanism where users can easily report bugs in the
application.

e The application should work flawlessly on all operating systems.

e The application should be suitable for commonly used web browsers.

e If there is a problem with the password, a password renewal link should be sent to the
e-mail address.

e The app should be maintained on a monthly basis so that new content and updates can
be easily added.

e The application should be tested weekly for vulnerabilities.

3.3 Software Feasibility Analysis

In software projects, a feasibility analysis should be performed to evaluate the feasibility of the
project by taking into account all factors related to the project. This analysis aims to identify
resources, risks and opportunities to increase the chances of success of the project. In feasibility
analysis, evaluation is made from various angles and it is aimed to increase the efficiency of
the project. Within the scope of this project, cost analysis and time analysis were conducted.

3.3.1 Cost Analysis

In general, cost estimation is one of the most difficult steps in project management. It is very
important to accurately calculate the resources and schedule needed. The software costing
process includes calculating the size of the software to be produced, calculating the effort
required, developing the project schedule, and finally calculating the cost of the entire project
[34]. There is a wide variety of cost estimation methods for evaluating projects, and there are
quite a few studies that favor the COCOMO model for software projects. A study covering 115
different software projects highlighted that costs and timelines are often under- or
overestimated, often due to a lack of structured estimation methods. By applying COCOMO,
this study addressed common problems such as frequent changes made by users, missed tasks,
and inadequate analysis, and helped to improve estimation accuracy by considering complexity,
system size, and team capabilities [35]. In a study focused on creating an online bookstore, the
COCOMO model was used to estimate development efforts. The project included 14 web pages
written in HTML and JavaScript, and the application was categorized under the “organic” mode
using both the basic and intermediate COCOMO sub-models. This approach assisted in effort
estimation based on 2.9 KLOC (thousands of lines of code) and adjusted the predictions using
cost drivers such as reliability, database size, and team experience [36]. The COCOMO model
is used to estimate the cost, duration, and workforce requirements of a software project by
considering its size and complexity. It was developed by Barry W. Boehm in 1981, based on
the principle that the required effort is proportional to an exponential function of the program's
size [12]. COCOMO estimates workload in software projects by considering developers' skills,
software complexity, and the technologies used. The structure of the COCOMO model is
presented in Figure 3 [37].
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Figure 3. COCOMO model.

The COCOMO model has three fundamental types based on different project types and
complexity levels: discrete, semi-detached, and embedded. The effort and duration formulas for
these three models are shown in Table 1 [37,38]. Discrete projects are those developed by
small, experienced teams, characterized by a well-understood scope and low complexity. Semi-
detached projects refer to projects of medium size and complexity, typically managed by expert
teams. Embedded projects are very large, complex projects that require specialized equipment
or hardware.

Table 1. COCOMO model effort and duration formulas.

Mode Effort Schedule

Organic E=2.4*(KDSI)"?® |TDEV=2.5%(E)%3*®

Semidetached |[E=3.0*(KDSI)""'? [TDEV=2.5*(E)*?*®

Embedded E=3.6*(KDSI)"?® |TDEV=2.5%(E)%*?

The cost multiplier in the model is obtained from the product of 15 cost drivers.
COCOMO equations; E=ax(KLOC)b [12]
E: Effort, KLOC: Lines of Code, a ve b: Constants Determined by Model Type

The cost multiplier for the mobile application developed in the study has been determined as
shown in Table 2.

Table 2. Mobile application cost drivers

RATINGS

COSTDRIVERS PROJECT|
VERYLOW LOW NOMNAL HIGH VERYHIGH EXTRAHIGH

RELY : Required software reliability 0,75 0,88 1 1,15 1,4 - 1

PRODUCT ATTRIBUTES |DATA : Sze of application database - 0,94 1 1,08 1,16 - 1,08
CPLX : Complexity of the product 0,7 0,85 1 1,15 1,3 1,65 1
TIME : Run time performans constraints - - 1 1,11 1,3 1,66 1
HARDWAREATTR STOR : Memqtyconstrai_nts i . - 1 1,06 121 1,56 1
VIRT : Volatility of the virtual macine environment - 0,87 1 1,15 1,3 - 1

TURN : Required turnabout time - 0,87 1 1,07 1,15 - 1,07
ACAP : Analyst capability 1,46 1,19 1 0,86 0,71 - 1
AEXP : Applications experience 1,29 1,13 1 0,91 0,82 - 1

PERSONNELATTRBUTES| PCAP : Software engineer capability 1,42 1,17 1 0,86 0,7 - 1,17
VEXP : Mirtual machine experience 1,21 1,1 1 0,9 - - 1

LEXP : Programlama dili deneyimi 1,14 1,07 1 0,95 - - 0,95

MODP : Application of software engineering methods| 1,24 1,1 1 0,91 0,82 - 0,91

PROJECTATTRIBUTES |TOOL : Use of software tools 1,24 11 1 0,91 0,83 - 11
SOED: Required development schedule 1,23 1,08 1 1,04 1,1 - 1
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In this context, the effort coefficient for the software project has been calculated as follows;
C=CI*C2*C3*...*C15 = 1,28

The size of the software is approximately 15000 LOC=15 KLOC and it is evaluated as a semi-
detached application.;

Effort =3 * 15°1.28 = 96 man/month
Duration = 2.5* 96°0.35 = 12,3 month
N=96/123=78=8

Accordingly, it has been estimated that the project can be developed by a team of 8 people in
approximately 12 months.

3.3.2 Time Analysis

Time analysis is an evaluation that includes planning and monitoring the steps required to
complete a software project within the targeted duration, the time allocated for these steps, and
the business processes involved. Through time analysis, it helps determine when the project
will start and finish, identify critical paths, and recognize potential delays, contributing to the
timely and budget-compliant completion of the project. One of the most common methods for
time analysis is the Gantt chart. A Gantt chart visualizes the start and end dates of specified time
periods as horizontal bars. It is a simple and clear visual tool for tracking and managing project
progress. Considering the duration obtained for the project within the framework of the
COCOMO model, a time analysis has been conducted and is illustrated in Figure 4 using a
Gantt chart. The chart shows the time analysis for the 12 months required to complete the
project based on the planned tasks. Accordingly, customer meetings and target audience
analysis were completed in the first month, followed by the determination of requirements. A
cost analysis was performed based on the identified requirements, and immediately after that,
the design phase commenced. After the design, the implementation phase—the longest phase
of the project—began, during which testing was conducted for each unit as the application was
developed. Performance and security testing started after the application was developed, and
once these tests were completed, the software project was launched with a beta version.
Subsequently, the project entered the maintenance phase with feedback from end users and
requests for software updates, finalizing the software.

Month 1| Month 2 | Month 3 | Month 4 | Month 5 | Month 6 | Month 7 | Month 8 | Month 9 |Month 10|Month 11{Month 124
Customer meetings

Target audience analysis
Determination of the project team
Requirementsidentification
Cost analysis
Database design
User interface design
Application development
Unit tests
User testing
Performance and security testing
Addingbeta version
Updates
Addingnew features

Figure 4. Gantt diagram for the developed application.
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3.4  Software Design

The software design phase is one of the most critical and important stages in the software
development process, occurring before the coding phase. There are three different software
design models: Architectural design, which involves designing program models using UML
(Unified Modeling Language) graphic language and GUI (Graphical User Interface) design.
Each model generates various sub-models. Architectural design is created by establishing the
foundations of the software and connecting these building blocks to form the design. This
involves determining how the software’s modules and sub-modules relate to the database and
other structures, thereby designing how the system will operate. Here, client-server architecture,
layered architecture, and repository architecture can be employed [39].

The study plans to develop the software for mobile platforms. Mobile software development
requires rapid updates and enhancements to meet the varying capacities of different customers
in a mobile environment, which is subject to failures and a series of constraints. The evolving
constraints also include existing limitations such as technology, resources, bandwidth, and
coverage area in the future [40].

In object-oriented design, specialized design tools are used. UML is a standard modeling
language commonly preferred for modeling systems where object-oriented programming
techniques are planned to be used. UML is employed to provide standards for complex
programs that require the consideration of both software and hardware, especially in situations
where the code will be developed by multiple developers [41].

UML diagrams are graphical representations that illustrate different aspects and features of a
system. When modeling a system, the appropriate diagram is selected and drawn based on the
specific aspect that needs to be examined. Depending on the specialized needs of the
developers, some programmers maintain a strict approach and take great care in using all the
diagrams and definitions from the Object Management Group (OMG), potentially wasting time
on unnecessary drawings. In contrast, others may settle for just using use case and class
diagrams [41]. Use Case diagrams are a sub-module of UML diagrams, and during the software
design development process, a use case diagram is used to model how a system interacts with
its users. This diagram aims to visualize the functions offered by the system, the users who will
utilize these functions, and the relationships between the functions. In software development
processes, use case diagrams help simplify the visualization of complex system functionalities,
enabling users to understand the system easily [42,43]. Accordingly, when creating the diagram,
the functions that the system will offer and the users who will utilize the system are determined.
Based on the functions provided by the system or the expectations of the users from the system,
use cases are created, visualizing the relationships between the users and the use cases.

A general use case diagram illustrating the actors and their permissions for the mobile
application developed in the study is displayed in Figure 5.
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Figure 5. Use case diagram of the application.

Accordingly, a user with "Administrator" privileges can perform content compliance and
addition/deletion operations. The registration and list creation processes are carried out by the
"Parent" user, while the "Child" can access the created lists. This access helps prevent the child
from navigating inappropriate content.

3.5 Software Testing

The testing phase, which is a part of the software development process, is a crucial stage for
ensuring the functionality and quality of the software. The aim of the testing phase is to identify
and rectify any potential errors in the software beforehand. Some of the tests conducted during
the software development process include unit tests, integration tests, performance tests, user
tests, security tests, and acceptance tests [44].

When the testing process begins, it is essential to plan in advance which tests will be conducted,
how they will be performed, when they will take place, who will conduct them, and which tools
will be used. Tests should be executed, results recorded, and necessary improvements made.
Following these improvements, the tests should be repeated, and after all these testing stages,
the success of the system should be evaluated.

Within the scope of the study, it is planned to test each module of the application separately for
different content sections. For example, in the application's book list section, it will be tested
whether the pages of the books displayed change individually and within a specified time frame.
Based on the results, improvements will be made if necessary.
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When the sections are integrated, it is essential to verify how the system works together and to
check the data flow and compatibility between them. Additionally, since further additions to the
created application are planned, it is intended to ensure the appropriateness of each content that
is considered for inclusion.

It is planned to test the response times of each content section of the application, assess its
performance under extreme conditions, identify any security vulnerabilities, and evaluate
whether it is user-friendly.

Finally, it is planned to test whether the entire system operates according to its requirements
across different devices, browsers, and operating systems. Each of these tests is critical to
ensuring the application's functionality. Additionally, it is necessary to carefully analyze the
results of these tests to manage the continuous improvement process with feedback at every
stage.

3.6 Software Maintenance

In software development projects, the maintenance phases encompass activities aimed at
ensuring the software operates effectively and reliably throughout its lifecycle after
development. The maintenance phases are critical for the sustainability and longevity of a
project. Specifically, regular maintenance activities lead to performance improvements and the
resolution of security vulnerabilities [45,46]. Types of maintenance to be implemented in the
study;

e Preventive Maintenance: Periodic security updates and system enhancements will be
performed to improve the application's security and performance. Preventive maintenance is
designed to prevent future issues with the software.

e Corrective Maintenance: Rapid identification and resolution of errors reported by users
will be ensured. This type of maintenance is critical for enhancing the software's user
experience. Additionally, regular updates will be planned based on user feedback.

e Performance Maintenance: Performance optimizations will be implemented to enhance
the speed and efficiency of the application. The software's response times, resource usage, and
other performance metrics will be regularly analyzed.

e Test Maintenance: This involves updating and maintaining software tests. Test scenarios
need to be updated to accommodate new features or changes in the software.

e Training Maintenance: Training processes and materials will be developed to enable
users to utilize the application most effectively. This aims to ensure that users are informed
about the system and can troubleshoot potential issues.

In the study, rapid identification and resolution of errors reported by users will be ensured.
Considering user feedback allows for updates to the system according to user needs, thereby
continuously enhancing the application's speed and efficiency. Regular updates will be released
to address security vulnerabilities and implement performance improvements. Conducting
regular updates ensures the platform's resilience and security against technological
advancements. Performance optimizations will be carried out to enhance the application's speed
and efficiency. User feedback will be collected and evaluated regularly. This will ensure that
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the application remains a long-lasting and secure platform, adapting to user needs and
technological developments [45].

In a software lifecycle, the maintenance phase is continuous, meaning that every request (such
as software bugs, new plugin requests, etc.) leads the lifecycle back to the beginning, and the
software development process continues through the same stages. Therefore, this process takes
the form of a cycle.

4. Conclusion & Discussion

In the study, the software development phases of a mobile application that ensures children's
safety in the online environment while supporting their learning, development, and
entertainment processes have been managed. Within the framework of the software
development lifecycle, phases such as requirement identification, feasibility analysis, system
design, development, testing, and maintenance have been prepared.

In the initial phase of the project, the needs of children and parents were analyzed in detail to
determine requirements, leading to the design of a user-friendly, safe, and educational interface.
By adopting the XP methodology, a lifecycle process aimed at continuous improvement has
been implemented.

Security and performance tests of the application have been conducted to ensure smooth
operation across all systems. During the maintenance phase, quick responses to user feedback
have been provided to keep the application continuously updated and secure. Additionally, with
the chosen methodology, the mobile application developed in the study will continue to be
enhanced in line with the principles of continuous improvement, and updates will be planned
to incorporate new features based on user feedback.

In software development projects, the code development phase is often considered the most
important. However, the successful completion of a project relies on effective process
management throughout all phases, from the project's inception to its final stages. Continuing
the maintenance processes with the same steps after the project is completed enhances the
project's success.

Life cycle models need to be rigorously applied to ensure that software projects meet user
requirements [47]. He emphasized that digital security is a key element for developing more
reliable apps, especially for vulnerable user groups such as children [48].

Studies on SDLC and secure digital content development projects for children prove the
importance of security-focused SDLC methodologies. For example, threat modelling and
security testing applied in Microsoft's Secure Development Lifecycle (SDL) model helps teams
developing content for children to identify and eliminate security vulnerabilities at an early
stage [49].

Research by Snyk shows that security assessments integrated into each phase of the secure
SDLC improve the security of the software. As stated in Snyk's work on SDLC practices,
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implementing security controls at the requirement and design stages significantly reduces the
cost of changes to be made at later stages and increases security. In addition, they emphasize
that the adaptation of SDLC in secure mobile applications for children is effective in protecting
children’s online safety and privacy rights [50].

Existing research shows that providing safe content for children is not only a software
development issue, but also a critical issue for children's health and development. This study
contributes to this literature and argues that analyzing user requirements, enabling parental
control mechanisms and conducting digital security tests are necessary in the process of
developing safe content for children [6,47,48,51].

In the literature, there are similar studies on digital security, software development processes
and creating safe digital content for children. This study will contribute to the literature by
combining digital security and user experience in the field of safe mobile content development
for children. In the future, more comprehensive research on the personalization of applications
for different age groups, the development of parental control tools, and the integration of digital
safety tools with educational content can be recommended.

This study contributes to the literature by combining digital safety and user experience in the
field of developing safe mobile content for children. However, there are some limitations. First,
the study only addressed the development of a generic mobile application for children of a
certain age group. It is thought that personalized solutions for different age groups may be more
effective. Secondly, parental control mechanisms and digital safety tools could be expanded to
analyze children’s interactions with different digital environments in more detail. Furthermore,
the methodology developed in this study has not been tested for its applicability to larger or
different scale projects. For future research, it is recommended to conduct more comprehensive
studies on customizing applications for different age groups, developing parental control tools,
and integrating digital safety tools with educational content. In addition, it would be useful to
conduct long-term studies to evaluate the impact of the developed applications on user
satisfaction and safety in the long term. Such studies will contribute to the improvement of both
software development processes and user experience.
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