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Abstract: In this study, nanofibers containing silver nanoparticles were fabricated by electrospinnining. The blends of polyvinyl
alcohol as a synthetic polymer and gelatin as a biopolymer were used to fabricate wound dressing material having antibacterial
activity. Scanning electron microscope (SEM) analysis indicated that porous and interconnected nanofibrous structures were
obtained for all blend compositions. X-Ray diffraction (XRD) results showed the existence of silver nanoparticles in the structures.
The chemical changes related to crosslinking and the change of the structure in simulated body fluid were evaluated using Fourier
transform infrared spectroscopy (FTIR). Antibacterial tests were performed to prove the antibacterial activity. The inductively

coupled plasma optical emission spectrometry(ICP) results showed that controlled silver ion release was achieved. It was
concluded that obtained nanofiber mats could be suitable candidates for wound dressing applications

Keywords: Silver Nanoparticles, Polyvinyl alcohol, Gelatin, Electrospinning, Wound Dressing

1. Introduction

Tissue engineering has evolved as a combination of
engineering and life sciences principles to enhance tissue
functions decades prior. The main direction of tissue
engineering is to develop a suitable scaffold to mimic the
extra cellular matrix (Shalumon et al., 2011). Tissue
engineering provides a variety of techniques for scaffold
production of which electrospinning is specifically
noteworthy (Merkle et al., 2015). As of presently so
numerous natural and synthetic polymers as well as their
mixtures have been attempted in this case. A wide
assortment of polymers are utilized in creating scaffolds
using poly (vinyl alcohol), poly(ethyl oxide), poly(lactic
acid), poly(glycolic acid), poly(lactic-co-glycolic acid),
poly(caprolactone), or natural ones such as collagen,
gelatin, silk, chitin, chitosan, alginate, hyaluronic acid
which are natural extracellular matrix (ECM) analogs, due
to their non-toxicity, improved biocompatibility, cell
attachment and proliferation ability. In addition, polymers
containing nanoparticles, and even metals and ceramics are
used to increase cell migration and proliferation (Linh et al.,
2010; Shalumon et al., 2011; Yang et al., 2011). Since the
utilize of natural polymers have certain drawbacks like low
stability, poisonous degradation products which can be
destructive to the cells, the natural polymers are regularly
mixed with synthetic polymers. Moreover this have
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upgraded mechanical properties, degradation stability and
improved affinity to the cellular components (Shalumon et
al., 2011). In any case, cytotoxic solvents such as 2,2,2-
trifluoroethanol, 1,1,1,3,3,3-hexafluoro-2-propanol,
trifluoroacetic acid, formic acid and dimethylformamide are
generally utilized for their electrospinning (Yang et al.,
2011).

Among the synthetic polymers mentioned above, PVA is
one of a few situations which electrospun in aqueous
solutions successfully to achieve nanofibrous mats with
robust mechanical properties. As a semi-crystalline,
biocompatible, non-toxic, hydrophilic polymer which has
well chemical and thermal stability with incredible
electrospinnability, it is one of the appropriate polymers that
are readily mixed with natural polymers and crosslinked to
form hydrogels (Fathollahipour et al., 2015; Yang et al.,
2011). However, due to inadequate cell recognition sites,
the bioactivity of PVA is significantly limited (Yang et al.,
2011). Having natural plenitude, excellent biocompatibility
and inalienable biodegradability in physiological situations,
gelatin (GE) has been broadly utilized and contemplated
with respect to numerous biomedical applications, such as
surgical treatments, bone, skin and cartilage tissue
engineering, wound or burn dressings (Rujitanaroj et al.,
2008; Yang et al., 2011). By combining the advantages of
PVA and GE, PVA /GE hybrid scaffolds are expected to
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have robust mechanical properties and biocompatibility,
while promising cell adhesion and biodegradability
properties are achieved. Moreover, pure gelatin nanofibrous
scaffolds are too delicate to ever be dealt with in practice.
For this reason, hybridization of PVA with gelatin will
significantly increase the flexibility of gelatinous scaffolds
(Yang et al., 2011). The scaffold material in our study is a
mixture of a PVA and a GE nanofiber obtained by one-step
electrospinning as a wound dressing material.

Various investigations have been carried out with silver
salts and silver compounds showing them as promising
materials for wound management. With regard to the
antimicrobial action, Ag salts and Ag compounds have been
utilized as wound treatments in various physical shapes,
such as beads, gels, films and fibers (Chun et al., 2010). For
this reason, Ag NPs / polymer composites, which function
as a bactericide, have been applied to complicated cases of
infected burns, purulent wounds and wound healing matrix
(Nguyen et al., 2010). In this study, microwave-assisted
synthesis was performed to obtain soluble starch coated
silver nanoparticles as colloidal solution and at that point
this solution was blended with PVA/GE polymer solution to
fabricate a novel wound dressing material displaying
antibacterial activity.

2. Materials and Method
2.1 Materials

Polyvinyl alcohol (PVA, 95.5-96.5 % hydrolyzed, 85000-
124000) was obtained from Acros. glutaraldehyde 50 wt. %
in H20 and gelatin from porcine skin were purchased from
Sigma Aldrich. Acetic acid (glacial), tryptic soy broth
(TSB), and tryptic soy agar (TSA) were supplied from
Merck. Other than these materials, deionized water was
used in order to prepare solutions.

2.2 Preparation of scaffolds silver

nanopatrticles

containing

Soluble starch coated silver nanoparticles were synthesized
by the method based on our previous study (Aktiirk et al.,
2019). This nanoparticle solution with mean particle size of
21 nm obtained by microwave-assisted green synthesis was
mixed with acetic acid at 30/70 %v/v to prepare gelatin
solution of 22 % wt/v. PVA solution was prepared at 10%
wt/v using deionized water at 85 °Chy stirring for 4 h. PVA
solution was added to gelatin-silver nanoparticle solution
(GE-Ag) at weight ratios of 3:1, 3:3, 3:5, and 3:7. The as
prepared polymer solutions were electrospun at voltage of
25 kV, at spinning distance of 17 cm and at flow rate of 1
ml/h to fabricate nanocomposites with different Ag, PVA
and GE compositions. Then these nanofiber mats were
crosslinked under glutaraldehyde vapor by using
glutaraldehyde solution (25ml) at 37 °C for 24h.

2.3 Silver ion release investigations

Nanofiber mats were soaked in simulated body fluid (SBF)
for time intervals of 1, 7, 14, and 28 days. The
concentrations of silver ions in SBF solution were
measured.
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2.4 Antibacterial activity

The antibacterial activity of the silver-containing nanofiber
mats against  Escherichia coli ATCC 25922,
Staphylococcus aureus ATCC 29213 were investigated by
disk diffusion method. Neat PVA/GE nanofiber mats were
utilized as controls. Nanofiber mats were cut into disc with
diameter of 30 mm and the crosslinking process was applied
on them. Crosslinked nanofiber mats were sterilized under
UV light for 2 hours (each for 1 hour). The bacteria were
grown in TSB by incubation for 24 hours at 37 ° C. Then,
bacterial concentrations of E. coli and S. aureus were set at
10% CFU / mL and at that point 100 pL of this bacterial
suspension was spread to the TSA. Sterilized nanofiber
mats were put on the inoculated TSA. After incubation at
37 °C for 24 hours, the antibacterial properties of the
nanofiber mats were assessed by the formation of inhibition
zones around the nanofiber mats diameter on each
inoculated plate. All analyzes were performed in triplicate
for each nanofiber mat.

2.4 Characterization of nanocomposite fiber mats

The surface morphology and microstructure of the
nanocomposite fiber mats before and after immersion in
SBF were observed by using scanning electron microscope
(SEM). Before the observation, the surfaces of scaffolds
were sputter coated (SC7620 sputter coater, Quorum
Technologies Ltd, United Kingdom) with platinum for 120
s. For each experiment, the average fiber diameter and its
standard deviation were analyzed by the help of an image
visualization software (Image-J, National Institute of
Health, USA) from about 50 measurements of the random
fibers. X-ray Diffraction (XRD) (PANanalytical Xpert Pro)
analysis was conducted to prove silver nanoparticles in
nanofiber structure. The functional groups of the
nanocomposite mats before and after crosslinking and
before and after SBF immersion were investigated by
Fourier-transform infrared (FT-IR) spectroscopy. FT-IR
spectra were collected using Perkin Elmer Spectrum 100
model spectrometer in transmittance mode in the mid-IR
region (4000-650 cm™). The concentrations of silver ions in
the SBF solutions were measured by using inductively
coupled plasma optical emission spectrometry (ICP-Perkin
Elmer Optima 2100 DV model).

3. Results

Electrospinning was used to prepare highly porous
nonwoven nanofibrous mats. Figure 1 shows SEM
micrographs, average diameter and diameter distribution of
the fiber mats made from PV A addition to GE-Ag blend at
weight ratios of 3:1, 3:3, 3:5, and 3:7. As shown in Figure 1
defect free fibers are observed. When the PVA content
increased, nanofiber mean diameter first decreased and then
increased. Because the standard deviation of nanofiber size
distributions are in a narrower range with the addition of
PVA, it can be concluded that the nanofiber structures were
formed more homogeneous by the aid of PVA.

The characteristics of Ag NPs in the nanofiber structures
were investigated by using XRD measurements. The
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representative XRD patterns of 3.1 PVA/GE-Ag and 3:7
PVA/GE-Ag nanocomposite mats are given in Figure 2.
The 3:1 PVA/GE-Ag sample has diffraction peaks at 20=
38.55°, 44.804°, 65.001°, and 77.908°, which belong to
(111), (200), (220), and (311) crystal planes of Ag with
cubic symmetry, individually. The 3:7 PVA/GE-Ag sample
has these characteristic peaks at 38.783°, 44.885°, 64.998°,
and 77.944° (Celebioglu et al., 2014; Cheng et al., 2015;
Islam and Yeum, 2013; Li et al., 2013; Mahanta and
Valiyaveettil, 2012; Usman et al., 2016; Xiao et al., 2012;
Zhang et al., 2016).

Figure 1. SEM micrographs of 3:1 (a), 3:3(b), 3:5(c) and 3:7(d)
PVA/GE-Ag nanocomposites

For both nanofiber mats characteristic peaks of elemental
Ag were observed, but, there were also additional peaks at
about 28° corresponding to the indices (110) for AgsO, and
32° corresponding to the indices (120) for Ag2O, which are
the sign of oxidation of Ag (Celebioglu et al., 2014; Cheng
et al., 2015). This is possibly originated from the further
oxidation of Ag by PVA (Hong et al., 2006). With the
addition of PVA into the structure, the intensity of the
diffraction peak at around 19°-21°, which occurred due to
the string inter and intra molecular hydrogen bonding
corresponding with the crystalline peak of pure PVA,
increased significantly (Cheng et al., 2015; Islam and
Yeum, 2013; Lin et al., 2014; Park et al., 2011; Simsek et
al., 2016; Usman et al., 2016).

Eurasian J. Bio. Chem. Sci. 2(1): 1-6, 2019

(Rujitanaroj et al., 2008). The cross-linking reaction of PVA
and GE was determined by using FTIR. The FTIR spectra
of 3:1 PVA/GE-Ag and 3:7 PVA/GE-Ag nanocomposite
mats were given in Figure 3.

The FTIR spectra of the nanofiber mats have the peaks of
PVA which are characteristic broad spectrum at 3300 cm*
(-OH stretching), 2916 cm* (symmetric -CH,-), 1436 and
1087 cm™ for C-O stretching and bending bonds, and 836
cm?® for vibrational mode of C-C (Ghasemzadeh and
Ghanaat, 2014; Kumar and Jaiswal, 2016; Martinez-
Rodriguez et al., 2016). After the crosslinking reaction of
PVA, the band at 1000-1140 cm* is observed due to the O-
C-0 vibration of the acetal group formation (Destaye et al.,
2013). A new band at 1140 cm is assigned to the symmetric
C-C stretching mode in crystalline regions (Sui et al., 2012).
This characteristic peak is well known to be sensitive
marker for determining the degree of crystallinity of PVA.
That is, the crystallization behavior of PVA is increased,
which has an important role in preventing the dissolution of
nanofibers in solutions (Sui et al., 2012). As seen in the
spectra of 3:1 PVA/GE-Ag before and after crosslinking
reaction, there is no differences for both structures except
for the formation the band at 1143 cm™ after crosslinking
reaction. Due to the ratio of PVA is higher than GE at this
nanofiber structure, the crosslinking reaction effect related
to PVA crosslinking was seen more dominant.

Transmittance

35‘00 3!;00 25‘00 20‘0!1
Wavelength [1/cm]

F da

AT

Figure 2. XRD spectra of 3:1 (a) and 3:7(b) PVA/GE-Ag
nanocomposites

Because PVA and GE are water soluble, an e-spun GE and
PV A nanofiber mat can partially or completely dissolve the
when it comes in contact with an aqueous environment.
When exposed to high ambient moisture, it may partially
resolve and lose its fibrous structure (Rujitanaroj et al.,
2008). Protection of nanofiber mat morphology and
interfiber pores are critical for applications where the high
surface area to volume ratio is advantageous (Destaye et al.,
2013). More cross-linking is required to prolong the use of
e-spun gelatin nanofibers in applications that need to be
exposed to an aqueous medium or high humidity. Among
the various chemical systems for cross-linking an e-spun
gelatin (e.g., HDMI, EDC and GTA steam), GTA appears
to be most economical and optimal material because it does
not endanger the fibrous structure of the e-spun membrane

Figure 3. FTIR spectra of 3:1 PVA/GE-Ag before(a)/ after

crosslinking (b) and 3:7 PVA/GE-Ag nanocomposites
before(d)/after(c)crosslinking

The ordinary band assignments for gelatin detailed in the
literature are amide A (N-H stretching vibration) found at
around 3300 cm; amide | (C=0 stretch) found at 1640 cm
1. amide 1 located between 1535 and 1554 cm™* and amide
111 observed at 1240 cm™. The amide Il and amide 111 groups
result from the bending vibration of N-H groups and the
stretching vibrations of C-N groups and interaction between
these two modes (Gao et al., 2013). When the FTIR spectra
of the 3:7 PVA/GE-Ag structure before and after
crosslinking are examined, it is seen that the intensity of N-
H group stretching vibration observed at 3285 cm™ and the
N-H group bending vibrations observed at 1635 cm
decrease relatively after cross-linking. The intensity of
groups between 1250 and 1160 cm™ decreased, which
demonstrated the amount of C-N-C groups decreased (Lu et
al., 2015). Additionally, the formation of the band at 1143
cm?® was observed, which is the sign of the crosslinking
reaction of PVA.
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The success of crosslinking was checked by the immersion
of nanofibrous mats in SBF. The SEM images of soaked
nanofibers in SBF were given in Figure 4. As seen the
images at day 0, the fibers fused together after cross-linking
because of the existence of the water in moisture rich
glutaraldehyde vapor (Génen et al., 2016).

1GE/3PVA

Qe

3GE/3PVA S5GE/3PVA

7GE/3PVA
Day - Iy

g

Day —

Day

Figure 4. SEM micrographs of 3:1 (a), 3:3(b), 3:5(c) and 3:7(d)
PVAJ/GE-Ag nanocomposites in SBF in different time
intervals.

The change of chemical structures of 3:1 PVA/GE-Ag and
3:7 PVA/GE-Ag nanofiber mats were determined after SBF
immersion for 28 days by using FTIR. As seen in the Figure
5, the 3:1 PVA/GE-Ag nanofiber mat was more effected
than 3:7 PVA/GE-Ag nanofiber mat. It was observed that
the peak at 1143 cm? showing the crystallinity of the 3:1
PVA/GE-Ag structure disappeared after the immersion in
SBF.

Transmittance

3500 3000 2500 2000 1500 1000 500
Wavelength [1/cm]

Figure 5. SEM micrographs of 3:1 (a), 3:3(b), 3:5(c) and 3:7(d)
PVA/GE-Ag nanocomposites

The silver ion contents of the SBF solutions after the
immersion of nanofiber composite mats were measured to
determine the potential of the nanofiber mats for
antibacterial and biomedical applications. During this
method the ratio of nanofiber to SBF was taken as 0.25
mg/ml. Figure 6 illustrates the amount of silver ion releases
into SBF as a function of time.
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Figure 6. Silver ion release of nanocomposites in SBF in different
time intervals.
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Antibacterial tests were performed with 3: 7 PVA / GE-Ag
sample since it has both stability in SBF and silver ion
release below toxic level. The antibacterial properties of 3.7
PVAJ/GE-Ag nanofibers against gram-negative E. coli and
gram-positive S. aureus were investigated by agar diffusion
test measuring bacterial growth inhibition zone. Figure 7
shows images of the inhibition zones of the 3:7 PVA/GE-
Ag nanofibers against E. Coli and S. aureus using 3:7
PVAJ/GE as the control.

Figure 7. Antimicrobial activity of 3:7 PVA/GE-Ag nanofiber
mats against E. Coli and S. aureus.

The inhibition zone of the surrounding Ag NP-containing
fibers can be clearly observed. However, the PVA/GE
nanofibers without AgNPs did not show any inhibition
region. The results are dependent on the presence of
antibacterial ability of AgNPs in the fibers. In particular, the
3:7 PVAJ/GE-Ag nanofibers were more effective against E.
coli than S. aureus.

4. Discussion

A perfect wound dressing ought to be porous to preserve a
wet environment and anticipate lack of hydration.
Subsequently it ought to have high porousness, a high
degree of swelling, and little weight loss (Li et al., 2013).
To make the structure suitable for wound dressing
applications silver nanoparticle containing GE/PVA
nanofiber mats were cross-linked by saturated vapor from
50 vol% GTA aqueous solution for 24 h, followed by a heat
treatment at 120 °C for 2h in this study. The formation of
uniform fiber structures at nanofiber mats elucidate that the
concentration and the viscosity of the electrospinning
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solutions were at the optimal levels. The leaching behavior
of PVA/GE-Ag nanofibers were evaluated using static
method under equal conditions. Based on the SEM images,
the more content of gelatin in the structure, there is smaller
dissolution and more retention of the morphological
structure of the crosslinked samples in SBF for 1, 7, 14 and
28 days. The Ag* ion concentration which is effective to
inhibite the growth of bacteria was published at above 0.1
ppb and it was reported that below 2.3 ppm and 1.7 ppm
have no effect on HaCat keratinocytes and human epidermal
keratinocytes, respectively (Zhao et al, 2012). The
maximum silver ion amount released from these nanofiber
mats was 1.6224 ppm, which is under the toxic level. The
accumulative Ag* release of all the nanofibers show similar
trend. This recommends that the fibers ought to have sound
antibacterial capacity and little cytotoxicity.

5. Conclusions

In this study, it was aimed to fabricate silver nanoparticle
containing polyvinyl alcohol/gelatin nanofiber mats. The
results showed that silver nanoparticles were incorporated
in the structure successfully. The FTIR and SEM results
showed that nanofiber structure of the blend at high gelatin
ratio retained and there is no chemical changes after SBF
immersion in SBF. The antibacterial tests performed with
this nanofiber mat showed activity against E. coli and S.
aureus. The obtained results demonstrates that this
nanocomposite has the potential to use in wound dressing
applications.
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Abstract: This study was conducted in the field and the laboratory. Plutella xylostella was captured in cabbage fields in central district of
Canakkale, Ezine district and Ayvacik district during the day and night field studies. For during the day atrap, and for at night light traps
were used. In the field studies, totally 35 male and 108 female specimens were collected. Specimens were dissected and male genitalia and
wings microscope slides were prepared in the laboratory. We described the external and genital morphology of the male Plutella xylostella
and diagnostic morphological features in detail. As a result of the study, Plutella xylostella is a new record for Canakkale province.
Keywords: Canakkale, Lepidoptera, Plutella xylostella, Plutellidae.

Tiirkiye Canakkale Ilinde Plutella xylostella (Linnaeus, 1758) (Lepidoptera: Plutellidae)’nin Itk
Kaydt ve Tiiriin Dis ve Genital Morfolojisi

Ozet: Bu ¢alisma saha ve laboratuvar calismalar1 seklinde gergeklestirilmistir. Plutella xylostella, Canakkale ili Merkez ilgesi, Ezine ilgesi,
Ayvacik ilgesi ile Ezine ilgesindeki lahana tarlalarinda giindiiz ve gece siirdiiriilen arazi ¢aligmalarinda yakalandi. Giindiizleri atrap, geceleri
ise 151k tuzaklar1 kullanilmistir. Saha ¢alismalarida toplam 35 erkek ve 108 disi toplanmustir. Ornekler laboratuvarda preparat yapimu igin
hazirlandi, erkek genital ve kanat preparatlar1 yapildi. Plutella xylostellanin dis morfolojisi ve erkek genital organlart ayrintili olarak

tammlandi. Calisma sonucu olarak Plutella xylostella Canakkale igin ilk kayzttir.
Anahtar Kelimeler: Canakkale, Lepidoptera, Plutella xylostella, Plutellidae.

1. Introduction

The family Plutellidae sensu stricto comprised 5 genera
containing 58 species. Eidophasia (11 species), Lunakia (1
species), Plutella (22 species, 12 attributable to Plutella
sensu stricto), Leuroperna (2 species) and Rhigognostis (22
species). Two further genera, the brachypterous
subantarctic Embryonopsis (1 species) and the Australasian
Proditrix (2 species) are only tentatively associated with the
family (Robinson and Sattler, 2001). Diamondback moths,
family Plutellidae, include four subfamilies Ypsolophinae,
Plutellinae, Scythropiinae and Praydinae (Heppner, 2008).
Plutella Schrank, 1802, is poorly defined genus with a
worldwide distribution containing 22 species. The type
species, Plutella xylostella (L.), Diamondback moth or
Cabbage moth, is a notorious migratory pest of
brassicaccous crops (Robinson and Sattler, 2001).

The diamondblack moth, Plutella xylostella (L.)
(Lepidoptera: Plutellidae), is one of the most serious pests
of cultivated Brassicaceae worldwide (Moriuti, 1986; Avci
and Ozbek, 1995; Hagerty et al., 2008; Bertolaccini et al.,

© EJBCS. All rights reserved.

2011; Pengyan et al., 2012; De Bortoli et al., 2014; Bacci et
al., 2018). This crucifer specialist may have its origin in
Europe, South Africa, or East Asia, but is now present
worldwide wherever its host plants exist (De Bortoli et al.,
2014). The authors (De Bortoli et al., 2014) gave the
following information about the larval feding of the species;
in the first instar, the larvae enter into the leaf parenchyma
and feed between the upper and lower surfaces of leaves
creating mines. In the second instar, the larvae leave the
mines, and from the second to the third instar, they feed on
the leaves, destroying the leaf tissue except for the upper
epidermis, leaving transparent “windows” in the leaves.
Fourth-instar larvae feed on both side of the leaves. This
insect has a short life cycle, around 18 days, and its
population may increase up to 60 fold from one generation
to the next.

Avci and Ozbek (1995) state that this insect is damaging in
cabbage and other Crucifer species in more than one
hundred countries. Among the reasons for their significant
detriment are the factors such as the ability to adapt to
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different climatic conditions, the high reproductive power,
and the resistance to all the pesticides used. The authors also
report that the insect has the ability to migrate to far
distances, migrating to distances over 1000 km or more by
air flow through atmospheric pressure. Although this
species has the ability to migrate to long distances, the
ability of its natural enemies to migrate is very limited. This
situation causes the insect to adapt more easily and cause
significant damage in the new Crucifer cultivated fields. In
Canada, P. xylostella leaves around 164 eggs per cabbage
plant and gives 4-5 progeny per year. In Israel, the female
of this species leaves an average of 280 eggs and gives 10
progeny per year. (Avci and Ozbek 1995).

Aver and Ozbek (1995), in their study of cabbage fields in
Erzurum province in 1995, reported that P. xylostella
significantly damaged to the plant, larvae fed on the lower
face of the leaf and riddled like griddle. Adult female
butterflies usually lay their eggs on the lower surface of the
leaf of the host plant as individually or in groups of 2-8. In
field conditions, the eggs are opened in 2-7 (4) days, the
larval period is 8-18 (12) and the duration of pupa is 3-8 (5)
days, thus the insect development is completed in 13-31
(21) days. (Aver and Ozbek 1995).

There are two species (P. porrectella (L., 1758); P.
xylostella) belonging to the genus Plutella in Turkey
(Kogak and Kemal, 2009; 2018). The first attempt on the
checklist of the Turkish moths was listed by Kocak and
Kemal (2006, 2007; 2018). Totally 4604 moth species were
listed together with their synonymous named and updated
provincial distributions. Later, the authors (Kogak and
Kemal, 2009) reported that the Turkey Lepidoptera fauna
was 5128 species belonging to 76 families. In addition, a
total of 343 lepidoptera species, 240 Heterocera and 103
Rhopalocera, belonging to the province of Canakkale were
listed by the same authors. The species belonging to the
genus Plutella are not found in Canakkale. P. xylostella is a
new record for the the lepidoptera fauna of Canakkale.

2. Materials and Method

The study was conducted in the field and the laboratory.
2.1. Field Studies

Field studies were carried out in cabbage fields in
Canakkale province in September and October 2018. All the
field works were done under suitable weather conditions
(without precipitation and strong winds), and works started
early in the morning and continued until sunset. Plutella
xylostella was caught in various cabbage fields with light
trap at night and atrap (butterfly net) during day. In the field
studies, totally 35 male and 108 female specimens were
collected.

2.1. Laboratory Studies

Before they were losing body water, the collected
specimens were sorted according to body sizes, and were
needed with a number 0 insect needles that matched the size
of the custom sized boards, strain and inhibition couples
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were strained in laboratory work. For the drying of the
stretched specimens, they kept at room temperature for two
weeks in a dark and dry place. Male genital organ was
prepared for the identification of the species following
morphological examinations and measurements on the male
specimens. The needling of the moths, stretching of the
wings and genital organ preparations were done accordingly
the methods which defined in Atay’s work (2006). The
major taxonomic  characters described. Important
morphological organs of Plutella xylostella were
photographed. The specimens stored at the Biology
Department of Mustafa Kemal University in Hatay.

3. Results

Genus Plutella Schrank, 1802 (Plutellidae)

Syn: Anadetia Hiibner, [1825]; Euota Hiibner, [1825];
Creagria Sodoffsky, 1837; Evota Agassiz, 1847,
Pseudoplutella Baraniak, 2007 (Kogak and Kemal, 2009;
2018).

Plutella xylostella (Linnaeus, 1758)

Plutella Tinea xylostella Linnaeus, 1758, Sys. Nat. Ed.: 538.
Cerostoma maculipennis Curtis, 1832, Brit. Entomol. PI.
420.

Plutella cruciferarum Zeller, 1843, Stett. Entomol. Ztg.,
4:1281.

Plutella brassicella Fitch, 1856, Rep. Nox. Inst. New York,
1:170.

Plutella limbipennella Clemens, 1860, Proc. Acad. Nat. Sci.
Philad., 12:6.

Plutella mollipedella Clemens, 1860, Proc. Acad. Nat. Sci.
Philad., 12:6.

Gelechia cicarella Rondani, 1876, Bull.Soc. Entomol. Ital.,
8:20.

Tinea galeatella Mabille, 1888, Miss. Sci. Cap. Horn, 6:34.
Cerostom dubiosella Beutenmuller, 1839, Can. Entomol.,
21:27. (Moriuti, 1986)

The distribution of Plutella xylostella in Turkey; Adana,
Ankara, Bitlis, Diyarbakir, Gaziantep, Hakkari, Hatay,
Mersin, Istanbul, Kayseri, Konya, Malatya, Mugla, Mus,
Sanlwrfa, Van, Kirikkale (Kogak and Kemal, 2009; 2018).
The distribution of Plutella xylostella in the world;
Belgium, Austria, Albania, Afghanistan, Germany,
Azerbaijan, United Arab Emirates, Switzerland, Czech
Republic, Algeria, Denmark, Spain, France, Finland, Great
Britain, Greece, Bulgaria, Hungary, Israel, India, Italy,
Iceland, Ireland, Iran, Irag, Lebanon, Luxembourg, Latvia,

Lithuania, Malta, Moldova, Malaysia, Netherlands,
Norway, Portugal, Poland, Romania, Saudi Arabia,
Sweden, Thailand, Tunisia, Slovakia, Turkmenistan,

Ukraine, Yugoslavia, Russia, Yemen, South Africa
(Karsholt and Razowski, 1996; Kocak and Kemal, 2018).

Material Examined: Canakkale-Center-Kumkale Village
(39°59'01" N; 26°1322" E, 42 m.); Canakkale-Center-
Tevfikiye Village (39°57'12" N; 26°14'43" E, 75 m.);
Canakkale- Center-Halileli Village (39°58'16" N;
26°16'34" E, 58 m.); Canakkale-Ayvacik-Kosedere Village
(39°39'43" N; 26°90'54" E, 5 m.); Canakkale-Ezine-
Hisaralan Village (39°76'18" N; 26°28'69" E, 185 m.);
Canakkale-Ezine-Kemalli Village (39°75'93" N; 26°23'54"
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E, 160 m.); Canakkale-Bayrami¢ (39°48'48" N; 26°35'42"
E, 118 m.)

01.1X.2018 64, 209; 15.1X.2018 65, 21Q; 29.1X.2018 87,
209; 13.X.2018 64, 359;27.X.2018 94, 129.
Measurements of the Adults

Body Length &: 5 mm, 9: 5-6 mm.

Wingspan J: 13 mm, Q: 13-14 mm.

Male (Figure 1): The adults of Plutella xylostella 5-6 mm in
size and greyish brown in colour. There are four diamond
shaped whitish beige patterns along the costal edge of the
forewings, giving the moth its common name. These
diamond shapes are more distinct in males than those of
females.

On the head vertex and frons yellowish brown, scales dirty
white tipped, these scales are long and pretty fluffy (Figure
2). Antenna fuscous light brownish with black rings and
with short setae; about ¥ length of forewing. Labial palpus
well developed, long, curled up, well visible; its second
segment with forward directed triangular tuft. Haustellum is
well developed and naked. Eyes are round, large and dark
brown. On the head ocelli well developed. (Figure 3). Veins
of forewing and hindwing of Plutella xylostella are in
Figure 3.

Forewings are long, too narrow and pointed, its length 3,6
times longer than its width. The ground colour of the
forewing is grayish brown with small yellowish brown
stains. There are four diamond shaped whitish beige
patterns along the costal edge of the forewings. Hindwings
are narrow and its length 3,7 times longer than its width.
The ground colour of the hindwings brown.

The male genital organ is in Figure 4.

Valva is long and very broad, sclerotized and large round at
the end, its length 2 times longer than its width and covered
with long and frequent hairs. Tegumen is strongly
sclerotized. Aedeagus is long and straight, sharply pointed,
needle like with bulbus base and pair of lateral hooks,
without cornuti. Saccus is long and broad, triangular.

The larvae and damage shape of P. xylostella are in Figure

Figure 1. Adults of Plutella xylostella.
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Figure 3. Veins of forewing and hindwing of Plutella xylostella

Figure 4. The Male Genitalia of Plutella xylostella and Aedeagu
(aed = aedeagus, at = anal tube, sac = saccus, scl = sacculus, tp =
teguminal process, vl = valva, zss = zone of spiniform setae.
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Figure 5. The larvae and damage shape of P. xylostella

4. Discussion

In this study, we described the external and genital
morphology of the male Plutella xylostella. The important
taxonomic characters belong to P. xylostella were described
in detail. Each one of the external and genital taxonomic
characters was measured with digital caliper and stereo
microscope. This species is a new record for the the
lepidoptera fauna of Canakkale.
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Farkl 151k yayan diyotlar (LED) altinda tibbi sucul bitki Lysimachia nummularia
L.'nin bogum eksplantlarindan coklu siirgiin rejenerasyonu
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Ozet: Bitki biiyiime ve gelisimi i¢in 6nemli avantajlara sahip Isik yayan diyotlar (LED) doku kiiltiirii ¢alismalarinda kullanilmaya
baslanmustir. LED’lerin 151k renkleri bitkiler {izerinde farkl etkiler gostermektedir. Bu ¢calismada, beyaz (B), kirmizi (K), mavi (M) LED
1siklarin Lysimachia nummularia L.'min ¢oklu siirgiin rejenerasyonu iizerine tek ve kombine etkileri incelenmistir. Bogum eksplantlar1 0,10
mg/L indol butirik asit (IBA) ve 0,20-0,80 mg/L Thidiazuron (TDZ) eklenmis Murashige ve Skoog (MS) besin ortaminda sekiz hafta siire
ile kiiltiire edilmistir. Her ti¢ hormon uygulamasinda %100 siirgiin rejenerasyon frekanslart 2B:1K:1M ve 1B:1K:1M LED isiklari altinda
kaydedilmistir. En fazla siirgiin sayis1 1B:2K:1M LED 1siklar altinda sirasiyla 17,47, 16,16 ve 13,46 adet olarak 0,40 mg/L TDZ + 0,10
mg/L IBA, 0,20 mg/L TDZ + 0,10 mg/L IBA ve 0,80 mg/L TDZ + 0,10 mg/L IBA eklenmis MS besin ortaminda belirlenmistir. En az
sayida stirglinler ise mavi LED altinda kaydedilmistir. En uzun siirgiinler tiim ortamlarda 1B:1K:2M LED 1s1k altindaki eksplantlardan
elde edilmistir. TDZ’nin kiiltiir ortaminda fazla kullanilmasi siirgiin uzunlugunu olumsuz etkilemistir. Cogaltim denemelerinde yogun kdk
olustugundan dolay1 ayrica kéklendirme yapilmamugtir. Kiiltiir ortaminda iretilen bitkiler dis kosullara basariyla alistirilmistir. Sonug

olarak ¢aligma, LED 1giklarin L. nummularia’nin iiretimindeki etkinligini ve flouresan 1giklara gore tstiinliigiinii gostermistir.

Anahtar Kelimeler: Doku kiiltiirii, Isik etkisi, LED, Shoot rejenerasyonu

Multiple shoot regeneration from nodal explants of medicinal aquatic plant Lysimachia
nummularia L. under different light emitting diodes (LEDs)

Abstract: Light emitting diodes (LEDs), which have important advantages for plant growth and development, have been used in tissue
culture studies. The light colours of LEDs show different effects on plants. In this study, single and combined effects of white (W), red
(R), blue (B) LED lights on multiple shoot regeneration of Lysimachia nummularia L. were investigated. Nodal explants were cultured for
eight weeks in a Murashige and Skoog (MS) nutrient medium supplemented with 0.10 mg/L indole butyric acid (IBA) and 0.20-0.80 mg/L
Thidiazuron (TDZ). 100% shoot regeneration frequencies in all three hormone applications were recorded under 2W:1R: 1B and 1W: 1R:
1B LED lights. The maximum number of shoots was determined under 1W:2R:1B LED lights as 17.47, 16.16 and 13.46 shoots/explant in
the MS nutrient medium added 0.40 mg/L TDZ + 0.10 mg/L IBA, 0.20 mg/L TDZ + 0.10 mg/L and 0.80 mg/L TDZ + 0.10 mg/L IBA,
respectively. The minimum number of shoots was recorded under blue LED. The longest shoot was obtained from explants under
1W:1R:2B LED light in all environments. Excessive use of TDZ in the culture medium adversely affected shoot length. Since there was a
dense root in replication experiments, no rooting was performed. Plants produced in the culture environment have been successfully adapted
to external conditions. As a result, the study showed the effectiveness of the LED lights on the production of L. nummularia and their
superiority over the fluorescent lights.

Keywords: Tissue culture, Light effect, LED, Shoot regeneration
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1. Giris stk ¢ikist gibi Ozellikleri ile LED’ler, bahgecilik ve

Tsik yayan diyotlar (LED) ile ik bitki firetimi ¢alismalarmin seracilikta bitki Giretimi i¢in en 6nemli gelismelerden biri

cogu, NASA'ya bagl arastirmacilar tarafindan bitki bazli
rejeneratif yasam destek sistemlerinin gelistirilmesine
hazirlik olarak yiiriitiilmiistiir. Gliniimiizde LED'ler,
bahgecilik ve seracilikta kullanilan gaz halindeki desar;j tipi
lambalardan farkli bir teknolojiyi temsil etmektedir.
Spektral kompozisyon kontrolii ve az radyant 1s1yla yliksek

haline getirmistir (Morrow, 2008).

LED'ler, floresan ve akkor lambalardan elektrik enerjisi
basina daha fazla 1sik iretir. Herhangi bir lambadan ¢ok
daha saglamdir ve floresan lambalar gibi tehlikeli madde
icermeyen kat1 hal cihazlardir. LED'ler akkor ve floresan


https://orcid.org/0000-0003-3138-5903

M Dogan

lambalardan ¢ok daha uzun bir dmre sahiptir (Bourget,
2008).

LED tabanli aydinlatma sistemleri, 6zellikle bahgecilikte
birgok avanta saglamaktadir. Birincisi, genis spektrumlu
kaynaklarla kolayca yapilamayan bir aydinlatma sisteminin
spektral ¢iktisin1 kontrol etme yetenegidir. LED'ler, belirli
151k renklerinin yani sira, istenen yonde yiiksek diizeyde 151k
yayabilir. Bitkisel iiretimde kullanilan diger 151k
kaynaklarinda istenmeyen renkler filtrelenerek bosa enerji
harcar. LED'lerde saf renkli 1giklar1 filtrelenmeden {iretilir
(Danila ve Lucache, 2013: Dougher ve Bugbee, 2001).
Spektral ¢iktinin dinamik olarak kontrol edilebilmesi, bitki
morfolojisini etkilemek i¢in de kullanilabilir (Heo ve ark.,
2002).

Doku kiiltlirii teknikleri bitki iiretimi i¢in Onemli bir
alternatifti. Son yillarda bu teknigi kullanarak
Ceratophyllum demersum L. (Emsen ve Dogan, 2018;
Dogan, 2019a), Plumbago zeylanica L. (Sharma ve
Agrawal, 2018), Bacopa monnieri L. Pennell (Dogan ve
Emsen, 2018) Rotala rotundifolia (Buch-Ham. ex Roxb)
Koehne (Dogan, 2019b), Fagraea fragrans Roxb (Fatonah
ve lIsda, 2018) ve Pogostemon erectus (Dalzell) Kuntze
(Dogan, 2019c¢) gibi birgok bitkinin etkili ve hizli gogaltim1
basarilmistir. Bu ¢alismada, doku Kkiiltiirii kosullarinda
farkli LED 1siklar1 altinda Lysimachia nummularia L.’nin
tiretimi hedeflenmistir. Bu baglamda, beyaz, kirmizi ve
mavi LED igiklarin L. nummularia'nin ¢oklu siirgiin
rejenerasyonu iizerine tek ve birlikte etkileri incelenmistir.

2. Materyal ve Metot

Bitki materyali olarak L. nummularia kullanilmistir. Bu
bitkiler Konya-Tiirkiye’deki akvaryumculardan temin
edilmistir. Bitkiler, yiizey sterilizasyonundan once akan
musluk suyu altinda bekletilmistir. L. nummularia'nin
yiizey sterilizasyonu, 10 dk boyunca ticari ¢amasir suyu
(NaOCl) ile islemden gegirilerek elde edilmistir. 5’er dk x
3 defa durulamadan sonra, bogum eksplantlar1 izole
edilmistir. Eksplantlar daha sonra bitki biiyiime diizenleyici
icermeyen Murashige ve Skoog (MS) ortama aktarilmistir
(Murashige ve Skoog, 1962). Deneylerde, bu kiiltiir
ortaminda gelistirilen dort haftalilk bogum eksplantlari
kullanilmugtir.

Doku kiiltiirii ¢alismalarinda MS mineral tuzu ve
vitaminleri iceren temel besin ortami ile %3 sukroz
(Duchefa) ve % 0,65 agar (Duchefa) kullanilmistir. Ortam
hazirliginda ultra saf su kullanilmistir. MS besin ortamina
0,10 mg/L indol butirik asit (IBA) ve 0,20, 0,40 ve 0,80
mg/L Thidiazuron (TDZ) ilave edilmistir. Besiyerinin pH',
IN NaOH ve IN HCI kullanilarak 5.7 + 0.1'e ayarlanmistir.
1.2 atmosferik basing altinda ve 120°C'de 20 dk stire ile
otoklavda sterilizasyon islemi gergeklestirilmistir.
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L. nummularia’nin in vitro rejenerasyon i¢in bogum
eksplantlari, yedi farkli LED ve beyaz floresan 15181 altinda
sekiz hafta boyunca kiiltiire edilmistir. Kullanilan LED
siklar, beyaz (B), kirmizi (K), mavi (M) ve bunlarm farkl
oranlardaki kombinasyonlaridir (Tablo 1). Ek olarak,
kontrol amaciyla beyaz floresan 1gik kullanilmistir. LED
151k odasima yerlestirilen kiiltiirlerin 151k kosullar1 16 saat
aydinlik ve 8 saat karanlikk olarak belirlenmistir.
Denemelerde, tiim 151k yogunluklar1 1500 lux'de (24°C)
sabit tutulmustur. Bu ¢aligmalar ¢oklu siirgiin rejenerasyonu
icin en etkili 151k ortamini belirlemeyi amaglamistir.

Tablo 1. In vitro siirgiin rejenerasyonu i¢in kullanilan farkli
151k uygulamalar1

Isik uygulamalan

2 Beyaz LED :1 Kirmiz1 LED :1 Mavi LED (2B:1K:1M)
1 Beyaz LED :2 Kirmiz1 LED :1 Mavi LED (1B:2K:1M)
1 Beyaz LED :1 Kirmizi LED :2 Mavi LED (1B:1K:2M)
1 Beyaz LED :1 Kirmizi LED :1 Mavi LED (1B:1K:1M)
Beyaz LED

Kirmizi LED

Mavi LED

Beyaz flouresan 151k

Cogaltim ortamlarinda siirglinlerden ¢ok sayida kok
ctkmast nedeniyle ayrica koklendirme  c¢aligmasi
uygulanmamustir. Bitkiler daha sonra ¢evre sartlarma
aligmak i¢in cam akvaryuma transfer edilmistir. Akvaryum
zeminine  yiiksekligi 4-5 cm olan nehir kumu
yerlestirilmistir. Akvaryumun i¢ine 16 saat 151k verilmis
(1500 liiks) ve sicaklik 24°C ayarlanmistir.

Denemeler 6 tekrarli olarak gergeklestirilmistir. SPSS 16
for Windows programu ile veriler analiz edilmistir. Post Hoc
analizleri i¢gin Duncan testinden yararlanilmistir. Yiizde
veriler arksin doniisiimiine ¢evrilmistir (Snedecor ve
Cochran, 1997).

3. Bulgular ve Tartisma

Coklu bitki dretimi igin L. nummularia’nin bogum
eksplantlar1 0,10 mg/L IBA ve 0,20-0,80 mg/L TDZ ilave
edilmis kiiltiir ortaminda, farkli 1siklar altinda kiiltiire
edilmistir. iki hafta sonunda 151k ortamlarinda siirgiin uglar
belirmeye baglamistir. Sekiz hafta sonunda deneme
sonu¢landirilmis ve siirgiin rejenerasyon degerleri Tablo
2’de gosterilmistir. Bitki doku kiiltiirii ¢aligmalarinda
eksplant ¢esidi olduk¢a 6nemlidir. Bogum eksplantlari doku
kiiltiirii  denemelerinde bir¢ok arastirmaci tarafindan
kullanilmistir (Venkatachalam ve ark., 2017; Rameshkumar
ve ark., 2017; Acemi ve ark., 2018; Dogan 2018a, 2018b;
Najar ve ark., 2018).

Fakli LED i1siklar1 ve beyaz flouresan 151k ortamlar ile
yapilan ¢aligmada siirgiin rejenerasyon orani 0,20 mg/L
TDZ + 0,10 mg/L IBA igeren kiiltiirlerde %72,22-100, 0,40
mg/L TDZ + 0,10 mg/L IBA igeren kiiltiirlerde %61,11-100
ve 0,80 mg/L TDZ + 0,10 mg/L IBA igeren kiiltiirlerde
%66,66-100 arasinda degismistir (Tablo 2).



M Dogan

Eurasian J. Bio. Chem. Sci. 2(1): 11-16, 2019

Tablo 2. Farkli 1g1k ortamlarinin L. nummularia 'nin bogum eksplantlarindan siirgiin rejenerasyon oranina etkisi

Biiyiime Diizenleyicileri

Isik Ortamlan 0,20 mg/L TDZ 0,40 mg/L TDZ 0,80 mg/L TDZ

0,10 mg/T_ IBA** 0,10 mg7L IBA* 0,10 mg/+L IBA**
2B:1K:1M 100,00° 100,00° 100,00°
1B:2K:1M 100,00° 04,44 04,44°
1B:1K:2M 100,00° 04,44 83,33
1B:1K:1M 100,00° 100,00° 100,00°
Beyaz LED 77,779 88,89 04,44°
Kirmizi LED 72,220 72,22b¢ 66,66°
Mavi LED 77,779 72,200 77,77
pevaz I3k 83,33 61,11° 83,33%

** Ayni siitunda farkli harfler p<0,01 seviyesinde anlamlidir.

* Ayni siitunda farkl harfler p<0,05 seviyesinde anlamlidir.
B: Beyaz LED 151k, K: Kirimiz LED 151k, M: Mavi LED 151k

0,20 mg/L TDZ + 0,10 mg/L IBA igeren MS ortaminda
beyaz, kirmizi ve mavi LED 151k kombinasyonlarinda %100
siirgiin rejenerasyonu elde edilirken, 0,40 ve 0,80 mg/L
TDZ + 0,10 IBA igeren MS ortaminda ise 2B:1K:1M ve
1B:1K:1M 1s1k ortamlarinda %100,00 siirgiin rejenerasyonu
elde edilmistir. En diisiik siirgiin rejenerasyon orani 0,20 ve

0,80 mg/L TDZ + 0,10 mg/L IBA igeren kiiltiirlerde kirmiz1
LED 1s1k altindaki kiiltiir ortamlarinda belirlenirken, 0,80
mg/L TDZ + 0,10 mg/L IBA eklenmis kiiltiirlerde beyaz
flouresan 151k altinda belirlenmistir. Genel olarak beyaz,
kirmizi ve mavi LED isiklarin  birlikte verildigi
eksplantlarda siirgiin rejenerasyon orani yiiksek ¢ikmustir.

Tablo 3. Farkli 1g1k ortamlarinin L. nummularia 'nin bogum eksplantlarindan eksplant bagina siirgiin sayisina etkisi

Biiyiime Diizenleyicileri

Isik Ortamlan 0,20 mg/L TDZ 0,40 mg/L TDZ 0,80 mg/L TDZ

0,10 mg/T_ IBA** 0,10 mg/T. IBA** 0,10 mg+/L IBA*
2B:1K:1M 13,664 16,05% 11,77%
1B:2K:1M 16,16° 17,472 13,46°
1B:1K:2M 11,27 12,2872 8,35
1B:1K:1M 12,27% 14,77% 11,16%
Beyaz LED 11,08 14,39% 9,472bc
Kirmizi LED 8,05 7,33¢ 7,11°¢
Mavi LED 5,66¢ 6,19 5,33¢
Beyaz lsik 8,30 10,19 7,64t
Flouresan

** Ayni siitunda farkli harfler p<0,01 seviyesinde anlamlidir.
* Ayni siitunda farkli harfler p<0,05 seviyesinde anlamlidir.

B: Beyaz LED 151k, K: Kirimiz LED 151k, M: Mavi LED 11k
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Bogum eksplantlarinin kullanildig1 kiiltiir ortamlarmda
eksplant bagma siirgiin sayis1 0,20, 0,40, 0,80 mg/L TDZ ve
0,10 mg/L IBA eklenmis kiiltiirlerde sirastyla 5,66-16,16,
6,19-17,47 ve 5,33-13,46 adet olarak belirlenmistir (Tablo
3). En fazla siirgiin sayis1 kombinasyon seklinde kullanilan
LED ssiklar altinda ve kirmizi LED’in mavi ve beyaz LED
151k oranma gore iki kat daha yogun oldugu 151k altinda
(1B:2K:1M) sirasiyla 17,47 adet ile 0,40 mg/L TDZ + 0,10
mg/L IBA eklenmis MS besin ortaminda (Sekil 1a), 16,16
adet ile 0,20 mg/L TDZ + 0,10 mg/L IBA eklenmis MS
besin ortaminda (Sekil 1b) ve 13,46 adet ile 0,80 mg/L TDZ
+ 0,10 mg/L IBA eklenmis MS besin ortaminda (Sekil 1c)
elde edilmistir. Benzer sekilde, LED isiklar1 kullanilarak
doku kiiltiiri kosullarinda ¢oklu siirgiinler daha oOnce
Lysionotus pauciflorus maxim. (Lu ve ark., 2013), Lactuca
sativa L. var. capitata (Lin ve ark., 2013) ve Curculigo
orchioides Gaertn (Gupta ve Sahoo, 2015) bitkilerinde de
bildirilmistir.

En az siirgiin sayis1 ise mavi LED 151k altinda sirastyla 5,33,
5,66 ve 6,19 adet olarak sirasiyla 0,80 mg/L TDZ + 0,10
mg/L IBA’l1, 0,20 mg/L TDZ + 0,10 mg/L IBA’l ve 0,40
mg/L TDZ + 0,10 mg/L IBA’l1 kiiltiirlerde kaydedilmistir.
Genel olarak siirgiin sayis1 bakimindan kombinasyon
seklinde kullanilan LED 1siklar, tek olarak kullanilan LED
1siklara kiyasla daha etkili bulunmustur.

Kiiltiir ortamlarinda siirgiin uzunluklar1 0,20, 0,40 ve 0,80
mg/L TDZ + 0,10 mg/L IBA igeren MS ortaminda sirasiyla
0,84-1,76 cm, 0,68-1,49 cm ve 0,61-1,37 cm arasinda
kaydedilmistir (Tablo 4). En uzun siirgiinler tiim ortamlarda
1B:1K:2M LED g1k altinda ardinda ise 1B:1K:1M LED
1s1k altindaki eksplantlardan elde edilmistir. Tiim kiiltiir
ortamlarmda en uzun siirgiinler sirastyla TDZ’nin 0,20, 0,40
ve 0,80 mg/L kullanildig1 besin ortaminda elde edilmistir.
Kullanilan TDZ konsantrasyonu arttik¢a siirgiin uzunlugu
kisalmistir. Bu bulgular ile benzer sekilde TDZ nin siirgiin
uzunlugu tizerine olumsuz etkisi daha 6nce Debnath (2005),
Ledbetter ve Preece (2004) ve Tomson eve ark. (2004)
tarafindan da bildirilmistir.

En kisa siirgiinler ise her ii¢ hormon oraninda da mavi LED
altindaki eksplantlardan tespit edilmistir. Sonug olarak, L.
nummularia’nin bogum eksplantindan en uzun siirgiinler
0,20 mg/L TDZ + 0,10 mg/L IBA igeren MS ortaminda ve
1B:1K:2M LED 151k ortamindaki elde edilmistir. Tekli LED
isiklar genel kombinasyon seklinde kullanilan LED’lere
gore daha diigiik sonuglar vermistir.

In vitro tiretim denemelerinde siirgiinlerden ¢ok sayida kok
olusmustur. Bu nedenle ayrica koklendirme ¢aligmasi
yapilmamustir. Bitkiler daha sonra dis kosullara alismak icin
akvaryum ortamma aktarilmig ve dort hafta sonunda
bitkilerin alistirilmasi basariyla saglanmustir.
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Sekil 1. 1B:2K:1M LED 1s1k ortamu altinda a) 0,20 mg/L
TDZ + 0,10 mg/L IBA b) 0,40 mg/L TDZ + 0,10 mg/L IBA
ve ¢) 0,80 mg/L TDZ + 0,10 mg/L IBA eklenmis kiiltiir

ortammnda L. nummularia’nin bogum eksplantlarindan
slirgiin rejenerasyonu
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Tablo 4. Farkli 11k ortamlarinin L. nummularia 'nin bogum eksplantlarindan siirgiin uzunluguna etkisi

Biiyiime Diizenleyicileri

Isik Ortamlan 0,20 mg/L TDZ 0,40 mg/L TDZ 0,80 mg/L TDZ
0,10 mg;}L IBA 0,10 mg;/L IBA 0,10 m;-/L IBA
2B:1K:1M 1,24%¢ 1,09%¢ 0,84
1B:2K:1M 1,280 1,17° 0,970
1B:1K:2M 1,762 1,492 1,378
1B:1K:1M 1,462 1,342 1,12°
Beyaz LED 1,15p™ 1,11b¢ 1,04b¢
Kirmizi LED 0,93¢ 0,85¢ 0,76%f
Mavi LED 0,84¢ 0,68¢ 0,61f
Beyaz Isik 0,91¢ 0,74 0,65
Flouresan

**Ayni siitunda farkli harfler p<0,01 seviyesinde anlamlidir.

* Ayni siitunda farkl harfler p<0,05 seviyesinde anlamlidir.

B: Beyaz LED 151k, K: Kirimiz LED 151k, M: Mavi LED 151k

Sonug¢

Doku kiiltiirii ve bahgecilik alanlarinda LED aydinlatmalar
parlak bir gelecege sahiptir. Enerji verimliligi, uzun 6miir
ve uygulama esnekligi, LED'leri gelecekteki tarimsal
aydmnlatma sistemleri i¢in dogal bir se¢im haline
getirmektedir. Bu baglamda, beyaz, kirmizi ve mavi LED
1siklarm tekli ve kombinasyon halleri L. nummularia’nin in
vitro tiretimi i¢in test edilmis ve ¢oklu siirgiinler basariyla
elde edilmistir. En etkili LED 1s1ik 1B:2K:1M LED’ler
olarak belirlenmistir. Genel olarak kombinasyon halinde
kullanilan LED 1siklar, tekli LED isiklara gore daha iyi
sonuglar vermistir. Bu caligma sonuclar1 itibariyle LED
isiklarin flouresan 1giklara gore daha etkili oldugu o6ne
stirtilebilir.

Tesekkiir

Bu calisma, Tiirkiye Bilimsel ve Teknolojik Aragtirma
Kurumu (TUBITAK) tarafindan desteklenmistir (Proje
no0:2130190).
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Abstract: In the present work, selective adsorption of B-glucosidase using imprinted polyacrylamide hydrogels were studied. For this
purpose imprinted hydrogels were prepared using B-glucosidase as a template molecule, acrylamide (AAm) as a monomer, N,N’-
methylenebisacrylamide (MBAA) as a crosslinker, ammonium persulphate (APS) and N,N,N’,N’-tetramethylethylene-diamine (TEMED)
as initiators. B-Glucosidase imprinted hydrogel was washed with a solution of sodium dodecyl sulfate (SDS) and acetic acid to remove the
template molecule. Non-imprinted hydrogel was also prepared without using B-glucosidase template. The adsorption and recognition
performance of hydrogels towards B-glucosidase was discussed through adsorption isotherms and adsorption kinetics. In batch template
rebinding experiments, imprinted hydrogels displayed quite high template binding capacity than non-imprinted hydrogels. The theoretical
maximum adsorption capacity (Qmax) was determined by the Langmuir model, which turned out to be 7.2 mg/g and 4.6 mg/g for imprinted
and non-imprinted hydrogels, respectively. A pseudo-second-order model was suitable to interpret kinetic data. Imprinted polyacrylamide

hydrogels also used as an affinity sorbent for selective B-glucosidase adsorption from almonds.

Keywords: B-Glucosidase, polyacrylamide, hydrogel, molecular imprinting.

1. Introduction

Molecular imprinting is regarded as a promising technique
for preparing artificial receptors with “tailor-made”-
binding sites for specific binding the template molecular by
polymerizing a mixture of appropriate functional monomer,
befitting cross-linker and template. (Zhao et al. 2014,
Pisarev and Polyakova 2018, Wang et al. 2018)
Molecularly imprinted polymers (MIPs) are characterized
by their thermal and chemical stability, high specificity,
ease of mass preparation, low cost and reusability, which
promote their wide applications in chromatography,
catalysis, sensors, drug release and environmental
protection. (Zaidi 2018, Li et al. 2005) There are several
challenges remain in bio-macromolecule imprinting, such
as those involving proteins, DNAs, and even whole cells
and viruses. Many inherent problems of bio-
macromolecules hinder the advancement of their
imprinting, such as large molecular size, structural
complexity, environmental sensitivity, and flexible
conformation (Nishino et al. 2006, Lv et al, 2013). The use
of hydrogel with soft and macroporous structure is
beneficial in maintaining the native protein conformation.
Imprinting within hydrogels presents the possibility of three
dimensional binding sites that eventually should lead to
improved selectivity, while imprinting in an aqueous phase
ensures solubility and conformational stability of the
template proteins (Kimhi and Bianco-Peled, 2007).

© EJBCS. All rights reserved.

Polyacrylamide (PAM) hydrogel was widely used as the
matrix for the molecular imprinting of proteins. PAM
hydrogel is biocompatible and has soft and wet
macroporous structure. The abundant amide functional
groups in PAM can form strong interactions with peptide
bonds in the proteins even in aqueous system (Zhao et al.
2015). B-Glucosidase (EC 3.2.1.21) is a type of hydrolase
widely existing in various sources such as microorganisms,
plant and animal tissues. It catalyzes the hydrolysis of -
glycosidic linkages in di- and oligoglucosaccharides and
several other glycol conjugates (Verma et al. 2011, Celik et
al. 2016). In this study, imprinted polyacrylamide
hydrogels for recognition of B-glucosidase were prepared
and tested for B-glucosidase rebinding. Effect of contact
time, pH, temperature, initial B-glucosidase concentration
on rebinding of B-glucosidase on MIP and NIP hydrogels
were investigated. To investigate the nature of the
adsorption process, the non-linear Langmuir and Freundlich
isotherms were used to fit the equilibrium adsorption
data.The kinetic data have been analyzed using a pseudo-
first-order, pseudo-second-order equations. B-glucosidase
imprinted polyacrylamide hydrogels also used as an affinity
matrix for selective adsorption of the enzyme from
almonds. Purity controls were done using SDS-PAGE.
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2. MATERIALS AND METHOD
2.1 Materials

B-glucosidase from almonds ( >2 U/mg solid), acrylamide
(AAm), N,N'-methylene bisacrylamide (MBA), ammonium
persulfate  and N,N,N',N'-tetramethylethylene-diamine
(TEMED) were supplied from Sigma-Aldrich.

All other chemicals used in this study were in analytical
grade.

2.2 Method
2.2.1 Preparation of B-glucosidase imprinted hydrogel

Molecularly imprinted hydrogels (MIP) were synthesized by
dissolving AAm (54 mg), and MBA as a crosslinker (6 mg),
respectively along with template protein p-glucosidase (10 mg)
in 1 mL of phosphate buffer (0.1 M, pH 7.0). The
prepolymerization solution was purged with nitrogen gas for
10 min. to remove dissolved oxygen followed by an addition
of 10 mg APS and 20 pL of a 5% (v/v) TEMED solution.
Polymerization occurred overnight at room temperature. The
template molecule B-glucosidase was eluted from hydrogel
with acetic acid solution (10%, v/v) containing SDS (10%,
wi/V) until no protein in the supernatant was detected. Protein
measurements were done by Bradford method. Ultimately, the
hydrogel was extensively washed with deionized water to
remove remnant SDS and acetic acid. Non-imprinted hydrogel
(NIP) was also prepared, which corresponds to imprinted
hydrogel (MIP) but without the template. All the MIP and NIP
hydrogels were dried at 50 °C for 12 h before use.

2.2.2 Adsorption studies

B-glucosidase rebinding onto imprinted and non-imprinted
hydrogels were carried out using a batchwise adsorption
method. In each rebinding experiments, enzyme solution (1
mL) prepared in buffer and 0.01 g of dried imprinted and non-
imprinted hydrogels were used. The experiments were
conducted to observe the effect of various parameters such as
contact time, temperature, pH and enzyme concentration. The
effect of contact time on B-glucosidase adsorption was studied
by varying the contact time from 15 to 120 min. The effect of
the temperature on the adsorption was studied at various
temperature values (25-40°C) accompanied by mild shaking.
Effect of enzyme concentration on the adsorption was also
recorded in the concentration range from 1-3.5 mg/mL. After
adsorption, the hydrogels were removed by centrifugation and
the supernatant was analyzed for the unadsorbed enzyme
spectrophotometrically.

The amount of enzyme adsorbed on the hydrogels were
calculated according to the following equation 1:

_ (Cp.Vp—CeV)
- m

qe (1)

where ge is the amount of protein adsorbed onto unit mass of
dry gel (mg/g), Co and Ce are the initial and equilibrium
concentrations of protein (mg/mL), respectively, Vo and V is
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volume (mL) of the initial and final enzyme solution
containing the hydrogel and m is the amount of dry hydrogel
(9) used in the experiment (Bhattacharyya and Ray 2013).

The specific recognition property of the imprinted hydrogel is
illustrated by the imprinting factor (IF) according to the Kempe
and Mosbach 1994, which is defined as:

dimprinted

IF = @)

dnonimprinted

where Qimprinea 1S the amount of protein on the imprinted
hydrogel (mg/g), and Qnon-imprinted IS the amount of protein on the
non-imprinted hydrogel (mg/g).

2.2.3 Partial purification of p-glucosidase from almonds

Partial purification of B-glucosidase from almonds was
done according to the method of Ergdcen (2013). In brief, 8
mL of chilled acetone (-20 °C) was added to each gram of
almonds extracted from hard shells and homogenized in
porcelain mortar. By filtering the homogenate through filter
paper, the phenolic compounds and some lipids were
removed together with the filtrate. The remaining portion of
the sample on filter paper was taken back to the porcelain
mortar and the process was repeated 3 times as described
above. As a result of the final filtration, the remaining solid
in the filter paper was stored at 5 °C for 24 hours to
evaporate acetone. 1 g of the solid extract obtained after
acetone extraction was dissolved in 50 mL of citric acid (50
mM, pH 5) buffer and 60% (NH,4).SO. precipitation was
applied. The precipitate obtained after the ammonium
sulfate precipitation was suspended in 50 mM pH 5.0 citrate
buffer (4 mL) and dialyzed. The dialyzed enzyme solution
applied on MIP and NIP hydrogels and incubated for 120
min. Recovery of the B-glucosidase from the hydrogels
were performed using 50 mM pH 5.0 citrate buffer. p-
glucosidase activities and protein contents were measured
in every step and applied to SDS-PAGE.

3. Results and Discussions

3.1 B-glucosidase imprinted hydrogel

The polyacrylamide matrix is non-charged and multiple
weak interactions, like hydrogen bonds and dipole-dipole
interactions are assumed to be responsible for the polymer-
template interactions (Tong et al. 2001). Proteins are very
complex and possess many potential recognition sites at
their surface, such as charged amino acids and
hydrophobic/hydrophilic regions (Verheyen et al. 2011).
The polymerization of monomers in the vicinity of a
template protein leads to the formation of a cavity with the
shape and size of the imprinted template, and with the sites
of interaction in a pre-determined orientation (Hjerten et al.
1997, Ghasemzadeh et al. 2008). It is well known that the
diffusivity of proteins in a highly crosslinked polymer
matrix is rather slow. Polymer geometry, polymer
hydration, crosslink density, protein size and temperature
all play a role in the time needed for a protein to diffuse into
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the polymer matrix and to reach equilibrium (Verheyen et
al. 2011).

B-Glucosidase from almonds is a homodimer consisting of
2 equal subunits of 65 kDa and is a glycoprotein. It has an
isoelectric value of 7.3 and 6.7 nm molecular diameter
(Grover et al. 1977, Gomez et al. 2012). Hydrogen bonding
is the dominant driving force for the molecular recognition
between pB-glucosidase and the monomers (Fig. 1).
Multiple-point hydrogen bonds could be produced when the
cavities in the hydrogel had complementary interaction
surface with the protein (Pan et al. 2009). Elution of B-
glucosidase from polyacrylamide gel was performed using
(pH 2.8). Negatively charged SDS micelles were interacted
positively charged protein at this pH. Acetic acid could
disrupt intramolecular hydrogen bonds within the protein
molecule and so further helps to denature the protein
(Hawkings et al. 2005)
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Figure 1. Proposed mechanism of a) NIP hydrogel b) B-
glucosidase imprinted hydrogel (Adapted from Pan et al. 2009)

3.2 Characterization of the Imprinted and Non-imprinted
Hydrogels

3.2.1 SEM Analysis

Scanning electron microscopy (SEM) has been an essential
tool for characterizing the surface morphology and
fundamental physical properties of the adsorbent. It is
useful for determining the particle shape, porosity and
appropriate size distribution of the adsorbent. As seen from
Figure 2, unwashed MIP and NIP hydrogel have smooth and
porous surface. To remove the template protein, MIP
hydrogel was washed with SDS:AcOH 10% (w/v):10%
(v/v) and then the surface of MIP hydrogel became rough
and more porous.
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Figure 2. SEM micrographs of a) Unwashed MIP hydrogel
(30000x) b) Washed MIP hydrogel (30000x) c) NIP hydrogel
(10000x)

3.3 Optimization of Rebinding Conditions
3.2.1 Effect of contact time

The contact time between the enzyme and the hydrogel is
an important parameter in enzyme separation by adsorption.
2.5 mg/mL B-glucosidase in phosphate buffer (0.1 M pH
7.0) was added to 0.01 g of hydrogel and incubated for
determined time intervals. Fig. 3 shows the relationship
between the adsorption capacity of MIP hydrogel (NIP) and
the adsorption time. At room temperature, within the first
15 min the adsorption capacity increases rapidly. The
rebinding reaches a plateau after about 120 min, indicating
that the imprinted sites are saturated with B-glucosidase.
The adsorption capacity of NIP hydrogel is much smaller
than that of the MIP hydrogel. MIP hydrogels have
adsorption cavities which are complementary to the
template molecule in shape. Comparing this MIP with the
NIP hydrogel, it is clear that a much higher rebinding
capacity is achieved.

0 20

80 100 120

40
Time (min)

Figure 3. Effect of contact time on rebinding of B-glucosidase on
MIP and NIP hydrogels.
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3.3.2 Effect of pH

In this study, series of 2.5 mg/mL B-glucosidase solution
were prepared in different pH values (0.1 M pH 3.0-4.0
acetate buffer, 0.1 M pH 5.0-6.0 citrate buffer, 0.1 M pH 7.0
phosphate buffer, 0.1 M pH 8.0 Tris-HCI buffer) and added
on the hydrogels. After incubation at 25°C for 120 minutes,
the amount of protein adsorbed on MIP and NIP hydrogels
were calculated. As seen from Figure 4, the imprinting
efficiency reached the maximum when the pH was 7.0

because the pH wvalue affected the p-glucosidase
conformation and charge.
43
._1_
33
- 3
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B < —e— NP
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0.3
0
0 p! 4 ] 8
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Figure 4. Effect of pH on rebinding of B-glucosidase on MIP and
NIP hydrogels (contact time: 120 min, enzyme concentration 2.5
mg/mL).

3.3.3 Effect of temperature

In this study 2.5 mg/mL B-glucosidase solution (0.1 M pH
7.0 1 mL) was added to the hydrogels and shaken gently at
various temperature values (25-40 °C) for 120 minutes. As
seen from Figure 5, the adsorption of the enzyme pB-
glucosidase decreased with the increase in temperature. At
25°C it appears that MIP hydrogels have higher pB-
glucosidase selectivity than NIP hydrogels. p-glucosidase
adsorption decreased with increasing temperature
suggesting that the interactions between B-glucosidase and
the hydrogel were based on hydrogen bonds.

4 .
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Figure 5. Effect of temperature on rebinding of B-glucosidase on
MIP and NIP hydrogels (contact time: 120 min, enzyme
concentration 2.5 mg/mL, pH 7.0).
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3.3.4 Effect of initial p-glucosidase enzyme concentration

The adsorption isotherm experiments for MIP and NIP were
carried out using different B-glucosidase concentrations in
the range 1-3.5 mg/mL for 120 min accompanied by mild
shaking. The other operational parameters (contact time, pH
and temperature) were kept at optimum values. At low
different B-glucosidase concentrations, was not enough to
fill up the specific binding cavities (Fig. 6). The specific
imprinted sites were gradually occupied and the adsorption
capacity of MIP hydrogel became steady with increasing
different B-glucosidase concentration, and the saturation
value was achieved at B-glucosidase concentration of 3.5
mg/mL. The maximum adsorption capacities of MIP and
NIP hydrogel were 3.74 and 2.53 mg/g, respectively and the
IF value was calculated as 1.47. The results showed that
MIP hydrogel had a higher adsorption capacity for B-
glucosidase than that of NIP hydrogel.
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Figure 6. Effect of initial enzyme concentration on rebinding f3-
glucosidase on MIP and NIP hydrogels. (contact time: 120 min,
temperature: 25 °C, pH 7.0).

3.4 Adsorption Isotherms

Equilibrium study is important as it provides the qualitative
information on the nature of solute-solid surface
interactions and could be used to evaluate the adsorption
capacity of a particular adsorbent. In this study, two widely
used isotherm models, i.e., Langmuir model and Freundlich
model were used to describe the adsorption process. These
isotherms are useful for estimating the total amount of
adsorbent needed to adsorb a required amount of adsorbate
from the solution.

Freundlich isotherm points a heterogeneous surface energy
system and describes the adsorption process as *‘the ratio of
the amount of solute adsorbed onto a given amount of
adsorbent to the concentration of the solute in the solution
is not constant at different concentrations’’. The logarithmic
form of Freundlich model is given by the equation 5:

log qe = log Kf +%log Ce (5)

where ge is the amount adsorbed and Kg and n are
Freundlich constants related to the adsorption capacity and
adsorption intensity, respectively. When log ge was plotted
against log Ce, slope was obtained 1/n, were calculated from
the slope and intercept of the plot log ge versus log Ce
(shown in Fig. 7). Kr represents the amount of solute
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adsorbed at an equilibrium concentration of unity and thus
is a measure of the adsorption capacity of the material, while
n reflects the adsorption intensity (Table 1).

Another widely used equation in adsorption processes is the
Langmuir equation. Langmuir model is represented by the
following equation 6:

L=t (6)

qe Qb @

where Q° is the amount of adsorbate at complete monolayer
coverage (mg/g), which gives the maximum sorption
capacity of sorbent and b (mL/mg) is the Langmuir isotherm
constant that relates to the energy of adsorption calculated
from the slope and intercept of the plot Ce/ge vs. Ce (shown
in Fig. 8). The Langmuir constants Q° and b are calculated
and the values of these constants are tabulated for the
highest R? value in the Table 1.
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Figure 7. Freundlich isotherm graph of the adsorption assay of -
glucosidase on MIP and NIP hydrogels.
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Figure 8. Langmuir isotherm graph of the adsorption assay of B-
glucosidase on MIP and NIP hydrogels.

When R? values of adsorption models were compared, the
adsorption of B-glucosidase on MIP and NIP hydrogels was
fitted to the Freundlich equation (R?>0.87) and Langmuir
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equation (R?>0.86) respectively. This result demonstrates
that the adsorption of B-glucosidase on MIP hydrogel can
be characterized by multi-site adsorption isotherm.
However adsorption of B-glucosidase on NIP hydrogel can
better fit to Langmuir isotherm model suggesting that this
adsorption is better to be described as a monolayer
adsorption.

Table 1. Langmuir and Freundlich isotherm constants for
adsorption of B-glucosidase on MIP and NIP hydrogels

Langmuir Isotherms Freundlich Isotherms

MIP NIP MIP NIP
Qmax: 7.2 Qmax=4.6 Kr=0.16 KF=0.26
mg/g mg/g mo/g mo/g

b=0.0034 b=0.0056
1/n=0.55 1/n=0.42
L/mg L/mg
RL=0.105 RL= 0.066
R?=0.733 R?=0.864 R?=0.879 R?=0.835

Dimensionless separation factor Ry is a used to analyze the
adsorption process. When R value is between 0 and 1 or
higher than 1, this means the adsorption process is favorable
or unfavorable respectively. I1fR_ equalsto 1 or0, it shows
the adsorption process linear or irreversible respectively. 3
R, can be expressed as:

R.=1/(1+bCo) (7)

Where b is the Langmuir constant and Co is the initial p-
glucosidase concentration (mg L™). Calculated R, values
for the adsorption of the enzyme onto MIP and NIP
hydrogels were 0.105 and 0.066 respectively, showing that
the adsorption process was favorable.

3.5 Kinetic parameters

Adsorption kinetics has an inseparable relationship with
adsorption efficiency. The adsorption kinetic was
investigated to measure the required equilibrium time for
adsorption of B-glucosidase onto imprinted hydrogel. The
adsorption kinetics of 2.5 mg/mL B-glucosidase solution at
pH 7.0 was examined as a function of imprinted and non-
imprinted hydrogels. In order to study the adsorption
mechanism and verify the rate-determining step, pseudo-
first-order and pseudo-second-order were utilized to fit the
adsorption Kkinetics data. The nonlinear form of the
mentioned two model equations can be expressed by
equation (7) and (8), respectively:

kl

2.303 t (7)

ge and gt indicate the amount of protein adsorbed at
equilibrium and at a specific time (mg/g) and ki (min?) is
the first-order rate constant. First-order rate constant k, was

log (qe — qt) =logqe —



M. Sevildik et al.

calculated from the slope value of the linear plot of log (ge-
qgt) vs. t (Figure 9).

t 1 t

qt

at ~ kpqe?

(8)

where ge (mg/g) is the amount of protein adsorbed at
equilibrium, gt (mg/g) is the amount of protein on hydrogels
at time. t and kz [g/(mg min)] is the rate constant of pseudo-
second-order adsorption. The values of 1/(kzqe)? and 1/ge
are derived experimentally from the intercept and slope of
the linear plots of t/qt versus t, which eventually leads to
values of ko and ge (Fig. 10). Relationship existing between
experimental data and pseudo-second-order model and the
correlation coefficient (R?) in Table 2 suggest a strong
relationship between the parameters and also explain that
the adsorption process of enzyme both followed pseudo-
second-order Kinetics. The theoretical g values were very
well correlated with the experimental data in the case of
pseudo-second-order Kinetics. This also indicates that the
adsorption process of the enzyme is controlled by
chemisorption due to the several interactions between the
enzyme and the functional groups of MIP and NIP
hydrogels.
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Figure 9. Pseudo-first-order model of the adsorption assay of B-
glucosidase on MIP and NIP hydrogels.
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Figure 10. Pseudo-second-order model of the adsorption assay of
B-glucosidase on MIP and NIP hydrogels.

Table 2. Kinetic Models

Pseudo-first-order Pseudo-second-order

model model
MIP NIP MIP NIP
R?=0.661 R?=0.840 R?=0.992  R?=0.920
Qe =2.76 Qe =2.63 ge=4.36 ge=2.94
mg/g mg/g mg/g mg/g
ki =0.0437 ki =0.0392 ko=0.0175 ko=0.0137
min- mint g/mg.min. g/mg.min.

3.6 SDS-PAGE analysis

The SDS-PAGE analysis is shown in Figure 11. Lane i and
h present the standard protein mixture and pure pB-
glucosidase. Dialysis fraction (e) was applied on MIP and
NIP hydrogels and then desorption of the enzyme from
hydrogels was done using 50 mM pH 5.0 citrate buffer.
Desorption fractions of MIP and NIP hydrogels are seen in
lane (b) and (a) respectively. Only the band of desorbed
enzyme from MIP hydrogel could be easily seen. The SDS-
PAGE analysis suggests that MIP hydrogel could
specifically absorb B-glucosidase from the dialysis fraction.
These results show that MIP hydrogels could be use as an
affinity matrix in enzyme purification steps.



M. Sevildik et al.

Wi, g™

1 210 kDa
90 kDa
a b ¢ d e f g h
v',\ N 65 kDa
-, -w ‘45kDa
- -~
-

Figure 11 Results of SDS-PAGE analysis a) desorption of enzyme
from NIP b) Desorption of enzyme from MIP c) unbound enzyme
(MIP hydrogel) (10 fold dilution), d) unbound enzyme (MIP
hydrogel) e) Dialysis fraction f) Acetone precipitation (5 fold
dilution g) Acetone precipitation, h) Pure B-glucosidase i) protein
molecular weight markers

4. Conclusions

B-Glucosidase imprinted hydrogel was successfully
synthesized in the presence of monomer acrylamide and
crosslinker N,N’methylenebisacrylamide. Proteins are very
complex and possess many potential recognition sites at
their surface, such as charged amino acids and
hydrophobic/hydrophilic regions. Molecular size and shape
memory effect are also the major factors affecting the
imprinting formation and template recognition. The
imprinted hydrogel exhibits significant recognition property
and selectivity to target p-glucosidase. The easy
preparation, and high selectivity of B-glucosidase imprinted
hydrogel exhibit its potential application in B-glucosidase
separation.
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Alternanthera reineckii Briq.’nin doku Kiiltiirii ¢calismalari i¢in yiizey
sterilizasyonunun optimizasyonu
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Ozet: Yiizey sterlizasyonu doku kiiltiirii ¢alismalarinda ilk asamadir. Bu asamadan gectikten sonra bitkilerin ¢oklu iiretimleri miimkiin
olabilmektedir. Mevcut ¢alisma, Alternanthera reineckii Briq.’nin doku kiiltirii ile Gretimi igin yiizey sterilizasyonu g¢aligmalarini
sunmaktadir. On sterilizasyon islemi icin A. reineckii 20 dk boyunca akan ¢esme suyunun altinda bekletilmistir. Yiizey sterilizasyonu igin
ist gévdeden 3-5 cm uzunluklarinda kesilen pargalar farkli siire (15 ve 30 dk) ve konsantrasyonlarda (%10-30) hidrojen peroksit (H202)
ile muamele edilmistir. Bogum eksplantlari izole edilerek bitki biiyiime diizenleyici icermeyen Murashige ve Skoog (1962) besin ortamina
aktarilmistir.  Kiiltiir ortamlarda ilk kontaminasyonlar 6. glinde gozlenmeye baslamustir. Kiiltiir ortamlarinda daha ¢ok bakteriyel
kontaminasyonlar gézlenmistir. Yiiksek H2O2 maruziyetinde eksplantlarin rejenerasyon kapasiteleri olduk¢a diismiistiir. Bazi eksplantlarda
beyazlasma ve sararmalar tespit edilmistir. Hidrojen peroksit ile muamele edilen eksplantlarda bulasik oranlari %20-100 arasinda
degismistir. Steril ve canli eksplant degerleri kullanilan H20 ile farklilik gostermistir. En yiiksek steril ve saglam eksplantlar (%60) %25°lik
H20: ile 15 dk uygulanan eksplantlarda, ardindan ise (%355) %15°lik H202 ile 30 dk uygulanan eksplantlarda tespit edilmistir. Buradan elde
edilen steril ve canli eksplantlar bitki biiyiime diizenleyici icermeyen ortamlarinda aktarilmig ve ¢ogaltim calismalar1 i¢in stoklar
olusturulmustur. Bu ¢alisma, A. reineckii’nin in vitro iiretimi i¢in gerekli sterilizasyon islemleri i¢in aragtirmacilara yardimei olabilir.

Anahtar Kelimeler: Bogum eksplanti, ¢ogaltim, H202, rejenerasyon, sterilizasyon

Optimization of surface sterilization of Alternanthera reineckii for tissue culture
studies

Abstract: Surface sterilization is the first stage in tissue culture studies. After this stage, multiple productions of plants can possible. The
present study presents surface sterilization studies for the production of Alternanthera reineckii Brig. by tissue culture. For the pre-
sterilization process, A. reineckii was kept under the tap water flowing for 20 min. For surface sterilization, the parts cut at length 3-5 cm
from the upper body were treated with hydrogen peroxide (H202) at different time (15 and 30 min) and concentrations (10-30%). The
nodal explants were isolated and transferred to the nutrient medium of Murashige and Skoog (1962) which did not contain a plant growth
regulator. The first contamination in the culture environment began to be observed on the 6th day. More bacterial contamination was
observed in culture media. The regeneration capacity of the explants in highly H202 exposure decreased considerably. Whitening and
yellowing were detected in some explants. Contamination rates in the explants treated with H202 ranged from 20 to 100%. The values of
sterile and live explants were different with H20>. The highest sterile and live explants (60%) were detected in explants with 25% H20>
for 15 min followed by explants (30%) with 15% H202 for 30 min. The sterile and live explants obtained from this were transferred in
non-plant growth media and stocked for propagation studies. This study may help researchers for the sterilization procedures required for
in vitro production of A. reineckii.

Keywords: Nodal explant, propagation, H202, regeneration, sterilization
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1. Giris Ozelligine dayanir. Totipotensi, tek bir hiicrenin, hiicre
boliinmesiyle tam genomu olusturma yetenegini ifade
eder. Bitki hiicresinin totipotent potansiyeli ile birlikte
hiicrelerin metabolizmalarini, biiytimelerini ve
gelisimlerini degistirme kapasiteleri de ayni derecede

Doku ve hiicre kiiltiirii galismalarinda bitki doku ve
organlari, aseptik ve kontrollii sartlarda yetistirilir. Bu
teknik, temel olarak bitki hiicrelerinin totipotensi
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onemlidir (Rani ve Kumar, 2017). Bitki doku kiiltiirii
ortamy, bitkilerin normal biiyiimesi ve gelisimi i¢gin gerekli
tiim besin maddelerini igerir. Esas olarak makro besinler,
mikro besinler, vitaminler, diger organik bilesenler, bitki
biiyiime diizenleyicileri, karbon kaynagi ve kati ortam
durumunda bazi jellestirici maddelerden olusur. Murashige
ve Skoog besiyeri (MS besiyeri), birgok bitki tiirtiniin in
vitro vejetatif iiremesi i¢in yaygin sekilde kullanilir.
Ortamin pH'1l, hem bitki bliylimesini hem de bitki biiylime
diizenleyicilerinin  aktivitesini  etkileyen onemli bir
faktordiir. Ortamin pH"1 5.4 - 5.8 arasindaki degere
ayarlanir. Kiiltiir i¢in hem kati hem de sivi ortam
kullanilabilir (Hussain ve ark., 2012; Bridgen ve ark.,
2018).

Mikroorganizmalar ~ doku  kiiltiiri calismalarinda
bulasik/kontaminasyon olarak kabul edilir. /n vitro
ortamlardaki bitki kiiltiirinde en onemli Kkayiplar
kontaminasyon yiiziinden olusur. Bu tiir
kontaminasyonlara; viriis, bakteri, maya, mantar vb.
mikroorganizmalar sayilabilir (Oyebanji ve ark., 2009).
Yapilan sterilazasyon yetersiz ise mantar, maya ve bakteri
olusabilir. Bitkiden aldigimiz eksplant parcasinda topraga
maruz kalan bitki parcalarini, tarlada, tropik iklimlerde
yetisen bitkiler ile sucul bitkileri sterilize etmek genellikle
zordur (Leifert, 2009).

Bitki doku ve hiicre kiiltiiriinde kullanilan ortamlar, cesitli
besin maddeleri, mineraller, bitki yetistirme maddeleri,
vitaminler ve seker kombinasyonlarini igerir. Ne yazik ki,
bu kiiltir ortami ayrica bakteri ve mantarlarin hizli
biiylimesi i¢in de uygundur. Bu kontaminasyonlar, bitki
dokusunu veya hiicre kiiltlirtinii istila ettikleri icin hizli bir
sekilde biiyiirler ve besin ortamini tiikketir ve kiiltiirlenmis
bitki dokusunun biiyiimesini etkiler ve nihayetinde
oldiirebilecekleri toksinler tiretebilirler. Bu nedenle, tim in
vitro bitki kiiltiirii manipiilasyonlar1 igin steril tekniklerin

kullanilmas1  zorunludur. Doku kiiltliri  sisteminin
hazirlanmasi ve korunmasi, kaltiir ortaminin
sterilizasyonunu,  kiiltiirlenecek  tohum veya  bitki

dokusunun yiizey sterilizasyonunu ve kullanilan herhangi
alet ve ekipmanlarin sterilizasyonunu gereklidir. Bitki
dokusunun manipiilasyonu ¢alismalar1 tipik olarak steril
bir odada veya laminer hava akis kabini gibi kabinlerde
gerceklestirilmelidir.  Bakteriler ve  mantarlar ile
kontaminasyon, bitki doku kiiltiirlerini siirekli olarak tehdit
eden sik goriilen bir sorundur (Misra ve Misra, 2012).

Bu calisma, sucul bir bitki olan Alternanthera reineckii
Briq.’nin farkli derisimlerde ve siirede hidrojen peroksit ile
yiizey sterilizasyonunu sunmaktadir.
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2. Materyal ve Metot

Bitki materyali olarak kullanilan A. reineckii, Istanbul
(Tiirkiye)’da bulunan akvaryumculardan temin edilmigtir.
Yiizey sterilizasyonu islemi uygulanmadan once A.
reineckii, 20 dk akan ¢esme suyunun altinda bekletilmistir.
Hidrojen peroksit uygulamasinda (%35 H,0, - Merck) A.
reineckii, ylizey sterilizasyonu igin iist gévdeden 3-5 cm
uzunluklarinda kesilen parcalar farkl: siire (15 ve 30 dk) ve
konsantrasyonlarda (%10-30) H20- ile muamele edilmistir.
5 dk siireyle 3 kez durulama islemi uygulandiktan sonra
bogum eksplantlar1 izole edilerek, hormonsuz Murashige
ve Skoog (1962) (MS) besin ortamina aktarilmis ve bulasik
oranlar1 belirlenmistir.

Kiiltlir ortamlarmin hazirlanmasinda MS besin tuzlar1 ve %3
sikroz  (Duchefa) kullanilmis ve jellestirme ajani
olarak %0,65°lik agar (Duchefa) ilave edilmistir. IN NaOH
ve 1IN HCl ile kiiltiir ortaminin pH’s1 5.740.1°e yapilmis ve
otoklavda steril edilmistir (1.2 basmg - 120 °C’de 20 dk).
Denemelerde eksplantlar, beyaz 151k yayan diyotlar (LED)
24+1°C'de ve 16 saat 151k fotoperiyodunda kiiltiire alinmustir.

3. Bulgular ve Tartisma

Bitki doku  kiiltiiriinde  bakteriyel ve  fungal
kontaminasyonlar biiyiik bir tehdittir. Bitkiler dig kaynakli
olarak bakteri ve fungus barindirabilir. Bu dis kaynakl
kontaminasyonlarin  uzaklastirilmasi, doku  kiltiiri
caligmalarinin ilk ve en 6nemli agamalarmdan biridir.

Bu caligma, A. reineckii’nin yiizey sterilizasyonu igin
farkli siire ve konsantrasyonlarda H>O, uygulamasini
icermektedir. (Tablo 1). Daha sonra 5’er dk siire ile 3 defa
durulama islemi yapilmistir. Bu durulama islemleri
H,02’in zararini azaltmak icin olduk¢a Onemlidir. Bu tist
govde pargalarindan izole edilen bogum eksplantlar1 bitki

biiylime diizenleyici icermeyen MS besin ortamma
aktarilmistir.  Kiiltiir ~ ortamlarina  yerlestirilen ~ bu
eksplantlarda  kontaminasyonlar ortalama 6. giinde

gozlenmeye baslamistir. Besin ortamlarmmda daha ¢ok
bakteriyel kontaminasyonlar gézlenmistir (Sekil 1a). Fungal
kontaminasyonlar az gériilmekle beraber, genellikle 9.
giinden sonra daha belirgin olarak tespit edilmis ve {i¢ hafta
sonunda yogun olarak tiim ortam yiizeyini sarmistir (Sekil
1b). Yiiksek HO etkisi ile eksplantlarda ylizey sterilizasyon
basarilmis olsa da bu eksplantlarin rejenerasyon kapasiteleri
oldukea diismiistiir. Genellikle H.O- etkisi ile eksplantlarda
beyazlagsma ve sararmalar tespit edilmistir (Sekil 1¢). H20-
yiizey sterilizasyonu ¢aligmalarinda olduk¢a tercih
edilmektedir. Benzer sekilde, Stevia rebundiana Bertoni
(Halim ve ark., 2016), Colocasia esculenta (Akshatha ve
ark.,2018), Prunus armeniaca (Ozdemir ve Gur, 2018),
Rotala rotundifolia (Buch-Ham. ex Roxb) Koehne (Dogan,
2017, 2019), bitkilerinin in vitro cogaltimi igin HoO;
kullanilmuistir.
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Tablo 1. Farkli konsantrasyonlarda H,O, ile muamale edilen A. reineckii’nin bogum eksplanlarmin yiizey sterilizasyonu

Eurasian J. Bio. Chem. Sci. 2(1): 24-28, 2019

verileri
Hidrojen Peroksit (H20>) Bulasik Oram Steril ve Olen Steril ve Canh
o Eksplant Oran1 | Eksplant Orani
00) (%) (%)
% Siire (dk)
10 15 100 - -
15 15 100 - -
20 15 70 10 20
25 15 30 10 60
30 15 30 25 50
10 30 40 20 40
15 30 25 30 55
30 30 20 80 -

Chalenko ve Cheredmichenko (2017) A. reineckii’nin yiizey
sterilizasyonu i¢in ti¢ farkli dezentektan kullanmustir. Bitki
pargalarin1 % 0.1 civa (II) kloriir ¢ozeltisi (1, 2 ve 3 dk), %
10 Hy0; ¢ozeltisi (1, 2 ve 3 dk), %5 sodyum hipoklorit
¢ozeltisi (1, 2 ve 3 dk) bekleterek yiizey sterilizasyonunu
basarmigtir. Bir diger dezenfektan olan c¢amasir suyu
(NaClIO) da birgok sucul bitkinin yiizey sterilizasyonu i¢in
kullanilmigtir (Dogan 2018a, 2018b).

Kiiltiir ortaminda steril olan siirglinlerin bulundugu bazi
ortamlarda  yaklastk  bir ay  sonra  bakteriyel
kontaminasyonlarin ¢iktig1 gozlenmistir. Bu bakteriyel
kontaminasyonlar bize eksplantlarm endojenik bakteri
icerdigini disiindiirmiistiir. Ciinkii, bazi bitki tiirleri ile
yapilan basarili yiizey sterilizasyonu islemlerinden sonra
bile bakteriyel bulasiklarin ¢iktig1 daha once bildirilmistir
(Karaoglu, 2010; Karaoglu ve ark., 2006). Bitkilerin
kokleri yaprak ve govdeleri ile siirekli dis cevre ile
etkilesim halindedir. Bu etkilesimler ile baz1 bakteri tiirleri
bitkilerin i¢ dokularinda yasayabilir veya bulanabilirler
(Ryan ve ark., 2008; Siili ve ark., 2016). Sterilizasyon
denemeleri ikinci haftanin sonunda tamamlanmis ve
bulagik oranlar1 (%), steril ve 6len eksplant orani (%) ve
steril ve saglam eksplant orami (%) verileri alinmustir
(Tablo 1).

Hidrojen peroksit ile muamele edilen eksplantlarda bulagik
oranlar1 %?20-100 arasinda degismistir (Tablo 1). En
yiiksek bulagik orani (%100) %10 ve 15°lik H,0; ile 15 dk
muamele edilen eksplantlarda belirlenmistir. Kullanilan
H20, seviyesi ve siiresi arttik¢a ortamlardaki bulasik yiizdesi
diisiis gostermistir. En diisiik bulasik ylizdesi (%20) %30’luk
H20; ile 30 dk muamele edilen eksplantlarda gozlenmistir.
Ardindan ise (%25) %15°lik H20; ile 25 dk muamele edilen
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eksplantlarda belirlenmistir. Kullanilan H>O; etkisi ile bazi
eksplantlarda Sliimler gdzlenmistir. Bunlar igerisinde steril
olmasma ragmen Olen eksplantlar da tespit edilmistir (Tablo
1). Steril ve oOlen eksplant yiizdeleri %10-80 arasinda
degismistir. En yiiksek steril ve Oli eksplant degeri
(%80) %30’luk H2O; ile 30 dk muamele edilen eksplantlarda
belirlenmigtir. Bu karsmn, %10 ve 15’lik H,O, ile 15 dk
uygulanan eksplantlarda herhangi bir olii eksplant tespit
edilmemistir.

Steril ve canli eksplant degerleri kullanilan H,O; ile farklilik
gostermistir (Tablo 1). En yiiksek steril ve saglam eksplantlar
(%60) %25°’lik HO, ile 15 dk uygulanan eksplantlarda
(Sekil 1d), ardindan ise (%55) %15°lik H2O; ile 30 dk
uygulanan eksplantlarda kaydedilmistir. Alt1 hafta sonunda
steril ve saglam eksplantlardan rejenere siirgiinler elde
edilmistir (Sekil le). En diisiik steril ve canli eksplantlar ise
(%20) %20’lik H20 ile 15 dk muamele edilen eksplantlarda
tespit edilmistir. Buradan elde edilen steril ve canli
eksplantlar  bitki bliyime  diizenleyici icermeyen
ortamlarinda aktarilmis ve ¢cogaltim ¢aligmalar1 i¢in stoklar
olusturulmustur. Dogan (2019) R. rotundifolia’nin yiizey
sterilizasyonuna i¢in 6n islem olarak 10 dk akan ¢esme
suyunda bekletilmis ve ardindan %20 oraninda H,O; ile 10
dk muamele ederek sterilizasyonu basarmustir. Ghasheem
ve ark. (2018) %5 ve 10’luk oranlarinda H,O, 10 ve 20 dk
stiresince Prunus persica (L.) Batsch’nm siirgiin ucu ve
bogum eksplantlarinin yiizey sterilizasyonu i¢in denemeler
kurmustur. En yiiksek steril ve saglam eksplantlar1 siirgiin
ucu i¢in %10’luk H207 ile 20 dk muamelesi sonucu elde
ederken (%25), bogum eksplatlarinda %10’luk H.O ile 10
ve 20 dk muamelesi sonucu elde ettigini (%20)
bildirmistir.
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Sekil 1. Farkli konsantrasyonlarda ve siirelerde H20, uygulanan A. reineckii eksplantlar1. (a) eksplant tizerinde bakteriyel
bulagik (b) fungal bulasik, (¢) H20; etkisinden dolay1 beyazlasan eksplant (d) ii¢ hafta sonunda %25’lik H,O; ile 15 dk
muamale edilen eksplanttan ¢ikan steril-saglam siirgiin (e) alt1 hafta sonunda bilyiiyen ve gelisen siirgiin

Sonug gecilememektedir. Bu ¢aligmada, 6nemli sucul bitki A.
reineckii’nin yiizey sterilizasyonu H;O; ile basarili sekilde
saglanmist. ~ Ortamlarda  genel  olarak  bakteriyel
kontaminasyonlar gézlenmistir. En yiiksek kontaminasyon

Doku kiiltiirii ¢alismalarinin en zor asamlarmdan biri bitki
yiizey sterilizasyonu iglemleridir. Cogaltimda kullanilacak
bitki pargalar1 steril edilmeden iiretim asamasina
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orant (%100) %10 ve 15’lik H,O; ile 15 dk muamele edilen
eksplantlarda tespit edilmistir. En fazla steril ve saglam
bitkiler %25’lik H,O, ile 15 dk bekletilen eksplantlarda
kaydedilmigtir. Bu rapor, A. reineckii’nin sterilizasyonu
islemleri ve doku kiiltiirii ¢alismalar1 i¢in yardimei olabilir.
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Abstract: The objective of the study was investigated for the effects of oral antidiabetic drugs, how they effect the cells
proliferation activities and how they change the expressions of FTO, CD68, NIBAN, and RAN genes which could change insulin
signalization and also be effective in the adipogenetic process on 3T3-L1 adipocytes, AML12 hepatocytes and adipocyte-
hepatocyte co-cultures. Cell proliferation was examined real time with iCELLigence system and measured for 96 hours each 15
min period. The time and amount of active substances of the oral anti-diabetic drugs which were applied to cells were determined
real time according to IC50 value. FTO, CD68 NIBAN and RAN gene expression profiles were determined with qPCR. When
single and multiple doses of glipizide and acarbose in co-culture’s were compared respectively, the 24 hour IC50 values were
determined as 180 uM and 17 mg/ml in adipocytes; 72 uM and 23 mg/ml in hepatocytes, 41.5 uM and 5 mg/ml in coculture cells.
The application of metformin for 24 hour IC50 value in single culture was determined as 175 mM in adipocytes and 2.3 mM in
hepatocytes. In the Metformin administered cells. FTO, CD68 and NIBAN gene expressions were decreased in all groups. In the
acarbose applied cells FTO and CD68 gene expressions were decreased in all groups. In the acarbose applied cells while NIBAN
gene expression was decreased in adipocytes, it was fund to increase in co-cultured adipocytes. In the acarbose applied cells
RAN gene expression was found to increase in all groups. Decreasing effects of antidiabetics on CD68 and FTO expressions may
show protective effect of drug on inflammation and obesity. In conclusion, oral antidiabetic drug use may be effective in
development glucose homeostasis via changing the gene expression of RAN in hepatocytes and adipocytes, this pathway may
have therapeutic effect and provide novel strategies for treatment of insulin resistance.
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1. Introduction

Obesity is a complex medical condition caused by
excessive fat accumulation in the body caused by
excessive consumption of foods and low levels of physical
activity (Vasanth Rao et al., 2019). Obesity is a risk factor
for type 2 diabetes mellitus (T2DM), hypertension,
cardiovascular diseases, metabolic syndrome and cancer
(Koldemir et al., 2012). Obesity not only contributes to
other health problems, but also reduces quality of life and
increases healthcare costs (Vasanth Rao et al., 2019). Type
2 diabetes mellitus (T2DM) is usually formed by the
interaction of genetic and environmental factors and
resulting in excessive increase in blood glucose levels,
chronic, complex, and is a common metabolic disorder
(Prokopenko et al., 2008). Type 2 diabetes, insulin
secretion and activity of (fat, muscle and liver) is
characterized by deterioration and associated with obesity
(Prokopenko et al., 2008). The pathogenesis of type 2
diabetes beta cell dysfunction, insulin resistance and

© EJBCS. All rights reserved.

increase hepatic glucose takes place (Reaven, 1995). There
are several genetic disorders that cause T2DM. This
genetic disorder of glucose, lipid and protein metabolism
leads to the formation of T2DM (Tiirkiin, 2008). Obesity,
hyperglycemia,  hypertension, and plasma lipid
abnormalities accompanied by insulin resistance (Reaven,
1995). Non-alcoholic fatty liver disease (NAFLD) affects
25% of the population and treatment options are limited
(Niu et al., 2019). Non-alcoholic fatty liver disease
(NAFLD) is closely associated with  obesity,
hypertriglyceridemia and diabetes. (Sanyal, 2003).
NAFLD is a costly medical disease and continues to grow
in parallel with the increasing prevalence of obesity and
type 2 diabetes (Younossi et al., 2016). The liver and
adipose tissue originate from a multipotent cell. Thus, the
key molecules and signaling systems of adipose tissue and
liver are regulated by common or overlapping metabolic
and immune function pathways (Wellen and Hotamisligil,
2005; Shoelson et al., 2006).
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Fat mass and obesity-associated gene (FTO) located on 16
g12.2 chromosome region is highly expressed in the
hypothalamus and is suggested to play an important role in
controlling energy homeostasis (Yuzbashian et al., 2019).
In genome wide association studies, FTO gene
polymorphisms were associated with increased risk obesity
(Frayling et al., 2007; Dina et al., 2007; Scuteri et al.,
2007). It has been reported that FTO gene over expression
induced obesity (Rosen et al., 2001; Stratigopoulos et al.,
2008). CD68 is a member of the lysosome associated
membrane protein family that is restricted in its expression
to cells of the monocyte/macrophage lineage. Weisberg et
al. (2003) reported that up to 50% of the cells in the
adipose tissue were positive for CD68. Reduction of
inflammatory gene expression in adipose tissue has also
been associated with weight loss in obese subjects
(Clement et al., 2004; Cancello et al., 2005). The NIBAN
gene, which is a member of the FAM129A gene family
and consists of 14 exons, is located on the 13th
chromosome in rats and the 1st in human and mice
(Adachi et al., 2004). NIBAN regulates protein synthesis
by modulating the phosphorylation of eukaryotic
translation initiator factor 2a (elF2a), p70 ribosomal S6
kinase 1 subunit and eukaryotic translation initiator factor
4E binding protein 1 (Sun et al.,, 2007). NIBAN plays a
role in adipogenesis with unknown mechanism (Ye et al.,
2011). RAN (LOC100045999 GTP-binding nuclear
protein Ran) protein regulates a multitude of cellular
responses, including nucleo-cytoplasmic shuttling, various
aspects of mitosis, and other cytoplasmic transport
mechanisms in specialized cell types (Segev, 2011; Clarke
and Zhang, 2008; Yudin and Fainzilber 2009). Ran
signaling is highly evolutionary conserved, and is thought
to be essential for cellular homeostasis (Ye et al., 2011).
RAN protein plays a role in adipogenesis with unknown
mechanism (Ye et al., 2011).

There are many antidiabetic agents used in routine
detavitation such as insulin, biguanides, sulfonylureas,
thiazolidindiones (TZDs), sodium-glucose cotransporter
type 2 inhibitors(SGLT?2i), dipeptidyl peptidase 4 (DPP-4)
inhibitors, glucagon-likepeptide 1 (GLP-1 receptor
agonists) and o glucosidase inhibitors (AGis) (American
Diabetes Association, 2018). Biguanides (especially
metformin) are widely used for the treatment of T2DM
and exhibit hypoglycemic effects by inducing insulin
sensitivity and peripheral glucose uptake, reducing hepatic
gluconeogenesis, reducing glucose reabsorption of the
intestine (Yaribeygi et al., 2019). Sulfonylureas is a class
of hypoglycemic antidiabetic drugs that increase insulin
release from cells (Yaribeygi et al., 2019). Alpha
glycosidase inhibitors inhibit the a-glycosidase enzymes in
the small intestine and thus delay the absorption of
carbohydrates (Yaribeygi et al., 2019).

In this study, the proliferative effect of AML12
hepatocytes, 3T3-L1 adipocyte and their co-culture by
continuous monitoring assay was performed to investigate
cytotoxicity of commonly used oral antidiabetic drug
metformin, acarbose and glipizide and we sought to
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determine the effects of oral antidiabetic drug metformin
on FTO, CD68, NIBAN and RAN gene expressions in
AML12 hepatocytes, 3T3-L1 adipocyte and their co-
culture.

2. Materials and Method
2.1.Cell Culture

Murine AML12 hepatocytes and 3T3-L1 fibroblasts were
purchased from the American Type Culture Collection
(ATCC) (Manassas, USA). 3T3-L1 cells were cultured in
glucose-free Dulbecco’s Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal calf serum,
penicillin (100 units/ml), and streptomycin (100 pg/ml) in
a humidified atmosphere of 5% CO2 at 370C, with a
change of medium every 2-3 days. AML12 cells and co-
culture cells were cultured in a 1:1 mixture of Dulbecco's
modified Eagle's medium and Ham's F12 medium with
0.005 mg/ml insulin, 0.005 mg/ml transferrin, 5 ng/ml
selenium, and 40 ng/ml dexamethasone, 90%; fetal bovine
serum, penicillin (100 units/ml), and streptomycin (100
pg/ml), 10% in a humidified atmosphere of 5% CO2 at
370C with a change of medium every 2-3 days. Sub-
cultured as necessary by routine trypsinization method.

2.2.Differentiation of 3T3-L1 preadipocytes

3T3-L1 cell differentiation was based on the protocol by
Miard et al. (2008). Cells were grown in DMEM medium
until 80% confluency. Two days after confluency (Day 0),
cells were washed with phosphate buffered saline (PBS)
and fed with adipocyte differentiation media (DMEM,
10% fetal calf serum, 1 uM dexamethasone, 10 pg/mL
insulin, and 0.25 mM 3-methyl-1-isobutylxanthine) for 2
days. Two days (Day 2) post induction, medium was
supplemented with only 10 pg/mL insulin and replaced
every 2 days until terminal differentiation.

2.3.0il Red O Staining

Cells were washed with PBS and then fixed for 1 hour
with 10% formalin solution. 60% isopropanol was added
to each well and let sit for 5 minutes. QOil red O was diluted
with water (3:2), filtered through a 0.22pum filter and
incubated with the fixed cells for 5 min at room
temperature. Cells were washed with water and the stained
lipid droplets in the cells.

2.4.Cytotoxicity assay using iCELLigence system

The optimal cell concentration for proliferation
experiments of AML12 hepatocytes, of 3T3-L1 adipocytes
and their co-culture were determined. After seeding the
cells in 150 pL medium to each well of the E-plate 8, the
proliferation of cells were monitored every 15 min by the
iCELLigence system. Approximately 24h after seeding,
the AMLI12 cells were subjected to 50 pL of medium
containing the following substances: acarbose (2.5 mg/ml,
5 mg/ml, 7.5 mg/ml, 10 mg/ml, 15 mg/ml, 25 mg/ml and
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50 mg/ml), glipizide (100 uM, 150 pM and 500 uM) and
metformin (0.5 mM, 1 mM, 2 mM, 4 mM, 5 mM, 7.5 mM
and 10 mM). Approximately 24h after seeding, the 3T3-L1
cells were subjected to 50 puL of medium containing the
following substances: acarbose (2.5 mg/ml, 5 mg/ml, 7.5
mg/ml, 10 mg/ml, 15 mg/ml, 25 mg/ml and 50 mg/ml),
glipizide (100 uM, 250 uM and 500 uM) and metformin
(5mM, 10mM, 25mM, 50mM, 100mM, 150mM and
250mM). Approximately 24h after seeding, the co-culture
cells were subjected to 50 pL of medium containing the
following substances: acarbose (1 mg/ml, 2 mg/ml, 4
mg/ml, 5 mg/ml, 7.5 mg/ml and 10 mg/ml), glipizide (100
puM, 150 pM and 500 uM) and metformin (10 mM, 25
mM, 50 mM, 75 mM and 100 mM). Only culture medium
was added to control cell group. All experiments were
monitored up to 96h.

2.5.RNA Isolation and Real-Time PCR Analysis

Total RNA was extracted from cells using the High Pure
RNA Tissue Kit (Roche, Germany) according to the
manufacturers instructions. Total RNA samples were
diluted in DNase—RNase free sterile water and stored at
—80°C until use. For cDNA synthesis, transcriptor HiFi
cDNA synthesis kit was used (Roche, Germany).
Expression of FTO, CD68, NIBAN and RAN genes were
determined by quantitative real-time PCR wusing a
LightCycler Nano (Roche Diagnostics, Germany)
instrument. Measurements were carried out on at least
three occasions for each sample. Cq values lower than 40
were not included to advanced statistival calculations. The
expression amounts were calculated by using the reference
gene (GAPDH) expression. Existence of specific gene
products were confirmed with melting curve analysis. The
gene expressions studies were repeated three times.

2.6.Statistical analysis

For the evaluation of results obtained from the
iCELLigence system, statistical analyses were performed
using the iCELLigence system software. The system
software make a curve-fitting of elective “sigmoidal dose—
response equation” to the experimental data points and
calculates  logarithmic  half  maximum inhibition
concentration (log [IC50]) values. Results are presented as
mean+SE. Statistical analysis was performed with SPSS
software (version 16.0; SPSS Inc., Chicago, IL). In
general, statistical differences between two groups were
evaluated by the Wilcoxon signed ranks test and for
comparison of multiple groups Friedman test (followed by
Wilcoxon signed ranks test) was used. A p-value below
0.05 was considered significant.

3. Results

3.1.Effects of Antidiabetic Drugs over Proliferation of
3T3-L1 Adipocyte

To investigate the effect of oral antidiabetic drugs on
proliferation, 3T3-L1 adipocytes were cultured for 24 h in
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standard medium (untreated). 100 pM, 250 uM and 500
uM glipizide were applied to the cell culture medium.
While 500 uM glipizide had a lethal effect for adipocytes,
250 uM glipizide application has an antiproliferative effect
on adipocytes. IC50 values were determined as 180 uM
after 24h glipizide administration. The 3T3-L1 adipocytes
were treated with 2.5, 5, 7.5, 10, 15, 25 and 50 mg / ml
acarbose. The dose of acarbose applied to adipocyte cells
did not have a lethal effect while producing cytotoxic
effects on cells. IC50 values were determined as 17 mg/ml
after 6h acarbose administration. 5, 10, 25, 50, 100, 150
and 250 mM metformin were applied to 3T3-L1 adipocyte
cells. 5, 10, 25, 50 mM metformin administration had
antiproliferative effect in 3T3-L1 adipocytes and 250 mM
metformin had lethal effect for adipocytes. The IC50 value
at 24 hours was calculated as 175 mM as a result of
metformin administration.

3.2.Effects of Antidiabetic Drugs over Proliferation of
AML12 Hepatocye

To investigate the effect of oral antidiabetic drugs on
proliferation, AML12 hepatocytes were cultured for 24 h
in standard medium (untreated). 100 uM, 250 uM and 500
UM glipizide were applied to the cell culture medium. 500
uM glipizid was found to have lethal effect on
hepatocytes. 250 uM glipizide application has an
antiproliferative effect on hepatocytes. IC50 values were
determined as 72 pM after 24h glipizide administration.
The AML12 hepatocytes were treated with 2.5, 5, 7.5, 10,
15, 25 ve 50 mg/ml acarbose. 25 ve 50 mg/ml acarbose
applied cytotoxic effects on cells. 1C50 values were
determined as 23 mg/ml after 24h acarbose administration.
5, 10, 25, 50, 100, 150 and 250 mM metformin were
applied to 3T3-L1 adipocyte cells. Administration of 25,
50 and 100 mM metformin showed a severe cytotoxic
effect on hepatocyte cells. Application of 150 and 250 mM
metformin showed lethal effect on hepatocytes. IC50 value
at 24 hours was calculated as 2.3 mM as a result of
metformin application.

3.3.Effects of Antidiabetic Drugs over Proliferation of
AML12 Hepatocyte and 3T3-L1 co-culture

To investigate the effect of oral antidiabetic drugs on
proliferation, co-culture cells were cultured for 24 h in
standard medium (untreated). 100 uM, 250 uM and 500
UM glipizide were applied to the cell culture medium. 500
uM glipizid was found to have lethal effect on cells. 250
uM glipizide application has an antiproliferative effect on
cells. IC50 values were determined as 41.5 pM after 24h
glipizide administration. Co-culture cells were treated with
1, 2,4,5, 7.5 and 10 mg / ml acarbose. Doses of 4, 5, 7.5
and 10 mg / ml acarbose were found to have an inhibiting
effect on the cells. 1C50 values were determined as 5
mg/ml after 24h acarbose administration. 10, 25, 50, 75
and 100 mM metformin were applied to the cell culture
medium. The doses of metformin were not found to have a
lethal effect on the cells but were found to have a anti
proliferative effect on the cells.
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3.4.FTO, CD68, NIBAN and RAN Gene Expression
Levels in Response to Oral Antidyabetic Drugs in 3T3-L1
Adipocytes

24h 180 pM concentration of glipizide administered
increasing effect over NIBAN and RAN gene expressions
respectively as 3.05, 2.296 (p=0.005) fold compared to
control adipocytes. FTO and CD68 gene expression levels
were found to decrease respectively as 0.631, 0.627
(p=0.005) (Table 1.). 24h 175mM concentration of
metformin administered decreasing effect over FTO,
CD68, NIBAN and RAN gene expressions respectively as
0.095, 0.652, 0.874, 0.783 (p=0.005) fold compared to
control adipocytes (Table 1.).

Table 1. The effect of oral antidiabetic drugs on FTO, CD68,
NIBAN and RAN gene expression levels in 3T3-L1 adipocytes

FTO Gene p CD6§ Cene  p NIBAN P FANGene p
Expression Exprezsion Gene Expression
MeanSE; Mean=SE; Expression MeanSE;
median median Mean3E; median
(min-ma)

Contral 10200 10=00 10=00 10=00

M 009£000; 0005 063 £000; 0005 087 &£000, 0005 073£000; 0.003%
008 063 87 078
0.05-0.10) (0.65-0.66) (0.37-0.88) (0.78-0.79)

As 033£000; 0003 219 £000; 0003 315£000; 0005 095£000; 0003%
033 218 113 083
(0.34-033) (2.18-2.19) (3.15-3.16) (0.95-0.96)

Values are given as mean + standart error; median (minimum-maximum). n:5 A3:
Adipocyte cells treated with 180uM glipizide for 24 hours. A4: Adipocyte cells treated
with 175mM metformin for 24 hours. Adjusted significanse limir p:0.010*. (Performed
with Mann-Whitney Tes. Each group was compared with control)

3.5.FTO, CD68 and RAN Gene Expression Levels in
Response to Oral Antidyabetic Drugs in AML12
Hepatocytes

24h 72 uM concentration of glipizide administered
increasing effect over FTO and RAN gene expressions
were found to repectively as 2.059, 1.171 and CD68 gene
expression level was found to decreasing effect 0.232
(p=0.005) fold compared to control hepatocytes (Table 2.).
24h 2.3 mM concentration of metformin administered
decreasing effect over FTO, CD68 and RAN gene
expressions respectively as 0.13, 0.359, 0.743 (p=0.005)
fold compared to control hepatocytes (Table 2.). 24h 23
mg/ml concentration of acarbose administered increasing
effect over RAN gene expression levels 3.132 fold
compared to control hepatocytes. 24h  23mg/ml
concentration of acarbose administered decreasing effect
over FTO and CD68 gene expressions levels respectively
as 0.089, 0.116 (p=0.005) fold compared to control
hepatocytes (Table 2.).
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Table 2. FTO, CD68 and RAN Gene Expression Levels in
Response to Oral Antidyabetic Drugs in AML12 Hepatocytes

FTO Geme p CDE8 Gene P RAN Gene P
Expreszion Expreszion Expression
Mean=5E; Mean+3E; Mean+5E;
(min-mas) (min-maz) {min-max)

Control  1.0=0.0 10=00 10=00

H1 206 =0.00; 0.005* 023 =0.00; 0.005*  117=000; 0005
208 023 117
(2.05-2.08) (0.23-0.24) (1.17-1.18)

H 0.13 =0.00; 0.005*  036=0.00; 0.005* 0.74=000; 0005
013 036 074
{0.13-0.14) {0.35-0.36) (0.74-0.75)

H3 0,09 =0.00; 0.005*  012=000; 0.005* 313=000; 0.005*
0.08 01z 313
{0.08-0.08) {0.11-0.13) (3.13-3.14)

Values are given as mean =+ standart error; median (minimum-maximum). n:5 H1:
Hepatocyte cells treated with 72 uM glipizide for 24 hours. H2: Hepatocyte cells treated
with 2.3mM metformin for 24 hours. H3: Hepatocyte cells treated with 23 mg/ml acarbose
for 24 hours. Adjusted significanse limir p:0.010*. (Performed with Mann-Whitney Tes.
Each group was compared with control)

3.6.FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in AMLI12
hepatocytes in co-culture

24h 41.5 puM concentration of glipizide administered
increasing effect over FTO and CD68 gene expressions
respectively as 1.229, 1.716 (p=0.005) fold compared to
control hepatocytes in co-culture and RAN gene
expression levels decreasing effect 0.000 fold compare to
control cells (p = 0.005) (Table 3.).

24h 5mg/ml concentration of acarbose administered
increasing effect over RAN gene expression levels 2.385
fold compared to control hepatocytes in co-culture. 24h
5mg/ml concentration of acarbose administered decreasing
effect over FTO and CD68 gene expressions levels
respectively as 0.796, 0.327 (p=0.005) fold compared to
control hepatocytes in co-culture (Table 3.).

Table 3. FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in AML12 hepatocytes in co-
culture

FTO Gene p CD68 Gene p RAN Gene p
Expression Expression Expression
Wean==E; Wean=5E; Meam=5E;
{min-mex) {min-mex) {min-max)

Control  1.0=00 10=00 10=00

1 133x000; 0005 1.72+£000; 0005 0.00+0.00; -
1.23 172 0.00
{1.22-1.23) {1.71-1.72) {0.00-0.00)

2 080000, 0005 033=000; 0005 238+0.00; 0005
020 033 238
{0.75-0.200 {0.33-0.33) (338-239)

Values are given as mean + standart error; median (minimum-maximum). n:5 C1:
Hepatocyte cells treated with 41.5 pM glipizide for 24 hours. C2: Hepatocyte cells treated
with 5 mg/ml acarbose for 24 hours. Adjusted significanse limir p:0.010*. (Performed with

Mann-Whitney Tes. Each group was compared with control)
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3.7.FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in 3T3-L1 adipocytes
in co-culture

We demonstrated that 24h, 41.5 uM glipizide have
increasing effect over RAN gene expression as 5.287 fold
to that of control cells adipocytes in co-culture whereas
41.5 uM glipizide have decreasing effect over FTO, CD68
and NIBAN gene expressions respectively as after 0.122,
0.338, 0.525 24h administration (Table 4.).

We demonstrated that 24h, 5mg/ml acarbose have
increasing effect over NIBAN and RAN gene expression
respectively as 3.11, 1.58 fold to that of control cells
adipocytes in co-culture whereas 5mg/ml acarbose have
decreasing effect over FTO and CD68 gene expressions
respectively as after 0.027, 0.165 24h administration
(Table 4.).

Table 4. FTO, CD68 and RAN gene expression levels in
response to oral antidiabetic drugs in 3T3-L1 adipocytes in co-
culture

FTO Geme p CDEE Cene p NIBANGene p FAN Gene P
Expression Expression Expression Expression
Maan=8E; MMzan=SE; Mean=58E; Mean=SE

madisn
(min-max)

median
(min-max)

median
(min-max)

median
(min-max)

10200
0.1220.00;

10200
034 = 0.00;

Control 1000
c3

L0=0.0
529 = 0.00

0.005

034
(0.33-0.34)

c4 0.16 = 0.00;

0.16 311
(0.16-0.17) (3.11-3.12)
Values are given as mean + standart error; median (minimum-maximum). n:5 C3:

Adipocyte cells treated with 41.5 uM glipizide for 24 hours. C4: Adipocyte cells treated

0.03
(0.02-0.03)

with 5 mg/ml acarbose for 24 hours. Adjusted significanse limir p:0.010*. (Performed with

Mann-Whitney Tes. Each group was compared with control)

4. Discussion

Obesity is strongly associated with the development of
insulin resistance and is thought to be responsible for the
development of type 2 diabetes. Although the
epidemiological relationship has been established, the
cellular linkage and molecular mechanisms between
obesity and insulin resistance are still unknown. Increased
obesity is associated with lipid accumulation in the liver.
Although the role of visceral fat in the development of
systemic insulin  resistance is controversial, the
contribution of visceral fat is important in the development
of hepatic insulin resistance (Cai et al., 2005; Kim et al.,
2003). it is predicted that visceral fat depot may induce
liver insulin resistance and this station stimulates systemic
insulin resistance (Wang et al., 2006). Several studies have
shown that hepatic insulin resistance is associated with
low-grade cellular inflammation (Cai et al., 2005; Arkan et
al., 2005). Paracrine interaction between fat and liver can
directly elicit an inflammatory response in liver cells, but
this is not clearly known.

We demonstrated that AML12 hepatocytes, 3T3-L1
adipocytes and their co-culture FTO, CD68, NIBAN and
RAN gene expressions in response to metformin, glipizide
and acarbose exposure.
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Animal model studies showed that FTO was positively
associated with fat accumulation (McCarthy et al., 2010).
In our study, we found that FTO gene expression level
decreased 0.631 fold in 3T3-L1 adipocyte cells treated
with 180 uM glipizide for 24 hours. Glipizide exposure
may have a protective effect against insulin resistance in
adipose tissue. In our study, it was found that the
expression level of CD68 gene decreased by 0.627 times
when the cells treated with 180 uM 24 hours glipizide
were compared with the control cells. This may cure the
insulin resistance in adipocyte cells and indicate that the
inflammation there decreases. The mechanism by which
the NIBAN gene, which is known to be involved in the
adiponic process, is involved in this process remains
unclear (Ye et al., 2011). It has been found that the
NIBAN gene regulates cell death signals in response to
endoplasmic reticulum stress and plays an anti-apoptotic
role (Sun et al., 2007). In our study to determine the
relationship between NIBAN gene and glipizide use, 3T3-
L1 adipocytes treated with 180 uM glipizide for 24 hours
compared to control cells were found to increase the
NIBAN gene 3 fold. This may reflect the role of glipizide
in the treatment of both obesity and diabetes in obese
patients with T2DM by secreting insulin by trying to
produce an anti-apoptotic effect. Ran protein is involved in
the control of DNA synthesis and the functioning of the
mitotic cell cycle, and during mitosis, regulation of
molecules in microtubule polymerization may be key to
signaling (Sazer et al., 2000). According to our study,
when compared to control cells with adipocytes treated 24
hours 180 uM glipizide, RAN gene expression level was
increased by 2,296 times. High RAN gene expression may
have a regulatory effect on glucose homeostasis.

FTO, CD68, NIBAN and RAN gene expression were
decreased in all groups in metformin treated cells. FTO
inhibits gluconeogenesis and adipogenesis by balancing
metformin activity (Melnik, 2015). Overexpression of the
FTO gene causes an increase in gluconeogenesis and
adipogenesis (Melnik, 2015). Increased FTO mRNA levels
in subcutaneous adipose tissue in T2DM patients and
treatment with rosiglitazone decreases FTO mRNA levels
in subcutaneous adipose tissue by increasing insulin
sensitivity (Bravard et al., 2013). The results of our study
were reported by Bravard et al. (2013) is similar to his
work. FTO gene expression level was decreased by 0.095
times when compared to control cells with 24 hours 175
mM metformin treated cells. Treatment of 3T3-L1
adipocyte cells with metformin increased insulin
sensitivity in the cells, resulting in decreased FTO gene
expression in adipocytes. CD68 is expressed in the stromal
vascular fraction in human adipose tissues (Di Gregorio et
al., 2005). Studies have shown that there is a significant
infiltration of fat tissue by macrophages in obesity
(Weisberg et al., 2003; Xu et al., 2003). Gregorio et al. in
order to better understand the relationship between
macrophage infiltration and insulin resistance in adipose
tissue, they measured CD68 gene expression levels by
giving patients metformin and pioglitazone (Di Gregorio et
al., 2005). Found a relationship between impaired glucose
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tolerance and decreased expression of CD68 (Di Gregorio
et al., 2005). Zulian et al. (2011) found that metformin
treatment in adipose tissue decreased CD68 gene
expression statistically. We found that CD68 gene
expression level decreased by 0.652 fold compared to
control cells treated with 175 mM metformin for 24 hours.
As a result of our study similar to the literature, we found
that metformin reduced CD68 gene expression level and
metformin plays a role in reducing regional inflammation
in adipose tissue in vitro. Reduction of FTO and CD68
gene expression in metformin treated cells may indicate
that it may have a protective effect on obesity and
inflammation. 3T3-L1 cells treated with 175 mM
metformin for 24 hours compared to control cells, NIBAN
ge decreased 0.874 fold. Reduction of NIBAN gene
expression by metformin administration may indicate
mature adipocytes treatment. Our study is one of the first
studies conducted in the literature to explain the
relationship between obesity and RAN gene in adipogenic
process. Adipocytes treated with 175 mM metformin for
24 hours compared to control cells, RAN gene expression
level decreased 0.783 fold. The results of our study may
reflect that metformin is a regulatory mechanism against
impaired glucose homeostasis by reducing RAN gene
expression in adipocytes.

Glipizide is metabolized mainly by the liver. Sulfonylureas
may cause chronic hepatitis with necroinflammatory
changes (Bloodworth et al., 1961). In our study, we
applied 72 uM glipizide to AML12 hepatocytes for 24
hours and found that FTO gene expression level increased
2.059 times when hepatocyte cells and control cells were
compared. In our study, we applied 72 uM glipizide to
AML12 hepatocytes for 24 hours and we found that CD68
gene expression levels decreased 0.232 times when
hepatocyte and control cells were compared. The decrease
in the level of CD68 gene expression in the hepatocytes
administered in glipizide suggests that it plays a role in
reducing inflammation in the liver by reducing insulin
resistance in  hepatocytes. We exposed AMLI12
hepatocytes to 72uM glipizide for 24 hours, and it was
found that RAN gene expression level increased 1.171 (p =
0.005) fold when hepatocyte cells and control cells were
compared. Increased RAN expression with the dose
administered may be due to the need for regulation of
glucose homeostasis in the liver.

Metformin is not involved in hepatic metabolism and is
excreted unchanged in the urine. Biguanides, such as
metformin hydrochloride, have not been reported
associated with liver damage (Sulkin et al., 1997). In our
study, AML12 hepatocytes cells treated with 24 hours 2.3
mM metformin and compared to control cells, FTO gene
expression level decreased 0.13 fold. This may indicate
that metformin administration to hepatocytes decreases the
amount of fat in the liver and that metformin has a
protective effect on the liver. Treatment of hepatocytes
with 2.3 mM metformin for 24 hours revealed that CD68
gene expression level decreased by 0.359 times. As a
result of the application of metformin to the heptocyte
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cells decreased CD68 gene expression level showed that
the inflammation in that region decreased and metformin
in the treatment benefit. It was determined that the
expression level of RAN gene decreased by 0.743 times
when hepatocytes treated with 24 hours 2.3 mM
metformin were compared with control cells. According to
the study of transgenic mice, RAN signaling is essential
for pancreatic islet development and glucose homeostasis
(Xia et al., 2011). The dose of metformin administered
may reflect the activity of regulating decreased glucose
homeostasis in hepatocytes.

Alpha-glycosidase inhibitors may be particularly useful in
patients with liver disease (Tolman et al., 2007). Rudovich
et al. (2010) found that in combination with ezetimibe and
acarbose to treat non-alcoholic fatty liver disease, liver fat,
inflammation and fibrosis were significantly reduced. In
our study, compared to AML12 hepatocyte cells treated
with 23 mM acarbose for 24 hours and control cells, FTO
gene expression level was decreased 0.089 times in
substance treated cells. Reduction of FTO gene expression
may indicate that administration of acarbose in a
customized dose helps to reduce the amount of fat in
hepatocytes.  Treatment of hepatocytes with 23 mM
acarbose for 24 hours revealed that CD68 gene expression
level decreased 0.116 times. Reduction of CD68 gene
expression as a result of acarbose administration shows
that inflammation is reduced in the liver. Hepatocyte cells
treated with 23 mM metformin for 24 hours compared to
control cells were found to increase RAN gene expression
level approximately 3 fold. This suggests that acarbose
increases RAN gene expression to enable glucose
hemeostasis.

In our study, we found that FTO gene expression level
increased 1.229 times when 3T3-L1 adipocyte and AML12
hepatocyte co-culture hepatocytes were compared with
control co-culture hepatocytes treated with 41.5 puM
glipizide for 24 hours. Increased FTO gene expression in
co-culture hepatocytes in which liver adiposity is modeled
may indicate that adipocytes interact with hepatocyte cells
to increase lipid levels, and may indicate that glipizide
alone is not effective for treating fat in hepatocytes. Huang
et al. (2010) found that CD68 macrophage infiltration
increased in liver fat. ko-kiiltiir hepatositlerinde CD68 gen
anlatim seviyesinin 1.716 kat arttig1 tespit edildi. This
indicates that CD68 gene expression expression is
increased in order to prevent inflammation in glipizide-
treated hepatocytes in the co-culture.

In our study, we found that FTO gene expression level
decreased by 0.796 times when 3T3-L1 adipocyte and
AML12 hepatocyte co-culture hepatocytes were compared
with control co-culture hepatocytes treated with 5 mg / ml
acarbose for 24 hours. Reduction of FTO gene expression
in hepatocyte cells in co-culture may indicate that lipid
amounts in hepatocytes are reduced. When we compared
the co-culture hepatocyte control cells by exposing
hepatocytes to 5 mg / ml acarbose for 24 hours in 3T3-L1
adipocyte and AML12 hepatocyte co-culture, CD68 gene
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expression level was found to be 0.327 fold decreased.
This shows that inflammation in co-cultured hepatocyte
cells is reduced. Acarbose is an alternative therapeutic to
treat fats in hepatocytes. Treatment of co-culture
hepatocyte cells with 5 mg / ml acarbose for 24 hours
showed that RAN gene expression of acarbose increased
by 2,385 fold. This shows that acarbose alone cannot
maintain glucose balance and regulates glucose
metabolism through RAN gene expression.

Adipocyte-mediated factors play a role in the development
of hepatic insulin resistance (Zhou et al., 2007). Hepatic
insulin resistance is responsible for the development of
type 2 diabetes (Taniguchi et al., 2005). In our study, we
found that FTO gene expression level decreased by 0.122
times when 3T3-L1 adipocyte and AML12 hepatocyte co-
culture adipocytes were compared with control co-culture
adipocytes treated with 41.5 pM glipizide for 24 hours.
Reduction of FTO mRNA levels indicates that applied
glipizide reduces adipocyte fat. When the adipocytes in the
co-culture were exposed to 41.5 uM glipizide for 24 hours,
it was found that CD68 gene expression level increased by
0.338 times when compared with the control co-culture
adipocyte cells. Wang et al. (2006) showed that mature
3T3-L1 adipocytes are capable of stimulating NF-kB
activation in hepatocytes. In our study, we determined that
glipizide applied to adipocytes in the co-culture decreased
the level of CD68 gene expression, indicating that it
increases glucose usage in adipocytes and prevents
inflammation by decreasing insulin resistance. Treatment
of co-culture adipocyte cells with 41.5 uM glipizide for 24
hours showed that acarbose reduced NIBAN gene
expression by 0.525 fold. Reduction of NIBAN gene
expression by administration of glipizide may indicate that
mature adipocytes are treated in co-culture.

In our study, we found that the FTO gene expression level
decreased by 0.027 times when 3T3-L1 adipocyte and
AML12 hepatocyte co-culture adipocytes were compared
with control co-culture adipocytes treated with 24 hours 5
mg / ml acarbose. Reduction of FTO mRNA level
indicates that acarbose reduces fat in adipocytes and and it
indicates that trying to treat the adipocyte-induced fatty
liver. When 3T3-L1 adipocyte and AML12 hepatocyte co-
culture adipocytes were exposed to 5 mg / ml acarbose for
24 hours, CD68 gene expression level was reduced 0.165
fold. Decrease in CD68 gene expression level in acarbose-
induced adipocytes in co-culture indicates that
inflammation in adipocytes is reduced. Treatment of co-
culture adipocytes with acarbose 5 mg / ml for 24 hours
showed that acarbose increased NIBAN gene expression
approximately 3 fold. Increased NIBAN gene expression
by acarbose administration may reflect the anti-apoptotic
effect of mature adipocytes in co-culture, which may help
in the treatment of liver fats. Treatment of co-culture
adipocytes with 5 mg / ml acarbose for 24 hours showed
that acarbose increased RAN gene expression 1.58 fold.
This suggests that acarbose increases RAN gene
expression to enable glucose hemeostasis. Acarbose may
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be an alternative drug for the treatment of cells in the fatty
liver model.

5. Conclusions

In conclusion, the reducing effect of oral antidiabetic drug
on CD68 and FTO may prevent inflammation in
hepatocyte and adipocyte cells. Antidiabetic drug apply to
adipocytes and hepatocytes RAN gene may reflect the
reduced glucose homeostasis regulatory activities of fatty
liver models.
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