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RESEARCH ARTICLE / ARASTIRMA MAKALESI

Teaching Opticianry Students Empathy for Patients with Hemianopia

and Strabismus

Optisyenlik Ogrencilerine Y &nelik Hemianopsi ve Strabismus Hastalarina Karsi Empati Ogretimi

Erdogan OZDEMIR!Y’, Hatice Semrin TIMLIOGLU IPER?

ABSTRACT

Introduction and Objective: Strabismus occurs as a result
of the coordination disorder of the six muscles in the outer part
of the eye. In case of hemianopia; half of the visual field is not
seen and the same half area is perceived from each half of both
eyes. The aim of this study is; to mimic these conditions artificially
for the students to make them experience the patients’ difficulties
and create empathy as well as to teach them the use of prisms
in correcting these conditions. In accordance with this purpose,
simulation goggles which mimics the condition were designed.

Method and Materials: In this study, two different simulations
were developed. One of them is about strabismus and the other
one is about hemianopia. Simulations were arranged to simulate
these disorders. The mixed-method was used in this research. This
study was attended by 25 students studying in the second year of
the optician program of a university in Istanbul. The effects of the
developed simulations on the students’ empathy with patients were
evaluated. As a teaching process, opticianry students worn these
simulation goggles and complete some activities. These activities
have chosen among the situations in which patients with strabismus
and hemianopia have difficulties to complete. After using these
simulations for empathy teaching, empirical data concerning
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“Self-Assessment Survey for Simulators” and “Writing Essay”
were collected.

Results: Students’ view on the simulations is that they
are convenient tools for empathy training. In addition, it was
determined that the students using the simulations suggested
compensatory strategies which also shows that, they created
awareness and empathy among themselves towards the patients.

Conclusion: It is important for health program students
to empathize with patients related to their field of study. It is
recommended that the simulations developed in this research be
used in the education of opticians and optometry students.

Keywords: Strabismus, Hemianopia, Prism, Simulation,

Empathy.

0z

Giris ve Amagc: Strabismus, goziin dis kismindaki alti kasin
koordinasyon bozuklugu sonucu olusur. Hemianopi durumunda ise
gorme alaninin yarist goriilmez ve her iki goziin her iki yarisindan
da ayni yarim alan algilanir. Bu ¢alismanin amaci; optisyenlik
ogrencilerine bu hastalarin yasadiklar1 zorluklart yapay olarak
yasatarak, 6grencilerin hastalar ile empati kurmalarini saglamak ve
bu hastaliklarin rehabilitasyonunda prizmalarin nasil kullanildigint
acgiklamaktir.

Gere¢ ve Yontem: Arastirmada strabismus ve hemianopi
ile ilgili birer tane simiilasyon gozIigi gelistirilmistir.
Simiilasyonlar bu hastaliklar1 canlandiracak bigimde kalibre
edilmistir. Aragtirmada karma model kullanilmistir. Aragtirmaya,
Istanbul’daki bir iiniversitenin optisyenlik programinda &grenim
goren 25 dgrenci katilmistir. Ogrencilere ¢alisma icin gelistirilen
simiilasyon gozliikler kullanilarak empati egitimi verilmistir.
Arasgtirmaya katilan Ogrenciler simiilasyon gozliikleri takarak
cesitli etkinlikler gergeklestirmistir. Bu etkinlikler strabismus
ve hemianopi hastalarinin giicliik ¢ektigi durumlar arasindan
secilmistir. Arastirmada 6lgme araci olarak “Simiilasyonlar igin
Degerlendirme Anketi” ve kompozisyonlar kullanilmistir.

39
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Bulgular: Arastirma sonuglar1 dgrencilerin, hastalarla empati
kurma agisindan simiilasyonlari bagarili buldugunu gostermektedir.
Ayrica simiilasyonu kullanan Ogrencilerin hastalara yonelik
telafi edici stratejiler Onerdikleri, hastalara yonelik farkindalik
olusturduklar1 ve empati kurduklari da tespit edilmistir.

Sonug: Saglik programi &grencilerinin ¢aligma alanlar ile
ilgili hastalara kars: empati kurmalart 6nemlidir. Bu arastirmada
gelistirilen simiilasyonlarin optisyenlik ve optometri grencilerinin
egitiminde kullanilmas1 6nerilmektedir.

Anahtar Kelimeler: Strabismus, Hemianopia, Prizma,
Simiilasyon, Empati

INTRODUCTION

Optical devices like prism is used frequently for
corrections and rehabilitations of ophthalmic disorders.
Refractive environments surrounded by lateral surfaces
which are non-parallel to each other are called as prisms.
The peak edge of prism is referred to as the prism apex. The
place against the prism apex is referred to as prism base.
Prisms change the direction of the light towards its base. In
this case, the image slides towards the prism apex (1).

The image-shifting ability of a prism is very useful.
Prisms are used in the treatment and rehabilitation of
various ophthalmic disorders, especially strabismus and
hemianopia (2). Strabismus is caused by the effect of six
muscles which are located in the externum of the eye. As
the strength increases or decreases in one or more of these
muscles, the position of the eye changes as well (3). In the
case of strabismus, one eye may look straight and the other
may slide in, out, up or down. Prisms are used for treatment
and rehabilitation of strabismus, in addition it is used for
visual field expanders in patients with hemianopia (4,5). In
case of hemianopia; half of the visual field is missing and
this missing is perceived from both eyes. A loss of vision in
these two areas is called homonymous hemianopia (6). Peli
prisms are used for hemianopia and are actually a special
fresnel prism designed to expand the visual field (7).

Empathizing with patients is very important for health
professionals. Empathy, a skill that can be learned, which
means intellectual and emotional understanding of other
people’s feelings, thoughts and behaviors is very important
for health professionals (8). One of the most effective
methods used in empathy teaching is simulation (9,10,11).
Thus, there are various studies using simulations in empathy
teaching (12,13,14).

In this research, simulations were developed and applied
to enable the opticians and optometrists to empathize with
patients have hemianopia and double vision problems.

MATERIAL AND METHOD

The mixed-method was used in this research. This
method means that combining qualitative and quantitative
data collection tools using together (15). Data collection
instruments were administered to the students after the
course. Participants, data collection tools and data analysis
of the research are explained in the following.

Participants: This study was attended by 25 students
studying in the second year of the optician program of a
university in Istanbul. The ages of these students vary
between 18 and 45. While 13 of the students are female and
12 of them are male. Students participating in the research
have basic information about eye anatomy, physiology and
eye health. Participants succeeded “anatomy of the eye”,

“diseases of the eye”, “visual optics”, “basic physics” and
“optical physics” courses in the optician program.

Data Collection Tools: The effects of the simulations on
empathy towards patients were evaluated with the students.
These students’ evaluations about the simulations were
collected with “Evaluation Survey for Simulations”. The
survey is set as a five-point Likert and consists of seven
items. It was created by DeCarlo and Shechtman (9). Survey
scales were adapted according to hemianopia and diplopia.
The survey items are included in Table 1. Another data
collection tool of the research is “Essays”. The students
who participated in the research wrote essays on three
subjects after course. The essays topics were; “Balancing
Strategies for Patients with Homonym Hemianopia and
Double Vision”, “Awareness of Patients with Homonym
Hemianopia and Double Vision” and “Empathy for Patients
with Homonym Hemianopia and Double Vision”.

Data Analyses: In the study, the data of the “Assessment
Survey for Simulations” were analyzed by descriptive
analysis. Furthermore, the essays were evaluated by the
researchers and student’s opinions in essays are coded and
then categorized.

Developing Simulations:

Simulation for Strabismus: To simulate double vision
(strabismus), a goggles with a temple length of 140 mm,
a bridge size of 19 mm and a diagonal length of 56 mm
was used. On the right side of the goggles 4.00D (base up)
prismatic lens was mounted. A glass without an optical
power was mounted on the left side of the frame.

When this goggles is worn, the objects appear double.
The image in the right eye is located below the image in the
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left eye. As in the Figure 1, when 4.00D Fresnel (bottom
down) are placed on the right side of this frame, the double
image turns a single image.

Figure 1. Simulation for strabismus and double vision and
correction of double vision with Fresnel prism.

This simulation was tested by one student. Firstly, the
student was asked to read a word document containing
542 words, written in size 10 Times New Roman without
simulation goggles. The student completed reading this
text in 2 minutes and 39 seconds. Secondly the student was
asked to read same document with simulation goggles. In
this condition, the student completed reading this text in 2
minutes and 47 seconds. The student stated that reading with
simulation goggles was difficult due to her double vision
problem. It was observed that the student read more slowly
when wearing simulation goggles. It was also observed that
she could not read some words and her fluency decreased
and she had difficulty in reading. She stated that it was very
difficult to read with simulation because of double vision.
Finally, 4.00D fresnel prism (bottom up) was fitted right
part of frames and she said that she started to see the objects
one by one again. In this condition, the student was asked
to read the same text again. The student completed reading
the text in 2 minutes and 40 seconds. She indicated that she
did not see a double vision with simulation goggles with
fresnel. This application shows that the simulation goggles
created double vision. Also, the results concerning the usage
of goggles with fresnel shows that the simulation goggles
have corrected the double vision.

Simulation for Homonymous Hemianopia: To simulate
homonymous hemianopia, a goggles frame with a temple
length of 140 mm, a bridge size of 19 mm and a diagonal

length of 56 mm was used. Half of the glasses, which has not
refractive power, of this goggles are painted to be opaque.
The sides of the frames are covered with a leather material

to narrow the visual field of view.

Figure 2. Simulation for homonymous hemianopia

The simulation in figure 2 was arranged according to
the pupillary center of each student. Firstly, the pupillary
center of the students was determined. After that, glasses
were painted as per focal point of each student. In other
words, the simulations were designed specifically for each
student’s pupillary centers.

Figure 3. Visual field measurement (The vision field
measurement by Zeiss Humprey 850)

As seen figure 3, this simulation was tested by one
student. At first, the student’s visual field was tested without
simulation goggles and then the test repeated with simulation
goggles for homonymous hemianopia. Finally, the visual
field of the student was tested with Peli prisms attached to
simulation goggles in figure 5. The results obtained from
these examinations are given below.
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(@) (b)

Figure 4. (a) Normal visual field, (b) Hemianopic visual field
with simulation goggles (the outer half of the visual field is black)
(c) Peli prisms attached to simulation goggles

Figure 4(a) shows the normal visual field while figure
4(b) represents the narrowing of the visual field with
simulation goggles. This situation is similar to the visual
field of a patient with Homonim hemianopia. Changes in
the visual field after the application of Peli prism are shown
in figure 4(c).

Figure 5. Visual field testing with Peli prism attached to
simulation goggles

As a result of these tests, it can be claimed that a student
using this simulation experienced homonymous hemianopia
condition and is able to understand the correctional use of
Peli prisms in enlargement of the visual field.

Teaching Process:

After the development of the simulations, the teaching
phase was started. Empathy training with simulation goggles
was carried out in 2018-2019 academic year in accordance
with the following steps.

Empathy training for double vision: The students
participating in the research first practiced reading text
using double vision simulation goggles (542 words, written
in 10 points Times New Roman size). They also took a short
walk between the desks in a classroom with these goggles.
Students also performed the same activities with fresnel
mounted simulation goggles. Since it was uncomfortable
for the students to wear these goggles for a long time, no
other activity was done.

Empathy training for homonymous hemianopia: 25
students wore the goggles simulations separately for
homonymous hemianopia. All students walked individually
for 250 meters across the university campus wearing
hemianopic simulation goggles. This predetermined track
is arranged to include crowded areas. For the safety of
the student using simulation goggles, another student
accompanied her/him. In addition to this activities, students
wore this simulation goggles for 3 hours during their daily
activities at home.

After the empathy training, research data were collected
by measurement tools. Students evaluated both simulations
by Evaluation Survey for Simulations. Furthermore, the
students who participated in the research wrote essays on
three subject.

RESULTS

In this section, the data obtained from the survey
and essays are presented. The Table 1 below shows the
distribution of students’ responses to the “Evaluation Survey
for Simulations”.

Table 1. The result of students’ evaluation of simulations

Survey Items 5141321
Simulators are effective in representing the
vision of hemianopia and diplopia patients. |11 |[11]2]1]0
The tasks I performed with simulators
taught me to empathize with hemianopia and
diplopia patients. 200212110
The tasks I performed with simulators taught
me compensatory strategies that could be
useful for hemianopia and diplopia patients. | 19| 3 |2 1|0
Using simulators increased my awareness
of the difficulties experienced by that

hemianopic and diplopic patients. 2002|1171
After this simulation I feel capable to adjust
goggles for hemianopia and diplopia 11191221

Consequently, this experience with
simulators is a valuable part of the courses. |17 |5 2|10
After using these simulators, I had the idea
that hemianopia and diplopia could not be

taught by traditional teaching methods. 918 |5]1]|2

5=I strongly agree, 4=I agree, 3=I am undecided, 2= I disagree, 1= 1
strongly disagree.

Considering the answers for Table 1, it shows that the
students found the simulations very successful in terms of
empathizing with patients, suggesting strategies for patients,
and awareness of diseases. The Table 2 contains the themes
from student essay.
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Table 2. Themes related to strategy, awareness and empathy

Themes for Compensatory | Frequency Themes for awareness Frequency Themes for empathy Frequency
Strategies
Security 12 Difficulty doing housework 7 Panic, fear and stress 11
Ergonomics 7 Hobby difficulties 7 Insecurity 6
Using other senses 3 Walking difficulties 7 Environmental barriers 5
Act independently 2 Basic maintenance difficulty 3 Building a relationship 4
Amount of light 2 Reading and vision difficulties 2 Enjoying life 3
Using auxiliary equipment 1 Difficulty building a relationship 1 Despair 1
Contrast 1 Suffering from pain 1 Irritability 1
Driving difficulties 1

According to themes, students frequently emphasized
the patients’ difficulties about housework involving
movements. It was understood that students mostly shared
their feelings of panic, fear and stress. In addition, students
offered security strategies to patients who have hemianopia
and double vision.

DISCUSSION

As a result of the research, students having simulation
experience suggested especially safety-themed strategies
for patients. It was determined that they the noticed patients’
difficulties they experienced in housework. In addition, it
was understood that the students empathized with the
patients especially about their panic, fear and stress.
Both hemianopia and diplopia patients do not feel safe in
environments with movement. These patients feel fear,
anxiety and stress in these places. They also have difficulty
in doing work involving movement. Therefore, it is also
important for students to understand this situation after the
application.

When the students’ opinions about the developed
simulations were examined, it was understood that the
students found the simulations quite successful (9-12) in
terms of empathizing with patients, awareness of disorders
and they suggested strategies for patients. This result was
achieved other studies about health professional educations.
Chua et al. recommended to use simulations in the education
of health care students. Effectiveness of simulation-based
interventions in improving empathy among health-care
students was examined in this study. In this review study,
sixteen researches were included and collected data with
meta-analysis. It was indicated that using regular simulation-
based interventions develop health-care student’s empathy
(16). Campbell et al. investigated the effect of simulation
based education for empathy of Alzheimer disease on
nursing students. 163 under-graduate baccalaureate nursing

students were attended this study. After the 44-minute
interactive simulated virtual reality dementia experience
with Virtual Dementia Tour (VDT®), increasing of student
perceptions of awareness, knowledge and sensitivity of
Alzheimer disease were detected in the study (17). Wang
and Zhang were developed low vision simulation in virtual
reality for training empathy within eye care providers. This
computer based virtual reality simulation can support hazy
vision, contrast difficulty, peripheral vision loss, night
blindness and central vision loss. They emphasized that the
simulation particularly useful for eye care providers such
as optometrists, ophthalmologists, vision rehabilitation
therapists, mobility specialists, and potential eye care
providers such as students related to specific areas (18).

Finally, from the results of this research and other related
studies, it was concluded that it is necessary to use and
develop various simulations to increase health professions
students’ empathy towards different patients.
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In Vitro and in Vivo Compliance of 3D Printed PLA Scaffolds with
Differentiated Mesenchymal Stem Cells

3D Baskili PLA-Iskelelerin Uzerinde Farklilastirilmis Mezenkimal K6k Hiicrelerin in Vitro ve

in Vivo Uyumlari
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ABSTRACT

Aim: 3D printing made a rapid entry as a means of production
of biocompatible and biodegradable materials for tissue
engineering applications. 3D printing made it possible to create
custom biodegradable implants and polylactic acid is one of the
most promising polymers. In this study, we aimed to form both
bone and cartilage differentiated from bone marrow stromal
mesenchymal stem cells on 3D printed polylactic acid polymers.

Materials and Methods: The polylactic acid scaffolds were
designed, 3D printed and sterilized in dedicated university facilities.
Mesenchymal stem cells were collected from rat bone marrow and
were then differentiated to either osteoblasts or chondroblasts.
The characterization of cells was analyzed using Alizarin Red,
Alcian blue staining and osteonectin and collagen II by indirect
immunocytochemistry. Differentiated cells were seeded on the 3D
scaffold, cultured for 2 weeks. For in vivo tests, 3D scaffolds with
or without differentiated bone marrow stromal mesenchymal stem
cells were implanted into subcutaneous connective tissue. After the
four-month implantation, the rats were sacrificed, and all samples
were histochemically and immunohistochemically analyzed.

Results: Osteogenic and chondrogenic differentiation from
bone marrow stromal mesenchymal stem cells were performed
after 2 weeks culture condition. They were positively stained
both histochemically and immunohistochemically. After transfer
of the cells onto 3D polylactic acid scaffold, their differentiation
continued and both bone and cartilage formation were observed
after histochemical and immunohistochemical analyses both under
in vitro and in vivo conditions.
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Conclusion: 3D printed polylactic acid scaffolds supported
both bone and cartilage formation, therefore, it may be conveniently
used for experimental cell in vivo studies.
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Cells,

oz

Amag: Ug boyutlu baski, doku miihendisligi uygulamalar
i¢in biyolojik olarak uyumlu ve biyolojik olarak pargalanabilen
malzemelerin {iretim arac1 olarak hizli bir giris yapti. Ug boyutlu
baski, 6zel biyobozunur implantlar olusturmayi miimkiin kildi ve
polilaktik asit (PLA) en umut verici polimerlerden biridir. Biz bu
¢alismada, 3D baski PLA polimerleri iizerinde kemik iligi stromal
mezenkimal kok hiicrelerinden (BMSC) hem kemik hem de
kikirdaga farklilagtirilan hiicreler olugturmay1 amagladik.

Gere¢ ve Yontem: PLA iskeleleri tasarlanmis, Solidworks
Yazilimi kullanilarak 3D olarak basilmis ve Yakin Dogu
Universitesi’nin 6zel tesislerinde sterilize edilmistir. Mezenkimal
kok hiicreler sigan kemik iliginden toplandi ve daha sonra osteoblast
veya kondroblastta farklilastirildi. Hiicrelerin karakterizasyonu
Alizarin kirmizisi, Alcian mavisi boyama, osteonektin ve
kollajen II kullanilarak indirekt immiinositokimya ile analiz
edildi. Farklilagtirilmig hiicreler, 3D yap1 iskelesine ekilerek 2
hafta boyunca kiiltiire edildi. In vivo test i¢in, farklilastirilmis
BMSC’leri olan veya olmayan 3D yapr iskelesi, subkutan alanin
bag dokusuna implante edildi. Dort aylik implantasyondan sonra
sicanlar sakrifiye edildi ve tim numuneler histokimyasal ve
immiinohistokimyasal olarak incelendi.

Bulgular: BMSC’den osteojenik ve kondrojenik farklilasma
2 haftalik kiltir kosulundan sonra gozlendi. Hiicreler hem
histokimyasal hem de immiinohistokimyasal olarak pozitif
boyandilar. Hiicreler 3D PLA iskelesine aktarildiktan sonra
farklilagmalar1 devam etmis ve hem in vitro hem de in vivo
kosullarda histokimyasal ve immiinohistokimyasal analizlerden
sonra hem kemik hem de kikirdak olusumu gozlemlenmistir.

Sonug: 3D baskili PLA iskeleleri hem kemik hem de kikirdak
olusumunu destekledigi ve bu nedenle bu hiicrelerin in vivo
caligmalar i¢in rahatlikla kullanilabilecegi gozlenmistir.

Anahtar Kelimeler: Kemik, Kikirdak, 3D baski, Mezenkimal
Kok Hiicre
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INTRODUCTION

In tissue engineering, 3D printing became an alternative
method for in vivo delivery of custom sized and shaped
biomaterials seeded with in vitro produced cells. In
recent years, research on stem cell interaction with the
biocompatible and biodegradable materials obtained by
3D printing and their potential for tissue regeneration has
gained evident speed (1).

Stem cells derived from different sources are being
continuously investigated as possible “drugs” for cell
therapy applications. Mesenchymal stem cells (MSCs)
can be isolated easily from bone marrow, adipose tissue,
umbilical cord, placenta and dental pulp tissues; therefore,
they are preferred for use in tissue engineering with high
in vitro exchange capacity (2-6). The compliance of
biomaterials with cells is an important issue to provide
crosslinking between the biomaterials and the cells in
the microenvironment and maintain the integrity for the
possible tissue formation and remodeling (7). Biomaterials
play an important role in the particular fields by providing
matrices for cellular growth, proliferation, and new tissue
formation.

For this purpose, polycaprolactone (PCL), poly(l-
lactide-co-glycolide) (PLGA), collagen and laminin have
been investigated in a variety of studies to determine their
supporting capacity of cell differentiation (8-9).

Polylactic acid (PLA) has been variously used in

biomedical applications due to its biocompatibility,
processability and good mechanical properties (10-15).
PLA seeded with different cells has been studied regarding
muscle tissue, neural tissue, cartilage, and bone regeneration
in the fields of cardiovascular surgery, orthopedics and

neurology (11).

3D printing technologies help to create structures using
biomaterials with or without cells. The technology itself
can control the shape and size of the printed materials. It
is therefore advantageous to be able to tweak the properties
of 3D printed scaffolds to fully mimic the structure which
is aimed to be replaced or augmented. Furthermore, this
technique requires a good design, manufacture and viable
cells in the model providing the possibility to merge in an
appropriate environment (16-19).

In this study, we aimed to investigate to compatibility
of 3D-printed PLA bioscaffolds with bone marrow
mesenchymal stem cells, and their differentiation potential

to osteoblasts and chondroblasts in vivo.

MATERIALS AND METHODS

All procedures were approved by the Ethics Committee
on Animal Research, Manisa Celal Bayar University,

Manisa, Turkey (Approval #77.637.435-72).

PLA Scaffold Design and Printing: Design and
manufacturing of the scaffolds were performed at NEU3D
Laboratories (Near East University, 3D Printing Facilities)
(Figure 1a). Scaffolds were designed using Solidworks 3D
Design Software (Dassault Systemes S.A., MA, USA).
Layers consisted of 0.4 mm wide connected parallel bars.
Each layer was positioned in perpendicular manner to form
a cage like structure in order to capture maximum number
of cells in suspension. The spacing between the bars was
arranged as 0.4 mm (Figure 1b). The designs were exported
as “.stl” files and printed at 215 °C using 1.75 mm polylactic
acid filament (Colorfabb B.V, Belfeld, NE) in MakerBot
Replicator 5th Generation 3D printer (MakerBot Industries,
New York, USA) (Figure 1c). Accoridng to the data provided
by manufacturer the density of the polylactic acid filament
was 1.2-1.3 g/cm3, tensile strength was 45 MPa and tensile
modulus was 3400 Mpa. Vaporized hydrogen peroxide
sterilization (low temperature plasma sterilization) of
scaffolds was performed in Near East University Hospital,
Sterilization Unit. Scaffolds with a solution of hydrogen
peroxide, were kept for 30 min in a solution of peroxide
at room temperature, then the peroxide was removed, and
scaffolds were washed 3 times with a phosphate buffer

solution (pH 7.4) (20).
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Figure 1: 3D design (a), 3D printed version (b) and sectioned view (c) of
PLA scaffold.

Culture and Differentiation of Bone Marrow Stromal
Cells: Male Wistar Albino rat bone marrow stromal cells
(BMSC) which were stocked in Department of Histology
and Embryology, Manisa Celal Bayar University, were
cultured in standart culture medium containing 10% fetal
bovine serum (F4135, Sigma-Aldrich, MO, USA), 1 %
L-glutamine (G7513, Sigma-Aldrich, MO, USA), 1 %
penicillin-streptomycin  (P0781, Sigma-Aldrich, MO,
USA), 1 % gentamycin (G1397, Sigma-Aldrich, MO,
USA), and 0,1 % amphotericin B (A2942, Sigma-Aldrich,
MO, USA) in ao-MEM (M4526, Sigma-Aldrich, MO, USA)
until 80 % confluency. The osteoblastic differentiation of
stem cells was performed using osteogenic stimulatory
mesencult ™ Kit (05504, StemCell Technologies, MA,
USA) chondrogenic differentiation was performed using
Stempro® Chondrogenesis Differentiation Kit (A10071-01,
Gibco/Life Technologies, MD, USA). Cells were incubated
in a humidified atmosphere of 95% air, 5% CO2 at 37°C
(Hera Cell, Kendro Laboratory, Germany). The medium
was changed every other day. Cells were microscopically
observed under inverted microscope with a phase-contrast
attachment and photomicrographs were obtained (21).

Characterization of Osteoblasts and Chondroblasts

Alizarin Red Staining: Alizarin red staining was done for
identification of osteoblast cells. The culture medium from
osteoblast differentiated cell layers was removed, and the
cells were rinsed with phosphate buffered saline (PBS) for
3 times before fixation in 4% paraformaldehyde for 1 hour
at 4°C. Then, they were washed with deionized water and
allowed to dry. The fixed cells were stained with 0.1% of
Alizarin Red’s (A5533, Sigma-Aldrich, MO, USA) solution

in distilled water (pH 7.2) for 1 hour at 37°C. They were then
washed with deionized water and observed under inverted
phase-contrast (IX-71, Olympus, Tokyo, Japan) microscope
(22).

Alcian Blue Staining: Alcian blue staining was done
to identification of chondroblast cells. The culture medium
from chondroblast differentiated cell layers was removed,
and the cells were rinsed with PBS for 3 times before
fixation in 4% paraformaldehyde (P6148, Sigma-Aldrich,
MO, USA) (pH 7.4) for 30 minutes at room temperature.
They were then washed with PBS and stained with 1%
of Alcian blue solution (1263395-3, Carlo Erba, Val-de-
Reuil, France) in 0.1 N HCI for 30 min in the dark at room
temperature. They were washed 3 times with 0.1 N HCl and
distilled water for neutralization (23).

Immunocytochemical Methods

Differentiated cells were washed with PBS and they
were fixed with 4% paraformaldehyde (P6148, Sigma-
Aldrich, MO, USA) for 30 min at room temperature. They
were then washed with PBS for 3 times, 3% of hydrogen
peroxide solution (H202 solution, 3%, H1009, Sigma-
Aldrich, MO, USA) was added for 10 minutes to inhibit of
the endogen peroxidase activity. After washing with PBS
for 3 times, the cells were incubated with blocking solution
(85-9043, Invitrogen, ThermoFisher Scientific, MA, USA)
for 1 hour and primary antibodies; anti-collagen II (sc-
52658, Santa-Cruz, CA, USA), anti — osteonectin (33-
5500, Invitrogen, ThermoFisher Scientific, MA, USA)
were added and incubated overnight at 4 °C. After washing
with PBS, they were incubated with biotinylated secondary
antibodies for 30 min and streptavidin hydrogen peroxidase
for 30 min (85-9043, Invitrogen, ThermoFisher Scientific,
MA, USA). They were washed again with PBS and stained
with diaminobenzidine (DAB, 85-9043, Invitrogen,
ThermoFisher Scientific, MA, USA) for 5 min. They were
mounted with mounting medium (107961, Merck Millipore,
Darmstadt, Germany) and examined under light microscope
(BX-40, Olympus, Tokyo, Japan (22).

Culture, Characterization and in vivo Transplantation
of Differentiated Cells in PLA Scaffolds

Sterile 3D PLA scaffolds were conditioned for 12 hours
in medium before seeding with the cells. Differentiated cells
(1x10°cells/ cm® density of either osteoblast or chondroblast)
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were seeded on PLA and cultured for 14 days. After the
culture time they were then either fixed in 10 % formalin
solution for histochemical and immunohistochemical
analyses at 24-48 hours or transferred animals for in vivo
studies.

A total of eighteen male Wistar rats were used for the
in vivo studies. Implantation area was shaved and sterilized
with iodine solution at the dorsal side of each rat after
anesthesia with ketamine (60 mg/kg, Ketalar, 002 038,
Eczacibasi) and xylazine (5 mg/kg, Alfazyne, 0804125-11,
Alfasan) (Figure 2). Animals were sacrificed 4 months after
the in vivo implantation of PLA scaffolds with or without
cells. For light microscopic analyses, biomaterials with or
without differentiated cells were incubated for 14 days in
borax-sodium carbonate buffer (0.01 M Na2CO3 and 0.3
mm Na2B407, pH:11) to achieve softening of PLA (20).
All samples were embedded in paraffin and 5u sections
were taken. For histochemical analyses, sections were
stained with alcian blue and alizarin red (see above). For
immunohistochemical analysis, distributions of osteonectin
and collagen II were evaluated using standart protocol of
indirect immunoperoxidase staining (see above).

S

Figure 2: PLA scaffolds with or without cells were implanted subcutane-
ously in the rat’s neck.

RESULTS

Culture of Bone Marrow Stromal Cells and
Differentiation of Bone Marrow Stromal Cells to
Osteogenic or Chondrogenic Lineage

BMSCs had characteristic fibroblast-like morphology
under standart culture medium condition (Figure 3a).
Culture of the cells was continued until 80 % confluency
was reached after 14 days in culture (Figure 3b).

The BMSCs were cultured in either osteogenic or
chondrogenic medium for 14 days. After the differentiation,
cuboidal osteogenic-like cells (Figure 3¢c-d) and epitheloidal
chondrogenic-like cells (Figure 3e-f) were identified. While
BMSCs maintained fibroblast morphology in standart

culture condition at 14 days of culture, the morphology
of the cells differentiated into osteogenic or chondrogenic
lineage were different. After 14 days in culture, osteogenic
and chondrogenic cells were positively stained with Alizarin
Red (Figure 4a). and Alcian blue (Figure 4c), respectively.
They also expressed osteonectin (Figure 4b) or collagen 11
(Figure 4d) after differentiation of the cells.

Figure 3. Photographs of BMSCs at 7 (a) and 14 (b) days of culture time.
Differentiation of BMSC to osteogenic (c, d) or chondrogenic (e, f) line-
age after 3 (¢, e) and 14 (d, f) days of culture. Original Magnification X400.

Figure 4: Osteogenic (a, b) or chondrogenic (¢, d) differentiated cells were
identified after 14 days in culture. a: Alizarin Red (arrow), b: Osteonectin
(arrow), c: Alcian blue (arrow), d: Collagen II (arrow). Original Magnifi-
cation X400.

Identification of Differentiated Cells in PLA Scaffolds

The differentiated cells were cultured in PLA scaffold
for 14 days. During culture periods, the proliferation of both
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osteogenic and chondrogenic cells were observed in 3D
PLA scaffolds. The differentiation and proliferation were
continued until 14 days of cell culture. Osteogenic (Figure
Sa, b) and chondrogenic (Figure 5c, d) cells were highly
affected by the geometry of individual pores within the
scaffold

Indeed, differentiated cells had long projections onto
surface of 3D PLA scaffolds. These results showed that
differentiated cells grow and proliferate on 3D PLA
scaffolds. Alizarin calcium deposits in areas with red
staining was observed in reddish brown color (Figure 5e)
In alcian blue stained areas, the chondrogenic accumulation
was also observed with blue (Figure 5f). The cells expressed
osteogenic or chondrogenic markers such as osteonectin or

collagen II, respectively (Figure 5g, h).

e

Figure 5: Culture of differentiated cells in 3D PLA Scaffolds at 14 days.
a-b: Osteogenic differentiation (arrow), c-d: Chondrogenic differentiation
(arrow). Characterization of differentiated cells on 3D PLA scaffolds. e:
Alizarin Red staining (arrow), f: Alcian Blue staining (arrow), g: Osteone-

ctin (arrow), h: Collagen II (arrow). Scale Bars: 20 pm.

In vivo Implantation of 3D PLA Scaffold

The 3D PLA scaffolds with or without differentiated
cells were implanted in the subcutaneous area of the rat
necks and they were examined after 4 months. All of the
rats stayed alive until sacrification without any obvious
inflammatory response. Upon histochemical observation,
the cells or connective tissue which covered the scaffolds
with differentiated cells were seen (Figure 6 a, b, d, €). No
cells or extracellular matrix were detected in the unseeded
scaffolds (Figure 6c¢c, f). During immunohistochemical
evaluation, immunoreactivities for osteonectin and collagen
II were stained positively in 3D PLA scaffolds with
differentiated cells. (Figure 6). No staining was observed in
negative controls (Figure 6 g-i).
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Figure 6: In vivo implantation of osteogenic (a, b) (arrow), chondrogenic
(d, e) (arrow) and without cells (c, f) on 3D PLA scaffolds. a, b, c: Osteo-
nectin, d, e, f: Collagen II. Scale Bars: 100 um. Negative control (g: oste-
ogenic, h: chondrogenic, i: without cells).

DISCUSSION

3D printed scaffolds may help to solve the problems
during in vivo experimental studies with cells as different
types of the
environment for cell attachment and growth by mimicking

scaffolds provide a three-dimensional

the in vivo environment. Three-dimensional printing allows
production of bioscaffolds of variable sizes and shapes to
serve the needs of the patients. Obtaining an optimal high
resolution 3D printed bioscaffold is a complex process which
needs careful selection of both software and hardware (16).
Currently, there are some in vitro culture studies, aiming
production of bone graft materials seeded with osteoblasts
and osteoclasts (7).
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Biocompatibility and mechanical properties of the PLA
has attracted great interest to this material, and it is being
widely investigated in medicine. Our results demonstrated
that 3D printed PLA scaffolds supported the differentiation,
proliferation and attachment of BMSCs. In addition, the
osteonectin which is a marker of osteogenic differentiation
and collagen II which is a marker of chondrogenic
differentiation continued their expressions on 3D PLA
scaffolds. Therefore, we may state that PLA is not a toxic
material for differentiated cells.

The structure and porosity of scaffolds are extremely
important for adequate cell attachment during the culture
process. Accurate pore size of scaffolds may provide
appropriate signaling to encourage the differentiation of
stem cells. Currently, three-dimensional printing allows
the scientists to determine the size, shape, mechanical
strength, and porosity of the intended scaffold. Mechanical
performance of a 3D scaffold affects the response of
the cells, and it may also affect the nutrient diffusion.
Mesenchymal stem cells from differentiated cells in the
osteoblastic differentiation and proliferation have been
reported to be effective in the geometric structure of the pier
(17). However, some biomechanical studies showed that
PLA implants are not suitable for use in the weight bearing
bones (18). In our study, 3D PLA scaffolds provided in
vivo cell survival and it was possible to achieve BMSCs’
proliferation and differentiation.

Intercellular communication is related directly to
scaffold. For good adhesion and proliferation of cells on
synthetic scaffolds, natural polymers extracted from the
native extracellular matrix (ECM) have been used to modify
the surface of PLA scaffolds (24, 25).

Polymer degradation rate is determined by the water
content of the environment, temperature, humidity and lactic
acid concentration. Several studies examined endochondral
and intramembranous  ossification in  implanted
biodegradable scaffolds seeded with cultivated osteogenic
stem in the bone defects (26,27). The possibility to create
3D culture system with PLA was also shown (28). In our
study, the implanted PLA scaffolds stayed for 4 months
without apparent signs of major degradation. This finding
shows that PLA scaffolds are probably more suitable for the
implants which need long term mechanical stability instead
of rapid degradation. But we should also keep in mind that
polylactic acid is not strong enough to be used in weight

bearing bones.

Biomaterials with or without cells can be used for
implantation. In regenerative medicine, different kind of
biomaterials has been tested for clinical use. In the early
1990’s, the focal articular cartilage defects were treated
with autologous chondrocytes with biomaterials (19).
PLA is shown to be non-toxic in bone or cartilage repair
applications. PLA was successfully used to accelerate the
rat tibia bone healing and bone formation. At the same time
absence of infection or inflammation with PLA was shown
in the studies regarding articular healing in osteochondral
defects in the rabbit (11). There were no differences between
osteogenic and chondrogenic differentiation on 3D PLA
scaffolds in our study. Therefore, we can also say that 3D
printed PLA scaffolds may be safely used both in bone and

cartilage studies.

One of the concerns regarding PLA is that it may cause
inflammatory reaction in long term (29, 30). Some studies
have shown that the implanted PLA was found to be well
tolerated with no chronic inflammation for up to 39 weeks
in rats (11). In our study, inflammatory response of tissue
to PLA was not detected in 4 months’ period, however,
the long-term effects of PLA with stem cells have to be
investigated.

Among the limitations we should note that we did not
perform thermal, spectroscopic, and elemental analysis
of our 3D printed scaffolds because it was not among the

primary focus of our study.

CONCLUSION

3D printed PLA scaffolds were used as three-dimensional
environment during differentiation of bone marrow stromal
mesenchymal stem cells to osteoblast or chondroblast cells
showed excellent support for both bone and cartilage cell
formation. In addition, there were no toxic effects of PLA
scaffold during differentiation period of mesenchymal stem
cells. Therefore, patient-based 3D printed PLA scaffolds
with different type of mesenchymal stem cells may be

conveniently used for in vivo and further clinical studies.
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CASE REPORT / OLGU SUNUMU

First-Trimester Missed Abortion: A Case Report

Birinci Trimesterde Missed Abortus: Olgu Sunumu

Priscilla Ampofoa OFEI'"®, Keziban AMANAK?

ABSTRACT

According to World Health Organisation (WHO), spontaneous
abortion generally occurs in 10% to 15% of clinically recognized
pregnancies, although many spontaneous abortions occur before
the woman recognises she is pregnant. Traditionally, treatment
using surgical management which involves dilation and curettage
and the manual vacuum aspiration of the product of conception
is preferred for incomplete and missed abortion. Additionally,
medical management with the use of prostogladin analogues such
as misoprostol and dinoprostol with or without antiprogesterone
(mifepristone) to expel the products of conception has also been
in use. However, recently, the expectant management, defined as
waiting for the foetus remains to be naturally expelled from the
uterus, is being researched and experimented with more. In this
case report, the case of a 35-year-old woman who experienced
missed abortion during the 7" week of pregnancy is reported and
the possible best management options is discussed.

Keywords: Expectant management; first trimester; missed
abortion; pregnancy

0z

Diinya Saglik Orgiiti'ne (WHO) gore, spontan abortus,
genellikle klinik olarak tanman gebeliklerin % 10 ile % 15’inde
meydana gelir, ancak birgok spontan abortus, kadin gebe oldugunu
fark etmeden once gergeklesir. Geleneksel olarak, tamamlanmamig
ve missed abortuslar i¢in dilatasyon/ kiirtaj ve gebelik iiriinlerinin
manuel vakum aspirasyonu ile yapilan cerrahi tedavi tercih edilir.
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, Sindiiz Ozlem ALTINKAYA?

Ayrica, gebelik iriinlerini atmak i¢in misoprostol ve dinoprostol
gibi prostogladin analoglarinin, antiprogesteronla (mifepriston)
veya antiprogesteron olmadan kullanimi da tibbi tedavi de yer
almaktadir. Ancak son zamanlarda fetiisiin dogal olarak uterustan
atilmasini beklemek olarak tanimlanan bekleme yonetimi, daha
fazla arastirllmakta ve denenmektedir. Bu olgu sunumunda
gebeliginin 7. haftasinda missed abortusu gegiren 35 yagindaki bir
kadin hastada olas1 en iyi tedavi segenekleri tartigilmaktadir.

Anahtar Kelimeler: Bekleme tedavisi; birinci trimester;
gebelik; missed abortus

INTRODUCTION

Abortion is the death and expulsion of the foetus from
the uterus either spontaneously or by induction before the
foetus is viable (more than 20 weeks/ more than 500g) (1).
The specific number of weeks may vary from one country to
another. According to World Health Organization (WHO),
abortion generally occurs in 10% to 15% of pregnancies,
but many spontaneous abortions occur before the woman
realizes that she is pregnant (1,2). Abortion may be caused by
embryonic/foetal, maternal, paternal and unknown factors.
Genetic abnormalities account for 55% of all spontaneous
abortion with the most common chromosomal defects
being autosomal trisomies, polyploidy and monosomy
X. Endocrine factors also play a role in spontaneous
abortion where corpus luteum failure causes insufficient
progesterone. Additionally, polycystic ovarian syndrome,
uncontrolled diabetes and untreated thyroid diseases have
been found to have a relation with spontaneous abortion (1).

Maternal illnesses and infections, for example, influenza,
pyelitis, and malaria; congenital abnormalities of uterus,
cervical incompetence, autoimmune diseases, thrombophilic
effects and alloimmune diseases are some maternal
factors as well. Paternal factors include teratospermia and
oligospermia. Increased maternal age, alcohol use, heavy
caffeine use, chronic maternal diseases, cigarette smoking,
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cocaine use, conception within 3 to 6 months after delivery,
intrauterine device use, medications, multiple previous elective
abortions, previous spontaneous abortion, toxins have been
found to be risk factors for spontaneous abortion as well (1,3).

The types of spontaneous abortion include the following.
Threatened abortion (abortus imminens); this is the situation
where the pregnancy is complicated by bleeding before the
foetus is considered viable. This is characterised by fresh
blood and pelvic pain. Fetal heart rate (FHR) is positive if
the pregnancy is between the 8-10th week (4,5).

Inevitable abortion (abortus it occurs

when the cervix dilates (more than 3 cm) but the

incipiens);

products of conception have not yet been passed. During
ultrasonography, FHR is undetectable, endometrial integrity
is disturbed. Beta human chorionic gonadotropin (B-HCG)
is below normal for that week of pregnancy. Incomplete
abortion; some but not all of the products of conception
have passed. This is characterised by contractions and
heavy bleeding. Complete abortion; it occurs when all
the products of conception have passed without surgical
or medical intervention. This is characterised by bleeding
which reduces with time, and the pain stops which later on.
Missed abortion; it is the death of the foetus without any
uterine activity to expel the foetus. This is characterised by
loss of pregnancy symptoms, reduced size of uterus, and
reddish brown spotting. Pain is absent septic abortion; this
is a spontaneous abortion complicated by uterine infection
and is characterised by a temperature of 38 degrees or more
Recurrent spontaneous abortion; this the situation where the
pregnancy has been lost 3 or more consecutive times (1,4,5).

In the management of abortion, surgical treatment which
involves dilation and curettage (D&C) and manual vacuum
aspiration is traditionally used. Medical management involves
the use of prostogladin analogues such as misoprostol and
dinoprostol with or without antiprogesterone (mifepristone) to
expel the products of conception. Yet there is the more modern
expectant management which involves waiting for the foetus
remains to be naturally expelled from the uterus (1,6).

The role of a midwife in abortion care involves taking
records, providing bed rest, closely monitoring bleeding and
vital signs, preparing the patients for D&C (stopping food
intake), administering prescribed medication, preparation of
blood for transfusion, providing information and emotional
support for the patient (3,5).

Similar to the other managements for abortion, the
midwife plays an essential role in the expectant management

of spontaneous abortion in addition to their basic roles.
Particularly in the expectant management, there is a
requirement for robust counselling, support for treatment,
follow-up and support for grief (7). Especially in cases where
the midwife is the primary caregiver, thorough counselling
which includes why the expectant management has been
indicated, what the advantages and the disadvantages of
this management are, the success rate of this management,
the option to opt out of this whenever the patient wants to,
what will happen during this period (e.g. pain, bleeding, the
expected size of the products of conception that will be passed
etc), the availability of painkillers to manage pain during
this period, and the signs of infection and haemorrhage to
watch out for in order for the patient to make an informed
decision is always necessary. Follow-up after 7-10 days and
a pregnancy test three weeks after miscarriage to confirm
a successful miscarriage should also be encouraged. As a
provider of individualised care, the midwife also plays an
important role in supporting grief based on the culture,
religion and personal beliefs of the patient. What usually
happens during the grieving season and how best to manage
grief should be explained as well. This case report aims at
deliberating how best to manage this case (1,4,5).

CASE

This case report was carried out according to the
principles of the Declaration of Helsinki and voluntary
consent was obtained from the patient for the obstetric
history. A 35-year old patient, who was 7 weeks and 3 days
pregnant based on her last menstruation date (01/09/2018),
presented to the obstetrics and gynaecologic clinic with 7
weeks of amenorrhea after her last menstruation, fatigue,
itchiness and brownish spotting. Her obstetric history was
gravida 2 and para 1 (cesaerean section).

Her vitals were found to be normal: temperature, pulse,
respiration rate, blood pressure and oxygen saturation were
measured as 36.4°C, 90 beats/min, 20 beats/min, 100/70
mmHg, and 99% respectively. Upon physical examination
and interrogation, it was discovered that symptoms of
pregnancy in breasts were disappearing and that there was no
pain. An ultrasound revealed a gestational sac with an intact
foetus but without any foetal heartbeat. b-HCG less than 7650
mlU/ml but more than 1500 mIU/ml. Laboratory tests showed
haemoglobin, haematocrit and leucocytes were 12.2 gr/dL,
37.8% and 315 respectively. Her blood type was O Rh+

After laboratory physical
examination and ultrasound, she was diagnosed with missed

analysing the results,
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abortion and dilatation and curettage was decided as the
treatment option.

DISCUSSION

A presentation of reddish brown spotting after 7 weeks
of amenorrhoea has differential diagnoses to include
implantation bleeding especially if the patient was on
contraceptives, infection, abortion, ectopic pregnancy
and molar pregnancy. A diagnosis of missed abortion was
confirmed based on the absence of FHR and the presence
of an intact foetus, although there were changes in the size
of the uterus, amniotic cavity, and an intact embryo during
ultrasound; and b HCG level lower than what corresponds
to the level for 7 weeks in addition to physical examination
findings. Infection was ruled out due to a normal temperature
and the absence of signs of infection in the laboratory
test results. Rh immunoglobulin administration was not
necessary since the mother was Rh(D) positive (3, 8).

In the management of the various cases of abortion
including missed abortion, prompt surgical evacuation has
been the traditional management of choice due to the risk
of infection and coagulation disorders and also the absence
of ultrasonography until about 50 years ago (3). However,
the surgical method is without its disadvantages. Surgical
evacuation has been associated with complications including
bleeding, infection, uterine and cervical perforation,
bowel damage and decreased fertility. Considering these
complications, with the availability of ultrasonography and
antibiotics, successful outcomes for expectant and medical
management and a significant percentage of failure of D&C,
there is the question of whether surgical treatment should
continue to be the first option of management, especially
if the patient is in a stable condition (if there is no heavy
bleeding, unacceptable pain or infection) (8).

Luise et al. (2002) report 81% and 76% successful
outcome for expectant management in all abortions and
missed abortion respectively (5). Rafi et al. (2014) report
54% success rate for the expectant management and also
reported that 74% of patients upon detailed counselling
opted for the expectant method (4). Expectant treatment
had an overall success rate of 92.5% based on 9 studies
representing 545 pooled patients (8). It has been reported
that women who were given the opportunity to choose their
treatment had a better subsequent mental health indicating
that if a complete spontaneous abortion should be safe,
effective, acceptable to patients and available at the lowest
cost and risk, then the expectant management should be the

first choice of treatment (3, 8, 9, 10). The case discussed
here was stable without heavy bleeding, unacceptable
pain or infections, therefore, the expectant management
could be used upon detailed counselling, however, surgical
management was the treatment of choice.

Although the Health Ministry recommends the use of
expectant management especially for abortus imminens and
incomplete abortion the normal practice in most hospitals
is the use surgical management as first choice of treatment
(11). Inadequate counselling on the expectant management
of abortion, unwillingness to lose time and avoidance of any
risks involved in this method are thought to be reasons for
this situation.

CONCLUSION

The patient who had been diagnosed with missed abortion
is in a stable condition. It is recommended that she be given
detailed counselling about the expectant management and
encouraged to choose it because it is effective, safer, and
less costly.
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REVIEW / DERLEME

Mitophagy and Obesity

Mitofaji ve Obezite

Durak Sermin'?"*", Aksoyer Sezgin Saadet Busra' ", Celik Faruk'

ABSTRACT

Overfed and high-fat diets lead to many metabolic changes
such as deterioration in energy homeostasis and aerobic
respiration, increase ROS (reactive oxygen species) products,
and inflammation status in obesity. Obesity-mediated occurred
oxidative stress and low-level chronic inflammation can result in
impaired mitochondrial homeostasis, which has been involved in
the pathophysiological of metabolic syndrome-related diseases
such as Type 2 Diabetes Mellitus. The mitochondria organelle
plays an effective role in energy and calcium homeostasis, cell
metabolism, and even cancer cell metabolism. Mitophagy known
as a mitochondrial-recover operation has been thought as a critical
factor in supporting mitochondrial hemostasis, which can make
a great contribution to recovery from cellular abnormalities
in obese patients. This review’s aim is to ensure a current and
comprehensive summary of the role of developing mitochondrial-
related dysfunction and protective effect of mitophagy in the
pathophysiology of obesity.

Keywords: Obesity, Mitophagy, Mitochondrial Dysfunction,
Adipose Tissue

oz
Obezitede asirt beslenme ve yiiksek yagl diyetler, enerji

homeostazinda ve aerobik solunumda bozulmalara, reaktif
oksijen tiirlerinin (ROS) iiretiminde artisa ve inflamasyon durumu
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gibi bir ¢ok metabolik degisiklige sebep olmaktadir. Obezite
aracili meydana gelen oksidatif stres ve diisiik seviyeli kronik
inflamasyon, Tip 2 Diabetes Mellitus gibi metabolik sendromla
iligkili hastaliklarin patofizyolojisinde rol oynayan mitokondriyal
homeostazin bozulmasma neden olabilir. Mitokondri organeli
enerji ve kalsiyum homeostazinda, hiicre metabolizmasinda hatta
kanser metabolizmasinda etkin rol oynamaktadir. Mitokondriyal
operasyonu olarak bilinen mitofaji, obez hastalarda mitokondriyal
hemostazin korunmasina ve hiicresel anormalliklerin iyilesmesine
biiyiik katki saglayan kritik bir faktor olarak diistiniilmektedir.
Bu derlemenin amaci, obezite patofizyolojisinde mitokondriyal
disfonksiyon gelisiminin ve mitofajinin koruyucu etkisinin giincel
ve kapsamli bir 6zetini sunmaktir.

Anahtar Kelimeler: Obezite,

Disfonksiyon, Yag Dokusu

Mitofaji, Mitokondriyal

INTRODUCTION

Obesity has an epidemiological profile with a major trend
worldwide and is characterized as abnormal weight gain
or excessive overfat accumulation that may harm health,
resulting from impaired energy hemostasis (1). Considering
the increase in obesity prevalence from an evolutionary
perspective, increasing the fat and sugar content in the diet
and adopting a sedentary lifestyle are considered, obesity
is multifactorial, which is due to genetic causes as well
as environmental factors (2). Increasing adipose tissue in
obesity occurs critical and different changes such as oxidative
stress, low-level inflammation, mitochondrial dysfunction,
apoptosis, insulin resistance (IR), glucose intolerance, and
dyslipidemia (3). Furthermore, obesity plays an important
role in the development of serious diseases such as Type 2
Diabetes Mellitus (T2DM), heart diseases, atherosclerosis,
coronary artery disease, hypertension, and even some
types of cancer (4). The World Obesity Federation reported
that obesity is approved an epidemic and is accepted as a
significant public health issue facing that is correlated with
a grown risk of mortality rate and morbidity rate around
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the world (5). Obesity leads to inflammation in related to
a progressive increase in reactive oxygen species (ROS)
and oxidative stress in adipose tissue. Moreover, increasing
inflammation can result in mitochondrial imbalance and
mitochondrial dysfunction (6,7). Mitochondria play an
effective role in fuel and energy hemostasis and all cell
metabolism, including, beta-oxidation of fatty acids,
adenosine triphosphate (ATP) synthesis from nutrition
substrates, ROS, amino acid metabolism, iron metabolism,
heme and steroid hormone process, and calcium metabolism
(8,9). In addition, the mitochondrial respiratory chain
complexes are related to the synthesis and elimination
of ROSs during ATP production in mitochondria. The
mitophagy pathway is described as a system controlling
mitochondria function and content (1,10-14). We discuss
the features of pathophysiological changes in adipose tissue
and how trigger mitochondrial dysfunction by focusing on
the role of mitophagy.

Inflammation in Adipose Tissue

Adipose tissue plays an effective and critical role in
fuel metabolism for energy hemostasis and is considered an
important endocrine organ. Consuming excessive calories
causes adipocyte hypertrophy and hyperplasia, which
leads to dysfunctional adipose tissue formation in obesity
(6,15). Adipose tissue secretes several bioactive mediators
described as pro-inflammatory cytokines, (as well as it is
called adipocytokine or adipokines) and it serves both as
controllers of the metabolism and immunomodulatory
properties (11,16).

In obesity, there are several mechanisms triggering low-
level chronic inflammation of the adipose tissue. Increased
accumulation of fatty acid causes adipocyte hypertrophy
and impaired bloodstream by triggering the production of
proinflammatory cytokines, particularly via the nuclear
factor kappa B (NF-«kB) signaling pathway. As well as
enlargement of the volume of infiltrated macrophages
causes synthesis of pro-inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a), adiponectin,
visfatin, interleukin-1f (IL-1B), and interleukin-6 (IL-6), in
adipocytes that are secreted from infiltrated macrophages
that lead to the process described as low-grade chronic
inflammation (7,17,18). Low-level chronic inflammation in
the long-term may turn into chronic systemic inflammation
and lead to the occurrence and advancement of
metabolism-related disorders, such as IR, hyperlipidemias,
hypercholesterolemia, T2DM, cardiovascular diseases, and
atherosclerosis (10-12).

Tumor Necrosis Factor-alpha (TNF-a) leads to lipolysis,
which causes the release of saturated free fatty acids that are
capable of binding Toll-like receptor 4 on both the adipocyte
and the infiltrated macrophages leading to NF-kB activation
and secretion of IL-1f and IL-6 via macrophages (as seen in
Figure 1). Moreover, TNF-a and IL-1 increase impairs the
insulin signaling pathway and may lead to the development
of IR. Then, this process is attended by the adipocyte release
of monocyte chemoattractant protein—1 (MCP-1) resulting
in macrophage aggregation and activation (10).

Consequently, both impaired insulin signaling pathways
and increased lipolysis prevent insulin-responsive glucose
transporter (GLUT-4) translocation across the plasma
membrane and glucose uptake and lead to glucotoxicity and
lipotoxicity (19,20). The decrease in glucose oxidation and
oxidative phosphorylation (TCA) leads to reduced electron
flow during the electron transport chain (ETC), which
trigger electron outflow toward oxygen and production of
ROS such as superoxide, hydrogen peroxide, and hydroxyl
ions followed by oxidative stress (9,21).
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Figure 1. Overfed and a high-fat diet leads to inflammation in obesity.
PKA: Protein kinase A, FFA: Free fatty acids, GLUT4: Glucose transporter
4, IRS1/2: Insulin receptor substrate 1/2, PDE: Phosphodiesterase, AKT2:
Protein kinase B, PIK3: Phosphoinositide-3 kinase, PKA: protein kinase A

Oxidative Stress and Mitochondrial Dysfunction in Obe-
sity

The antioxidant defense system can both decrease ROSs
levels and enhance control of cell damage. The antioxidant
defense mechanisms consist of enzymatic (e.g., glutathione
peroxidase enzymes, catalase, and superoxide dismutase)
and non-enzymatic (e.g., products from nutrients such as
vitamins, carotenoids, uric acid, and polyphenols) (21,22).
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ROSs are necessary side-products to fuel metabolism in
mitochondria that trigger oxidative damage in nuclear
DNA, mitochondrial DNA (mtDNA), and bioactive
molecules such as nucleic acids, lipids, and proteins,
with resulting inhibition of these bioactive molecules’
bio-physiologic function. However, if ROSs production
overcomes cellular antioxidant defense system capability
oxidative stress arises and lead to damage in mtDNA and
decreases the rate of beta-oxidation (23-26). Moreover,
increased ROS production and oxidative stress can cause
mitochondria damage and mitochondrial changes, which
is called mitochondrial dysfunction. The different factors
have been efficient in the development of mitochondrial
dysfunction (as shown in Figure 2). Bonnard et al. found
that excessive ROS production in muscle tissue of mice
fed a high-fat diet (HFD) and a high-sucrose diet (HSD)
caused mitochondrial dysfunction (27). Chattopadhyay et
al. showed that increased mitochondrial ROSs production
may contribute to developing mitochondrial dysfunction
that leads to IR and T2DM in the adipose tissue of patients
with diabetic obesity (28).

Lipotoxicity is described as a hepatocellular damage
response triggering over products of lipid oxidation products
such as triglycerides, free fatty acids, and diacylglycerol.
Lipotoxicity causes inhibition of insulin signaling through
reduction of GLUTA4 transporters on the surface of the liver
and skeletal muscle tissue membranes (12).

The maintenance of endoplasmic reticulum (ER)
function in insulin-secreting pancreatic beta-cells is
important. ER stress plays a critical role in development
of metabolic aberrancies that cause occur of mitochondrial
dysfunction such as abnormal insulin signaling and an
abnormal increase of gluconeogenesis in liver tissue (29).
Glucotoxicity is defined as the detrimental impact of blood
circulating elevated hyperglycemia and excess glucose
uptake on cells connected with insulin. Recent studies
showed that increased lipotoxicity and glucotoxicity could
induce a signal pathway called unfolded protein response in
ER membrane and cause mitochondrial dysfunction (30,31).

Impaired fatty acid oxidation and glucose oxidation
may be derived from metabolic derangement, which is
mostly defined as changed fuel metabolism switching and
energy dysregulation together with emergent mitochondrial
dysfunction (32). Consequently, these situations may induce
both ectopic lipid accumulation and the development of
ROS in mitochondria, leading to mitochondrial damage, and
its elimination by mitophagy pathways (as shown in Figure

2). Rong et al. showed that mitochondrial fusion and fission
processes are reduced in adipose tissue of mice fed HYD
(33). The other studies also presented that reduced capacity
of mitochondrial oxidative phosphorylation capacity and
ATP production enhanced mitochondrial dysfunction in
adipocytes (34,35).
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Figure 2. Mitophagy pathway in obesity-related pathologies.

Different factors have been efficient in the development
of mitochondrial dysfunction such as impaired energy
metabolism, increased production of ROS, occurred
oxidative stress, metabolic inflexibility, a situation of low-
level chronic inflammation in obesity. Consequently, these
factors result in impaired mitochondrial membrane potential
and lead to activating of mitophagy pathways.

There are two ways for inducing mitophagy such as
hypoxia and oxidative stress. Ubiquitin-dependent PINK 1/
Parkin-mediated mitophagy pathway (adaptor protein-
mediated) is triggered by oxidative stress. Ubiquitin-
independent (receptor-mediated) mitophagy pathway is
triggered by hypoxia.

Mitophagy and Obesity

Mitophagy also described as mitochondrial autophagy
is an adaptive response that includes selective removal of
dysfunctional or defective mitochondria via autophagy-
related vesicles and lysosomal-dependent degradation.
Mitophagy is a necessary process to disposing of detrimental
effects of increased levels of ROSs under prolonged hypoxia
and inflammation, thereby it is essential in the regulation of
mitochondrial quantity and quality control in cells (1,14).
The studies reported that mitochondrial autophagy plays a
critical role in the elimination of mitochondrial dysfunction
in pancreatic beta-cells and is requisite for mitochondria
optimum function. Moreover, recent studies showed that
type2 diabetes and metabolic syndrome are associated
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with dysregulations of mitochondrial autophagy process
(1,13,14).

There are two ways for inducing mitophagy; firstly, by
an accumulation of mitochondrial defects that trigger ETC
impairment, and secondly, by dissipation of mitochondrial
membrane potential. The molecular mechanism of
mitophagy is usually divided into two pathways (as seen
in Figure 2): Ubiquitin-dependent PINK1/Parkin-mediated
mitophagy pathway and Ubiquitin-independent receptor-

mediated mitophagy pathway (19,36).

The most-studied pathway is mediated by the phosphatase
and tensin homolog (PTEN)-induced kinase 1 (PINK1) and
the E3-ubiquitin ligase PARK2 (Parkin). PINK 1 and Parkin’s
genes are related to autosomal recessive Parkinson’s types
(37). The PINK 1/Parkin mitophagy pathway is activated by
oxidative stress, mitochondrial dysfunction and damage (as
seen in Figure 2). Under unstress and healthy mitochondrial
conditions, PINKI1 is replaced in intermembrane via TOM/
TIM protein complex and degraded via matrix processing
peptidase (MPP) and presenilin-associated rhomboid-like
(PARL) protease (19). Increased oxidative stress in the cell
causes disruption of mitochondrial membrane potential
and inhibition of TOM/TIM complex in mitochondrial
intermembrane space (14). PINK1 isn’t transported to the
mitochondria and accumulates in outer membrane (MOM)
and this situation leads to starting Parkin activation to
ubiquitination process. Active Parkin protein plays an
important role as a signal to autophagy receptors optineurin
(OPTN), and nuclear domain 10 protein 52 (NDP52) and
leads to polyubiquitination process in MOM proteins such
as mitofusin 1/2 (MFN1/2), voltage-dependent anion-
selective channel 1 (VDAC), and mitochondrial fission 1
protein (FIS1). Ubiquitin activation via Parkin resulting
accumulation of polyubiquitinate MOM proteins such as
the autophagosome adaptor protein p62, which initiates
autophagosome interactions with autophagy-related 16-like
1 (ATG16L1) complex and LC3 in MOM. The autophagy
core complexes such as class III PI 3-kinase (VPS34) and
unc-51 like autophagy activating kinase (ULK1/2) are the
source of phagophore membrane of the ATG16L1 complex
and LC3 that followed the formation of autophagosomes
(14,19,38).

Mitochondrial homeostasis is necessary for a balance

between mitochondrial biogenesis and mitophagy.
Elongated mitophagy leads to bio-energetic setback while
excess upregulation of mitochondrial biogenesis cause

increased levels of ROSs and supports apoptosis. Although

recent studies comprehensively revealed the role of PINK 1/
Parkin-mediated pathway in mitophagy, the involvement
and connection of PINKI1/Parkin pathway has been not
enough enlightened in obesity and needs future studies.
The first studies included that decreased mitochondrial
content and impaired activity of mitochondrial enzymes in
obese and/or T2DM patients (39,40). Recent studies mostly
relate to the expression of genes and proteins associated
with mitophagy in metabolic diseases (9,41-44). Wu et
al. showed that PINKI/Parkin genes expression were
activated and increased as in response to metabolic stress
in diabetic obese mice (41). Another study reported that
reduction of mitochondrial function is in relationship with
IR and mitochondrial dysfunction and is accompanied by
downregulation in mitofusin 1/2 (Mfnl/2) expression in
skeletal muscle in obesity (9).

Furthermore, another study showed that knockout
PARK?2 leads to raised regulation of basal macroautophagy/
autophagy flux, reduced mitochondrial respiration capacity,
and upregulation of dynamin-related protein 1 (DRP1) that
increases mitochondrial damage in skeletal muscle (42).
Similarly, the study reported that Parkin gene knockout that
regularly exercised mice increased of mitochondria amount
of skeletal muscle and decreased ROSs production lead to
impaired in mitochondrial respiration chain and reduced of
mitochondria quality (43). Chen et al. reported that mice fed
a HFD have increased gene expression of PINK1/Parkin in
adipose tissue but levels of high concentrations of lipid can
be inhibited gene expression of PINK1/Parkin in long term
(45).

Obesity leads to hypertrophy and hyperplasia of the
adipocytes in adipose tissue. Adipocyte hypertropia leads
to impaired blood flow and cardiac outflow, increased local
necrosis and macrophage infiltration, and proinflammatory
responses that result in hypoxia and adipocyte death.
Hypoxia-inducible factor-la is defined as a transcription
factor that is secreted under hypoxic conditions and causes
mitophagy receptors’ activation by dephosphorylation
(12,14,19).

The receptor-mediated mitophagy pathway (as seen
in Figure 2) is activated as an adaptive response under
hypoxia conditions to remove dysfunctional or damaged
mitochondria and favors mitochondrial remodeling. The
proteins found in the mitochondrial membrane play a crucial
role in the receptor-mediated mitophagy pathway such as
FUN14 domain-containing protein 1 (FUNDCI1), BCL2
interacting protein 3 (BNIP3), and BNIP3-like protein
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(BNIP3L, also known as Nip3-like protein X, NIX) (38).
These receptors include the conserved LC3 interacting-
region (LIR) domain thereby they interact directly via LC3
and other autophagy-related proteins (ATGs) for formation
of autophagosomes (14,46). The study reported that these
receptor proteins can also coordinate mitochondrial fission
via DRP1 by causing its localization to mitochondria (47).
Greene et al. investigated how the typical western diet
(WD) was affected by obesity of mitochondrial autophagy
control mechanisms and found that p62 and BNIP3 gene
expression levels were decreased in WD-induced obesity
(48). Fu et al. showed that FUNDCI1 plays an influential role
as a mitophagy receptor protein in preventing HFD-induced
obesity, and mitochondrial energy homeostasis is impaired
and the LC3-mediated mitophagy pathway is inhibited in
FUNDCI knockout mice fed HFD (13).

CONCLUSION

Taken as a whole, the existence of low-level chronic
inflammation and prolonged hypoxia conditions in
obesity may lead to oxidative stress and increased ROS
products, which in turn, can cause metabolic inflexibility,
mitochondrial defect, mitochondrial dysfunction, and
mitophagy pathway activation. The investigation of
mitophagy pathway involved in obesity is a recent interest
field as mitochondrial abnormalities and dysfunction are the
foundation of metabolism-related diseases. The important
role of mitochondria in regulating fuel homeostasis
strengthens the opinion that metabolic diseases such as
obesity are the most affected by mitochondrial dysfunction
and damage.

Mitochondrial autophagy/mitophagy plays a crucial
role in controlling the detrimental effect of mitochondrial
abnormalities, hypoxia conditions, and oxidative stress by
regulating mitochondrial quality and quantity. Furthermore,
impairment of the mitophagy pathway can result in decreased
glucose oxidation and thus aggravating lipid accumulation
in fat, liver, and muscle tissue. Transcriptional regulatory
mechanisms of mitophagy-related genes may be hopeful
and quite target-driven therapies for metabolic diseases and
for preventing age-related diseases.

In this context, more studies are needed to ameliorate
obesity and better understand the mitochondrial processes
of the mitophagy pathway and diet-induced mitochondrial
degeneration.

Acknowledgments

The presented review was supported by the Scientific
Research Projects Coordination Unit of Istanbul University
(IUBAP).

Conflict of interests

The authors declare no conflict of interests.

REFERENCES

1. Bhansali S, Bhansali A, Dhawan V. Favourable metabolic
profile mitophagy and prevents
abnormalities in metabolically healthy obese individuals.
Diabetol Metab Syndr. 2017: 1-10.

2. Ghanemi A, Melouane A, Yoshioka M, St-Amand J. Exercise
and high-fat diet in obesity: Functional genomics perspectives
of two energy homeostasis pillars. Vol. 11, Genes. 2020: p.
1-16.

3. Manna P and SK Jain. Obesity, oxidative stress, adipose
tissue dysfunction, and the associated health risks: causes
and therapeutic strategies. Metabolic syndrome and related
disorders. 2015: 423-444.

4. De Pergola G, Silvestris F. Obesity as a Major Risk Factor for
Cancer. J Obes. 2013: 1-11.

5. Annual Review and Report 2020: Available from: www.
worldobesity.org

6. Halberg N, Wernstedt-Asterholm I, Scherer PE. The
Adipocyte as an Endocrine Cell. Endocrinol Metab Clin
North Am. 2008: 753-68.

7. WoodIS, de Heredia FP, Wang B, Trayhurn P. Cellular hypoxia
and adipose tissue dysfunction in obesity. Proceedings of the
Nutrition Society. 2009: 370-377.

8. Vakifahmetoglu-Norberg H, Ouchida AT, Norberg E. The
role of mitochondria in metabolism and cell death. Biochem
Biophys Res Commun. 2017 Jan;482(3):426-431.

9. deMelloAH, Costa AB, Engel JDG, Rezin GT. Mitochondrial
dysfunction in obesity. Life Sci. 2018:26-32.

10. Lee H, Lee IS, Choue R. Obesity, Inflammation and Diet.
Pediatr Gastroenterol Hepatol Nutr. 2013: 1-12.

11. Exley MA, Hand L, O’Shea D, Lynch L. Interplay between
the immune system and adipose tissue in obesity. Journal of
Endocrinology. 2014: 41-48.

12. Silva Rosa SC, Nayak N, Caymo AM, Gordon JW.
Mechanisms of muscle insulin resistance and the cross-talk
with liver and adipose tissue. Physiol Rep. 2020: 10;8(19).

13. FuT, XuZ, Liu L, Guo Q, Wu H, Liang X, et al. Mitophagy
Directs Muscle-Adipose Crosstalk to Alleviate Dietary
Obesity. Cell Rep. 2018: 1357-1372.

14. Tong M, Saito T, Zhai P, Oka S ichi, Mizushima W, Nakamura
M, et al. Alternative Mitophagy Protects the Heart Against
Obesity-Associated Cardiomyopathy. Circ Res. 2021: 1105—
1121.

15. Arner E, Westermark PO, Spalding KL, Britton T, Rydén
M, Frisén J, et al. Adipocyte Turnover: Relevance to Human
Adipose Tissue Morphology. Diabetes. 2010: 105-109.

sustains metabolic



60

Durak et al
Mitophagy and Obesity

Journal of Health Services and Education; 6(2): 55-60

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ohashi K, Shibata R, Murohara T, Ouchi N. Role of anti-
inflammatory adipokines in obesity-related diseases. Trends
in Endocrinology & Metabolism. 2014: 348-355.

Oran K, Gheybi A, Celik F, Durak S, Dogan Z, Aksoyer B, et
al. Investigation of Gene Polymorphisms of Vaspin, Visfatin
and Chemerin in Diabetic Obese and Non-Diabetic Obese
Patients. Journal of Health Services and Education. 2021:
33-8.

Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal
H, et al. Recent advances in the relationship between obesity,
inflammation, and insulin resistance. Eur Cytokine Netw.
2006: 4-12.

Killackey SA, Philpott DJ, Girardin SE. Mitophagy pathways
in health and disease. The Journal of cell biology. 2020.
Blaszczak AM, Jalilvand A, Hsueh WA. Adipocytes, Innate
Immunity and Obesity: A Mini-Review. Front Immunol.
2021: 24;12.

Das M, Sauceda C, Webster NJG. Mitochondrial Dysfunction
in Obesity and Reproduction. Endocrinology. 2021: 1-13.
Fernandez-Sanchez A, Madrigal-Santillan E, Bautista M,
Esquivel-Soto J, Morales-Gonzalez A, Esquivel-Chirino C,
et al. Inflammation, Oxidative Stress, and Obesity. Int J Mol
Sci. 2011: 3117-32.

Bondia-Pons I, Ryan L, Martinez JA. Oxidative stress
and inflammation interactions in human obesity. J Physiol
Biochem. 2012: 701-711.

Schieber M, Chandel NS. ROS Function in Redox Signaling
and Oxidative Stress. Current Biology. 2014: 453—462.
Bournat JC, Brown CW. Mitochondrial Dysfunction in
Obesity. Current opinion in endocrinology, diabetes, and
obesity. 2010: 446.

Kusminski CM, Scherer PE. Mitochondrial dysfunction in
white adipose tissue. Trends in Endocrinology & Metabolism.
2012: 435-443.

Bonnard C, Durand A, Peyrol S, Chanseaume E, Chauvin
MA, Morio B, et al. Mitochondrial dysfunction results from
oxidative stress in the skeletal muscle of diet-induced insulin-
resistant mice. Journal of Clinical Investigation. 2008: 789-
800.

Chattopadhyay M, Khemka VK, Chatterjee G, Ganguly A,
Mukhopadhyay S, Chakrabarti S. Enhanced ROS production
and oxidative damage in subcutaneous white adipose tissue
mitochondria in obese and type 2 diabetes subjects. Mol Cell
Biochem. 2015: 95-103.

Lim J, Lee H, Hojung M, Song J. Coupling mitochondrial
dysfunction to endoplasmic reticulum stress response: A
molecular mechanism leading to hepatic insulin resistance.
Cell Signal. 2009: 169-177.

Mota M, Banini BA, Cazanave SC, Sanyal AJ. Molecular
mechanisms of lipotoxicity and glucotoxicity in nonalcoholic
fatty liver disease. Metabolism. 2016: 1049—-1061.

Petersen MC, Shulman GI. Mechanisms of Insulin Action
and Insulin Resistance. Physiol Rev. 2018: 2133-2223.
Muoio DM. Metabolic Inflexibility: When Mitochondrial
Indecision Leads to Metabolic Gridlock. Cell. 2014: 1253—
1262.

Rong JX, Qiu Y, Hansen MK, Zhu L, Zhang V, Xie M, et
al. Adipose Mitochondrial Biogenesis Is Suppressed in db/db

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

and High-Fat Diet-Fed Mice and Improved by Rosiglitazone.
Diabetes. 2007: 1751-1760.

Yin X, Lanza IR, Swain JM, Sarr MG, Nair KS, Jensen MD.
Adipocyte Mitochondrial Function Is Reduced in Human
Obesity Independent of Fat Cell Size. J Clin Endocrinol
Metab. 2014: 209-216.

Xu Y, Xue D, Bankhead A, Neamati N. Why All the Fuss
about Oxidative Phosphorylation (OXPHOS)? J Med Chem.
2020: 14276-1307.

Pileggi CA, Parmar G, Harper ME. The lifecycle of skeletal
muscle mitochondria in obesity. Vol. 22, Obesity Reviews.
Blackwell Publishing Ltd; 2021: 1-20.

Valente EM, Salvi S, Talongo T, Marongiu R, Elia AE, Caputo
V, et al. PINK1 mutations are associated with sporadic early-
onset parkinsonism. Ann Neurol. 2004: 336—441.

Hanna RA, Quinsay MN, Orogo AM, Giang K, Rikka S,
Gustafsson AB. Microtubule-associated Protein 1 Light
Chain 3 (LC3) Interacts with Bnip3 Protein to Selectively
Remove Endoplasmic Reticulum and Mitochondria via
Autophagy. Journal of Biological Chemistry. 2012:19094—
190104.

Simoneau J, Colberg SR, Thaete FL, Kelley DE. Skeletal
muscle glycolytic and oxidative enzyme capacities are
determinants of insulin sensitivity and muscle composition
in obese women. The FASEB Journal. 1995: 273-278.
Goodpaster BH, Theriault R, Watkins SC, Kelley DE.
Intramuscular lipid content is increased in obesity and
decreased by weight loss. Metabolism. 2000: 467—472.

Wu W, Xu H, Wang Z, Mao Y, Yuan L, Luo W, et al. PINK1-
Parkin-Mediated Mitophagy Protects Mitochondrial Integrity
and Prevents Metabolic Stress-Induced Endothelial Injury.
PLoS One. 2015: 1-14.

Putti R, Sica R, Migliaccio V, Lionetti L. Diet impact on
mitochondrial bioenergetics and dynamics. Front Physiol.
2015: 8-6.

ChenM, ChenZ, Wang Y, Tan Z, Zhu C, LiY, et al. Mitophagy
receptor FUNDCI1 regulates mitochondrial dynamics and
mitophagy. Autophagy. 2016:689-702.

Ricci C, Marzocchi C, Riolo G, Ciuoli C, Benenati N, Bufano
A, et al. The impact of CPTI1B rs470117, LEPR rs1137101
and BDNF 156265 polymorphisms on the risk of developing
obesity in an Italian population. Obes Res Clin Pract. 2021:
327-33.

Chen H, Chan DC. Mitochondrial dynamics-fusion, fission,
movement, and mitophagy-in neurodegenerative diseases.
Hum Mol Genet. 2009: 15-18.

Bakula D, Scheibye-Knudsen M. MitophAging: Mitophagy
in Aging and Disease. Front Cell Dev Biol. 2020: 15-18.

Jin J yu, Wei X xiang, Zhi X ling, Wang X hong, Meng D.
Drpl-dependent mitochondrial fission in cardiovascular
disease. Acta Pharmacol Sin. 2021: 655-664.

Greene NP, Lee DE, Brown JL, Rosa ME, Brown LA,
Perry RA, et al. Mitochondrial quality control, promoted by
PGC-1lo, is dysregulated by Western diet-induced obesity
and partially restored by moderate physical activity in mice.
Physiol Rep. 2015: 1-16.



