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WELCOME TO NICHE 2022

Dear Members of the Turkish Histology and Embryology Family,

The 15™" National — 1¢ International Congress of Histology and Embryology (NICHE
2022) will be held online by the Turkish Histology and Embryology Society
between 26-28 May 2022. It is our great pleasure to invite you to our congress.

Despite our extreme efforts as the 16" Term Administrative Board of the Turkish
Histology and Embryology Society to hold this congress face-to-face, our
congress, will be online due to the progression of COVID- 19 pandemic and
economic situations in Turkey.

In addition to the conferences of valuable researchers who have a word in their
fields, our congress, where the results of current research will be shared, and
experts from abroad will be invited, will be held with your valuable participation.
We are excited to meet you at our congress even on the screen.

At the 15" National - 1t International Congress of Histology and Embryology, we
will be very closely involved in developmental biology, molecular biology and cell
biology, stem cells, cellular therapies, regenerative and reconstructive medicine,
assisted reproduction techniques, tumor biology, biomedical engineering,
biotechnology, bioinformatics and neuroscience. It is aimed to create a scientific
environment with multidisciplinary contributions on current issues of interest.

| invite you to the 15" National - 1% International Congress of Histology and
Embryology, which we are sure will be enriched scientifically with your
participation and the knowledge and experience you will share.

With my best regards.

Prof. Dr. Gamze TANRIOVER

President of Congress
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KOLISTINE BAGLI KARACIGER HASARINA KARSI MEZENKIMAL KOK
HUCRELERIN ETKIiSi

Ozlem OZ GERGIN?, Ozge CENGIZ MAT?, Demet BOLAT?, Burcin GONEN3

1Erciyes Universitesi Tip Fakiiltesi Anesteziyoloji ve Reanimasyon AD, Kayseri, Tiirkiye,
oozgergin@erciyes.edu.tr

2Erciyes Universitesi Tip Fakiiltesi Histoloji Embriyoloji AD, Kayseri, Tiirkiye,
ozgemat@erciyes.edu.tr, demetbolat92@hotmail.com
3Erciyes Universitesi Genom ve Kok Hiicre Merkezi, Kayseri, Tiirkiye,

zeynepburcin@erciyes.edu.tr

Ozet: Kolistin, ¢oklu ilaca direncli gram-negatif bakteriyel enfeksiyonlara karsi tedavi igin
kullanilan bir glikopeptid antibiyotiktir. Mezenkimal kok hiicreler (MSC) ise, bir¢cok
hastalikta terapitik aracilar olarak kapsamli bir sekilde ¢alisiimaktadr. Bu hiicreler,
nispeten kolay genisletilebildikleri gibi, giiclii anti-inflamatuar, immiinomodiilator ve pro-
anjiyojenik etkilere sahip olduklar: ve bagisiklik sistemini uyarma riski diisiik oldugundan
dolayr tedavi icin ozellikle dikkat c¢ekicidir. Bu ¢alismada Kolistin’in karacigerde
olusturacag toksisiteye karsi mezenkimal kok hiicrelerin olasi koruyucu etkisinin belirlenmesi
amaglanmistir. Calismada 40 adet wistar albino disi sican her grupta 10 adet olacak sekilde;
kontrol, kolistin (36 mg/kgi.p), MSC (1x10® 100ul/rat i.v), MSC (1x10° 100ul/rat i.v) +
kolistin (36 mg/kg i.p) gruplarina ayrildi. Deney sonunda, karaciger dokulart eksize edildi ve
rutin histolojik doku takibi basamaklarindan gecirilerek parafine gomiildii. Hazirlanan
parafin bloklardan alinan 5Sum kalimhigindaki kesitler histopatolojik degerlendirme igin
Hematoksilen&Eozin ve Masson trikrom ile boyanarak stk mikroskobunda incelendi. TNF-a
ve PCNA ekspresyonlart immiinohistokimya metodu ile incelenmistir. Isik mikroskobik
bulgulara gore, kontrol grubuna ait karaciger dokularinin normal histolojik bir goriiniime
sahip oldugu gozlendi. Ana karaciger hiicreleri olan hepatositler, lobiil i¢inde 1sinsal olarak
diizenlenmisti. Kolistin grubuna ait karaciger béliimlerinde, lokosit infiltrasyonu, hepatosit
hiicrelerinde hasar ve hemoraji gibi dejeneratif degisiklikler goriilmiistiir. Bu gériiniimler,
kolistine maruz kalmanmin sican karacigerinde ciddi hasara neden oldugunu géstermektedir.
Kolistin grubu karaciger dokusunda TNF-o ve PCNA ekspresyon yogunluklari, diger gruplar
ile karsilastirildiginda anlamli farkiihik gosterdi. MSC+kolistin grubunda ise, kolistinin neden
oldugu karaciger hasarinda MSC'nin koruyucu roliinii gostermistir. Bu bulgular, MSC'nin

kolistinin neden oldugu karaciger hasarini onlemek ve kolistin kaynakli karaciger

17
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fonksiyonunu  iyilestirmek i¢in uygun bir  farmasotik  miidahale  olabilecegini

diistindiirmektedir.

Anahtar Kelimeler: Karaciger, Kolistin, MSC, PCNA

EFFECT OF MESENCHIMAL STEM CELLS AGAINST COLISTINE DUE TO
LIVER DAMAGE

Abstract: Colistin is a laboratory glycopeptide model for study. Mesenchymal rooting (MSC),
on the other hand, is worked in some way as intermediaries here. As such, they are anti-
inflammatory, immunomodulatory and immunomodulatory, easily eroded. Countermezen is a
possible possibility, as will be established in the results of Colistin in this study. In the study,
there will be 40 wistar albinos, 10 in body size; control, colistin (36 mg/kg i.p), MSC (1x108
100ul/rat i.v), MSC (1x10° 100ul/rat i.v) + colistin (36 mg/kg i.p) were separated. At the end
of the experiment, the results and histological tissues excised from the routine tissues can be
passed through paraffin. The paraffin sections taken from the prepared blocks were stained
with Hemaat for histopathological evaluation and examined under a light microscope. TNF-a
PCNA expression is followed and applied by immunohistochemistry method. According to the
light microscopy, it was observed that the tissues of the control examination had a normal
histological characteristic. The hosts, which have good training controls, are radially
vehicles in hepatocytes. It is estimated what the colistin belongs to. These views are intended
to make predictions about adverse exposure. Expressions of TNF-o and PCNA in teams of
colistin groups, demonstrations for purposes related to other groups. In MSC+colistin
application, MSC's services are used when colistin is not good. It is true that MS colistin is

not true.

Keywords: Liver, Colistin, MSC, PCNA

1.GIRiS

"Polymyxin B" olarak da bilinen Kolistin, direngli gram negatif bakteriyel enfeksiyonlarin
tedavisinde Onemli rol oynayan antimikrobiyal bir ajandir (1). Antibiyotige direncli
mikroorganizmalarin neden oldugu enfeksiyonlara kars1 en etkili antibiyotiklerden biridir (2).
Bununla birlikte, terapdtik dozlarda bile yiiksek nefrotoksisite insidansi, bakteriyel
enfeksiyonun yonetiminde kolistinin kullanimina kars1 onemli bir engel teskil eder (3).
Kolistin kullanimini sinirlayan en yaygin yan etkiler nefrotoksisite ve nérotoksisitedir. Her iki
yan etki de doza bagimlidir ve geri doniisiimliidiir. Kalic1 bobrek hasari nadiren goriilmiistiir
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(4). Farkli yayinlanmis galismalarda kolistine bagli nefrotoksisite insidansinin %20 ila %76
arasinda degistigi bulunmustur (5). Bu nefrotoksik etkinin altinda yatan mekanizmalari
netlestirmek i¢in birkac calisma yapilmistir. Cogu sonugclar, reaktif oksijen tiirlerinin (ROS)
neden oldugu oksidatif hasarin ve apoptozun etkilenmesinin, kolistin kaynakli bdbrek
hasarmin patogenezinde suglandigini gostermistir (6). Ayrica kolistinin, inflamatuar
stireclerde yer alan farkli aracilarin ekspresyonunu arttirdigi, anti-inflamatuar aracilarin

aktivitesini inhibe ettigi ve ardindan bobrek dokularmma verilen hasarin siddetlendigi

kanitlanmustir (7).

Cesitli kok hiicre tiirleri arasinda mezenkimal kok hiicreler (MSC'ler) olduk¢a umut verici bir
terapotik secenektir, ¢linkii MSC'lerin kendini yenileme, farklilagma ve immiinomodiilasyon
gibi ozellikleri vardir. Ayrica, kemik iligi, akciger, yag, karaciger, kordon kani, amniyotik
stvi, plasenta ve gobek kordonu dahil olmak {izere genis dagilimlari nedeniyle MSC'ler

kolayca izole edilebilir (8,9).

Kolistinin bobrek ve beyin tlizerindeki yan etkilerini bir¢ok ¢alisma bildirmis olsada, kolistinin
karaciger iizerindeki etkilerine dair bilimsel c¢alismalar siirlidir. Bu ¢alisma, kolistinin
karaciger tizerindeki potansiyel toksisitesini ve Msc’nin kolistin toksisitesi lizerindeki etkisini

arastirmay1 amaglamistir
2. MATERYAL VE METOD

Calisma, Erciyes Universitesi Hayvan Deneyleri Yerel Etik Kurul Baskanligi'nin onayi
alindiktan sonra etik kurallara uygun olarak gerceklestirildi. Deneyde kullanilan hayvanlar
Erciyes Universitesi Deneysel Arastirmalar Uygulama ve Arastirma Merkezinden (DEKAM)
temin edildi. Toplam 40 adet Wistar albino cinsi disi sigan ¢alismaya dahil edildi ve rastgele
4 gruba ayrildi (Tablo 2.1).

Tablo 2.1: Deney Gruplarinin Olusturulmasi

Gruplar Uygulanan madde ve uygulama sekli

Kontrol 1 ml sfi.p.

Kolistin 36 mg/kg i.p (7 giin)

MSC 1x10° 100pl/rat i.v (tek doz)

Kolistin + MSC 36 mg/kg i.p + 1x10° 100pl/rat i.v (7 giin kolistin uygulamasinin
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ardindan son kolistin enjeksiyonundan yarim saat sonra MSC

uygulanan grup)

Deneyin tamamlanmasinin ardindan sicanlar etik kurallara uygun bir sekilde dekapite edilerek
karaciger dokulari eksize edilip %10’luk formaldehit soliisyonu igerisinde tespit edildi. Rutin
histolojik doku takibi basamaklarinin ardindan parafine gomiildii. Elde edilen parafin
bloklardan Spm kalinliginda kesitler alinarak Hematoksilen&Eosin ve Masson Trikrom ile

boyanarak 1s1k mikroskobu (Olympus BX51, Tokyo, Japan) altinda incelendi.

2.1. immiinohistokimya boyama yontemi

TNF-o ve PCNA primer antikorlariin karaciger dokularindaki lokalizasyonlarini ve
ekspresyon seviyelerini gdstermek amaciyla tim deney gruplarina immunohistokimyasal
boyama metodu uygulandi ve 151tk mikroskobunda incelendi. Her gruptaki denege ait
dokulardan alinan kesitlerden 5 farkli alan 6l¢iime dahil edildi ve tiim gruplar i¢in TNF-a
ortalama immunoreaktivite yogunlugu hesaplandi. Ayrica ¢ekirdek ve sitoplazmasi pozitif
boyanan PCNA hiicreleri sayildi. Tiim immunohistokimyasal analizler X40 biiyilitmede,

Image J software programi kullanilarak gergeklestirildi ve elde edilen sonuglar kaydedildi.
2.2. istatistiksel Analiz

Tiim veriler, ortalama + SEM (ortalamanin standart hatasi) olarak ifade edildi ve GraphPad
Prism yazilimi siiriim 9.0 (GraphPad Inc., San Diego, CA) kullanilarak analiz edildi. Kontrol
ve deney fareleri arasindaki farkliliklarin istatistiksel dnemi, Bonferroni analizi ile tek yonlii
ANOVA ile degerlendirildi. ikiden fazla grup arasindaki karsilastirmalarda Kruskal wallis
testleri kullanildi. Cogul karsilastirmalar i¢in Dunn testi uygulandi. P-degerleri <0.05

istatistiksel olarak anlamli kabul edildi.

3. BULGULAR
3.1. Isik Mikroskobik Bulgular

Kol ve Msc uygulanan gruplarda karaciger dokusu iizerine histopatolojisini belirlemek igin
H&E teknigi ile boyanmig preparatlart kullandik. Her grubun histolojik sonuglar1 Sekil 3.1°de
gosterilmistir. Kontrol grubundaki hayvanlardan alinan karaciger dokusunun genel mimarisi,
diizenli olarak yerlesim gosteren karaciger lobiillerinden ve merkezden perifere 1s1nsal uzanan

sinlizoid kordonlarindan olusmaktaydi. Sadece Msc uygulanan gruba ait karaciger dokusu
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kesitleri kontrol grubuna benzer histolojik oOzellik sergiledi. Kol grubuna ait kesitler
incelendiginde, kontrol grubuna gore hepatositlerde vakuolizasyon, siniizoid dilatasyon ve
hemoraji gibi patolojik bulgular gozlendi. Ilging bir sekilde, Kol+Msc grubu sadece Kol

uygulanan gruba kiyasla daha saglikli bir histolojik goriiniim sergiledi.

H&E (40X)

Sekil 3.1. Tiim deney gruplarina ait H&E ile boyanan histolojik goriintiiler.

Kahn ok: Siniizoidlerde dilatasyon, Ince ok; Hemoraji *; Hepatositlerde vakuolizasyon

Damar g¢evrelerinde bag dokusu yapisini incelemek igin tiim deney gruplarina ait preparatlar
Masson trikrom ile boyandi. Karacigerde bulunan her lobiiliin koselerinde yer alan portal
alanlara komsu duvar bag dokusu yapisinin kontrol grubunda normal histolojik goriiniimde
oldugunu sadece Msc uygulanan grubun kontrole yakin goriiniim sergiledigi belirlendi. Kol
uygulanan grupta ise bazi portal alanlarda fibrozise rastlandi. Ancak grubun tiim 6rnekleri

incelendiginde genel olarak artmis bir fibrozis durumu bulunmamaktaydi (Sekil 3.2).

21




15t National and 1¢t International Congress of

Full Text Book Histology and Embryology 26 - 28 MAY 2022

MT (40X)

Sekil 3.2. Tiim deney gruplarina ait MT ile boyanmis preparatlar.

Kalin ok: Fibrozis

3.2. Immiinohistokimyasal Bulgular

3.2.1. TNF-a

TNF-a primer antikoruyla boyanan karaciger dokusu kesitlerinde, kontrol grubuna goére Kol
uygulanan grupta istatistiksel olarak anlamli diizeyde bir artig gézlendi (p<0.001). TNF-a
immiinreaktivite yogunlugunun en az oldugu grup kontrol iken, en yogun grup Kol olarak

belirlendi (Sekil 3.3).

—
1009 —————

yogunlugu

TNF-a (40X)
TNF-a ekspresyon

S & &
& & N
¢ ¢ &
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Sekil 3.3. Deney gruplarina ait karaciger kesitlerinde TNF-o ekspresyonu,
immunohistokimyasal boyama goriintiileri, (X40), *; TNF-a ekspresyonu, Grafik; Tim
deney gruplarina ait TNF-o immiinreaktivite yogunluklarinin istatistiksel analizi
3.2.2. PCNA

PCNA, normal hiicre siklusu sirasinda sentezlenen ve hiicre siklusunu diizenleyen bir protein
olarak bilinmektedir. PCNA ekspresyonu diizensiz hiicre proliferasyonunun gostergesi olarak
kullanilabilir. Bu ¢aligmada karaciger dokularinda meydana gelen diizensiz hiicre
proliferasyonunu gostermek amaciyla PCNA primer antikoruyla boyama yapildi. Kontrol
grubuna en yakin Msc grubu olarak gozlenirken, sadece Kol uygulanan grupta PCNA pozitif
hiicre sayisinda istatistiksel olarak anlamli derecede bir artis gozlendi (p<0.001). Kol+
Msc’nin birlikte uygulandigi grupta ise sadece Kol grubuna gore anlamli derecede azalma
goriildii (Sekil 3.4).

&

S &
& ¥ &
« i

PCNA (40X)

Sekil 3.4. Deney gruplarina ait karaciger kesitlerinde PCNA immunohistokimyasal boyama
goriintiileri, (X40), Kalin ok; Pozitif hiicreler, Grafik; Tiim deney gruplarina ait PCNA

pozitif hiicre sayisinin istatistiksel analizi

4. TARTISMA, SONUC

Kolistin, nefrotoksisite ve norotoksisite nedeniyle kullanilmaktan uzak durulan, ¢oklu ilaca

direngli mikroorganizmalara bagli enfeksiyonlarin Ozellikle yogun bakim hastalarinda
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goriilmeye baslamasiyla tekrar kullanima girmis 6nemli bir ajandir (10). Bununla birlikte,
hayvan modellerinde bildirilen kolistin tedavisi ile iliskili histolojik anormalliklerin
degerlendirilmesi, klinik ortamda yapilamasa da kolistin nefrotoksisitesini belirlenmesinde
onemli rol oynamaktadir. 7 giin boyunca kolistin ile tedavi edilen sican bobreklerinde epitel
hiicre vakuolizasyonu, tiibiiler dilatasyon ve tiibiiler epitel hiicre nekrozu gorildiigii
bildirilmistir (11). Luan ve ark., (12); farkli dozlarda uyguladigi kolistinin karaciger de hasara
neden oldugunu ve hiicre infiltrasyonunun meydana geldigini vurgulamiglardir. Portal
alanlarinda siddetli histopatolojik degisiklikler ve siniizoidal tikanikliklar gosterilmistir. Bu
calisma yapilan caligsmalarla benzer bir sekilde Kol’un karacigerde hasara yol actigini
ozellikle hepatositlerde vakuolizasyona ve siniizoid dilatasyonlara sebep oldugunu ortaya
koymustur. Ayrica Kol gruplarinin histolojik goriinlimlerinde hemoraji ve fibrozis gibi

patolojik bulgular yer almaktadir. Msc’ler bu hasari iyilestirmeye yonelik etki gdstermistir.

Inflamasyon, doku ve organin mikrobiyal patojenler, toksik hiicresel bilesenler veya irritanlar
gibi zararli uyaranlara maruz kalmasmin bir sonucu olarak ortaya cikar (13). Inflamatuar
yanita siklikla TNF-a, IL-6, ve interlokin-1p (IL-1P) gibi asir1 proinflamatuar sitokin tiretimi
eslik eder (14). TNF-a giiclii bir proinflamatuar sitokindir ve inflamatuar doku hasarinin
onemli bir aracisidir (15). Bu ¢alismada Kol verilen grupta TNF-a diizeyinin yiiksek oldugu

goriilmiistir.

PCNA, normal hiicre siklusu sirasinda sentezlenir ve hiicre siklusunu diizenleyici bir protein
olarak bilinmektedir (16,17). PCNA niikleotid eksizyonu tamir mekanizmasinda rol
oynamakta ve bdylece siklusta olmayan DNA’s1 hasarlanmis hiicrelerde de ekspresyonu
bulunmaktadir (18,19). PCNA’nin immiinohistokimyasal olarak saptanmasi hem aktif DNA
replikasyonunu hem de karsinogenezis ile sonuglanan DNA hasarin1 gdstermektedir. PCNA
ekspresyonu aynm1 zamanda diizensiz hiicre proliferasyonunun gostergesi olarak
kullanilmaktadir (20). Bu ¢aligmada Kol uygulanan grupta PCNA pozitif hiicre sayisinda artis

gozlenmistir. Kol+ Msc grubunda ise bu artisin 6nemli dlgiide azaldig1 goriilmiistiir.

H&E ile boyanan kesitlerde, tim diger deney gruplarina goére Kol uygulanan gruba ait
karaciger dokularinda normal histolojik yapimin bozuldugu hepatosit hiicrelerinde hasar ve
hemoraji gibi patolojik bulgularin varlifi gozlendi. Bu sonuglar Kol’un hepatotoksisite
etkisini gosteren bulgulardan biridir. Masson trikrom ile boyanan kesitlerde, tiim diger deney
gruplarina gére Kol uygulanan gruba ait karaciger dokularinda fibrozis gézlendi. Ayrica Kol,
TNF-o immiinreaktivitelerinde ve PCNA pozitif hiicre sayisinda ise artisa neden olarak

karacigerde hasara yol agmustir.
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Calisgmamizdan elde edilen histolojik ve immunohistokimyasal sonuglara gore, Msc'nin
Kol’un neden oldugu karaciger hasarmi iyilestirmek i¢in uygun bir farmasotik miidahale

olabilecegini diisiindiirmektedir.
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Abstract: Chemo-radiotherapy applications result in permanent infertility in half of the male
pediatric cancer survivors. Spermatogonial stem cells (SSC) constitute the only option for
fertility before puberty. The rationale of the study is that bone marrow-derived mesenchymal
stem cells (BM-MSC) have similar embryonic origin and gene expression profile with Sertoli
cells responsible for the self-renewal, maintenance, proliferation, and differentiation of SSCs.
The aim of this study is to evaluate the inductive effect of BM-MSCs on in vitro
spermatogenesis and cellular viability of neonatal C57BL/6 mice testes on ALI setup. Isolated
mouse BM-MSCs were characterized, and constituted indirect ALI set up was maintained for
7 to 42 days. Single-cell suspension from testicular tissue was prepared; differentiating
spermatogonia and cellular viability were evaluated by using c-Kit and Ki-67 flow cytometric
and immunohistochemical analyses. Quantification of ID4(+) SSCs, Scp3(+) spermatocytes,
Acr(+) round spermatids and Ki67(+) proliferative cells has also done by
immunohistochemistry. The percentage of c-Kit labeled and germ cell viability in co-culture
group was higher than the control at day 42 (p<0.05). The number of ID4(+) SSCs, Scp3(+)
spermatocytes, Acr(+) round spermatids and Ki(+) proliferative germ cells on days 7-42
(p<0.05). The results demonstrated that the new BM-MSC contributed co-culture system led
to the maintenance of germ cell pool and differentiation for 42 days in vitro. Addition of BM-
MSCs to ALI co-culture system provide a promising tool for a personalized cellular therapy
platform for preservation of fertility in childhood cancer survivors by initiation of

spermatogenesis in immature testis strips in vitro.

Keywords: Male infertility, spermatogonial stem cell, mesenchymal stem cell, germ cell, in

vitro spermatogenesis
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INTRODUCTION

Chemo-radiotherapy applications in childhood cancers cause permanent infertility in 46% of
male patients as a result of spermatogenesis not continuing due to the deterioration of the
spermatogonial stem cell (SSC) microenvironment in the testicles [1]. Childhood cancers,
which make up 0.5% - 4.6% of total cancers in the world, generally progress with low
mortality (70% in Turkey, 85% long-term survival in high-income countries) but high
morbidity by resulting in infertility [2, 3]. In order for these patients to have children of their
own, cryopreservation is performed by taking tissue from the testicles before cancer
treatment, and a small number of SSCs that can be preserved by thawing the frozen tissue
pieces are expected to enter spermatogenesis and form sperm after injection into the testis [4].
However, since the SSC microenvironment cannot be established with the methods used,
fertility cannot be achieved in the vast majority of patients in this way. In order for these
patients to have biological children naturally in the future, an effective system has not yet
been developed in which the culture conditions of the testicular tissues taken before
chemo/radiotherapy will protect the three-dimensional microenvironment, the SSC pool will
be expanded and the loss of spermatogenic serial cells will be minimized. It is important that
the testicular microenvironment is preserved and returned to the patient in the long term, as it

can provide a permanent solution to male infertility due to childhood cancer treatment.

Preservation of the testicular stem cell microenvironment (niche) is essential in order to
maintain the vitality and number of healthy SSCs in childhood before cancer treatment and to
ensure spermatogenetic differentiation. Mesenchymal stem cells are multipotent, somatic,
adult stem cells that can be easily obtained from sources such as bone marrow, adipose tissue,
and placenta. They have antiapoptotic, proliferative and immune regulatory effects in their

microenvironment [5, 6].

Although data on limited differentiation capacity of MSCs into germ cells have been
presented in some studies in the literature [7, 8], in general, in damage models performed with
in vitro culture conditions and in vivo application of busulfan, a chemotherapeutic. Bone
marrow derived mesenchymal stem cells (BMMSC) share some of their secretomes and their
embryonic origin with Sertoli cells which are the main modulators of spermatogenesis [9]. In
addition, it has been suggested that Sertoli cells may be a kind of BM-MSC-like cell by
means of paracrine factors and differentiation process [10]. Thus, we aimed to evaluate the
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inductive effect of BM-MSCs on in vitro spermatogenesis and cellular viability of neonatal
C57BL/6 mice testes on ALI set up.

METHOD

The animal experiments were approved by Hacettepe University Animal Experiments Local
Ethical Board (#52338575-96). Isolated mouse BM-MSCs were characterized at passage 3,
and the indirect ALI set up was constituted with transwell inserts. The dissected and
decapsulated testicular strips were cultured for 7 to 42 days. Then, single cell suspension from
testicular tissue was prepared; differentiating spermatogonia and cellular viability were
evaluated by using c-Kit and Ki-67 antibodies, respectively, and quantitated by using flow
cytometric analysis (ACEA, Novocyte, Novoexpress). Quantification of ID4(+) SSCs,
Scp3(+) spermatocytes, Acr(+) round spermatids and Ki67(+) proliferative cells has also done
by immunohistochemistry (Leica, LASv3). Since the data was normally distributed, one-way
ANOVA was used in statistical analysis.

FINDINGS

The isolated BM-MSCs were characterized of passage 3 (Fig. 1A) by surface antigens (Fig.
1B), adipogenic (Fig. 1C) and osteogenic (Fig. 1D) differentiation capacity; and used for
further experiments in study for culture for 7 to 42 days (Fig. 2A).
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Figure 1. (A) Isolated BM-MSCs has adherent and spindle shape characteristic. (B) Cells expressed MSC surface antigens
which are CD44, CD140a, Sca-1, while not expressing hematopoietic markers that are CD34, CD45. They were
differentiated through (C) adipogenic and (D) osteogenic directions (*p<0.01). strips to the culture systems in both control
and co-culture plates are accepted as day 0.
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The percentage of c-Kit labeled (Fig. 2B, p<0.05) and germ cell viability (Fig. 2C, p<0.05) in
co-culture group was higher than the control at day 42. The number of ID4(+) SSCs (Fig. 2D,
p<0.05), Oct4(+) differentiating spermatogonia (Fig. 2E, p<0.05), Scp3(+) spermatocytes
(Fig. 2F, p<0.05), Acr(+) round spermatids (Fig. 2G, p<0.05) and Ki67(+) proliferative germ
cells (Fig. 2H, p<0.05) on days 7-42. The results demonstrated that the new BM-MSC
contributed co-culture system led to maintenance of germ cell pool and differentiation for 42

days in vitro.
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Figure 2. Prepubertal mice testes cultured for 7 to 42 days in vitro (A) with and without BM-MSCs. The difference in (B) c-
Kit(+) differentiating spermatogonia, (C) cell viability percentage, (D) ID4(+) SSCs, Oct4(+) differentiating germ cells,
Scp3(+) spermatocytes, Acrosin(+) spermatids and Ki67(+) proliferative germ cells in BM-MSC co-culture and control
groups are illustrated by bar graphs (n=6 testes, 300 tubules, H&E, 200x).

DISCUSSION, CONCLUSION

Our study revealed that BM-MSCs promotes the maintenance of ID4(+) SSCs, Oct4(+) and c-
Kit(+) differentiating spermatogonia, Ki67(+) proliferative germ cells, Scp3(+)
spermatocytes, Acrosin(+) spermatids and cell viability during 42 day-long in vitro testicular
culture.

Monsefi et al demonstrated the inductive effect of BM-MSCs on increase of tubular and
luminal area in sterile rats by intratesticular injection [11]. By our study, we revealed the

induction in tubular and luminal area with BM-MSCs by using ALI technique in mice,
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similarly. It is also demonstrated that intratesticular injection of MSCs increases the number
of spermatogonia expression of germline specific markers in vivo [12]. Likewise, we
demonstrated that BM-MSCs rises the the cells which are immune reactive for germ cell

specific markers, 1D4, Scp3, Acrosin in vitro.

Addition of BM-MSCs to ALI co-culture system provide a promising tool for a personalized
cellular therapy platform for preservation of fertility in childhood cancer survivors by
initiation of spermatogenesis in immature testis strips in vitro.
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Abstract: Sinonasal surgeries are one of the most performed group of ear, nose, throat
surgical procedures. The post-operative wound care mainly consists of nasal irrigations,
lubrication of nasal mucosa. It is important to improve the post-operative wound healing both
in surgical and public health perspective. The rationale of this study is that the topical insulin
promotes healing of acute tympanic membrane, according to various in vivo and in vitro
human and animal studies. The hypothesis is that the topical intranasal insulin application
may enhance the healing of nasal mucosa. Left nasal mucosa of Wistar rats has removed via
curette. Then, rats were applied regular insulin diluted with 0.9 % physiological serum, while
saline was used as control group. On days 5, 10, and 15, ciliated cell loss, inflammation,
edema, goblet cell loss, defect length and defect area were quantitated on Masson Trichrome
stained sections. On day 5, the reduction of defect size was 56% in insulin group vs 21% in
saline group (p<0.05). On day 10, reduction was 79% in insulin group vs 62% in saline
group (p<0.05). On day 15, groups treated with insulin had complete closure vs 37% full
closure in saline group (p<0.05). Both inflammation and edema were decreased and less
apparent at insulin group on day 15 (p<0.05). Those preliminary data present a foundation
for further studies that focus on mechanism of action of insulin on nasal wound healing
process for possible clinical application.

Keywords: Wound Healing, Nasal Mucosa, Insulin
INTRODUCTION

A properly functioning sinonasal unit contains healthy mucosa. Sinonasal surgeries are one of
the most performed applications of ENT surgical procedures [1]. For sinonasal wound care,
lubrication of the nasal mucosa in post-operative care and application of occlusive material

during surgery are current practices in medicine.
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Because of the population undergoing surgical procedures, any measure that improves post-
operative wound healing and outcome is an invaluable tool for both surgery and public health.
Various human and animal studies have shown that the use of topical insulin is effective in
healing and skin healing in decubitus ulcers [2-6]. In vitro studies examined the pathways that
lead to the enhanced metabolic and proliferative effects of topical insulin and concluded that
insulin both increased the migration of existing basal cells and induced proliferation of both

keratinocytes and fibroblasts [7].

Few animal studies have examined the effect of topical insulin on acute tympanic membrane
healing [8, 9]. The aim of this study is to evaluate the inductive effect of topical intranasal

insulin application on the healing process of the nasal mucosa.
METHOD

The animal experiments were approved by Kobay Laboratories Animal Experimentation
Local Ethics Committee (323/2018). Left nasal mucosa of 48 Wistar rats 10-12 weeks old,
weighing between 250-300 grams has been removed via 1.9 mm curette. Then, 24 of rats
were applied 1 cc of 5 IU/ml regular insulin diluted with 0.9 % physiological serum, while the
other 24 were treated with 1 cc of 0.9 % saline 3 times a day as control group. On days 5, 10,
and 15, the animals were sacrificed and histomorphometric evaluation was performed by
scoring the ciliated cell loss, inflammation, edema, goblet cell loss, defect length, and defect
area was quantitated on Masson Trichrome stained sections (Leica, LASv3).

FINDINGS

The ciliated cell loss was similar in both groups on days 5 (Fig. 1A, B, Fig. 2A, n.s.), 10 (Fig.
1C, D, Fig. 2A, n.s.), and 15 (Fig. 1E, F, Fig. 2A, n.s.). The insulin group showed a lower
inflammation and edema score at wound edges on days 5 (Fig. 1A, B, Fig. 2B, C, p<0.05), 10
(Fig. 1C, D, Fig. 2B, C, n.s.) and 15 (Fig. 1E, F, Fig. 2B, C, p<0.05). STI parameter was
similar in both groups, and ETI parameter was higher in the insulin group when compared to
control on days 5 (p<0.05), 10 (p<0.05), and 15 (n.s.) (Fig. 2D, E). Goblet cell loss was
similar in both groups on days 5 to 15 (Fig. 1 and 2F, n.s.). Defect area and length declined
with insulin application when compared to saline-applied control on days 5 (Fig. 1A, 1B, Fig.
2G, H, p<0.05), 10 (Fig. 1C, 1D, Fig. 2G, H, p<0.05, n.s., respectively) and 15 (Fig. 1E, 1F,
Fig. 2G, H, p<0.05).
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Macroscopically, there was no incidence of infection and mucosal synechia. On day 5, the
reduction of defect size was 56% in the insulin group vs 21% in the saline group (Fig. 1A, B,
Fig. 2, p=0.006).
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Figure 1. On the left and the right column, the micrographs of saline and insulin groups are shown respectively for days 5, 10
and 15. (A, B) the cartilage lack of mucosa is remarkable on day 5. The connective tissue is rich in collagen fibers (green)
and blood vessels in (D) in insulin applied group when compared to (C) control on day 10. (E, F) Epithelization is completed
on day 15. (D: Defect, Ca: Cartilage, CT: Connective Tissue, V: Vessel, L: Lacuna. Masson Trichrome, x200.)

On day 10, the reduction was 79% in the insulin group vs 62% in the saline group (Fig. 1C,
D, Fig. 2, p<0.05). On day 15, groups treated with insulin had complete closure vs 37% full
closure in the saline group (100% vs 92% epithelial defect reduction, p<0.05). Both
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inflammation and edema were decreased and less apparent at the insulin group on day 15
(Fig. 1E, F, Fig. 2, p<0.05).
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Figure 2. Box-plot graphs are showing the median, minimum and maximum values for (A) the ciliated cell loss, (B)

inflammation, (C) edema, (D) STI, (E) ETI and (F) goblet cell loss (G) defect length and (H) defect area on days 5, 10 and 15
in insulin and saline applied groups (*p<0.05).

DISCUSSION, CONCLUSION

Sinonasal surgeries are frequently performed in the clinic and are applied especially to the
younger population. The speed of recovery after surgery is important for individuals to be
able to breathe smoothly after the surgery and return to their routines. This study showed that

topical intranasal insulin administration can be a suitable and effective agent for accelerating
sinonasal wound healing and improving the process.
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In the literature, limited local effects and systemic side effects were observed in subcutaneous
insulin wound healing studies, therefore a topical insulin application was preferred. Various
clinical trials have demonstrated the effectiveness of topical insulin on skin wounds [2, 4-6,
10, 11]. Our results of defect closure rate demonstrate enhancement of the healing process in
nasal mucosa on days 5 and 15. The defect length is significantly lower in the insulin group
compared to the control and our finding is consistent with literature by means of the effect of

insulin on the wound healing process [4, 10].

In this study, it was determined that topical intranasal insulin increased the healing rate and
closure of nasal mucosal wounds during 15 days of application in rats, and decreased
inflammation and edema during the recovery period. Further studies focusing also on the
mechanism of action with different doses of insulin may be beneficial before human use of
intranasal insulin. This study can be used as a basis for studies examining nasal mucosal

healing.
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Abstract: Lung cancer is the leading cause of cancer-related deaths with poor prognosis.
Early diagnosis and effective treatment strategies are keys for survival efforts. Non-small cell
lung cancer (NSCLC) accounts for approximately 85% of all lung cancers. Long non-coding
RNAs (IncRNAs) play vital roles in many biological processes. Their dysregulation causes
carcinogenesis and may influence the pathways that might be crucial therapeutic targets in
various types of cancers. Dysregulation of IncRNAs metastasis associated lung
adenocarcinoma transcript 1 (MALAT1) and non-coding RNA activated by DNA damage
(NORAD) leads to the neoplastic initiation, progression, metastasis, tumor angiogenesis,
chemoresistance and genomic instability in NSCLC. Both MALAT1 and NORAD are
important for cell cycle progression as they directly regulate the expression of the
transcription factor E2F1. The expression of p53 target genes is also affected by MALAT1 by
repressing p53 promoter activity followed by cell cycle progression, and NORAD is indirectly
regulated by p53. The AT-rich interaction domain (ARID) family of DNA-binding proteins,
especially ARID3A and ARID3B are involved in various biological processes, including cell
proliferation, differentiation, and development. ARID3A and ARID3B play important roles in
E2F-dependent transcription and are transcriptional targets of p53. The pivotal function in
promoting either cellular proliferation by pRb-E2F or growth arrest by p53 pathways implies
a tight and finely tuned regulation. Both ARID3A, ARID3B and IncRNAs MALAT1, NORAD
are involved in pRb-E2F and p53 pathways. In this study, we tried to find probable
interactive and functional connectivity among ARID3A, ARID3B, IncRNAs MALAT1 and
NORAD in NSCLC.
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1. INTRODUCTION:
1.1. Lung cancer:

Lung cancer is the leading cause of cancer-related deaths with poor prognosis. Early diagnosis
and effective treatment strategies are keys for survival efforts. Non-small cell lung cancer
(NSCLC) accounts for approximately 85% of all lung cancers (1).

1.2. Non-small cell lung cancer (NSCLC):

NSCLC is any type of epithelial lung cancer other than small cell lung cancer (SCLC). The
most common types of NSCLC are squamous cell carcinoma, large cell carcinoma, and
adenocarcinoma, but there are several other types that occur less frequently, and all types can
occur in unusual histological variants. It is estimated that 130,180 deaths (68,820 men and
61,360 women) from this disease will occur in the United States last year. In 2020, an
estimated 1,796,144 people died worldwide from the disease. For people with localized
NSCLC, which means the cancer has not spread outside the lung, the overall 5-year survival
rate is 63%. For regional NSCLC, which means the cancer has spread outside of the lung to

nearby lymph nodes, the 5-year survival rate is about 35% (1).
1.3. ARID3 family members:
The ARID3 family consists of three closely related proteins (2):

= ARID3A/DRIL1/E2FBP1/Bright
= ARID3B/DRIL2/BDP
= ARID3C/Bright-like

1.4. ARID3A/ARID3B & E2F relationship:

T98G cells, and suppressed tumor cell growth. ARID3A and ARID3B play distinct and
overlapping roles in E2F-dependent transcription by directly binding to the E2F target
genes. The E2F dysregulation caused by ARID3A and ARID3B overexpression, which may

have a significant influence on the progression of tumorigenesis (3).
1.5. Long non-coding RNAs (IncRNAS):

Long noncoding RNAs (IncRNAs) refer to a group of noncoding RNAs (ncRNAs) that has a
transcript of more than 200 nucleotides in length in eukaryotic cells. The IncRNAs play vital
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roles in many biological processes. They regulate gene expression at epigenetic,
transcriptional, and post-transcriptional levels by multiple action modes. Their dysregulation
causes carcinogenesis and may influence the pathways that might be crucial therapeutic

targets in various types of cancers (4).
1.6. MALAT 1 (metastasis associated lung adenocarcinoma transcript 1):

MALAT 1 (metastasis associated lung adenocarcinoma transcript 1) is a long non-coding
RNA, which is highly conserved amongst mammals and highly expressed in the nucleus.
MALAT1 was identified in multiple types of physiological processes, such as alternative
splicing, nuclear organization, epigenetic modulating of gene expression. And a number of
evidences indicate that MALAT1 also closely relate to various pathological processes,

ranging from diabetes complications to cancers (5).
1.7. NORAD (Non-coding RNA activated by DNA damage):

Noncoding RNA activated by DNA damage (NORAD) is a newly identified long non-coding
RNA (IncRNA). NORAD is unique among IncRNAs because it is highly conserved,
abundantly expressed, upregulated upon DNA damage, and maintains chromosomal stability

in human cells (6).
1.8. MALAT1 and NORAD in p53 pathway:

It was also reported that the expression of p53 target genes is affected by MALATL1 by
repressing p53 promoter activity followed by cell cycle progression, and NORAD is

indirectly regulated by p53 (7).
2. MATERIALS & METHODS:

Overexpression of ARID3A and ARID3B was achieved using recombinant expression
plasmids. As a NSCLC cell line model A549 cells were used. After successful overexpression
of ARID3A and ARID3B, their effect on IncRNAs MALAT1 and NORAD were
investigatedusing Real-time quantitative reverse transcription-PCR.Fold change analysis of
MALAT1 and NORAD were done using 2022Y method. Resulting findings were statistically
evaluated using GraphPad Prism 8 and paired t test was applied.

3. RESULTS:

As a result, it was found that the expression of MALAT1 and NORAD was increased 8.3-fold
and 9.7-fold, respectively, in lung cancer cells overexpressing ARID3A. In addition, the
expression of MALAT1 and NORAD was found to be increased 3.4-fold and 3-fold,
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respectively, in lung cancer cells overexpressing ARID3B compared with the control group.
These results were found to be statistically significant.

4. CONCLUSION:

Our results indicate that ARID3Aand ARID3B regulates MALAT1 and NORAD in NSCLC.
We show here that activities of MALAT1 and NORADwere significantly increased after
overexpressing ARID3A and ARID3B. To conclude, we can say that ARID3A and ARID3B
might have significant rolesin the oncogenic activity of MALAT1 and NORAD in
NSCLC.Thus, ARID3A and ARID3B can be used as a therapeutic target in NSCLCas they
directlycontrol the expression of MALAT1 and NORAD.
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Ozet: Imatinib tedavisi sirasinda beklenmeyen gebeliklerin klinikte karsilasilmasi sonucu,
erken embriyonal dénemdeki maruziyetin yetiskin yasamindaki disi iireme saghgina etkilerini
incelemek amaciyla bu ¢alisma tasarlanmistir. On iki adet Sprague Dawley disi si¢an
rastgele dort gruba ayrildi; ostrus evresinde oldugu belirlenen disi sicanlar koitus sonrasi
sperm goriilen si¢anlar gebe kabul edildi. Gruplar, kontrol grubu (tedavi uygulanmadi), Ima-
20 (20 mg/kg), Ima-40 (40 mg/kg), Ima-60 (60 mg/kg) olarak belirlendi. Embriyonik 1. giinde
(EL1)-ES8 giinlerinde gruplara tek doz imatinib uygulandi. Yavru disi sicanlar postnatal 80.
giinde sakrifiye edildi. Ovaryum dokular: histopatolojik ve biyokimyasal analizlerle incelend;.
Kontrol grubunun ovaryum dokularimin normal histolojik yapilara sahip oldugu gozlendi.
Kontrol grubuna gore Ima-40 ve Ima-60 gruplarinda medullar édemde artis oldugu,
inflamasyon skorunun ise tiim gruplarda arttigr goriildii. Dejeneratif folikiil skorlamasinda
Ima-20 ve Ima-40 gruplarinda anlamli artis tespit edildi. Ila¢ gruplar: arasinda apoptotik
hiicrelerde degisiklik gozlenmedi. Yapilan él¢iimlerde TBARS seviyelerinin kontrol grubu ile
karsilagtirildiginda Ima-20 ve Ima-40 gruplarinda arttigi gosterildi. TT diizeylerinin kontrol
grubuna gére tiim ilag¢ gruplarinda arttigi; ilag gruplar: kendi aralarinda karsilastirildiginda
Ima-60 grubunun TT diizeylerinin Ima-20 ve Ima-40 gruplarina gore azaldigi belirlendi.
Embriyonik dénemde imatinib kaynakli maruziyetin ovaryumda histopatolojik dejeneratif
bulgulara neden oldugu ve oksidatif stres olusturdugu belirlendi. Ila¢ gruplar: arasindaki bu
degisimin farkli yontemlerle incelenmesi ve daha fazla c¢alismalarla desteklenmesi

onerilmektedir.

Abstract: This study to examine the effects of early embryonal exposure on female
reproductive health in adult life to result in unexpected pregnancies during in-clinic imatinib
treatment. Twelve Sprague Dawley female rats were divided randomly into four groups;
Female rats determined to be in the estrus stage were mated with male rats. Groups; control
group (no treatment was administered), Ima-20 (20 mg/kg), Ima-40 (40 mg/kg), Ima-60 (60
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mg/kg). After a post-coital vaginal wash in the female rats was accepted on embryonic day 1
(E1) and single doses were administered imatinib to the groups E1-E8 days. The offspring of
female rats were sacrificed on the 80th postnatal day. Ovarian tissues were analyzed by
histopathological and biochemical analysis. Observed ovarian tissues of the control group to
have normal histological structures. Compared to the control group, medullary edema
increased in the ima-40 and ima-60 groups; the inflammation score increased in all groups.
Determined significant increase in Ima-20 and Ima-40 groups in degenerative follicle
scoring. No change in apoptotic cells was observed in the drug groups. Compared with the
control group; increase in TBARS levels in the Ima-20 and Ima-40 groups. TT levels
increased in all groups and drug groups were compared with each other, determined that the
TT levels of the Ima-60 group decreased compared to the Ima-20 and Ima-40 groups.
Determined imatinib-induced exposure in the embryonic period caused histopathological
degenerative findings in the ovaries and oxidative stress occurred. Recommended supporting
this change between drug groups by investigating different studies and examining different
methods.

Keywords: Early, imatinib, ovary, prenatal rat.

INTRODUCTION

Triosine kinases are a group of enzymes that transfer a phosphate from the nucleotide
triphosphate to the hydroxyl group and cause changes in protein conformation (1). These are
involved in processes such as growth, differentiation, and apoptosis in the biological system
(2). Triosine kinases and their receptors function reported in the ovary and their inhibitions
may be functionally effective in this organ (3). Imatinib is a triosine kinase inhibitor (TKI)
used in the treatment of chronic myeloid leukemia (CML), Philadelphia chromosome (+)
ALL, and gastrointestinal tumors (4). In the literature, there are studies showing the toxicity
of imatinib in different organs such as the heart, liver and skin (5, 6, 7). Imatinib is an
inhibitor of triosine kinases platelet-derived growth factor receptors (PDGFR) and stem-cell
factor (c-kit); and play a role in spermatogenesis and oogenesis in both male and female
reproductive systems during the embryonal period (8). In previous studies, different TKls
have a negative effect on the ovulation process (9) and inhibit some signaling pathways in the
ovary (10).

Various growth factors involved in ovarian function such as folliculogenesis, luteogenesis,
oogenesis, proliferation, and apoptosis (11). C-kit and kit ligand (KL) in the ovary play
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important role in stages such as primordial follicle, formation of antrum structure, and meiotic
maturation (12). Addition, PDGF effective in the transition of the primordial follicle to the
primary follicle with some signaling factors (13). PDGF inhibition, changes in follicular

development, formation of more atretic follicles, and ovarian apoptosis were observed (14).
MATERIAL-METHOD

Animal experiment: The rats used in the study procured and housed, practices carried out at
RTUE Experimental Animals Application and Research Center. Fifteen Sprague-Dawley
adult mother rats and 32 baby females used in the study. Vaginal washing with PBS was
applied to determine the regular oestrus stages of mother rats and epithelial cells examined in
smear and smear preparation. In female rats, which determined in the estrus stage, those with
sperm detected after coitus considered embryonal 1st day. Mother rats randomly divided into

four groups; control, Ima-20, Ima-40, and Ima-60.

Preparation and administration of the drug: Imatinib (Imavec, Kogak Farma, Turkey)
administered to rats was dissolved in sterile distilled water daily and injected intraperitoneally
(i.p.) at the specified dosages. Mother rats in the control group were not injected; Embryonic
1-8 to Ima-20 (20mg/kg/day), Ima-40 (40mg/kg/day) and Ima-60 (60mg/kg/day) groups. The
single daily dose of imatinib i.p. injected. Newborn female rats were sacrificed under
anesthesia on the postnatal 80th day without any treatment.

Histopathological analyzes: The ovaries of young female rats were removed and fixed in
10% formaldehyde, dehydrated in alcohol series (Merck GmbH, Darmstadt, Germany), and
embedded in paraffin blocks after xylene (Merck GmbH, Darmstadt, Germany) steps. In a
rotary microtome (Leica, RM2525, Germany) in our research laboratory, 4-5 pum thick
sections stained with hematoxylin Harris hematoxylin, Merck GmbH, Darmstadt, Germany)
and eosin Eosin G, Merck GmbH, Darmstadt, Germany (H&E) and Olympus DP72 camera.
Histopathological evaluation and histopathological damage evaluation score (Table 1)
performed in 10 randomly selected areas under the Olympus trinocular BX51 TF (Olympus,
Tokyo, Japan) light microscope with attachment (Olympus, Tokyo, Japan).

Table 1 Histopathological damage evaluation score (15 ,16).

Findings Score
<25 1
>25 2
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>50 3

=75 4

The terminal deoxynucleotide transferase dUTP nick end labeling (TUNEL) method:
After deparaffinization, xylene, and dehydration procedures, ovarian sections apply following
the TUNEL Assay Kit - HRP-DAB (ab206386, Abcam, USA) brand kit protocol.

Counterstained ovaries with methyl green after DAB chromogen incubation.
Biochemical analyzes:

TBARS Evaluation: Ohkawa et al. (17) method used to measure TBARS levels in ovarian
tissues to determine oxidative damage. Samples that appeared pink after incubation were
pipetted into 96-well plates and read at 532 nm in the spectrophotometer. Analysis results

determine as pmol/g wet tissue.

TT Evaluation: TT levels in homogenized ovarian tissues determined by the method
described by Ellman (18). The sulfhydryl groups reduced by 5,5'-dithiobis 2-nitrobenzoic acid
read in the spectrophotometer at a wavelength of 412 nm, the results given as umol/g wet

tissue.
RESULTS
Histopatological Results

Examination of the control group had normal histological structures in the ovarian tissues
(Figure 1); semi-quantitative analysis scores were in the range of 0-1(Table 2). Ima-40 and
Ima-60 groups observed swelling and loss of the cytoplasm of the cells belonging to the
medulla region. Compared to the control group, medullary edema increased in the Ima-40
(p=0.022) and Ima-60 groups (p=0.001) (Table 2). The inflammation score increased in all
groups compared to the control group (p<0.05) (Figure 1, Table 2). The degenerative follicle
score is analyzed and determined a significant increase in Ima-20 (p=0.021) and Ima-40
(p=0.007) groups in degenerative follicle scoring (Figure 1, Table 2). There was no
difference between drug groups in the apoptosis examination. (Figure 2, Table 3).
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Figure 1. Representative light microscopic picture of sections of ovarian tissue stained with
H&E. A(x10)-B(x20): Control group. C(x10)-D(x20): Ima-20 group. E(x10)-F(x20): Ima-40
group. G(x10)-H(x20): Ima-60 group. Degenerative follicles (df), vascular congestion (vc),
hemorrhagic areas (h), edematous areas (e) and infiltrative (asterix).

A

pf
pf

il
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Figure 2. Representative light microscopic picture of sections of ovarian tissue stained with
TUNEL methods. A(x20): Control group. B(x20): Ima-20 group. C(x20): Ima-40 group.
D(x20): Ima-60 group. Preantral follicles (pf), immunopositivity preantral follicles (tailed
arrow).

Table 2 Semi-quantative Analysis Results (Median-25%-75% interquartile range).

Groups Vascular Hemorrage Medullar edema Inflamation Degenerative
Congestion Folicles
Control 1(0-1) 0.5(0-1) 0.5(0-1) 0(0-0) 0.5(0-1)
Ima-20 3.5(3-4) 1(1-1) 1(1-1) 2(2-2)2 2(1-2)¢
Ima-40 3.5(2-4) 1(1-1) 2.5(2-3)° 2.5(2-3)° 2(2-2)°
Ima-60 3(3-3) 1(1-2) 2(2-2)p 2(2-2)° 1.5(1-2)

ap=0.022; versus to Control group,
bp=0.001; versus to Control group,
°p=0.000; versus to Control group,
9p=0.021; versus to Control group,
¢p=0.007; versus to Control group,

Kruskal Wallis/Tamhane T2 test

Table 3. TUNEL positivitiy score (median-(25%-75% interquartile range)).

Group TUNEL Positivitiy Score
Control 0(0-1)

Ima-20 2.5(2-3)2

Ima-40 2.5(2-3)*

Ima-60 2(2-3)°

ap=0.000; versus to Control group.

Kruskal Wallis/Tamhane T2 test

Biochemical Results
Compared with the control group; increase in TBARS levels in the Ima-20 and Ima-40 groups
(p<0.05) (Table 4). In addition, TT levels increased in all groups (p<0.05) (Table 4). When
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the drug groups were compared with each other, it was determined that the TT levels of the
Ima-60 group decreased compared to the Ima-20 and Ima-40 groups (p<0.05) (Table 4).

Table 4. Biochemical Results

Groups TT (umol/wet tissue) TBARS (umol/wet tissue)
Control 2,69 +£ 0,28 a*b** 0,56 £ 0,18 a**
Ima-20 5,62 +£0,56 0,80 +0,12

Ima-40 6,50 + 0,68 0,82 + 0,08

Ima-60 4,05+ 1,22 c* 0,61 +0,20

*: p<0,001 ve **: p<0,05

a: Control group versus Ima-20 and Ima-40 groups
b: Control group versus Ima-60 group

c: Ima-60 group versus Ima-20 and Ima-40 groups

ANOVA tests

DISCUSSION

There are concerns about the adverse effects of TKI use on the ovary. Studies in the literature
on the toxic effects of different TKIs on the ovary. Bernard et al. (9) stated that sunitinib
(TKI) causes a decrease number of corpora lutea and Anti-Miillerian hormone levels in the
ovary, but does not show any change in the number of primordial and developing follicles.
Total number of follicles in the ovaries administered nilotinib of female rats decrease,

follicles are cause irregularity in the ovarian placement (19).

Long-term use of imatinib in adulthood reported causes ovarian failure (20). In another study
in mice, that the use of imatinib decreases the egg reserve by causing a decrease in the
number of primordial follicles and an increase in the number of developing follicles in the
ovary, as well as having negative effects in terms of embryonal development and fertility
(21). While there are studies on the use of imatinib in the adult period, there are limited
studies in the embryonal or prenatal period. Imatinib exposure causes histopathological and
biochemical changes testicular tissue in the male reproductive system on prenatal period (22).
Imatinib delays follicle formation and inhibits primodial follicle activation in female
individuals in the postnatal period (23). Histopathological evaluations determined medullary
edema in the Ima-40 and Ima-60 groups; swelling cells, loss of cytoplasm. Inflammation
findings determine in all drug groups. In addition, an increase in degenerative follicles

observed in Ima-20 and Ima-40 groups.
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Imatinib causes oxidative damage by increasing ROS in organs; reported to reduce GSH
levels (6, 24). This study observed that TBARS levels increased in the Ima-20 and Ima-40
groups of imatinib, causing oxidative stress, while an increase in TT levels observed. Thiol an
organic component containing —SH groups in its structure and play an important role in
preventing oxidative stress and proteins with amino acids containing these groups are the first
target of ROS (25). Based on this information, we think that imatinib causes oxidative stress

in the ovarian tissue and may increase thiol levels depending on this stress.

Women protected against the potential teratogenicity of this drug with contraception during
imatinib treatment (26). More studies are needed to reduce the teratogenic effects by
discontinuing TKIs before pregnancy even longer-term studies should be planned for

epigenetic risks that may occur in the baby after discontinuation of use (27).
CONCLUSION

Imatinib exposure may cause histopathological findings and oxidative stress in the ovary
during the embryonic period. More research is needed to establish teratogenic effects during

imatinib therapy.
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THE EFFECTS OF THE USE OF BOUIN AND FORMALDEHYDE FIXATIVES IN
TESTICULAR TISSUE ON HISTOPATHOLOGICAL EVALUATION IN ROUTINE
AND IMMUNOHISTOCHEMICAL STAINING
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Ozet: Calisma, testis fiksasyonunda kullanilan formaldehit ve Bouin soliisyonlarimin
histopatolojik, immiinohistokimyasal bulgu sonuglarint karsilastirmayr amaglamaktadir.
Testis dokulari %10 formaldehit iceren soliisyon ve Bouin soliisyonu ile tespit edilerek iki
grup halinde incelendi ve H&E, Masson Goldner ve anti-kaspaz-3 ile boyandi. Histopatolojik
analizler yapildr ve immiino-pozitif hiicreler degerlendirildi. Bouin grubunda H&E boyanan
kesitlerde seminifer tiibiil yapisinin biitiinliigii, germ hiicreleri ve testis dokularindaki hiicre
smrlary,  primer  spermatositlerin  kromatin  yapilari ve spermatid  hiicrelerinin
gortiniirliigiiniin  korundugu goriildii. Ayrica interstisyel alan, vaskiiler yapilar ve hiicre
biitiinliigii morfolojik olarak normaldi. Formaldehit ile fikse edilen grupta seminifer tiibiildeki
germ hiicreleri ve interstisyel alandaki hiicrelerin kromatin yapisi ve interstisyel alan
biitiinliigiiniin normal oldugu izlendi. Ancak hiicrelerin eozinofilik boyandigi ve germ
hiicrelerinin biitiinliigiiniin daha zayif oldugu; seminifer tiibiillerde hafif biiziilme tespit edildi.
Masson Goldner Trichrom boyamada formaldehit grubundaki kesitlerde germ hiicreleri ve
Leydig hiicreleri soluk renkli, bag dokusu hiicreleri ise parlak kirmizi boyandi. Bouin
grubundaki germ hiicreleri, Leydig hiicreleri ve bag dokusu parlak kirmiziya boyandh.
Immiinohistokimyasal incelemede anti-kaspaz 3 antikor boyamada formaldehit grubu, Bouin
grubuna kiyasla germ hiicrelerinde daha yogun pozitivite géosterildi. Her iki fiksatoriin de
farkly boyamalarda pozitivite yogunlugu, kromatin yapisimin goértiniirliigii, hiicre-doku
biitiinliigiiniin korunmasi gibi ¢esitli avantajlari oldugu ve ¢alismalarda her iki fiksatoriin de

kullanilmasinin morfolojik yapilarin gésterilmesinde faydall olacagr onerilmektedir.
Anahtar Kelimeler: Testis, formaldehit, Bouin, fiksasyon, histopatoloji.

Abstract: Study aims to compare the results of histopathological, immunohistochemical
findings of formaldehyde and Bouin solutions used in testis fixation. Testicular tissues were
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fixed in 10% formaldehyde-containing solution and Bouin's solution and analyzed in two
groups and stained with H&E, Masson Goldner, and anti-caspase-3. The use for analysis
histopathological and immuno-positive cells evaluation. H&E staining of the Bouin group
preserved, the integrity of the seminiferous tubule structure, germ cells, and cell borders in
testicular tissues, chromatin structures of primary spermatocytes, and visibility of spermatid
cells. Additionally, the interstitial area, vascular structures, and cell integrity are
morphologically normal. In the group fixed with formaldehyde, germ cells in the seminiferous
tubule and chromatin structure cells in the interstitial area and interstitial area integrity were
normal. However, determining the cells were stained eosinophilic and the integrity of the
germ cells was weaker and detected mild shrinkage of the tubules. Germ cells and Leydig
cells were stained in pale color by Masson Goldner staining of the sections in the
formaldehyde group, while the cells of the connective tissue were stained bright red. In the
Bouin group, germ cells, Leydig cells, and connective tissue were stained bright red. In the
immunohistochemical examination, anti-caspase 3 antibody staining showed that the
formaldehyde group was more intensely positive in germ cells compared to the Bouin group.
Both fixators have various advantages such as positivity density in different staining, visibility
of chromatin structure, preservation of cell-tissue integrity, and using both fixators in studies
will be beneficial in demonstrating morphological structures.

Keywords: Testis, formaldehyde, Bouin, fixation, histopathology.
INTRODUCTION

Formaldehyde and Bouin solutions are commonly used for the fixation of testicular tissue in
laboratories. Although the fixation of Bouin solution shows good results in the detection of
lesions in the testis, it is not seen as a suitable fixator in the fixation of other tissues due to the
difficulty in removing picric acid from the tissue (1). Liang et al. showed that after testis
fixation of Bouin and neutralized buffer 4% formaldehyde solutions in monkey, mouse, and
rat species, testosterone was immuno-labeled in bouin-fixed tissues, but labeling was negative
in tissues fixed with neutralized buffer 4% formaldehyde (2).

MATERIAL AND METHOD
Histological analysis

Sprague Dawley (225-260 g) adult male rats were divided into two groups in the study. Two
different fixators Bouin, and formaldehyde, were used for the fixation of testis tissues. The

determined first group was the formaldehyde group and the second group was the Bouin
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group. In the formaldehyde group, fixed tissues in a solution containing 10% formalin (Merck
GmbH, Darmstadt, Germany). In the Bouin group, the fixed tissues in a liquid containing
formaldehyde, acetic acid (Merck GmbH, Darmstadt, Germany), picric acid (Sigma-Aldrich,
USA). Testicular tissue in 70% ethanol, and as a result, removed picric acid from the tissue.
Testicles were embedded in paraffin blocks after dehydration (Merck GmbH, Darmstadt,
Germany) and xylene (Merck GmbH, Darmstadt, Germany).

The 4-5 um thickness sections with a microtome (Leica, RM2525, Germany) from the tissues
embedded in the paraffin blocks. Sections were stained with hematoxylin (Harris
hematoxylin, Merck GmbH, Darmstadt, Germany) and eosin (Eosin G, Merck GmbH,
Darmstadt, Germany) (H&E), Masson-Goldner (Masson-Goldner staining kit, Merck GmbH,

Darmstadt, Germany).
Immunohistochemical staining protocol

Mouse and Rabbit Specific HRP / DAB (ABC) Detection IHC Kit (ab64264, Abcam, USA)
kit were used for immunohistochemical staining. It was taken on a positively charged slide
(Patolab, PRC). After the deparaffinization and dehydration stages of the tissues; hydrogen
peroxide block, antigen retrieval, protein block, incubation with anti-caspase-3 antibody
(ab4051, Abcam, USA) (according to the manufacturer's recommendation), Biotinylated Goat
Anti-Polyvalent, Streptavidin Peroxidase, DAB Chromogen, counterstaining with

hematoxylin, dehydration and after xylene treatments covered with entellan medium.
RESULTS

Examined H&E staining testis tissues in the Bouin group, we observed that the seminiferous
tubule structure and integrity between germ cells and cell borders were well preserved.
Determine chromatin structures of primary spermatocyte and spermatid cells were visible in
Bouin-fixed tissues. Evaluating interstitial area, vascular structures, and cell integrity as
morphologically normal (Figure 1). Observed with fixed with formaldehyde group, germ cells
in the seminiferous tubule and chromatin structures of the cells in the interstitial area, and the
integrity of the interstitial area was normal. Formaldehyde fixed group compare to the Bouin
group the cells staining eosinophilically and weaker in terms of the integrity of the germ cells
in the tubule (Figure 1).

Masson Goldner staining sections of testes in the formaldehyde group observed the germ cells
and Leydig cells stained in a paler color, but the connective tissue cells were stained bright

red. Germ cells and Leydig cells and connective tissue stained bright red in the Bouin group
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(Figure 2). Examining to anti-caspase 3 antibody staining sections determined that positive
cells were prominent in the germ cells in the sections in the formaldehyde group compared to

the Bouin group (Figure 3).
DISCUSSION

The fixation stage is one of the most important stages of the experiment, and a well-fixed
tissue provides an objective aspect to the morphological examination. Different procedures
have been used in laboratories from past to present. Different fixators such as immersion,
NBF, Bouin, Helly's, Zenker, and formaldehyde are used in the fixation of testicular tissue (3,
1). Additional alcohol, glycerol, glacial acetic acid, and dimethyl sulfoxide (DMSO) solutions
are used in fixators formed in different ratios (4). Fixation methods may vary according to the
tissue type and attention should be paid to the pH, ambient temperature, and components used
in the fixative (5).

Formaldehyde causes hyperosmolality in cells and causes condensation of the cytoplasm by
its effect on membrane proteins (6). fixation of the testis with formaldehyde causes shrinkage
in germinal and Sertoli cells and aggregation in the chromatin structure, although these
artifacts are alleviated in tissues using Bouin's solution (3). The main reason for choosing a
fixative other than formaldehyde solution in testis is that the seminiferous tubules are tightly
arranged in the interstitial space and the integrity of the sensitive cells in the tubule is
preserved (7). In our study, mild shrinkage of tubules was detected in the H&E-stained
sections in the formaldehyde-fixed group, and this artifact was alleviated in the Bouin-fixed
group.

While Bouin's solution provides a good opportunity for fixation of the testis, it is not suitable
for use in other tissues due to its lack of fixation and the difficulty of removing picric acid
from the tissue (1). Picric acid, which is the main component of Bouin, forms salts with basic
proteins and causes proteins to precipitate and its diffusion into the tissue is slow, it protects
glycogen structures well and some of the shrinkages it causes in cells are prevented by glacial
acetic acid (8). In humans, the Bouin fixator is used for the examination of biopsy samples
taken from infertile male patients (9). According to Bouine, modified Davidson's Fluid
(mDF), which is a different fixative, has been shown to have the advantage of not containing
picric acid and storing in 10% formaldehyde solution after 24-48 hours of fixation (10). This
study determined that the visibility of intercellular borders and chromatin structures was clear
in the morphological images of H&E stained sections in the Bouin-fixed group. In
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immunohistochemical analyzes, the positivity was more intense in the groups fixed with
formaldehyde compared to the sections fixed with Bouin of the tissues marked with caspase-3

antibodies.

Bouin and neutralized formaldehyde solutions were compared in different animal species,
phosphate-buffered 4% formaldehyde solution provided insufficient morphology in testicular
tissue in the histopathological examination; Bouin is more suitable for determining the
immunohistochemical localization of testosterone in cynomolgus monkey, rat, and mice
species (2). In the fixation of the testis, formaldehyde may cause shrinkage in cells and
insufficient visibility of both cellular and nuclear structures; Although Bouin's solution
provides improvement over formaldehyde, there are questions about the removal and safety of

picric acid from the tissue (7).

As a result of these data, Bouin's fixative in routine staining, morphological examinations, and
histopathological  analyzes;  formaldehyde  fixative  provides  advantages in
immunohistochemical analyzes and Masson Trichrome-Golder staining.
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Figure 1. Representative light microscopic pictures of sections of testicular tissue. A(x20)-
B(x40), C(x20)-D(x40): Seminiferous tubule (st). Germinal Epithelium (GE).
Spermatogonia(spgn). Primary spermatocyte (pst), Spermatid (spt), Spermatozoon (sptzn).
Sertoli Cell (SH), Leydig Cell (LH).

4

BvE

.“‘ “’ 'y
o NSy
Rt

¥
P AT

54




15" National and 1¢t International Congress of

Full Text Book Histology and Embryology 26 - 28 MAY 2022

Figure 2. Representative light microscopic pictures of sections of testicular tissue. A(x20)-
B(x40), C(x20)-D(x40): Seminiferous tubule (st). Germinal Epithelium (GE).
Spermatogonia(spgn). Primary spermatocyte (pst), Spermatid (spt), Spermatozoon (sptzn).
Sertoli Cell (SH), Leydig Cell (LH).
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Figure 3. Representative light microscopic image of testicular tissue incubated with Caspase-
3 primary antibody.
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EPIDIDIMAL BEYAZ YAG DOKUSUNUN IN VITRO SPERMATOGENEZ
UZERINE ETKISININ iKi FARKLI KULTUR PLATFORMUNDA
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Ozet: Cocukluk ¢ag kanser hastalarinda uygulanan tedaviler testis germ hiicreleri ve
mikrogevresine hasar vererek hastalarin %46 ’simin infertil olmasina neden olmaktadir.
Epididimal beyaz yag dokusunun (EBYD) spermatogenez icin gerekli olan faktorleri iirettigi
ve uzaklastirlldiginda spermatogenezin inhibe oldugu bilinmektedir. Yenidogan fare testisleri,
ii¢c boyutlu hava sivi interfaz (HSI) ve U plak (UP) teknikleri ile kiiltiire edildiginde EBYD 'nin
in vitro spermatogenezi destekleyecegi varsayilmistir. Bu ¢alismada EBYD ile desteklenen
testislerin in vitro kosullarda UP ve HSI kiiltiir teknikleri ile kiiltiirii sonucunda
spermatogonyal kok hiicre (SKH) havuzunun korunmasi ve sperm elde edilmesi
amaclanmistir. Ug boyutlu HSI ve UP teknikleri ile sinjeneik C57BL/6 fare yetiskin EBYD
uygulanan yenidogan testis kiiltiir ve kokiiltiirlerinde EBYD 'nin, 1, 3, 4 ve 6. haftalarda in
vitro  spermatogeneze  etkisi  histomorfometrik  ve  immiinohistokimyasal olarak
degerlendirilmistir. Seminifer tiibiil epitel alani, tim HSI kiiltiir platformlarinda 3. haftaya
kadar artmis (p=0,0001) sonra sabit olarak gozlenirken, tiim UP kiiltiir platformlarinda 1.
haftadan 6. haftaya kadar degisiklik gozlenmemistir. HSI tekniginin UP teknigiyle
karsilagtirildiginda SKH sayusi tizerinde 3. ve 6. haftalarda arttirici etkisi oldugu goriilmiistiir
(p<0,0001). Epididimal beyaz yag dokusu, HSI kokiiltiir platformlarinda spermatid sayisini
kontrol grubuna gore 3. (p=0,0006) ve 4. (p=0,0203) haftalarda anlamli olarak arttirirken
UP kokiiltiir platformlarinda spermatid sayisini arttict etkisi gozlenmemistir. Bu ¢alisma
kapsaminda EBYD 'nin SKH havuzu ve in vitro spermatogenez iizerine HSI teknigi ile olumiu
etkisi ortaya kondugundan, ¢ocukluk ¢agi kanser hastalarinda sperm eldesini saglayacak ii¢

boyutlu testis organ kiiltiirlerine iyi bir aday olabilecegi degerlendirilmistir.
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Anahtar Kelimeler: Erkek Infertilitesi, Organ Kiiltiirii, In Vitro Spermatogenez

Abstract: Gonadotoxic treatments in childhood cancer patients damage the testicular germ
cells and microenvironment, causing 46% of the patients to become infertile. It is known that
epididymal white adipose tissue (EWAT) secretes the factors necessary for spermatogenesis
and its surgical removal cause inhibition of spermatogenesis. We hypothesized that EWAT
would support in vitro spermatogenesis when neonatal mouse testicles were cultured with
three-dimensional air-fluid interphase (ALI) and U-plate (UP) techniques. In this study, it
was aimed to protect the spermatogonial stem cell (SSC) pool and obtain sperm as a result of
the culture of testes supported by EWAT with UP and ALI culture techniques in vitro. The
effect of EWAT on in vitro spermatogenesis at 1, 3, 4 and 6 week time points was evaluated
histomorphometrically and immunohistochemically in neonatal testicular cultures and
cocultures in which syngeneic C57BL/6 mouse adult EWAT was applied with three-
dimensional HSI and UP techniques. Seminiferous tubule epithelial area was observed to be
constant after increasing (p=0.0001) up to 3 weeks in all ALI culture platforms, while no
change was observed in UP culture platforms from week 1 to 6. When compared with the UP
technique, the ALI technique had an increasing effect on the number of SSCs at the 3rd and
6th weeks (p<0.0001). While EWAT significantly increased the spermatid count in ALI
coculture platforms at the 3rd (p=0.0006) and 4th (p=0.0203) weeks compared to the control
group, no effect on increasing the spermatid count was observed in the UP coculture
platforms. Since this study, showed the positive effect of EWAT on the SSCs and development
in in vitro spermatogenesis with the ALI technique, it was evaluated that it could be a good
alternative for 3D testicular organ cultures that will provide sperm retrieval in childhood

cancer patients.

Keywords: Male Infertility, Organ Culture, In Vitro Spermatogenesis

Giris

Cocukluk c¢ag1 kanser hastalarinda uygulanan gonadotoksik tedaviler spermatogonyal kok
hiicreler ve mikrogevresine hasar vererek infertiliteye neden olmaktadir. Infertilite vakalarinin
yaklasik %350’si erkeklerde goriilmekte olup, erkek infertilitesinin %46’s1 gonadotoksik
kanser tedavisi kaynakli infertilitedir. Epididimal beyaz yag dokusunun (EBYD)
spermatogenez i¢in gerekli olan endokrin ve parakrin sinyalleri irettigi ve uzaklastirildiginda

spermatogenezin inhibe oldugu bilinmektedir (1). Yenidogan fare testisleri, ii¢ boyutlu hiicre
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kiiltiirii teknikleri, hava siv1 interfaz (HSI) ve U plak (UP) teknikleri ile kiiltiire edildiginde

EBYD’nin in vitro spermatogenezi destekleyecegi varsayilmistir.

Yontem

Ucg boyutlu HSI ve UP teknikleri ile yenidogan C57BL/6 erkek fare testisleri ve sinjeneik
yetiskin EBYD kiiltiire edilmistir. Testis 6rnekleri 1, 3, 4 ve 6. hafta zaman noktalarinda
toplanarak in vitro spermatogenezin ilerlemesi gozlenmistir. Histomorfometrik inceleme igin
Periyodik asit-Schiff boyamasi yapilmis ve seminifer tiibiil epitel kalinligi ile liimen alani
dl¢iilmiistiir. Immiinohistokimyasal yontem ile SKH belirteci ID4 ve spermatid belirteci

Akrozin isaretlemesi yapilmis ve sayilar1 zamansal olarak degerlendirilmistir.

Hayvan deneyleri, Hacettepe Universitesi Hayvan Deneyleri Yerel Etik Kurulu’nun
23.09.2020 tarihli ve 52338575-128 sayil1 izniyle gergeklestirilmistir.

Bu ¢alisma, Hacettepe Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi, TSA-

2021-18974 no’lu Kapsamli Arastirma Projesi destegiyle gergeklestirilmistir.

Bulgular

Yetigkin 2 aylik C57BL/6 erkek farelerden sinjeneik EBYD ve prepubertal 6 giinliik erkek

farelerden testis pargalar1 HSI ve UP sistemlerinde 6 hafta kiiltiire edilmistir.

Hava siv1 interfaz kiiltlir ve kokiiltlir platformunda seminifer tiibiil epitel alan1 3. haftaya
kadar artmis (p=0,0001) sonra sabit olarak gdzlenirken, UP kiiltiir ve kokiiltiir platformlarinda
1. haftadan 6. haftaya kadar degisiklik gozlenmemistir. Bir (p<0,0001), ii¢ (p=0,0009), dort
(p=0,0001) ve altimc1 (p<0,0001) haftalarda EBYD uygulanan HSI kokiiltiir platformunda
seminifer tlibiil liimen alant EBYD uygulanan UP kokiiltiir platformuna gore anlamli olarak

artmustir (Sekil 1).
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Sekil 1: Testis-EBYD Kkiiltiir platformlarina ait mikrograflardir (A-P), PAS, x630.

Epididimal beyaz yag dokusu, HSI kiiltiir platformu ile uygulandiginda ID4(+) SKH sayisini
6 hafta siireyle sabit tutmus ve SKH havuzunu korumada katki saglamistir. Epididimal beyaz
yag dokusu iceren HSI kiiltiir platformu disindaki tiim gruplarda ID4(+) SKH sayis1 4. haftada
azalmis ve daha sonra sabit kalmistir (p<0,0001, Sekil 2). Tim kiultir ve kokiiltiir

platformlarinda 1. haftadan 3. haftaya kadar olan ACR(+) spermatid sayilar1 artmais,
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spermatogenez siireci SKH’lerden yuvarlak spermatid olusumuna kadar ilerlemistir.
Epididimal beyaz yag dokusu ile kiiltiire edilen testis pargalari, HSI kokiiltiir platformu ile
desteklendiginde 3. (p=0,0006) ve 4. (p=0,0203) haftalarda ACR(+) spermatid sayisini
kontrole gore arttirmistir. Hava sivi interfaz kiiltiir platformunda, ACR(+) yuvarlak spermatid
sayisinin 3, 4 ve 6. haftalarda UP kiiltiir platformuna gore daha fazla oldugu goriilmiistiir
(Sekil 3).
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Sekil 2: Testis-EBYD kokiiltiir platformlarina ait mikrograflardir. ID4 ile immun isaretli
SKH’ler ok ile gosterilmektedir (A-P), x630.
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Sekil 3: Testis-EBYD kokiiltiir platformlarina ait mikrograflardir. ACR ile immun isaretli
spermatidler ok ile gosterilmektedir (A-P), x630.
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Tartisma

Standart yontem olarak kabul edilen agaroz temelli HSI kiiltiir platformu ile fare testisleri 1
mm? boyutlarma getirilerek en az 42 giin kiiltiire edilmistir (2-4). Bu siire farelerdeki bir

spermatogenez dongiisiinii kapsamaktadir.

Testis organoid kiiltiirii i¢in kullanilan UP kiiltiir platformu (5) ile bu ¢aligmada literatiirde ilk
kez organ kiiltiirii yapilmistir. Seminifer tiibiil epitel alaninin tiibiil liimen alani ile birlikte
artmasi, sertoli hiicrelerinin olgunlagmast ile iliskilendirilerek spermatogenezdeki ilerlemenin
bir gdstergesi olarak kabul edilmektedir (1, 6). ID4(+) SKH sayismin EBYD iceren HSI
kiiltiir grubu disinda 4. haftada azalmis olmasi1 ID4’lin Asingle Spermatogonyalari isaretlemesi
dolayisiyla daha secici olmasiyla aciklanabilir (7, 8). Ilk gdzlem noktasindan (1. hafta)
itibaren 1D4(+) SKH; 3. haftadan itibaren ACR(+) spermatidlerin goriilmesi faredeki in vivo
spermatogenezin zaman akist ile uyumludur (9). Epididimal beyaz yag dokusunun 6zellikle
HSI kiiltiir platformlarinda, 3. ve 4. haftalarda ACR(+) yuvarlak spermatid sayisini kontrole
gdre arttirmis olmasi organ kiiltiiriinde testis ve EBYD’nin fonksiyonel 6zelliklerinin HSI
kiiltiir sisteminde UP Kkiiltlir sistemine gore daha etkin siirdiiriildiigiinii ve postmayotik

hiicrelerin olusumunda etkin rol oynadigi géstermistir (10).

In vitro spermatogenez ile yuvarlak spermatidler tiim kiiltiir platformlarinda elde edilmis
olmakla birlikte elde edilen spermatidlerin genetik stabiliteleri ve fonksiyonel 6zellikleri test
edilmelidir. Deney diizeneginde spermatogenezi saglayacak olan, basta testosteron olmak
tizere, hormonlara ait inceleme yapilmamistir. Diger yandan 3. haftadan itibaren tiim deney
gruplarinda ACR(+) yuvarlak spermatidlerin goriilmesi testosteron salgilandiginin agik

gostergesi olarak degerlendirilebilir.

Sonuc¢

Bu ¢alisma kapsaminda tiim kiiltiir platformlarinda in vitro spermatogenez yuvarlak spermatid
asamasina kadar tamamlanmistir. Germ hiicre farklilasmasi ve SKH havuzunun korunmasi
bakimindan karsilastirldiginda EBYD ile desteklenen HSI tekniginin UP teknigine gore daha
basarili oldugu, EBYD’nin seminifer tiibiillerdeki SKH havuzunu 6 hafta siire ile korudugu
gorilmustiir. Epididimal beyaz yag dokusunun SKH havuzu ve in vitro spermatogenez
iizerine HSI teknigi ile olumlu etkisi ortaya kondugundan, ¢ocukluk ¢ag1 kanser hastalarinda
sperm eldesini saglayacak lic boyutlu testis organ Kkiiltiirlerine iyi bir aday olabilecegi

saptanmistir.
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Abstract: Azoospermia, which is seen in 10-15% of male infertility today and constitutes 1%
of the total male population, is the absence of sperm in the ejaculated semen. Mesenchymal
stem cells are stromal-derived adult stem cells and multipotent. Having these properties
makes them suitable for cell therapies. This study was carried out to isolate testicular stromal
cells obtained from rats, to reproduce and characterize them in a culture medium. Testicular
stromal cells (TSC) were isolated from the testis of two Wistar Albino rats and characterized
with both morphologically and flow cytometry analysis by looking at mesenchymal stem cell
markers. The findings showed that TSCs morphologically resemble fibroblasts and positive
for mesenchymal stem cell markers CD54 and CD90 but negative for CD29. In addition to
these findings, they expressed the hematopoietic stem cell marker CD45. In conclusion,
testicular sperm extraction (TESE) material which is cryopreserved for infertility treatment or
fertility preservation before anti-tumor treatment is a valuable source for spermatogonial
stem cells and testicular stromal cells as well as spermatozoa. However spermatogonial stem
cells and testicular stromal cells are not used in routine infertility treatment. Further research

on these cells may bring different perspectives to the treatment of male infertility.
Keywords: Testis, Testicular Stromal Cells, Azoospermia, Male Infertility
1) Introduction

Infertility has recently become a global concern like well known as important global problems
air pollution, climate change, and extinction of species. This disease, which can be caused by
unhealthy nutrition as well as many genetic factors, can negatively affect the physical,
psychological, and social life of the person (1).

Azoospermia, which is found in approximately 1% of the male population and 10-15% of
patients with male infertility, is the absence of any sperm in the semen (2). The fact that

azoospermia is a serious problem for male individuals causes research to focus on this issue.
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Although surgical and hormonal treatments are generally more commonly used treatment
methods, recent research in the field of stem cells has provided a new source of hope for
infertility (3).

Mesenchymal stem cells (MSCs) are a heterogeneous cell population of stromal origin with
self-renewal and differentiation potential, and these cells are morphologically similar to
fibroblasts (4). A large number of Dbioactive molecules secreted by MSCs exert
autocrine/paracrine effects that modulate the physiological processes of MSCs. The main
reason why stromal cells are preferred as a treatment method is that they have these
properties. MSCs are isolated from many tissues such as adipose tissue, bone marrow,
cartilage, teeth, placenta, and amniotic membrane (5). MSCs have been quite difficult to
identify because they have a heterogeneous population. That's why the International Society

for Cellular Therapy (ISCT) has proposed 3 criteria for defining MSCs. These are;

1. Cells should adhere to plastic when maintained in standard culture conditions.

2. While MSCs express surface molecules such as CD105, CD90, and CD73, they should
not express surface molecules such as CD14, CD19, CD34, and CD45.

3. Must have the capacity to differentiate into adipocytes, chondroblasts, and osteoblasts in
vitro (6).

The testis is an organ located outside the body cavity and located within the scrotum. Testis
consists of seminiferous tubules and interstitium (7). The seminiferous tubules contain
spermatogenic stem cells that divide continuously to produce germ cells and Sertoli cells that
support these stem cells, while the interstitium contains Leydig cells, peritubular myoid cells,
macrophages, and vascular structures. At the stage of spermatogenesis, spermatogenic stem

cells divide, mature, and differentiate into sperm in the seminiferous tubules (8).

Leydig cells regulate the functions of spermatogonial stem cells (SSC) by secreting insulin
growth factor (IGF1) and colony-stimulating factorl (CSF1). Macrophages provide
proliferation (proliferation) and differentiation (differentiation) of SSC by secreting CSF1 and
retinoic acid (RA). Vascular structures with secretions of CSF1 and endothelial growth factor
(VEGF); peritubular myoid cells are effective in the self-renewal and proliferation of SSC
with their secretion of neurotrophic factor (GDNF) and CSF1 originating from the glial cell
line. Seminiferous tubule cells in the niche of the SSC contribute as intrinsic factors, while
interstitium cells outside the niche play important roles for regulating the functions of the SSC

as extrinsic factors (8).
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This study was conducted to isolate and characterize testicular stromal cells in in vitro culture.
2) Materials and Methods
2.1) Animals

In our study, a total of 2 healthy, 20-day-old male Wistar Albino-type rats were used. During
the experiment, rats were housed in separate cages in a quiet room, on a 12-hour light-dark
cycle, with controlled ambient temperature (21 + 3 °C) and ventilation (65-70%). The
experimental animals were fed with pellet feed containing 21% protein and tap water as ad
libitum. All animal procedures were approved by Pamukkale University Animal Experiments

Ethics Committee.
2.2) Isolation of Testicular Stromal Cells

The testicles of 2 male Wistar Albino rats were excised. Removed testes were washed in
Phosphate Buffered Saline (PBS) solution and washed in centrifuge tubes containing
Dulbecco's Modified Eagle's Medium (DMEM), Fetal Bovine Serum (FBS), Penicillin-
Streptomycin and brought to the laboratory under sterile conditions.

Testicular tissues were cut into the smallest pieces that could be separated in a petri dish
containing the medium (DMEM; 50 U/ml penicillin, 50 pg/mL streptomycin, 10% FBS) with
the help of pre-sterilized tissue scissors. 12 ml of DMEM was added to the testicular tissues,
which were cut into small pieces, and placed in an incubator at 5% humidity and 37°C. At the
end of the 12th day, the cells that became confluent (70-80%), were trypsinized (containing
0.25% trypsin) and the cells that adhered to the surface of the containers were removed. These
cells were seeded in different flasks and their proliferation was examined by repeated

passages.
2.3) Flow Cytometry Analysis of TSCs

Mesenchymal stem cell markers (CD29, CD54 and CD90) and hematopoietic surface markers
(CD45) were used to identify undifferentiated TSCs by using Sysmex Cube 8 Model Flow

cytometry device.
3) Results
3.1) TSC’lerin Kiiltiirii

3.1) Culture of TSCs
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In the examination performed with phase-contrast microscopy, it was observed that TSCs
adhered to the culture dishes and their morphological appearance was similar to fibroblasts
(Figure 1A and 1B).

Figure 1) Morphology of TSCs produced from rat testis. A) TSCs migrating from testicular tissue. B) TSCs have a
fibroblast-like morphology and appear adherent to flasks.

3.2) Flow Cytometry Results
In flow cytometry analysis, cells expressed CD54 and CD90, which are mesenchymal stem

cell markers, but did not express CD29; It was determined that they expressed CD45, which is

a hematopoietic stem cell marker.
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Figure 2) In TSCs with flow cytometry analysis; While it expressed CD54 and CD90, which are mesenchymal stem cell

markers, 1t did not express CD29. It also expressed CD45, a hematopoietic stem cell marker, contrary to expectations.
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4) Discussion

Infertility is a reproductive disorder which occur along with many diseases and affects the
patient by psychologically, physically, socially, and economically. Azoospermia, one of these
reproductive disorders, is defined as the absence of spermatozoa in the ejaculate and is found
in approximately 10-20% of infertile men (9). Recent studies, especially in the field of stem
cells, have become a new alternative method for the treatment of individuals with
azoospermia (10). MSCs are a collection of self-renewing, multipotent, fibroblast-like
stromal-derived adult stem cells. The fact that MSCs have both paracrine/autocrine effects
and high differentiation capacity has been the biggest indicator of why they are a source of
hope for infertility (11). The recent studies aimed to characterize the proliferation, expansion,
and differentiation potentials of TSCs produced from different organisms in vitro to use TSCs

in the pre-clinical setting (12).

In 2008, Kim et al. established a CD34 positive cell line called JK1, which they produced
from mouse testicular stromal cells by the explant method. They reported that JK1 cells
adhered to the culture dishes in their phase-contrast appearance and expressed CD34 in the

flow cytometry analysis (13).

Ahmed et al. for the first time, they aimed to isolate testicular mesenchymal stromal cells
(tMSC) produced from the testis from a mouse model by enzymatic method. They showed
that the morphological structures of the tMSCs they produced were similar to fibroblasts and
they expressed positive for CD44, CD73, and CD29 and negative for CD45 in the flow
cytometry analysis (14).

Gonzalez et al. claimed that they isolated cells called gonadal stem cells (GSC) with
mesenchymal stem cell (MSC) characteristics from the adult human testis. They showed that
the enzymatically cultured GSCs had the same morphology as MSCs and that expression was
positive for CD105, CD73, CD166, and negative for CD11b, CD19, CD34, CD45, and HLA-
DR. They also reported that CD44, CD90, and STRO-1, which are expressed in MSCs, are
expressed at high levels (15).

In 2014, Smith et al. identified a population of human testicular Thy1 cells containing MSCs.
They showed that the cells cultured by the explant method adhere to the plastic and express
mesenchymal markers such as CD105 and CD73, but not CD45 (16).

Chiara et al. aimed to show that the cell colonies isolated from human testicular biopsies are

not derived from spermatogonial stem cells, on the contrary, are of mesenchymal origin. They
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reported that these cells, which were analyzed by flow cytometry, were positive for CD73,
CD90, and C105, and expression of CD14, CD34, and HLA-DR markers was negative (17).

As a result of the characterization of the testicular stromal cells isolated from the testicles of
different experimental animals in the studies, it was stated that these cells were of
mesenchymal character. When we looked at the flow cytometry analyzes, we observed that
these cells were testicular stromal cells with mesenchymal characteristics. In the literature,
there is different information about the characterization of testicular stromal cells and the

markers used.
5) Conclusions

Cryopreservation of the cell suspension or testicular tissue pieces is preferred to preserve
fertilization in patients who will undergo orchiectomy for a testicular tumor or any other
reason. Then, by thawing these materials, the cryoprotectants are removed and the sperms can
be used. In TESE (Testicular sperm extraction) operations, sperm are searched in the
seminiferous tubules, ICSI (intracytoplasmic sperm injection) is performed when found, and
the rest unused mature germ cells are frozen. However, valuable resources such as SSSs and
TSCs, which are known to be in the TESE material, are not used. The fact that these cells are
also frozen and using them later may bring different perspectives to research on the treatment
of azoospermia patients, which is an important cause of male infertility.
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TAKROLIMUS NEFROTOKSISITESININ DEGERLENDIRMESI iCiN UC
BOYUTLU BOBREK PROKSIMAL TUBUL MODELININ GELISTIRILMESI
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Ozet: Pek cok kanserojen madde, toksik cevresel ajan ve ilaglara maruziyet nefiotoksisiteye
neden olmaktadwr. Klinikte kullanilan bir ilag¢ olan takrolimus, organ transplantasyonu
sonrast allogreft reddini onemli derecede azaltmasina karsin, nefrotoksik etkileri klinik
kullanimuni zorlastirmaktadir. Bobregin iglevsel birimi olan nefronlarin toksik maddelere ilk
once maruz kalan ve duyarli kismi, ¢ok sayida mitokondriyona sahip ve ozellesmis
hiicrelerden olusan proksimal tiibiildiir. Proksimal tiibiil epitelinin ozellesmis polarize
yapisimin in vitro iki boyutlu kiiltiir yontemlerinde modellenememesi ve in vivo ¢aligmalardaki
tiire ozgii farkliliklar nedeniyle ii¢ boyutlu modellere ihtiya¢ duyulmaktadir. Bu ¢alismada ii¢
boyutlu baski ve dokiim teknikleri ile in vitro kosullarda takrolimus nefrotoksisitesinin
degerlendirilmesi i¢in perfiize edilebilen bir insan proksimal tiibiil modeli olusturulabilecegi
varsayilmigtir. U¢ boyutlu proksimal tiibiil modelinin olusturulmas: icin ii¢c boyutlu bask:
yvontemi ile kalip tiretimi yapilmis ve kanali ¢evreleyecek ekstraselliiler matriks icin jelatin
metakrilat kullanilarak dokiim teknigi ile kanal olusturulmustur. Takrolimusun etkin
dozununun belirlenmesi icin insan kaynakli bobrek proksimal tiibiil epitel hiicrelerine (HK-2)
0.1, 1, 10, 100, 1000 ug/ml konsantrasyonlarda takrolimus uygulamp ger¢ek zamanl
impedans temelli sitotoksisite analizi ile degerlendirilmistir. Olusturulan tic boyutlu
proksimal tiibiil modelinde tutunmus hiicreler faz kontrast mikroskobu ile goriintiilenmistir.
Gergek zamanl sitotoksisite analizinin sonucunda takrolimusun HK-2 hiicreleri iizerindeki
etkin dozu 48. saatte 44,69 ug/ml olarak bulunmustur (R*= 0.98483). Takrolimus, 48. saatte
0.1, 1, 10, 100, 1000 ug/ml konsantrasyonlarda kontrol grubuna gore anlamli olarak hiicre
indeksini azaltmistir (sirasiyla p= 0.0043, p=0.0006, p<0.0001, p<0.0001, p<0.0001).
Takrolimusun proksimal tibiil ~hiicrelerindeki toksik dozu ger¢ek zamanli olarak

belirlenmigstir. U¢ boyutlu mikrofizyolojik kosullart modelleyen bir kanal tasarlanmigtir.

Anahtar Kelimeler: Bébrek, Proksimal Tiibiil, Nefrotoksisite, Takrolimus, U¢ Boyutlu Kiiltiir
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Giris

Antibiyotikler ve antiviral ilaglar, immiinsiipresif ilaglar, ¢esitli cevresel kirletici ve agir metal
etken maddelerine akut veya kronik maruziyet nefrotoksisiteye yol a¢maktadir. Akut
takrolimus nefrotoksisitesi organ transplantasyonu sonrasit immiinsiipresif tedavisinde sikg¢a
karsilasilmakta ve klinik kullanimi zorlagtirmaktadir (1). Primer olarak proksimal tiibiil
epitelini hedefleyen nefrotoksisitenin modellenmesinde iki boyutlu in vitro modeller mikro
cevre, polarite, hiicre-hiicre etkilesimleri ve tiibiiler ultrafiltrat akisini saglayamamakta bu
nedenle ii¢ boyutlu gergekgi modellere ihtiyag duyulmaktadir. Ug boyutlu baski ve dokiim
teknikleri ile in vitro kosullarda takrolimus nefrotoksisitesinin degerlendirilmesi i¢in perfiize

edilebilen bir insan proksimal tiibiil modeli olusturulabilecegi varsayilmistir.
Gere¢ ve Yontem

Takrolimusun etkin dozunun belirlenmesi i¢in, genis doz aralifinda (0.1, 1, 10, 100, 1000
ng/ml) takrolimus, insan kaynakli proksimal tiibiil epitel hiicrelerine (HK-2) uygulanmis,
gercek zamanli impedans temelli sitotoksisite analizi ile degerlendirilmistir. Ilacin doz
bagimli gercek zamanli etki penceresi degerlendirilerek zaman bagimli yari-maksimum

inhibitor konsantrasyonu (ID50) belirlenmistir(2).

Ug boyutlu proksimal tiibiil modelinin olusturulmasi igin {i¢ boyutlu bask1 yontemi ile kalip
tretimi yapilmis, kalibin igerisinde enjektor ucglart karsilikli olarak birbiri igerisine
gecirilmistir. Kanali ¢evreleyecek ekstraselliiler matriks i¢in jelatin metakrilat(%16,5), kaliba
dokiilip mavi 151k ile capraz baglanmas1 tamamlandiktan sonra enjektdor ucunun geri

¢ekilmesi ile kanal olusturulmustur(Sekill).

Mavi Isik
(5 dakika)

i-i—-lr_ e i

Sekil 1: Kanal iiretiminin sematik ¢izimi Paint 3D uygulamasi ile ¢izilmistir.

Bulgular
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Insan kaynakli bobrek proksimal tiibiil epitel hiicreleri kiiltiir kosullarinda uygun sekilde
cogaltilmis, inverte faz kontrast mikroskobu ile goriintiilenmistir. Hiicrelerin ikinci ve altinci
giinline ait mikrograflar1 elde edilmis ve kiiltiiriin altinc1 giinlinde karakteristik kaldirim tasi

benzeri goriiniimde tutunarak gruplar yaptiklart gésterilmistir (Sekil 2).

Sekil 2: Insan kaynakli proksimal tiibiil epitel hiicrelerinin ikinci ve altinci giiniine ait

mikrograflart. X100

Takrolimus uygulamasindan sonra 48 saate kadar hiicre indeksi ol¢iilmiis ve ID50 degeri
44,69 pg/ml olarak bulunmustur (R?=0.98483). Takrolimus, 48. saatte 0.1, 1, 10, 100, 1000
png/ml konsantrasyonlarda kontrol grubuna gore anlamli olarak hiicre indeksini azaltmistir

(Sekil3)(sirastyla p= 0.0043, p=0.0006, p<0.0001, p<0.0001, p<0.0001).

Takrolimus 1.5+
15+ 2 e Kontrol
7]
_E cont E ¢ [} = DMSO
2 Korto o 1_0-5% s . s 01 pg/ml
g - 8
2 ~ o g 2 HI@ ﬂ i{H I} v 1 gl
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E " 10wom g 9 % o 100 pg/ml
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Sekil 3: Takrolimusun HK-2 hiicrelerindeki sitotoksik etkisinin gercek zamanli
degerlendirmesi ve 12- 48 saat araliginda normalize edilmis hiicre indeksinin Ortalama +

Standart Hata grafigi

Etkin doz olarak belirlenen 44,69 pg/ml takrolimus, proksimal tiibiil epitel hiicrelerine
uygulandiktan 24 ve 48 saat sonra hiicrelerde meydana gelen hasar inverte faz kontrast

mikroskobu ile goriintiilenmistir (Sekil 4).
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Sekil 4: Insan kaynakli proksimal tiibiil epitel hiicrelerine 44,69 pg/ml takrolimus

uygulandiktan 24 ve 48 saat sonra hiicrelerde olusan hasar goriinmektedir. X100

Uc boyutlu baski yontemi ile iiretilen kaliba enjektor uglart karsilikli yerlestirilip jelatin
metakrilat kaliba dokiiliip capraz baglanmasi tamamlandiktan sonra igne uglarinin geri
cekilmesiyle kanal olusturulmus ve inverte faz kontrast mikroskobunda goriintiilenmistir
(Sekil 5).

Sekil 5: Kanalin makroskopik ve mikroskopik(40x) goriintiisti.

Kanal igerisine proksimal tiibiil epitel hiicrelerinin ekimi yapilmis ve gece boyu inkiibasyona
birakilmigtir (Sekil 6). Inkiibasyonun ardindan siringa pompast ile 1 ul/dk hizda besiyeri akisi
baslatilmis ve kiiltiire edilmistir.

Sekil 6: Kanal icerisinde proksimal tiibiil epitel hiicrelerinin inverte faz kontrast

mikrografi.x40
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Sonu¢

Takrolimusun proksimal tiibiil hiicrelerindeki toksik dozu gercek zamanli olarak belirlendi.
Ug boyutlu mikrofizyolojik kosullar1 modelleyen bir kanal tasarlanip proksimal tiibiil epitel

hiicrelerinde nefrotoksisitesinin degerlendirilmesi i¢cin uygun bir platform olusturuldu.

Bu caliyma, Hacettepe Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi

tarafindan TYL-2021-19632 numaral1 Yiiksek Lisans Tez Destek Projesi ile desteklenmistir.
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IVF LABORATUVARINDA OOSIT MAYOZ MEKIiGi DEGERLENDIRMESININ
INFERTILITE TEDAVI BASARISINDAKI YERI
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Ozet: Aciklanamayan infertilite olgularimn arttgi IVF vakalarinda noninvazif yontemlerle
oosit kalitesi degerlendirilmesi onemlidir. Calismamizda retrospektif olarak 2021 yilinda
infertilite nedeniyle Giilhane EAH UYTE Merkezi'ne basvuran hastalarin verileri
incelenmistir. ICSI (Intra Cytoplasmic Sperm Injection) sirasinda polarizasyon mikroskopi
sistemi (PolScope) kullanilarak mayoz mekigi (MM) varligi ve oositin 1. Polar Body
(PB) 'sine gore konumu degerlendirilmistir. PolScope esliginde ICSI yapilan 70 hastanin 341
ICSI uygulama sayist i¢cin MM varhgi/yoklugu ve agili konumlari icin yaslar arast gériilme
yiizdesi, intrasitoplazmik (IS) ve ekstrasitoplazmik (ES) oosit anomalisi yiizdesi, fertilizasyon
basarisi, embriyo kalitesi (EK) ve p-hCG(+)’ligi degerlendirilmistir. Yasa gore MM
varligi/yoklugu/acili konum yiizdesi degerlendirildiginde her iki yas grubu i¢in aralarinda
istatistiksel anlaml farkiilik yoktur. MM varhgi/voklugu/agili konumda olmasi ile IS, ES, AY
oosit gruplarinda ve EK arasinda istatistiksel anlaml farklilik ve korelasyon saptanmamustir.
Benzer sekilde fertilizasyon ile MM degerlendirildiginde MM olan ve ag¢ili konumdaki
oositlerle istatistiksel anlamli farklilik yokken;, MM olmayanlarin non fertilize/élen yiizdesi
arasinda pozitif zayif korelasyon vardir (r=0,289; p=0,015). MM ile yas gruplari arasinda
anlamli farklilik olmasa da MM yoklugu fertilizasyon basarisint olumsuz etkilemektedir. MM
varligi/yoklugu/acili konumda ile p-hCG(+)’ligi arasinda da istatistiksel olarak anlamli
Sfarliilik olmamasina ragmen medyan (%25-75) degerleri sirasiyla 47,22(25 -66,66); 13,39(0
-50) ve 25(0 -55,55) olarak hesaplanmistir. MM varliginda MM yokluguna gore daha yiiksek
medyan degerleri olusu érneklem sayisi artirlldiginda p-hCG(+) ligi ile arasinda istatistiksel

anlamlilik  olusabilecegini  ongorebilir.  Sonu¢  olarak mayoz mekigi  varliginin
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degerlendirilmesi  oosit  segimiyle  fertilizasyon  basarisimin  ve  f-hCG(+) liginin

ongoriilmesinde belirleyici olabilir.
Anahtar Kelimeler: Oosit mayoz mekigi, Polscope.
1.GIRiS

Aciklanamayan infertilite olgularinin arttigi IVF vakalarinda, saglikli gebelik icin transfer
edilecek embriyo se¢imi biiyiik Onem kazanmistir. Embriyo kalitesinin noninvazif
yontemlerle belirlenmesi i¢in gelistirilen teknikler de 6nemini her gecen giin attirmaktadir.
Basaril1 bir IVF tedavisi i¢in toplanan oositlerin kalitesi belki de en 6nemli belirleyici faktor
olabilir (1). Bu kapsamda embriyoda kromozomal aktarimin hatasiz ve basarili sekilde
gerceklesmesi i¢in oosit degerlendirmesi 6nem arz etmektedir. Ciinkii; oositte mayotik igin
varhigi ve normal morfolojide olusu kromozomlarin dogru diizenlenisini desteklerken, aksi
durumlar mayotik boliinmede andploidi gibi sonuglara sebep olabilmektedir (2). Heniiz
aydinlatilamamis nedenlerle disi gamet hiicresi olan oositlerin 6zellikle ileri yaslarda mayoz
boliinme hatalarina daha duyarli oldugu, bu nedenle andploidi sikliginin arttigi ifade
edilmistir (3). Oositlerde mayotik ig yapisi gorintiilenenler ve goriintiilenmeyenler
karsilagtirildiginda mayotik ig yapisi goriintiilenen oositlerin fertilizasyon ve erken bdliinme
oranlarinin daha yiiksek oldugu, ayrica transfer i¢in tercih edildiklerinde de implantasyon ve
gebelik oranlarmin daha yiikksek oldugu bildirilmistir. Bu durumun oosit niikleer yapi
olgunlagmasi ile iligkili olabilecegi One siiriilmektedir (4). Bazi oositlerde yas artisiyla
mayotik ig gozlenemeyebilir (5). Canli oositlerde 1518in ¢ift kirilma prensibine dayanarak
mayotik igin gorsellestirilebildigi PolScope ile ICSI’ye tabii tutulan oositlerin mayotik ig
analizleri yapilabilir (6). PolScope ile mikrotiibiil yapisindaki mayotik igin
degerlendirilmesinde hem varligi hem de yogunlugu degerlendirilebilir (7). Oositlerde 1.PB
konumu mayotik ig i¢in her zaman On goriici olamayabilir(5). Bu nedenle IVF
laboratuvarinda ICSI (Intra Cytoplasmic Sperm Injection) yapilirken yaygin olarak kabul
goren polar cismin saat 6 ya da 12 hizasina alinmasi uygulamasina (8) ek olarak polarize 151k
altinda mayoz mekiginin goriintiillenmesi daha giivenli olacaktir. Ciinkii; mayotik igin tahmin
edilemez konumu ICSI sirasinda zarar gérebilme ihtimalini de artirabilir (6, 9). Konfokal
mikroskop ile mayotik 1 varligi tespit edilemeyen oositlerin anormal mikrotiibiil
organizasyonu ve anormal kromozom dizilimine sahip olduklar1 ortaya konmustur. PolScope
caligmalariyla canli insan oositlerinden elde edilen ig goriintiileri ile bu sonuglarin benzer

dogrultuda oldugu da gosterilmistir. Bu nedenle ICSI Oncesi PolScope ile mayotik ig
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degerlendirilmesinin kromozomal olarak normal olan oositlerin tahmin edilmesi ig¢in

kullanilabilecegi diistiniilmektedir(10, 11).

Calismamizda IVF tedavi siirecinde laboratuvarda non invaziv oosit degerlendirme
yontemlerinden biri olan PolScope kullanima ile, ICSI 6ncesi mayoz mekigi varligi ve 1.polar
cisme gore konumunun hastalarin yas, intra ve ekstrasitoplazmik oosit anomalileri ile iligkisi
ve fertilizasyon, embriyo kalitesi ve kimyasal gebelik sonuglarina etkisini goéstermeyi

amagcliyoruz.
3.YONTEM:

Calismamizda retrospektif olarak infertilite nedeniyle 2021 yilinda Giilhane EAH UYTE
Merkezi’ne bagvuran hastalarin verileri incelenmistir. ICSI sirasinda polarizasyon mikroskopi
(PolScope) kullanilarak mayoz mekigi (MM) varligi ve oositin 1.PB’sine gore konumu
degerlendirilen hastalar ¢aligmaya dahil edilmistir (Sekil 1). Erkek faktorii olan hastalar ve
ICSI uygulanmayan Germinal Vezikiil (GV) oositler ¢alisma dig1 birakilmustir.

Sekil 1.: PolScope ile goriintiileme ile ICSI 6ncesi mayoz mekigi degerlendirme (Soldan saga

MM var/yok/agili konumda)

Caligmaya dahil olan hastalardan toplanmis olan oositlerde ICSI hazirligi yapilarak cam
tabanl kiiltiir kabinda 15181n ¢ift kirllma temeline dayanan bilgisayar destekli polarizasyon
mikroskopi sistemi (PolScope) kullanilmis ve mayoz mekigi varligi ile oositin 1. Polar Body
(PB)’sine gore konumu degerlendirilmistir. PolScope esliginde ICSI yapilan 70 hastanin
toplam 341 oositinde MM varligi/yoklugu ve konumlari i¢in yas gruplarina gore goriilme
yiizdesi, intrasitoplazmik (IS) ve ekstrasitoplazmik (ES) oosit anomalisi yiizdesi (IS anomali
graniilasyon, vakuol, refraktil cisim, SER kiimesi varligi; ES anomali fragmante PB, genis
PVA ve PVA’da dokiintii ve anomali olmayan AY grubu), fertilizasyon basarisi, embriyo
kalitesi (EK) ve BhCG(+)’1igi degerlendirilmistir.

4. BULGULAR:
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Caligmamizda PolScope ile MM degerlendirilerek ICSI yapilan hastalarda fertilizasyon orant
% 90,32 (308/341) olarak saptanmistir. Embriyo transferi yapilan hastalarda %50 (14/28)
BhCG(+)’ligi
degerlendirildiginde her iki yas grubu icin de istatistiksel anlamli farklilhik yoktur
(p=0,085;p=0,114; p=0,633) (Tablo-1). MM varligi/yoklugu/agili konumda olmasi ile iS, ES,

elde edilmistir. Yasa gére MM varlig/'yoklugu/ konum yiizdesi

AY ve EK arasinda istatistiksel anlamli farklilik ve korelasyon saptanmamistir. Benzer
sekilde fertilizasyon ile MM degerlendirildiginde MM olan ve ac¢ili konumdaki oositlerle
istatistiksel anlamli farklilik yokken; MM olmayanlarin non-fertilize/6len yiizdesi ile arasinda
pozitif zayif korelasyon vardir (r=0,289; p=0,015) (Tablo-2). MM varligi/yoklugu/agili
konumda olmast ile B-hCG(+)’ligi arasinda da istatistiksel olarak anlamli farlililik
olmamasina ragmen medyan (%25-75) degerleri sirasiyla 47,22(25 -66,66); 13,39(0 -50) ve
25(0 -55,55) olarak hesaplanmustir.

<35 (n=41) >35 (n=29)

Medyan(%25- Medyan(%625-

%75) %75) P
NORMAL
MM 50 (28,57 -70) 33,33 (14,28 -50) |0,085
MM YOK |0(0-33,33) 16,66 (0-55,55) 0,114
ACILIMM |16,66 (0-50) 18,18 (0 -66,66 ) 0,633

Tablo 1. : In Vitro Fertilizasyon Uygulamalarinda Yasa Gore Mayoz Mekigi Konumunun
Degisimi. *p<0,05 diizeyinde anlamli, Mann Whitney U Testi

NON-
FERTILIiZE/
2 PN 1-3PN |OLEN

NORMAL MM r 0,148 0,155 -0,128

P 0,221 0,200 |0,291
N 70 70 70
MM YOK r -,0230 ]-0,011 ]0,289"
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0,055 0,930 0,015
N 70 70 70
ACILI MM r 0,232 -0,056 ]-0,162
P 0,053 0,644 0,180
N 70 70 70

Tablo 2. : In Vitro Fertilizasyon Uygulamalarinda Mayoz Mekigi ve Konumu (MM Var, Yok,
Acil) ile Fertilizasyon BasarisiArasindaki Iliski. *p<0,05 diizeyinde anlamli, r: Spearman

Rank Korelasyon Katsayisi

Sayisal degiskenlerin normal dagilima uygunlugu Shaphiro Wilk testi ile test edilmistir.
Normal dagilmayan degiskenlerin iki grupta karsilastirilmasinda Mann Whitney U testi, ii¢
grupta karsilastirilmasinda Kruskal Wallis testi kullanilmistir. Sayisal degiskenler arasindaki
iligkiler Spearman rank korelasyon katsayisi ile test edilmistir. Analizlerde SPSS 22.0

Windows versiyon paket programi kullanilmigtir. P<0,05 anlamli kabul edilmigtir.
5.TARTISMA VE SONUC:

Heniiz aydinlatilamamis nedenlerle disi gamet hiicresi olan oositlerin mayoz bdliinme
hatalarina daha duyarli oldugu, bu nedenle andploidi sikliginin arttigi ifade edilmistir (3).
Keefe ve ark. ile Wang ve ark. yaptiklar1 ¢alismalarda konfokal mikroskop ile mayotik ig
varlig1 tespit edilemeyen oositlerde anormal mikrotiibiil organizasyonu ve anormal kromozom
dizilimine sahip olduklarini ve PolScope ile canli insan oositlerinden elde edilen ig
goriintiileri ile sonuglarin benzer dogrultuda oldugunu ortaya koymuslardir. ICSI 6ncesi
polarize mikroskop destekli sistemle mayotik ig degerlendirilmesinin kromozomal olarak
normal oositlerin tahmin edilmesi ig¢in kullanilabilecegini ifade etmislerdir(10, 11).
Calismamizda MM varligi/yoklugu/acili konumda olmasi ile IS, ES, AY ve EK arasinda

istatistiksel anlamli farklilik ve korelasyon saptanmamastir.

Liu ve ark. yaptiklar1 ¢alismada maternal yasin artmasiyla oosit yaslanmasinin dogurdugu ig
biitiinliik kayb1 ve acilanmasinin tedavi sonuglarint olumsuz yonde etkiledigini
gostermiglerdir (12).Ayrica yasa bagli oosit kalitesindeki diisiis ve mayotik hata oranindaki
artis Bebbere ve ark. tarafindan da raporlanmistir(13). Calismamizda yasa gore MM
varhigi/yoklugu/ konum yiizdesi degerlendirildiginde her iki yas grubu i¢in de istatistiksel
anlaml farklilik saptanmamistir. (p=0,085;p=0,114; p=0,633). Yine de MM ile yas gruplar1
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arasinda anlamli farklilik olmasa da MM yoklugunun fertilizasyon basarisint olumsuz

etkiledigi gézlenmistir.

Rienzi ve ark. tarafindan yapilan ¢calismada mayotik i§ ve 1.PB arasindaki acilanmanin fazla
olusu fertilizasyonu olumsuz yonde etkilemesine ragmen fertilizasyonun normal oldugu
embriyolarda gelisim potansiyelleri {izerine olumsuz etki gézlenmemistir. Ancak mayotik ig
konumu ile 1. PB (polar body) aras1 aginin fertilizasyon anomali riskleri ile iligkili oldugu
bilinmektedir (6). Hatta in vitro ve in vivo olgunlasmis insan oositlerinde yapilan ¢alismada
da 1.PB’ye gore mayotik ig konumunun fertilizasyon oranlarini etkiledigi gosterilmistir(14).
Caligmamizda fertilizasyon ile MM degerlendirildiginde MM olan ve ag¢ili konumdaki
oositlerle istatistiksel anlamli farklilik yokken; MM olmayanlarin non-fertilize/6len yiizdesi

ile arasinda pozitif zay1f korelasyon saptanmustir. (r=0,289; p=0,015).

Mayoz mekikleri oositlerde kromozomlarin birbirine baglanmasinda gorevli, 1518 ¢ift
kirilma 6zelligi ile polarize 151k mikroskobu ile goriintiilenebilen mikrotiibiil yapilaridir. Daha
onceleri immun boyama ve transmisyon elektron mikroskobu gibi 6zel fiksasyon yontemleri
kullanimini gerektirmesinin ardindan polarize 11k mikroskobu ile goriintillenebilmesi, IVF
uygulamalarinda noninvaziv bir oosit degerlendirme yontemi olarak  Onemini
korumaktadir(10). Yine de Woodward ve ark. tarafindan yapilan ¢alismada mayotik ig
konumunun fertilizasyon ve embriyo kalitesine etkisinin anlamli olmadig1 da raporlanmistir.
Hatta mayotik igleri saat 3,4,8,9 gibi enjeksiyon diizlemine yakin oositlerde fertilizasyon ve
embriyo kalitesinin yiiksek oranlar1 yaygin kullanilan uygulamay1 da sorgulayici bir yaklagimi
desteklemektedir (15). Calismamizda da MM varligi/yoklugu/agili konumda bulunmasi ile -
hCG(+)’ligi arasinda da istatistiksel olarak anlamli farlililik saptanmamistir. Farkli bir bakis
acist olarak oositlerde mayotik ig gorilintilenmede Madaschi ark.’nin 1097 MII oosit ile
yaptiklar1 ¢alismada mayotik ig goriintiilenenler ve goriintiilemeyenler karsilastirildiginda
mayotik ig varliginda fertilizasyon ve erken boliinme oranlarinin daha yiiksek oldugu ayrica
transfer i¢in tercih edildiklerinde implantasyon ve gebelik oranlarinin da daha yiiksek oldugu
savunulmustur (4). Madaschi ve ark. mayotik ig degerlendirmenin fertilizasyon potansiyeli
ve embriyo gelisiminin klinik sonuglarinin tahmini i¢in 6nemli olabilecegi, embriyo se¢iminin
oosit niikleer olgunlugu ile de iliskili oldugu yoniinde goriis bildirmislerdir (4). Swiatecka ve
ark. yaptiklar1 calismada da mayoz mekigi olan oositlerin gebelik oranlar1 yiiksek degerde
olsalar da istatistiksel anlamli farklilik saptanamamistir (p=0,471) (16). Calismamizda MM

varligi/yoklugu/acili konumda bulunmast ile B-hCG(+)’ligi arasinda da istatistiksel olarak
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anlamli farlililik olmamasina ragmen medyan (%25-75) degerleri sirasiyla 47,22(25 -66,66);
13,39(0 -50) ve 25(0 -55,55) olarak hesaplanmustir.

Sonu¢ olarak MM varliginda MM yokluguna gore daha yiiksek medyan degerleri olusu
orneklem sayis1 artirildiginda  B-hCG(+)’ligi ile arasinda istatistiksel anlamlilik
olusabilecegini  Ongorebilir. Ayrica noninvazif olarak mayoz mekigi varligimin
degerlendirilmesi  oosit se¢imiyle fertilizasyon basarisinin = ve  B-hCG(+)’liginin

ongoriilmesinde belirleyici olabilir.
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PRODUCTION OF A 3-DIMENSIONAL ARTIFICIAL STOMACH MODEL WITH
ALONG MUCUS LAYER
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Ozet: 3B kiiltir modelleri ve yapay organlar, geleneksel analiz yontemlerinin yerini
alabilecek yeni ¢alisma sistemleridir. Hayvan ¢alismalarinin zorlugu, maliyeti ve ¢ogu zaman
insana uyumsuzlugunun yam swa insan ¢aliymalarindaKi etik sirlamalar, 3D kiiltiir
Sistemlerini avantajli hale getirmistir. Ancak 3 boyutlu kiiltiir ¢alismalar: arasinda yapay
mide dokusu ¢calismalart ¢cok azdir. Gastrit ve peptik iilser gibi yaygin mide hastaliklarint géz
oniinde bulundurarak, hastalik modellerine ve farmakolojik tedavi yontemlerine temel
olusturmak icin bu ¢alismada doku iskeleleri ve 3 boyutlu kiiltiir ile yapay bir mide mukozasi
ve mukus olusturmay! amagladik. Iskele olusturmak icin Baseink™ ve gastrik lamina propria
olusumu icin Insan Fibroblastlari ile Mezenkimal Kok Hiicreler (MSC'ler) ve mide epiteli icin
Insan Umbilikal Ven Endotel Hiicreleri (HUVEC) kullandik. Nisasta, ksantan zamki ve sigir
serum albtiminini (BSA) farkli oranlarda karistirarak bulanik mide mukusunu taklit eden
mukus elde ettik. Mide asidini taklit etmek igcin %30 HCI soliisyonu hazirladik. Sonuglarimiz,
kontrol gruplarindaki hiicrelerin yapay mide mukozast benzeri yapilar olusturdugunu
gosterdi. Mukusla kapli orneklerin HCI ilavesinden sonra bozulmadigr gozlemlendi. Bunun
aksine mukusla kaplanmayan orneklerde HCI ilave edildikten sonra hiicre kaybina bagl
olarak yapay mide mukozast yapisinda bozulma goéziendi. Calismamiz, hiicresel diizeyde
yvapay mide mukozasimin olusturulabilecegini ve bu modelin gelecekteki ¢alismalara ornek
teskil edebilecegini, yani sira hastalik modellerinde kullanilabilecegini ortaya koydu.

Anahtar Kelimeler: MSC, HUVEC, 3D hiicre kiiltiirii, gastrik mukoza, yapay mide modeli.

Abstract: 3D culture models and artificial organs are new working systems that can replace
traditional analysis methods. The difficulty, cost, and often incompatibility of animal studies,
as well as ethical limitations in human studies, have made 3D culture systems advantageous.
However, artificial stomach tissue studies are very few among 3D culture studies.
Considering the common gastric diseases such as gastritis and peptic ulcer, we aimed to
create an artificial gastric mucosa and mucus with tissue scaffolds and 3D culture in this

study to form a basis for disease models and pharmacological treatment methods. We used
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Baseink™ to create scaffold and Human Fibroblasts and Mesenchymal Stem Cells (MSCs)
for the formation of gastric lamina propria and Human Umbilical Vein Endothelial Cells
(HUVEC) for the gastric epithelia. By mixing starch, xanthan gum, and bovine serum albumin
(BSA) in different ratios, we obtained mucus that mimics the cloudy gastric mucus. To mimic
stomach acid, 30% HCI solution was prepared. Our results showed that cells in control
groups constitute artificial gastric mucosa-like structures. It was observed that the samples
covered with mucus did not deteriorate after the addition of HCI. On the contrary, after the
addition of HCI in the samples not covered with mucus, deterioration in the structure of the
artificial gastric mucosa was observed due to cell loss. Our study revealed that artificial
gastric mucosa can be created at the cellular level and this model can serve as an example
for future studies and can be used in disease models.

Keywords: MSC, HUVEC, 3D cell culture, gastric mucosa, artificial stomach model.

INTRODUCTION

The gastric glands produce the stomach's gastric juice, which partially digests the food
transported from the esophagus. Surface mucous cells secrete the visible (cloudy) mucus to
protect the gastric mucosa from the hydrochloric acid (HCI) of gastric juice thus providing a
physiologic gastric mucosa barrier (1). Two of the most common stomach diseases are
gastritis and peptic ulcer. Gastritis is inflammation of the gastric mucosa and peptic ulcer is an
advanced state of gastritis that is characterized by obvious depth in the mucosa. The three
most important causes of both diseases are Helicobacter pylori infection, non-steroidal anti-
inflammatory drugs (NSAIDs) (and aspirin), and autoimmunity (2). Since animal studies were
generally incompatible with humans, and human studies are limited due to ethical reasons, 3D
culture models and artificial tissue pave the way for replacements for conventional analysis
methods. In this regard, artificial stomach tissue studies are highly limited in number. In our
study, we aimed to create an artificial gastric mucosa and mucus with tissue scaffolds and 3D

culture.

MATERIAL-METHOD

We used the Human Fibroblasts and Mesenchymal Stem Cells (MSCs) for the formation of
gastric lamina propria and Human Umbilical Vein Endothelial Cells (HUVEC) for the
mimick of gastric epithelia. The tissue scaffold was prepared with Baseink™ and each vial
was dissolved in 5 ml DMEM and autoclaved. Human fibroblasts and MSCs were added as 2
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million cells per ml of the hydrogel and gels were crosslinked with calcium chloride (CaCl.).
After 48 hours of incubation with DMEM/F12 culture medium, non-adherent cells were
removed with the medium. HUVECs were seeded at 3 million counts per well on top of the
hydrogel and incubated for an additional 24 hours with DMEM/F12 culture medium. MSCs
and HUVECs were also cultured in 2D conditions in wells as control. To mimic cloudy
mucus, various combinations of starch, xanthan gum, and bovine serum albumin (BSA) were
used to provide gel-like and viscous consistency of gastric mucus. DNA from banana fruits
was isolated and added as a supporting polymer. Sodium bicarbonate was added to the
samples to alkalize the medium. The media in the culture wells were withdrawn, and artificial
mucus was added on top of the cells. No mucus was added to the control wells. Wells were
covered with 1 ml of fresh media. To mimic stomach acid, 30% HCI solution was added in
3D wells. 2D cultures of HUVECs and MSCs without mucus were used as controls. Samples
were cultured for 6-18 hours for analysis. At the end of the experiment, the live samples were

examined under a fluorescent microscope and photographed.

RESULTS

HCI caused a drastic drop in media pH which was also observed via phenol red color change.
Microscopic analyses showed that in 2D control groups, both human fibroblasts and MSCs
had spindle-shaped morphology and HUVECSs had epithelial-like morphology (Figure 1). We
observed that in 3D control groups, human fibroblasts and MSCs residing in the deeper layer
and HUVECs on the superficial layer together formed 3D artificial mucosa (Figure 2). When
the groups were examined after the nuclei staining with DAPI, it was observed that the cells
in the control group formed an artificial mucosa-like structure. The cellular extensions of the
underlying MSCs and fibroblasts were covered with dense HUVECs on the surface, and it
was observed that HUVECs formed a distinctly epithelial-like mucosal lining (Figure 3A). In
the 3D wells without mucus after the addition of HCI, it was observed that the cells were
damaged to a great extent, and accordingly, the cells were sparsely located. As a result of the
loss of vitality of the cells in these wells, the integrity of the artificial mucosa-like structure
that we created was disrupted (Figure 3B). We observed that the mucus-covered 3D wells
contained intact cells. With DAPI staining, it was observed that the mucus layer on the cells
protected the cells from HCI and the artificial mucosa-like structure was largely preserved.
(Figure 3C).
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CONCLUSION

Our results showed that 3D modeling gastric mucosa on a cellular level can provide a low-
cost option for future disease modeling studies and pharmacological treatments of human

gastric-related diseases.
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Figure 1. Control groups of MSCs and Fibroblasts (A) and HUVECs (B) in 2D culture.

Figure 2. Control groups of 3D artificial gastric mucosa in 12 hours (A) and 24 hours (B).
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Figure 3. DAPI staining of control well in the 3D artificial gastric mucosa (A). DAPI staining of 3D well without mucus-
covered and HCI solution added (B). DAPI staining of 3D well with mucus-covered and HCI solution added (C).
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Abstract: In the field of bioengineering and tissue engineering, regenerative medicine
provides the donor graft solution that allows tissue growth with free cell content. In addition,
dermal matrix components offer cytokines and growth factors, while bioengineered skin
tissues act as skin, protecting against fluid loss and contamination. In terms of skin tissue
engineering, 3D bioprinting technique has the potential to be used especially in burn
treatments and injuries in the military field. Different methods are used to ensure the
solidification of the polymer, the most important of which is to ensure the solidification of the
tissue in the desired time by using chemical crosslinking. Within the scope of the study, three-
dimensional tissue scaffolds are produced and the cell cultured performed under standard

culture conditions.
Keywords: Hydogels, alginate, gelatine, chitosan, bioprinting

1. INTRODUCTION

There are intensive studies on the development of injectable polymers for tissue repair or
tissue regeneration. The main advantage of injectable biomaterials is their ability to fill
different tissue defects that occur. Other advantages are ease of use, insertion into the tissue
with a minimal surgical procedure, creating an interface for the development of cells, and the
ability to carry a bioactive agent (the end that have form a strong bond with living tissue) on
itself (1). In the use of injectable biomaterials that can polymerize in the environment, it is
necessary to take into account some properties that other biomaterials do not have (2).
Different methods are used to ensure the solidification of the polymer, the most important of
which is to ensure the solidification of the tissue in the desired time by using chemical
crosslinking (3). In the literature, there are many different hydrogel development studies such
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as alginate, chitosan, gelatin, hyaluronic acid (4). In terms of skin tissue engineering, 3D
bioprinting technique has the potential to be used in burn treatments and injuries, especially in
the military field (5). Within the scope of the study, three-dimensional tissue scaffolds were
produced and cultured under standard cell culture conditions. Hydrogels with cells were

bioprinted with a three-dimensional bioprinter and their viability was measured.

2. METHOD

2.1. Mechanical Modification

Working with certain parameters, Ultimaker 2 has been used in prototype production, 3D
printing and production technologies. A 3D printer device that

can move in X, Y and Z planes and used in polymer printing

technology has been modified. The old nozzle and motor

system of the Ultimaker 2 printer is shown in figure 1. With the

modifications of the mechanical parts, the nozzle structure was

removed from the structure, and a nozzle that could provide
automatic pipette tip-sized flow was used. These structures are shown in
figures 2 and 3. The pipe system in the serum infusion set was used for
the pipeline integrated into the nozzle structure in the modified system.
The modification of the sterile infusion set was made in a sterile cabinet.

An example of the infusion set used is shown in figure 4.

Figure 1. Ultimaker 2 nozzle system (6)

Figure 2. Lateral view of the integrated nozzle structure (6)
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Figure 3. Vertical view of the integrated nozzle structure

Figure 4. Infusion Set

For bioprinting, the “New Era Pump” System was used as a pump for bioprinting in the

nozzle structure of the Material (Figure 5).

Figure 5. NE-300 Pump System (7)

After the modifications made on the device, the device was made capable of bioprinting.

2.2. Gel Studies

It was prepared by dissolving the alginate into bottles with distilled water at a concentration of
1%, 2% and 3% (8). It was sterilized by autoclaving at 121°C for 15 minutes. The CaCl»
solution used for crosslinking was passed through filters with a diameter of 0.20 pm and was
developed into a ready-made one. Gelatin was prepared by dissolving it into bottles with
distilled water at a concentration of 2% and 3% (9). It was sterilized by autoclaving at 121°C
for 15 minutes. Since the cross-linking was done with temperature, it was kept at +4°C to see
gelation. Chitosan was prepared by dissolving it into bottles with distilled water at a
concentration of 1% and 2%. It was sterilized by autoclaving at 121°C for 15 minutes. Since
cross-linking is done with acetic acid, acetic acid solution was prepared as 1% and 2% in
order to see gelation (10). It was sterilized by passing through 0.2 um filters. After
sterilization, acetic acid solution was added to the Chitosan solution and left for 1 night to

dissolve and gel in a magnetic stirrer.

2.3. Cell Culture
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Keratinocytes from epidermis layer, that is the upperlayer of skin tissue, were used. Human
keratinocyte cell line (HS2) that had been characterized before were suspended with in
different hydrogels and their mixtures to obtain the most suitable hydrogel for bioprinting
(11). Bioprinted skin tissues were tested by MTT assay for viability analysis; and
hematoxylin- eosin staining was performed for determination of cell distribution and

morphology 7 days after the beginning of the culture.
2.4.  Bioprinting

The created biomaterials were taken into a 10 ml syringe and placed in the NE-300 pump and
set to 70 ml/min. In the optimization study, it was observed that 30 ml/min and 60 ml/min
tests were made for the working speed of the pump and it was not suitable for the printing
speed. It has been observed that the “box” drawn for 70 ml/min printing is suitable for the
drawing and the optimum printing speed has been reached. Each cellular hydrogel structure
structure was collected one by one into the syringe system for printing and printed.

Cultivation times for the analyzes to be made 7 days. 24-well plate was used for bioprinting

analyzes.
3. Results
MTT 7. Days Analysis
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S 0.06-
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Figure 6. MTT analysis of the control group and materials at 7. Days
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Figure 7. Day 7 H&E staining images with 10x ocular caps (A: Alginate, B: Alginate + Gelatine, C: Alginate + Chitosan)

4. Discussion and Conclusion

It has been observed that the obtained tissue scaffolds have 3D porous structures for cell
attachment. It has been observed that the materials used are suitable for freezing sectioning.
According to the obtained MTT results, cell viability was close to the viability of the 2D
culture. MTT results are an indication that the cells maintain their vitality by adhering to the
hydrogel structure. According to the results obtained, the hydrogel that was determined as the
best in terms of cell viability among the three hydrogels used was the Alginate-Chitosan
hydrogel. The results of cell viability depend on the reaction of the cells in the hydrogel
structure with MTT. The good performance of the reaction increases the possibility of correct
results. Good performance of this reaction depends on good permeability of the hydrogel
structures, exact reaction time, cell densities seeded in the hydrogel, and complete solubility
of formazan. It was determined that the sections obtained as a result of hematoxylin&eosin
staining were suitable for cell adhesion. In the images obtained as a result of the sections, the
porous structures of the hydrogels are in a structure that will provide an opportunity for cell
attachment and growth. In order for the obtained modified device to be serial in the
bioprinting process, its integrated structure rather than a separate pump and nozzle system
from the device will facilitate its production and bioprinting process. Sterilization is an
important parameter in the use, dyeing and analysis of products obtained as a result of
bioprinting. Depending on sterilization, viability results and cell analysis obtained as a result
of staining are affected. For this reason, bioprinting should take place within the best
sterilization protocols as possible. Different dyeing methods can be tried in order to prevent
the problems in the dyeing process. Depending on the hydrogel and cell characterization,

staining should be performed.
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Ozet: Viicudumuzdaki diger bir¢ok hiicre tipi gibi Kemik hiicreleri de tek tabakali hiicrelerdir
Ve hayatlarimin devami i¢in mekanik destek saglamak igin bir ECM'ye ihtiyag¢ duyarlar. Kemik
dokusu karmasik, organize ve mineralize bir bag dokusu olmasina ragmen, kemik kollajen
bazli yapilar, hidroksiapatit kristalleri ve osteoblastlar, osteositler ve osteoklastlardan olusan
yiiksek bir yapisal hiyerarsiye sahiptir. Diatomlar (Bacillariophyceae),; pektin, silika (SiO2)
ve lipidlerden olusan ve frustiil adi verilen duvara sahip bir deniz mikroalg sinifidr. Frustiil
vapisinda bulunan silika miktar: diatom tipine gore %36 ile %95 arasinda degismektedir.
Boyutlart 2 ila 500 mikron arasinda degisir. Bioglass, yapay kemik dokusunun mekanik
ozelliklerini iyilestirmenin yani sira kemik rejenerasyonu icin kullanir [1-4]. Bu ¢alismada
diatomlar aljinat ile karistirilarak kompozit doku iskelesi olusturulmus ve aljinat hidrojel,
aljinat/hidroksiapatit kompoziti ile olusturulan doku iskeleleri ile sadece kemik
rejenerasyonuna etkisi incelenmistir. Bu amagla once literatiir taramasi yapilmis ve
diatomlarin sitotoksik etkisinin olup olmadigi MTT analizi ile incelenmis, ardindan duvar
yapilarindaki  silika incelenmis ve bu amagla FTIR analizi ve SEM kullanilmistir.
Hidroksiapatit ve diatomlar igin ideal konsantrasyon %3 w/v olarak belirlenmistir. Daha
sonra kiiltiirlenen ve kompozit ve hidrojel yapilar halinde ¢ogaltilan SAOS-2 hiicreleri
eklenir, bioink elde edilir ve 3-D bioprinting yapilir ve kiiltiirlenir. Kiiltivasyondan sonra,

kemiklesme analizi i¢in von Kossa ve Alizarin red-S boyamasi yapild.
Anahtar Kelimeler: Aljinat, hidroksiapatit, diatom, kemik doku miihendisligi, 3B-biyobaski

Abstract: Like many other cell types in our body, Bone cells are monolayer cells and need an
ECM to provide them with mechanical support for the continuation of their lives. Although
bone tissue is a complex, organized, and mineralized connective tissue, bone has a high
structural hierarchy consisting of collagen-based structures, hydroxyapatite crystals and
osteoblasts, osteocytes, and osteoclasts. Diatoms (Bacillariophyceae); are a class of marine
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microalgae, which have a wall (called frustules) consisting of pectin, silica (SiO.), and lipids.
The amount of silica present in the frustule structure varies between 36% and 95% depending
on the type of diatom. Their size varies from 2 to 500 microns. Bioglass is used for bone
regeneration as well as to improve the mechanical properties of artificial bone tissue [1-4].
In this study, diatoms were mixed with alginate and a composite tissue scaffolding was
formed and only the effect on bone regeneration was examined with tissue scaffolds formed by
alginate hydrogel, alginate/hydroxyapatite composite. For this purpose, first, a literature
review was conducted and whether the diatoms have a cytotoxic effect was examined by MTT
analysis, then the silica in the wall structures was examined and FTIR analysis and SEM were
used for this purpose. The ideal concentration for hydroxyapatite and diatoms is determined
as 3% wi/v. Then, SAOS-2 cells that are cultured and multiplied into composite and hydrogel
structures are added, bioink is obtained, and 3-D bioprinting is performed and cultured. After

cultivation, von Kossa and Alizarin red-S staining was performed for ossification analysis.
Keywords: Alginate, hydroxyapatite, diatom, bone tissue engineering, 3D-bioprinting

1. INTRODUCTION

Tissue engineering is the repair of biological tissues by cells planted on synthetic or non-
synthetic materials and by systemic or local regulators attached to them. The main purpose of
tissue engineering is to create and use artificial tissues and organs produced in 3-D with
advanced technology instead of tissues and organs that have lost their function or are too
damaged to fulfill their functions. Tissues obtained by tissue engineering should respond to
physical, chemical, and biological stimuli with adaptation such as natural tissues in vivo [5-7].

3-D printing is defined as the printing of a three-dimensional model as a material and
produced with a 3-D printer, unlike traditional processing and production methods. A 3-D
printer can be considered a type of industrial robot that produces computer-controlled three-
dimensional material output. In the use of 3-D printers, parameters such as temperature, the

viscosity of the polymer used and printing flow rate, sheet height are available [8,9].

The 3-D printing technique made using living structures and biomaterials that do not have any
toxic effect on these living structures is called "3-D bioprinting”. With 3-dimensional
bioprinting, there are studies on the production of many tissues and organs today. 3D-
Bioprinting aims to produce personalized organs and tissues and to minimize organ or tissue

rejection because of complications that may occur after transplantation [10].
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Different methods are used to ensure the solidification of the printing material and the most
important of these is to ensure that the tissue solidifies in the desired time by using chemical
cross-linking. The final step is to culture the created tissue under standard cell culture
conditions. Within the scope of this project, 3 different types of bioprinting materials

(polymer / composite content) were used and combined with cells [11].

2. METHODS
2.1  Modification of 3D-Printer as a 3D-Biopriter

The device type used for printing in the study is “Rep-Rap 3-D printer” and it is a 3D printing
device that can move in X, Y and Z planes and is frequently used in polymer printing
technology. This device prints by extrusion of the molten polymer from the nozzle after the
polymer is melted at high temperature in the chamber for prototype production (melting
temperature varies depending on the polymer type). This system, which works with the melt
method, is not suitable for bioprinting. High temperatures cause both the deterioration of
polymer/composite structures and the death of cells. For this reason, mechanical
modifications have been made on the device that will allow printing without the need for
heating for bioprinting. After the modifications, mouse femur models were printed (Figure-1)
[12].

Figure-1: a) NEMA-17 stepper motor used to turn the wheel b) Wheel for the drive shaft ¢) Shaft d, €) Locking mechanism
for the wide syringe f) Shaft pushing the piston down g) 3D bioprinter during printing.

2.2  Designing of 3D Bone Model
The first step in printing the mouse femur model aimed in the study is to create a computer
model to determine the exact dimensions of the printed model and to print it. For this purpose,
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the femur model was drawn in 2D with Autodesk AutoCAD 2017 program and in 3D with
Microsoft 3D Builder v14.1.1302.0 program (Figure-2). The next step is to synthesize the ink

(tissue culture containing polymer/material) to be used for tissue printing [13].

Figure-2: (A) 2-Dimensional mouse femur model, (B) 3-Dimensional mouse femur model

2.3 Cell Culture

In this study, SAOS-2 Osteosarcoma cell line, which is in the stocks of Ege Biomaterials and
3D Biointerphase Laboratory, was used. Cultivation was carried out in McCoy's 5A
(%10FBS, %1 L-glutamine, %1 gentamycin) medium at 37°C with 5% COx.

2.4  Material Characterization

After the necessary modification in the printer and the completion of the mouse femur model,
10 mL small scale washing solutions were prepared with 10% wi/v concentration of NaOClI,
acetone, distilled water and methanol in order to remove the green pigments of the diatoms.
After the washing process, the lightening of the colors was observed qualitatively the most in
the methanol solution. FTIR analysis was performed to examine whether the qualitative result
obtained was significant or not. During the washing process, it was observed that the diatoms
were disintegrated while they were being discolored, and after each washing process, the
samples were prepared and photographed by examining them with SEM without coating.

In order to determine whether diatoms, which have never been used in bone tissue
engineering studies, have a cytotoxic effect, MTT analysis was performed in comparison with
Hydroxyapatite [14-16].

After the preliminary studies, a literature review was carried out to determine the ideal
alginate, diatom and hydroxyapatite concentrations used for bone tissue engineering and it
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was determined that 2%, 3% and 4% w/v concentrations for alginate and 3% w/v
concentrations for hydroxyapatite and diatom were determined. After obtaining the necessary
literature information, viscosity measurement was performed to determine the suitability of

the material for bioprinting.

3. RESULTS

3.1  FTIR analysis of diatoms obtained as a result of washings
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Figure-3: FTIR Graph
As seen in the graph, there are peak values between 1500 cm™ and 400 cm™. These peak

values and the data they express are as follows; 1390 cm™ represents CHs-Si bond, 870 cm™
Si-C bond, and 711 cm represents Si-O-Si bond

3.2  Diatom SEM Images
Non-washing Methanol NaOCl Acetone
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Figure-4: SEM photographs of diatoms were obtained as a result of different washing methods. Scale bar lengths in the
images from top to bottom; For non-washing Diatoms; 10pm, 10pm, 2um, For Diatoms washed with Methanol: 2pum, 1um,

1um, For Diatoms washed with NaOCl: 10pum, 0.2um, 10pum, For Diatoms washed with Acetone: 20pm, 10um, 10pum

3.3 Viscosity Values of Hydrogels and Composites

The viscosity values of the materials were measured from 10 rpm to 250 rpm. During the
measurement, the speed was increased by 20 rpm every 10 seconds and the highest viscosity
value was obtained with 4% alginate and the lowest viscosity value with 2% alginate. The
ideal viscosity value was obtained with 3% alginate. It was observed that the diatom additive
reduced the viscosity very slightly, but this was an acceptable (2% reduction) reduction
(Figure-5).
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Figure-5: Rpm-Viscosity Graph

3.4 Investigation of the cytotoxic effect of diatoms and hydroxyapatite
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Figure-6: MTT analysis for Diatom & Hap

As a result of the MTT analysis performed to examine the cytotoxic effect of diatoms, it was
observed that diatoms given to the cells at different doses did not have a cytotoxic effect.

3.5  3D-Bioprinting
The bioprinting process is carried out by taking the material into a nozzle/syringe and printing

it, as shown in the Figure. After the bioprinting process, the products cross-linked with CaCl;

were printed on 6 well plates and the media were added on them (Figure).

Figure-7: Bioprinted scaffolds
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3.6  MTT analysis

MTT 7t day
7t day
0.5+ ; Alginate
0.4+ I Diatom+ Alginate
£ I3
= 0.34 HAp. + Alg.
1)
= 0.2-
=
.
0.1

Alginate Diatom+ Alginate HAp. + Alg.

Figure-8: MTT results on day 7t
When the graph in the figure is examined, no significant difference was observed in terms of
cell viability at the end of the 7-day incubation period of SAOS-2 cells cultivated in Alginate,
Alginate/Diatom and Alginate/Hydroxyapatite scaffolds (Figure-8).

MTT 14t day
14. giin
14% day
1.09
Alginate

0.3 .
E . HAp. + Alg.
: 0.6 BN p Diatom+ Alginate
: 0.4
E-}
<

0.2

Alginate HAp+ Alginate  Diatom + Alg.

Figure-9: MTT results on day 14

From this graph, it can be concluded that alginate/diatom and alginate/hydroxyapatite have a
similar positive effect on viability and increase the number of cells statistically significantly

(p<0.0001) compared to the scaffold using only alginate. (Figure-9.).
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3.7 Alizarin red-S Staining

Figure-10: 3-Dimensional scaffolds stained with Alizarin Red-S (A: Alginate/Diatome, B: Alginate, C: Alginate/
Hydroxyapatite) (20x)

3.8 von Kossa Staining
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Figure-11: Von Kossa stained 3-Dimensional scaffolds (A: Alginate, B: Alginate/Diatome, C: Alginate/Hydroxyapatite)
(20x)

4. DISCUSSION

According to the obtained MTT results, the diatoms that were depigmented and cleaned with
the method used did not show any toxic effects for SaOS2 cells. MTT results are an indication
that the cells maintain their vitality by adhering to the hydrogel structure. According to the
results obtained, the material determined as the best in terms of cell viability among the three
hydrogels used is Alginate/Diatome composite. This is a direct proof that diatom is a
promising material for use in bone tissue engineering studies.

As a result of MTT analysis, von Kossa and Alizarin red-S staining, it has been proven that
diatoms positively affect ossification and that the determined 3% w/v diatom and 3% wi/v
alginate concentrations are ideal concentrations in bone tissue engineering studies in terms of

both printability and substance diffusion.
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ASPALATHUS LINERAIS (ROOIBOS) EKSTRAKTININ SICAN TESTIS
DOKUSUNDA AKUT DONEMDE MELAMININ OLUSTURDUGU HASAR
UZERINE KORUYUCU ETKISININ INCELENMESI

Selen AKYOL BAHCECI! Miige SARICAOGLU?

Lzmir Katip Celebi Universitesi Tip Fakiiltesi, Histoloji ve Embriyoloji Ana Bilim Dali, IZMIR, TURKIYE,
selenbahceci@gmail.com, mugesaricaoglu@hotmail.com

Ozet: Calismamizda, melaminin testiste akut toksisite sonucu, neden oldugu histopatolojik
degisikliklere rooibosun iyilestirici etkisinin incelenmesi amag¢lanmistir. 18 adet Wistar-
Albino erkek si¢can her grupta 6 hayvan olmak zzere; kontrol, melamin ve Melamin+Rooibos
gruplarina ayrildi. 31 giin siiren deney sonrasi alinan testis dokularinda H&E, PAS, Masson
Trikrom, immunohistokimyasal olarak Okludin, Klauidin ve TUNNEL boyamalar: yapild:.
Melamin ve Melamin + Rooibos gruplarina 3 giin tek doz oral gavaj ile 140 mg/kg melamin
verilmistir, sonrasinda melamin grubuna 28 giin boyunca SF, Melamin+Rooibos grubuna 28
gein 200 mg/kg Rooibos uygulanmustir. Kontrol grubuna 3 gin oral gavaj, 28 giin 1.P olacak
sekilde sadece SF uygulanmistir. Tiim deney gruplarindaki sicanlar deneyin 31. giiniinde
ketamin/ksilazin anestezisi altinda dekapite edilmis ve testisleri alinmigstir. Kontrol grubunda
normal tubulus seminiferus kontortus morfolojisi gozlendi. Melamin grubunda tubulus
seminiferus kontortus ¢ap: ve alaninda azalma, spermatogenik seri hzicrelerde dejenerasyon,
liimende azalmis spermatozoalar, seminifer epitel bazal membraninda PAS+ likte azalma,
interstisyel alanda ddem, acgilma ve vaskiiler konjesyonda artmalar goriildii. OKludin ve
klaudin boyamalarda diger gruplardan daha az immiin reaktivite pozitifligi vardi. TUNEL
immiinhistokimyasinda ise biiyiik oranda artis mevcuttu. Rooibosun uygulandigr grupta olast
antioksidan etkileri ile melamin kaynakli olusan histopatolojik hasari ve apoptotik hiicrelerde
stk mikroskobik diizeyde azalma izlendi. Sonug olarak, ¢alismamizda melamin maruziyeti
testis dokusunda hasar olusturdu ve infertilite tehlikesini arttirdigi, testiste oksidatif stresi
indiikledigi ve oksidan-antioksidan denge iizerine olumsuz etkisi oldugunu gozlemledik. Bu

hasarn tedavisinde Rooibosun iyilestirici etkisinin oldugunu tespit ettik.

Anahtar Kelimeler: Melamin, Rooibos, Testis, Toksisite

Abstract: In our study, it was aimed to examine the curative effect of rooibos on the
histopathological changes caused by melamine as a result of acute toxicity in testis. 18
Wistar-Albino male rats, 6 animals in each group; were divided into control, melamine and
Melamine+Rooibos groups. H&E, PAS, Masson Trichrome, and immunohistochemically

Occludin, Klauidin and TUNNEL stainings were performed on testicular tissues taken after
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the 31-day experiment. Melamine and Melamine + Rooibos groups were given 140 mg/kg
melamine by oral gavage as a single dose for 3 days, then SF was applied to the melamine
group for 28 days, and 200 mg/kg Rooibos was administered to the Melamine+Rooibos group
for 28 days. Only SF was applied to the control group, with oral gavage for 3 days and I.P for
28 days. Rats in all experimental groups were decapitated under ketamine/xylazine anesthesia
on the 31st day of the experiment and their testicles were removed. Normal tubulus
seminiferus contourus morphology was observed in the control group. In the melamine group,
decrease in tubulus seminiferus contourus diameter and area, degeneration in spermatogenic
series cells, decreased spermatozoa in the lumen, decrease in PAS+ in the seminiferous
epithelial basement membrane, edema in the interstitial area, dilation and increased vascular
congestion were observed. Occludin and claudin stainings had less immunoreactivity
positivity than the other groups. On the other hand, there was a large increase in TUNEL
immunohistochemistry. In the group in which rooibos was applied, possible antioxidant
effects and histopathological damage caused by melamine and a decrease in apoptotic cells

at the light microscopic level were observed.

In conclusion, in our study, we observed that melamine exposure caused damage to the
testicular tissue and increased the danger of infertility, induced oxidative stress in the testis
and had a negative effect on the oxidant-antioxidant balance. We found that Rooibos has a

healing effect in the treatment of this damage.

Keywords: Melamine, Rooibos, Testis, Toxicity

GIRiS

Melamin ; plastik, kaplama, tutkal ve alev geciktiricilerin iiretiminde yaygin olarak kullanilan
kanserojen etkiye de sahip endistriyel kimyasaldir. ABD'de de evcil hayvanlarin
yiyeceklerine melamin ilavesi yapilarak protein kitlesinin artis1 hedeflenmistir. Ancak bu
hayvanlarda melaminin toksik etki de yapabilecegini gosteren bir ¢alisma yapilmamustir.
Diinya Saglik Orgiitiiniin 2008 yilinda; Cin’de melaminin suyla seyreltilmesinden sonra
bebek mamalarina ve siitlere katilarak, goriiniir protein kitlesinin arttirmak i¢in ham
bilesenlere eklendigi bildirilmistir. Bunun sonucunda melaminli siit tozu yiyen 6 bebek
hayatim1 kaybederken, 300 bin ¢ocukda da gesitli sikdyetler goriilmiistiir. Olen bebeklerin
bobrek biyopsilerinde, tubuluslarin iginde kristallerin varligi kanitlanmistir. Rahatsizlanan

cocuklarin annelerinin ifadelerinde Ozellikle idrar yaparken c¢iglhik c¢ighiga agladiklar

belirtilmistir.
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Testis fonksiyonunu etkileyen ve testiste sperm yapimini bozan her tiirli durum infertilite
nedenidir. Testis enfeksiyonlart ve travmalari, testise yonelik cerrahi girisimler,
Kriptorsidizm, yiiksek 1s1 ve toksik maddeye maruz kalma (radyoterapi/kemoterapi/kursun-
akii-civa sanayi v.b), insektisitler bu duruma sebebiyet verebilmektedirler. Melaminin akut
toksisitesi, esasen bobreklerde lokalize olmakla beraber son yillarda yapilan caligmalarla
sicanlarda disi ve erkek lireme sistemi iizerinde de toksik bir etkisinin mevcut oldugu
gosterilmistir. Testis lizerinde yapilan ¢aligmalarda artan melamin dozu, oksidatif stres yolu
ve apoptozu indiikleyerek, hiicrelerin apoptotik oranlarini arttirdigini, tubulus seminiferus
kontortuslarin  ¢aplarinda degisiklige ve morfolojisinde farkliliklara neden oldugu
bildirilmigtir. Bunlar; tubulus seminiferus kontortus yapisinin bozulmasina, nekrotik germ
hiicrelerinin sayica artmasina, sperm miktarlarinin azalmasina ve anormal goriiniimlii sperm
varligr dahil olmak iizere gesitli anormalliklere sebebiyet vermistir. Yine farkli oranlarda
melamin takviyesi uygulanan hayvan deneyi gruplarinda; tubulus seminiferus kontortuslarda
spermatojenik hiicrelerin sitoplazmasinda yer yer folikiiler dejenerasyonlar, bazal membranda
kalinlasma ve liimende diizensizlik goériilmiistiir. Erkek domuzlarda melamin maruziyeti, kan-

testis bariyer biitiinliigiinii tahrip ederek testis toksisitesine yol agmaistir.

Giiney Afrika'da, birgok sifali bitki onlarca yildir bitki ¢ay1 olarak tiiketilmistir. Rooibos,
Giliney Afrika’da ¢ok cesitli formlar1 bulunan bir bitki tiirtidiir. Cok sik olarak, bu bitkiden
hazirlanan sarap, bira ve cay gibi i¢ecekler hem kiiltiirel olarak hem de beslenme veya tibbi
amaglar i¢in de tiiketilmektedir. Rooibos cayinin, antioksidan, antimutagenik, antialerjik,
vazodilatator ve dermatolojik etkileri tlizerine tibbi o6zellikleriyle iligkili bir¢ok caligma
yapilmistir. Lawal ve arkadaslari; rooibos ekstraktinin dizel egzoz partikiillerinden kaynakli
kardiyovaskiiler toksisiteye kars1 koruyucu potansiyelini gostermislerdir. Awoniyi ve
arkadaglari, sulu rooibos ekstraktlarin antioksidan savunma mekanizmalarini arttirdigini ve
testis dokusunda oksidatif stres hasarina karsi koruyucu etkisi oldugunu gostermislerdir.
Testis dokusu i¢inde bulunan Sertoli hiicreleri, spermatogenez i¢in gereklidir. Sertoli
hiicreleri, germ hiicrelerine dogrudan temas yoluyla yapisal ve nutrisyonel destek saglar
ayrica tubulus seminiferus kontortuslarin i¢indeki mikrogevreyi kontrol ederek spermlerin
ilerlemesini kolaylastirmaktadir. Bitisik Sertoli hiicreleri arasinda bazolateral bolgede siki
baglant1 noktalar1 bulunur ve bu baglantilar kan-testis bariyerini olusturmaktadir. Kan-testis
bariyeri, testisleri otoantijenik germ hiicrelerini immiinolojik olarak koruyan ve maddelerin
intratubtiiler siviya girisini kontrol eden ayricalikli bariyerdir. Bu bariyerin gegirgenligi

periferik endotelyal hiicrelerden 50-100 kat daha azdir, germ hiicre mayozunun tamamlanmasi
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ve spermiogenez i¢in gerekmektedir. Kan-testis bariyerinin biitiinliigii ayrica genetik, toksik
madde maruziyeti, iltihaplanma da dahil cesitli hastaliklardan etkilenebilmektedir ve bu
durum infertilite ile sonuglanabilmektedir. Son yillarda yapilan ¢alismalarla, Sertoli

hiicrelerinin tireme toksisitesi i¢in potansiyel hedef olabilecegi gdsterilmistir.

Gow A. Ve arkadaslar1 yapmis olduklar1 bir ¢alismada, Oligodendrosit spesifik protein (OSP)
/ Klaudin-11’1, Merkezi sinir sistemi miyelinizasyonunda gorev alan ve testiste bilinmeyen
fonksiyonlu bir transmembran proteini olarak tanimlamislardir. OSP olmayan farelerde hem
norolojik hem de ireme eksikligi belirtileri gosterilmistir. MSS’de sinir iletiminin
yavaglamasi, arka bacak zayifligi, erkek sicanlarda infertilite dikkat ¢ekmistir. Elde edilen
sonuglar, OSP'nin paralel dizili siki baglantilar aracisi oldugu ve bu proteinin siki
baglantilardaki diger zar proteinlerinden farkli oldugunu gostermistir. Bu yeni sonuglar,
Klaudin ailesinin, spermatogenez ve normal MSS fonksiyonu i¢in gerekli olan siki

baglantilarin paraselliiler fiziksel bariyerini olusturmasindaki roliiniin dogrudan kanitidir.

Kan-testis bariyerinde bulunan siki baglantilarinda protein ekspresyon seviyeleri ve testislerde
mitojenle aktive olan protein kinaz yolunun protein seviyeleri dl¢iilmiistiir. Melaminin doza
bagimli olarak serum testosteron diizeylerini diislirdiigiinii, testis ve epididimde histopatolojik
degisikliklere neden oldugu gosterilmistir. Kan-testis bariyerindeki proteinlerin anormal
degisiklikleri bariyerin gegirgenliginin artmasiyla sonu¢lanmistir. Erkek domuzlarda,
melaminin ayrica ZO-1, okludin, N-kadherin ve connexin-43 protein seviyelerini diigiirdigi,
buna paralel olarak p-Erk, p-JNK ve p-p38 protein seviyelerini arttirdigi bildirilmistir. Bu
bulgularin sonucunda; melaminin kan-testis bariyerinde, birlesme proteinlerinin ifadelerinin
down regiilasyonunu gostermekte, melamin maruziyeti kan-testis bariyeri biitiinliiglinii tahrip

ederek erkek domuzlarda testis toksisitesine yol agtig1 gosterilmistir. (Lu ve ark. 2009)

Literatlir incelemesinde melaminin sican testislerinde olusturdugu harabiyet {izerine,
rooibos’un iyilestirici etkisinin arastirildigr ile ilgili herhangi bir ¢alismaya rastlamadik. Biz
bu c¢alismamizda; rooibos ekstraktinin takviye olarak kullanilmasiyla, melaminin akut
donemde testis dokusu iizerinde yaptig1 harabiyetin iyilestirici etkilerinin hem histopatolojik
olarak hem de erkek infertilitesinin 6nemli nedenlerinden biri olan kan-testis bariyeri siki
baglanti  proteinlerinden Klaudin ve Okludin’in  immiinohistokimyasal  olarak

degerlendirilmesini amacladik.
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YONTEM

8 haftalik, 18 adet Wistar-albino siganlar kontrol (K), melamin (M), melamin+ rooibos (M+R)

gruplaria ayrildi. Melamin 3 giin oral gavaj-Rooibos 28 giin IP olarak uygulandi. Ketamin

anestezisi altinda ¢ikarilan testis dokusu formaldehit ve bouinde fikse edilerek rutin histolojik
doku takip edildi. Kesitler Sum kalinhiginda alinarak H&E, Masson, PAS, THC, TUNEL

boyamalar yapildi.
BULGULAR

Denek Viicut Agarhklan Olgiimleri

T

Tesi Istatistilderi

Eontrol Mealamin M+E Test F degeri
n=a n=f n=f defern
pigms <0001
261,579 119,379 4025243

Tubulus Seminiferus Kontortus Cap Olciimleri

Grruplar H Mean+3. Sapma
ECHTEROL 10 271,35£57.1
MELAMIN 10 1920+ 16,4
ROOIBOS 10 3606+ 98,5

Denek Testis Agarhklan Olciimleri

I I

Eomntral Ilelasin M+E Test P degen
n=f n=f n=f degeri
=23 0,002
3,44+0,
2,9+04 2,1x0.4 4

Tubulus Seminiferus Kontortus Alan Olgfimleri

Craplar H Mean+3. Sapma

EONTEROL 10 421936222127

MELAMIN 10 32675,2+ 35754

ROOIBOS 10 561142+ 11090,0

Biz bu ¢alismamizda melaminin spermatogenetik seri hiicrelerinin prolifeasyonunu azalttig1,

seminiferus tubulus kontortuslarin hem gapinda hem alaninda azalmaya neden oldugu ayrica

deney sonrasi viicut agirliklarinda ve testis agirliklarinda azalmaya neden oldugu buna karsin

apopitozu ise arttirdigini tespit ettik.

H&E Boyama
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Resim 1: Tubulus seminiferus kontortuslarin Hematoksiln-Eozin boyama goriintiileri.
jntersitisyel alanda édem (* ), Seminifer tiibiil duvarinda édem (‘)gb'zlendi. Germinal
epitelde acilmalar (™=\ \;akuolizasyon gibi (===) bulgularda fark edilir sekilde azalma

gozlendi.

PAS Boyama

MELAMIN

KONTROL

Resim 2: Tubulus seminiferus kontortuslarin Periyodik asit Schif boyama goriintiileri.

Bazal membranda kopma (== )ve ondiilasyonlar (*) gozlendi. Bazal membran biitiinliigii (

m—) ) gozlendi.

Masson Trikrom Boyama
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Resim 3: Tubulus seminiferus kontortuslarin Masson Trikrom boyama goriintiileri.

Intersitisyel alanda 6dem (l), ve vaskiiler konjesyon (A) gozlendi.

Resim 4: Tubulus seminiferus kontortuslarin IHC- Okludin immiinreaktivitesi boyama

goriintiileri. A-Kontrol Grubu, B-Melamin Grubu, C- Melamin +Rooibos Grubu.
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Resim 5: Tubulus seminiferus kontortuslarin IHC- Klaudin immiinreaktivitesi boyama

goriintiileri. A-Kontrol Grubu, B-Melamin Grubu, C- Melamin +Rooibos Grubu.

e S S
Ml RN

Resim 6: Tubulus seminiferus kontortuslarin Tunnel goriintiileri.

Kontrol grubu ile kiyaslandiginda melamin grubunda seminifer tiibiil ¢apinda ve alaninda

azalma, rooibos grubunda ise artis istatistiksel olarak (p<0.05) anlamli bulundu.

Kontrol grubunun H&E boyamasinda; seminifer tiibiiller incelendiginde spermatogenik seri
hiicrelerin ve Sertoli hiicrelerinin normal goriinimde oldugu goriildii. Tiibiillerin bazal
membraninin intakt oldugu, peritubular miyoid hiicrelerin, interstisyel bag doku alanindaki
yapilarin ve Leydig hiicrelerinin normal histolojik goriintiide oldugu goézlendi. Melamin
grubunda regresif seminifer tiibiillere rastlandi. Seminifer tiibiillerin liimeninde spermatogenik
hiicre dokiintiileri goriildi. Spermatogenik seri hiicrelerinde yer yer vakuolizasyon ve
ayrigmalar goriildii. Rooibos grubundaki testislerin histolojik goriintiileri kontrol grubuna
benzerdi. Spermatogenik hiicreler normale yakin, liimende spermatozoalarinda varligi

goriintiilendi.

Kontrol grubunun PAS boyali kesitleri incelendiginde; spermatogenik seri hiicreler igerisinde
sperm akrozomlarinin ve seminifer tubullerin diizgiin, kesintisiz PAS (+) bir bazal membranla

cevrelendigi gorildii. Melamin grubunda, bazal membranlarinda PAS pozitifligin zayif
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oldugu ve yer yer kesintiye ugradigi goriildii. Interstisyel alanda Leydig hiicrelerinde
dejenerasyon ve 6dem izlendi. Rooibos grubunda kontrol grubuna benzer sekilde seminifer
tubullerin normale yakin morfolojik bulgusu ile vaskiiler konjesyonda ve bazal membrandaki

ayrigsmada iyilesme oldugu gozlendi.

Kontrol grubu Masson Trikrom boyali kesitler incelendiginde, bag doku kapsiilii olan tunika
albuginea ve yogun dizilimli kollajen lifler gozlendi. Melamin grubunda ise, kapsiilde
ayrilmalar, dejeneratif ve nekrotik seminifer tubuller izlendi. Rooibos gurubunda, melamin
grubuna nazaran intersitisyel doku alanindaki hasar ve 6demde azalma goriildii. Tiibiiler

atrofide azalma olup, kontrol grubuyla benzer 6zellikler bulundu.

Kontrol grubu ve rooibos grubuna ait testis dokularinda bulunan seminifer tiibiillerdeki
hiicrelerde ¢ok az sayida TUNEL pozitif isaretlenmis hiicrelere rastlandi. Melamin grubunda

ise seminifer tubullerdeki TUNEL pozitif hiicrelerin sayisinda artis oldugu gozlendi.

Hiicreler arasi1 siki baglanti proteinleri olan okludin, klaudinin immunohistokimyasal
incelemelerinde kontrol ve M+R grubunda sertoli hiicrelerinde ekspresyonun giiclii oldugu
gozlendi, ancak melamin grubunda kan testis bariyerinin bozulmasina bagli olarak okludin,

klaudinin ekspresyonun azaldig1 tespit edildi.

TARTISMA-SONUC:

Testikiiler toksisiteden sorumlu kritik faktorler arasinda hormonal, ¢evresel, davranigsal ve
beslenme dengesizlikleri yer almaktadir (Sharpe ve Franks, 2002). Melamin, giinliik tirlinlerde
yaygin kullanimi ve kimyasal madde toksisitesine de sebep olan bir kimyasaldir. Insanlarda
ve hayvanlarda melaminin akut ve kronik maruziyetine iliskin veriler daha ¢ok
nefrotoksisiteye dayalidir ancak diger organlardaki etkileriyle ilgili az veri bulunmaktadir
(Skinner ve ark., 2010). Kimyasal kaynakli toksisitenin ortadan kaldirilmasi ya da azaltilmasi
maksadiyla bitki oziitlerinden yararlanildigi gosterilmistir. Bu amagla rooibosun flavonoid

igerigi ve antioksidan aktivitelerini arastiran ¢ok ¢esitli calismalar yapilmistir

Duan ve arkadaslarinin ICR tiirii farelerde yapmis oldugu calismada, Melamin 2, 10, 50 gr/kg
dozlarinda ve 28 giin boyunca uygulama sonucunda; MA10 grubunda hafif lezyonlar, MA50
grubunda ise en fazla hasar gorilmistir. Morfolojik olarak seminifer tiibiil yapisinin
bozulmasi, nekrotik germ hiicrelerinin ve sperm anormalliklerinin artmasi, sperm sayisinin
azalmasi gibi ¢esitli anormallikler goriilmiistiir, sonug¢ olarak MA'nin testislere zarar

verebilecegini bildirmisglerdir. MAS0 grubunda hasarin daha fazla oldugu bu calismada
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uygulanan ilag dozunun bizim ¢aligmamizdakinden az olmasina ragmen siire olarak daha fazla

maruz birakilmasi nedeniyle bizim ¢alismamizin morfolojik bulgulari ile uyumluydu.

Chang ve arkadaglarinin farelerde tek basina melaminin ve melamin-siyaniirik asit karigiminin
akut testis toksisitesini ilk kez gostermis oldugu Kunming cinsinde yapmis olan calismada
melamin (MA, 30, 140 veya 700 mg/kg/giin), melamin ve siyaniirik asit karigimi (MC, her
biri 15, 70 veya 350 mg/kg/ giin) uygulanmistir. Uygulamalar sonrasinda 1 ve 5 giinde son
dozdan sonra 6tenazi yapilmistir. Melamin maruziyetinden sonra, histopatolojik olarak, tim
dozlarda Melamin uygulamalari, kanallarin limeninde tamamen spermatoza yoklugu,
piknotik ve nekrotik germ hiicresi kiitlesinde artig goriilmistiir. Transmission elektron
mikroskobik incelemelerde ise tek basina melamine maruz kalma, peritiibiiler doku yapisinda
doza bagli hasara neden oldugu ve testis toksisitesine neden olabilecegi rapor edilmistir.

Histopatolojik bulgular bizim ¢alismamizla korelasyonluydu.

Ling ve arkadaslarinin domuzlarda yapmis oldugu baska bir deneysel ¢alismada, melamin
uygulanan gruplarn testislerinde belirgin Sertoli hiicre vakuolasyonu, germ hiicrelerinin pul
pul dokiilmesi ve ¢ok ¢ekirdekli dev hiicreler goriildiigiinii bildirmislerdir. Chang ve Ling'in
calismasinda bildirilen ¢ok ¢ekirdekli dev hiicreleri, bizim ¢alismamizin melamin grubunda
mevcut degildi ancak bunun doza bagl olabilecegini ve ayrica siyaniirik asitin de kiimilatif
etkisinin de olabilecegini bize diisiindiirdii. Buna kargin, seminiferus tubulus kontortus
liimenlerinde spermatoza yoklugu, piknotik ve nekrotik germ hiicresi kiitlesinde artig1 gibi

bizim ¢alismamizin histopatolojik bulgulari ile benzerlik géstermekteydi.

Crissman ve arkadaglari, Melamin'in si¢an testislerinde hasara neden oldugunu gosterdikleri
baska bir caligmada, seminiferus tubulus contortuslarda yapisal degisiklikler, bazal
membranin fokal olarak yer yer ayrilmalari bildirmislerdir. Benzer sekilde bizim
calisgmamizda da literatiirdeki bu bulgulara paralel olarak melamin grubundaki PAS
kesitlerinde, seminiferus tubulus kontortus bazal membranlarinda zayif PAS pozitiflik ve yer

yer kesintili yapida oldugu goriildii.

Chang ve arkadaslarinin yapmis oldugu TM4 hiicre hattindaki melamin toksisitesini in vitro
olarak degerlendiren ilk ¢alismada yapilan melamin maruziyetinin konsantrasyona bagl bir
sekilde TM4 hiicrelerinde ultrastriiktiirel hasara neden oldugu, Sertoli hiicrelerinde tight
junction ve hiicre iskeleti protein ekspresyonunun bozulmasina neden oldugu gosterilmistir.
MA'ya maruz birakilan Sertoli hiicre kiiltiirlerinde hem N-cadherin hem de okludin

ekspresyonunun down regiilasyonu gozlenmistir. Bu down regiilasyonlar, melaminin kan-
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testis bariyerinin bozulmasindan sorumlu olabilecegini ve bu nedenle, ¢alisma sonunda
Sertoli hiicresinin melamin kaynakli erkek iireme toksisitesi i¢in dnemli bir hiicresel hedef

olabilecegi bildirilmistir.

Ling ve arkadaglarinin siitten kesilmis erkek domuz yavrularinda yapmis oldugu bir
calismada,10 hafta boyunca 0, 100, 300 ve 1000 mg/kg melamin konsantrasyonlarina maruz
birakilmistir ve 1, 7 ve 14. giinlerde 6tenazi yapilmistir. Melaminin doza bagl olarak serum
testosteron diizeylerini disiirdiigiinii, testis ve epididimde belirgin histopatolojik lezyonlara
neden oldugu belirtilmistir. Bu histopatolojik degisikliklerin Kan-testis bariyerinde
hasarlanma sonucu artan gegirgenliginden oldugu ile kanitlanmistir. Bu ¢aligmada, kan-testis
bariyerindeki hasarlanmaya bagli olarak ZO-1, Occludin, N-cadherin ve connexin-43 protein
ekspresyonlarinda azalma oldugu bildirilmistir. Bizim c¢aligmamizda da kan-testis
bariyerindeki tight juction baglantisinda bulunan Klaudin ve Okludin proteinlerinin
biitiinliigliniin  korunup korunmadigi arastirilldi. Ve literatlirle uyumlu bir sekilde
immiinohistokimyasal boyamalarimiz sonucunda tight junction proteinleri olan Occludin-
klaudin kontrol ve rooibos grubunda net goriintiilenirken, melamin grubunda melaminin
toksik etkisine bagli olarak kan-testis bariyerinin zarar goérmesiyle bu proteinlerin
ekspresyonlarinda azalma gdzlenmistir. Bizim c¢alismamizda melaminin etkisiyle bozulan

kan-testis bariyeri biitiinliigiiniin Rooibosun iyilestirdigi gozlendi.

Huang ve arkadaglarinin Kunming farelerinde yapmis oldugu 5 giin siiren ¢alismada normal
salin negatif kontrol grubu (0,1 mL/10 g viicut agirhigi), diisiik doz (400 mg/kg) melamin
grubu, orta doz (800 mg/kg) melamin grubu ve yiiksek doz (ve 1600 mg/kg) melamin gruplari
olusturulmustur. Apoptozla iligkili proteinlerin immiinohistokimyasal boyamalarinda Bcl-
2'nin ekspresyonu 6nemli olglide azalmisken, Bax ve kaspaz-3'iin ifadeleri 6nemli 6lgiide
arttig1 gosterilmistir. Ve sonug olarak melaminin, oksidatif stres yolu ve hiicre apoptozunu
indiikleyerek farelerin iireme sistemine zarar verdigini bildirmislerdir. Bizim g¢alismamizin
sonucunda, melaminin sebep oldugu apoptotik etkilerin, Rooibosun anti-apoptotik etkisinden

dolayi iyilestirdigini diistindiik.

Calismamizda, Melaminin seminifer tubul biitiinliiglinii ve kan testis bariyerini bozdugu,
Rooibosun bu dejenerasyonlar iyilestirici etki gosterilerek toksisiteye bagl infertiliteyi

tyilestirmede katki sagladigi diisiiniildii.
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Ozet: Dis kayiplarinda kemik rejenerasyonu ile tedavinin saglanmasinda dental implantlarin
tiretilmesi ve kullanilmasi olduk¢a onemlidir. Konvansiyonel implantlara gore daha hizli yeni
kemik olusumunun gerceklesmesi amaciyla Titanyum (Ti) implantlarin yiizeylerine cesitli
modifikasyonlar uygulanmaktadr. Bu dogrultuda grubumuzca tasarlanan, sanal ve gercek
ortam biyomekanik testleri onceden tamamlanmis ozgiin poroz Ti dental implantlarin kemik
ile temas eden yiizeylerinde konvansiyonel implanta gore giiclii osteointegrasyon ile yeni
kemik olusumuna etkisi in vivo hayvan modelinde degerlendirilebilirse, yeni poroz implant
tilkemizde ekonomik olarak seri 1iiretilebilir, katma degeri yiiksek bir iiriin olarak
degerlendirilebilir. Proje kapsaminda iiretilen 2 adet farkl yiizey ozelligine sahip ozgiin orta
ticliisii gozenekli ve total gozenekli dental implantlar, piyasada halihazirda kullanilan ticari
implant ile in vivo kosullarda karsilastirmali olarak degerlendirilmistir. Total gézenekli poroz
Ti implant tibiada konvansiyonel implant ile benzer bicimde osteointegrasyonu saglamigstir.
Total gozenekli implant, konvansiyonel implanta gére kolay ve kisa siireli tiretimi ve yiiksek

uyarlama kabiliyeti ile dental ve ortopedik kullanimlarda yayginlasabilir.

Anahtar Kelimeler: Dental, Titanyum (Ti) implant, Kemik, Osteointegrasyon

Abstract: Production and use of dental implants are crucial for bone regeneration in tooth
loss. Various modifications are applied to the surfaces of Titanium (Ti) implants to achieve
faster new bone formation compared to conventional implants. It was assumed that if the
effect of original porous Ti dental implants, designed by our group, whose virtual and real
environment biomechanical tests have been previously completed, on strong osteointegration
and new bone formation in the implant-bone interface could be evaluated in vivo animal
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model, the new porous implant might be economically mass-produced in our country. The
original dental implants with 2 different surface properties produced within the scope of the
project; middle triple porous and total porous dental implants were evaluated in vivo
comparing with the commercial implant currently used in the market. Total porous Ti implant
provided osteointegration in the tibia similar to the conventional implant. Total porous
implant could be frequently used as a dental and orthopedic implant due to its easy and short-

term production and high adaptability when compared to conventional implants.

Keywords: Dental, Titanium (Ti) implant, Bone, Osteointegration

1. GIRiS

Dis kaybi, dis eti hastaligi, basarisiz kok kanal tedavileri veya dis ¢ilirlimesi sonucu goriilen
yaygin bir saglik sorunudur. Eksik ya da sorunlu dislerin tedavisi ve kemik rejenerasyonu i¢in
dental implantlarin tiretilmesi ve kullanilmasi olduk¢a 6nemlidir. Titanyum (Ti) implantlarin
yiiksek biyouyumluluk ve korozyon direncine sahip materyaller oldugu ancak siki
osteointegrasyonun olusmasi igin tek basina yetersiz kaldigi bilindiginden (1) implant
cevresinde daha hizli kemik olusumunun gergeklestirilmesi ig¢in konvansiyonel Ti
malzemelerin yiizeylerine c¢esitli modifikasyonlar uygulandigi bildirilmektedir (2). Bu
calismada grubumuzca tasarlanan, sanal ve gergek ortam biyomekanik testleri 6nceden
tamamlanmis 6zgiin poréz Ti implantlarin kemik ile temas eden yiizeylerinde konvansiyonel
implanta gore gii¢lii osteointegrasyon ile yeni kemik olusumuna etkisi in vivo hayvan
modelinde histomorfometrik analizle degerlendirilebilir, mikro bilgisayarli tomografi (Mikro-
BT) analizi ile kargilastirmali olarak verilebilirse, yeni por6z implantin iilkemizde ekonomik
olarak seri Tretilebilecek, katma degeri yliksek bir iirlin olarak degerlendirilebilecegi
varsayllmistir. Bu dogrultuda proje kapsaminda iiretilen 2 adet farkli ylizey 6zelligine sahip
Ozgiin orta tgliisti gozenekli ve total gozenekli dental Ti implantlarin ve piyasada halihazirda
kullanilan ticari implantin in vivo kosullarda tavsan modelinde uygulanmasi ve implant
cevresinde yeni kemik olusum kapasitesinin degerlendirilmesi amaclanmustir. Ozgiin pordz Ti
implantlarin konvansiyonel implanta gore kolay ve kisa siireli iiretimi ve yiiksek uyarlama

kabiliyeti ile dental ve ortopedik kullanimlarda yayginlasabilecegi 6ngoriilmektedir.

2. YONTEM

2.1. Mikro-BT Analizi
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28 adet erkek Yeni Zelanda tavsaninin tibia kemigine uygulanan total gézenekli, orta tigliisii
gozenekli ve konvasiyonel implantlarin ¢evresinde 8 hafta sonunda olusan kemik hacmi ve
orant ile toplam kemik yiizey alani sirastyla Mikro-BT ve histomorfometrik olarak

degerlendirilmistir.

Hayvan deneyleri tamamlandiktan sonra tibia kemikleri %10’luk tamponlanmis notral
formalin ¢dzeltisi (pH=7) i¢ine alinmustir. Orneklerde in vivo Mikro-BT taramasi ve analizi
yapmak {lizere yiiksek ¢Oziiniirliklic masaiistii Mikro-BT sistemi (Bruker Skyscan 1275,
Kontich, Bel¢ika) kullanilmig, NRecon yazilimi (v1.6.10.4, SkyScan, Kontich, Belcika) ve
CTan (v1.16.1.0, SkyScan) ile numuneler gorsellestirilmis ve numunelerin nicel 6l¢timleri

yapilmistir. Her 6rnek i¢in kemik hacmi (mm?3), kemik hacmi oran1 (BV/TV) hesaplanmistir.

2.2. Histomorfometrik Analiz

Tim oOrneklerden pordéz dental implantlar kontrolli olarak c¢ikarilmis ve %10’ luk
tamponlanmis notral formalin ¢ozeltisinde (pH=7) tespit edildikten sonra De Castro
cozeltisinde (kloral hidrat, nitrik asit, distile su) kontrollii olarak dekalsifiye edilmistir.
Ornekler sabit vakumlu otomatik bir doku takip cihazi ile izlenerek parafine gdmiilmiistiir.
Implant ile komsu tiim 6rnegi iceren bes mikrometre kalinligindaki seri kesitler Hematoksilen
eozin (HE) ve Masson trikrom (MT) ile boyandiktan sonra kemik matriksini sentezleyen
osteoblastlar, yeniden modellenmesinden sorumlu rezorptif osteoklastlar ve ekstraselliiler
matriks bilesenleri histomorfometrik olarak degerlendirilmistir (3). Orneklerde implantla
temas alani, bilgisayar ve dijital kamera (Leica DFC7000 T, Westzlar, Almanya) baglantili
Leica DMB6 B (Westzlar, Almanya) marka 151k mikroskobunda goriintiilenmis ve en kiigiik
biiylitmede saklanip LAS marka (Leica, Westzlar, Almanya) goriintii analiz programi ile

kantitatif olarak degerlendirilmistir (4-6).

2.3. Istatistiksel Analiz

Analizler i¢in bagimsiz degiskenler; gruplar, bagimli degiskenler; histolojik ve Mikro-BT
Olglim parametreleri olarak belirlenmistir. Verilerin normal dagilim kosullar1 ve varyanslarin

homojenligi Shapiro-Wilk testiyle degerlendirilmistir. Tiim veriler parametrik Tek yonlii
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varyans analizi (ANOVA) ve post-hoc Duncan’s test ile degerlendirilmistir. Gruplar arasi
fark, p<0.05 oldugunda istatistiksel anlaml1 kabul edilmistir.

3. BULGULAR

Total gozenekli implant (p=0.021) ve konvansiyonel implant (p=0.034) uygulanan kemik
dokusunun, orta {igliisii gozenekli implant uygulanan kemik dokusuna gore istatistiksel
anlamli yiiksek kemik hacmi icerdigi saptanmistir (Sekil 1). Total gézenekli (p=0.016) ve
konvansiyonel implanta (p=0.008) ait kemik hacmi orani orta ti¢liisii gozenekli implanta gore
istatistiksel anlaml1 yiiksek saptanmistir. Tiim gruplarda osteoblastlar ve sement ¢izgileri ile
ayrilan yeni ekstraselliiler matriks sentezlemis osteositler izlenmistir (Sekil 2-3). Kontrol
grubunda yeni olusan peri-implant kemik yiizey alaninin toplam kemik ylizey alanina orani
orta Uicliisii gdzenekli implant uygulanan gruba gore istatistiksel anlamli yiiksek bulunmustur
(p=0.032). Total gozenekli ile konvansiyonel implant uygulanan grup yeni kemik olusumunu

benzer bigimde tetiklemistir.
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Sekil 1. in vivo Mikro-BT ile orta iigliisii ve total gozenekli ve konvansiyonel implantlarin kemik dokularinda (A) kemik
hacmi ve (B) kemik hacmi/toplam hacim (BV/TV) oranina ait ortalama-standart sapma (SS) grafigi gosterilmektedir. (*):

Konvansiyonel ve (#): total gozenekli implanta gére p<0.05.
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Sekil 2. (A) Konvansiyonel (KI), (B) orta iigliisii (OG) ve (C) total gézenekli (TG) implant uygulanan gruplara ait
mikrograflar ve (D) kemik alani oranina (BA/TA) ait ortalama-SS grafigi gosterilmektedir. Masson trikrom, 40x. PiA: Peri-
implant alan, PiK: Peri-implant kemik. (**): Konvansiyonel implanta gore p<0.05.

yonel implant Orta Ucliisii Gozenekli implant Total Gézenekli implant

S }?’:

-~

Sekil 3. Konvansiyonel (A, D), orta ticliisii gozenekli (B, E) ve total gozenekli (C, F) implant uygulanan gruplara ait
mikrograflar gosterilmektedir. Hematoksilen eozin, A-C 40x; D-F 400x. PiA: Peri-implant alan, PiK: Peri-implant kemik,
(*): Osteoblast, siyah ok: Osteosit.

4. TARTISMA, SONUC

Bu c¢alisma ile gelistirilen 6zgiin total gdzenekli pordoz Ti implantin tibiada konvansiyonel
implant ile benzer bi¢imde osteointegrasyonu sagladigi, kolay ve kisa siireli tiretimi ve yiiksek

uyarlama kabiliyeti ile dental ve ortopedik kullanimlarda yayginlasabilir.
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Bu calisma 119R008 numarali TUBITAK 1001 projesi kapsaminda desteklenmistir.
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IVF iISLEMLERINDE TOPLANAN OOSITLERDEKI ANOMALILERIN TEDAVI
SONUCLARINA ETKIiSi
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Ozet: Giiniimiizde IVF tedavilerinde noninvazif olarak embriyo kalitesi belirleme tekniklerine
yonelim artmig durumda. Bunlarin basinda ise polarizasyon mikroskobu ile embriyoyu
incelemek geliyor. Biz de ¢alismamizda embriyo kalitesine etki ettigini diigiindiigiimiiz
sitoplazmik anomalileri polarizasyon mikroskobu ile inceledik ve bu anomalilerin yas,
fertilizasyon orani, beta hCG porzitifligi gibi faktorlerle iliskisine baktik. Elde ettigimiz
sonuglara gére yas artisi ile beraber fertilizasyon orani azalmakta, nonfertilize/6len oosit
oram artmaktadwr (Tablo-1). Nonfertilize/dlen oosit yiizdesi 35 yas ve iizerinde 35 yas altina
gore istatistiksel olarak anlaml derecede artmistir (p=0,027). Sonu¢ olarak suirlt sayida
oosit tistiinde ¢alisma yapilmasina karsin, oosit anomalileri embriyo se¢im kriterleri arasinda
dikkat edilmesi gereken bir konu olarak onemini korumaya devam etmektedir. Qosit
anomalisi varligt ve infertil kadwmin ileri yasta (=35) olmasi fertilizasyon basarisizliginin

ongoriilmesinde belirleyici olabilir.

Anahtar Kelimeler: Oosit anomalisi, fertilizasyon, IVF

Abstract: Today, the trend towards noninvasive embryo quality determination techniques in
IVF treatments has increased. At the beginning of these is to examine the embryo with a
polarization microscope. In our study, we examined the cytoplasmic anomalies that we think
affect the embryo quality with polarization microscopy and looked at the relationship of these
anomalies with factors such as age, fertilization rate, beta hCG positivity. According to the
results we obtained, the fertilization rate decreases with increasing age, and the
nonfertilized/dead oocyte rate increases (Table-1). The percentage of nonfertilized/dead
oocytes was statistically significantly increased at the age of 35 and above compared to those

under 35 years of age (p=0.027). In conclusion, despite the limited number of studies on
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oocytes, oocyte anomalies continue to be an important issue among embryo selection criteria.
Presence of oocyte anomaly and advanced age (=35) of the infertile woman may be

determinative in the prediction of fertilization failure.

Keywords: Oocyte anomaly, fertilization, IVF

1.GIRIS

IVF tedavilerinde son yillarda noninvazif olarak embriyo kalitesi belirleme tekniklerinde
onemli gelismeler saglanmistir. Noninvazif teknikler arasinda en sik kullanilan yontem ise

oosit fenotipinin polarize mikroskopla incelenmesidir. Oosit kalitesi, embriyo kalitesinin ve

infertilite tedavisindeki bagarinin 6nemli bir belirleyicisidir.[1]

IVF laboratuvar uygulamalar1 sirasinda toplanan iyi kalitedeki matiir insan oositlerinin agik
renkte, hafif graniiler bir sitoplazmaya sahip oldugu; kiiciik bir perivitellin aralik
(PVA), berrak, yaklagik 12 um kalinliginda zona pellucida (ZP) ve tek bir parcalanmamis
polar cisim (PB) ig¢erdigi bilinmektedir. [2] Bununla birlikte, baz1 oositler sitoplazmanin sekli,
rengi, graniilasyon icermesi, PVA’nin genisligi, ZP'nin kalinlig1 ve/veya PB'nin durumu
bakimindan farkliliklar gdsterir. Toplanan oositlerin ¢cogunlugunun (%60 ila %70) bu anormal

morfolojik 6zelliklerden bir veya daha fazlasini sergiledigi bildirilmistir.[3]

Dismorfik oositler genellikle anormal sitoplazmaya (koyu sitoplazma veya sitoplazmik
graniilasyon), sitoplazmik inkliizyonlara (vakuoller, refraktil cisim veya diiz endoplazmik
retikulum [SER] kiimeleri), anormal oosit sekline (6rn. oval), anormal ZP (biparyetal zona),

perivitellin aralikta dokiintii, fragmante PB gibi normal dis1 6zelliklere sahiptirler.[3],[4]

e polar cisim.

-
Sekil 1:Fragment

Oositlerin morfolojik anormalliklerinin kaynagi konusunda; yas ve genetik kusurlar gibi igsel
faktorler veya ovaryum stimiilasyon protokolii ve/veya aspirasyonun hemen ardindan

uygulanan islemler gibi faktorlerin etkili oldugu diisiintilmiistiir.[5]
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Calismamizda spesifik morfolojik oosit anormalliklerinin IVF tedavisinin basarisi lizerindeki
etkisi fertilizasyon orani, embriyo kalitesi ve B-hCG pozitifligi agisindan retrospektif olarak

degerlendirilmistir.
2.YONTEM

Calismamizda retrospektif olarak, Ocak 2021°den Aralik 2021°e kadar Giilhane EAH UYTE
Merkezi’'nde infertilite tanis1 almis 114 hasta incelenmistir. Germinal vezikiil (GV)
yapisindaki oositlerin ve erkek faktorii bulunan infertil hastalarin dahil edilmedigi, 114
hastadan toplanan 943 oosite PolScope esliginde ICSI (intrasitoplazmik sperm enjeksiyonu)
uygulanmus; intrasitoplazmik (ZS) ve ekstrasitoplazmik (ES) oosit anomalileri fertilizasyon
orani, embriyo kalitesi (EK) ve B-hCG sonuglari agisindan karsilagtirilmistir.

3.BULGULAR

Caligmaya dahil edilen hastalardan toplanan oositlere uygulanan ICSI sonrast %96,18
(907/943) fertilizasyon orani gézlenmistir. Yapilan 54 embriyo transferinden 29°u B-hCG

pozitifligi ile sonuglanmis ve kimyasal gebelik oran1 %53,70 olarak bulunmustur.

Arastirmamizdan elde ettigimiz verilere gore, IVF uygulamalarinda intra/ekstrasitoplazmik
oosit anomalisi olan gruplar ile fertilizasyon anomalisi ve embriyo Kkalitesi arasinda
istatistiksel olarak anlamli farklilik bulunmamistir. Oosit anomalilerinin goriildiigii grup ile
anomali tespit edilmeyen grup arasinda B-hCG pozitifligi, fertilizasyon orani ve embriyo
kalitesi agisindan istatistiksel olarak anlamli bir fark bulunmamasina ragmen; B-hCG
pozitifliginin karsilagtirldigi gruplarda medyan degerlerinin birbirinden uzaklig1 (1S=1,35(0-
16,66; ES=11,81(8,5 -25); AY=76,38(46,15-86,48)) oosit sayisinin arttirilmasi ile istatistiksel
olarak anlamli sonuca ulagilabilecegini ongdérmektedir. Frozen embriyo transferi yapilan
grupta taze embriyo transferi yapilan gruba gore B-hCG pozitifligi istatistiksel olarak anlamli
(9%62,5-%50, p=0,001) sekilde artmistir(Tablo-2). Ayrica yas artisi ile beraber fertilizasyon
orani azalmakta, nonfertilize/6len oosit orani artmaktadir(Tablo-1). Nonfertilize/6len oosit
ylzdesi 35 yas ve iizerinde 35 yas altina gore istatistiksel olarak anlamli derecede artmistir
(p=0,027).

Sayisal degiskenlerin normal dagilima uygunlugu Shaphiro Wilk testi ile test edilmistir.
Normal dagilmayan degiskenlerin iki grupta karsilastirilmasinda Mann Whitney U testi, ii¢
grupta karsilagtirilmasinda Kruskal Wallis testi kullamilmistir. Kategorik degiskenler

arasindaki iligkiler Ki-kare testi ile, sayisal degiskenler arasindaki iliskiler Spearman rank
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korelasyon katsayist ile test edilmistir. Analizlerde SPSS 22.0 Windows versiyon paket

programi kullanilmistir. P<0,05 anlamli kabul edilmistir.

*n<0,05 diizeyinde anlamli, Mann Whitney U testi

Tablo 1: IVF Uygulamalarinda Yas ile Fertilizasyon Basarist Arasindaki Iliski.

*0<0,05 diizeyinde anlaml, Ki-kare testi

Tablo-2: IVF Uygulamalarinda Transfer Durumu ve f-hCG Pozitifligi Arasindaki Iiski
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4.TARTISMA

YUT (yardimer iireme teknikleri), bireysel déngiilerde basarili tedavi sonuglari ihtimalini
tahmin etmeyi zorlagtiran karmasik bir disiplinler arasi alani temsil eder. Ancak oosit
morfolojisi verilerinin eklenmesi, tahminlerin dogrulugunu arttirabilir. Basarili fertilizasyon
ve/veya iyi kalitede embriyo olusumu agisindan spesifik oosit anormalliklerinin prognozunu
inceleyen az sayida g¢alisgma bulunmaktadir.[3] Oosit ve embriyo degerlendirmesi igin
yenilik¢i yontemler (polarize 151k mikroskobu, embriyo se¢imi algoritmalar) rutin uygulamaya
dahil edilmeye devam edecek olsa da, basit morfolojik oosit degerlendirmesi Gnemini
korumaya devam etmektedir. Morfolojik degerlendirme, uygulanmasi kolay ve diger
yontemlerle birlikte hastalara fayda saglayabilecek noninvazif bir degerlendirme teknigidir.
Ayrica hastalara bazi oositlerin neden gelismedigini veya yiiksek kaliteli embriyolara

dontismedigini agiklamaya yardimci olabilir.[3]

Calismamizda intrasitoplazmik [koyu sitoplazma veya sitoplazmik graniilasyon, sitoplazmik
inkliizyonlar (vakuoller, refraktil cisim veya diiz endoplazmik retikulum [SER] kiimeleri)] ve
ekstrasitoplazmik oosit anormalliklerinin [anormal ZP (biparyetal zona), perivitellin aralikta
dokiintii, fragmante PB] IVF tedavisinin basaris1 {izerindeki etkisini fertilizasyon orani,

embriyo kalitesi ve B-hCG pozitifligi agisindan retrospektif olarak degerlendirdik.

Dismorfizmlerin altinda yatan nedenlerin belirlenmesi ¢ok dnemlidir fakat oosit gelisimi ve
maturasyonunun karmasik dogasi géz Oniline alindiginda bunun belirlenmesi zordur. Bazi
dismorfizmlere, hastanin yas1 ve kalitsal oOzellikleri gibi endojen faktorler neden
olabilirken[6], endometriozis[7], polikistik over sendromu[8], yiikksek BMI[9], ekzojen
gonadotropinler veya serumdaki anti Miillerian hormon konsantrasyonu[10] gibi faktorler de
neden olabilir. Bununla birlikte ovaryan stimiilasyon da, folikiillerin siirekli biiylimesi ve
olgunlagsmasi nedeniyle bazi dismorfizmlere neden olabilir[11]. Bu dismorfizmler yasa bagh
artts  gosterebilmekle beraber fertilizasyon oranim1  ve beta-hCG  pozitifligini

etkileyebilmektedir.

Aragtirmamizdan elde ettigimiz verilere gore, IVF uygulamalarinda intra/ekstrasitoplazmik
oosit anomalisi olan gruplar ile fertilizasyon anomalisi ve embriyo kalitesi arasinda
istatistiksel ~olarak anlamli farklilk bulunmamasi bu oositlerin normal olarak
degerlendirilebilecegini diisiindiirmekle birlikte, oosit sayisinin arttirilmasi ile istatistiksel

olarak anlamli sonuca ulasilabilecegini de 6ngdrmektedir.
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Sonug¢ olarak, morfolojik 6zelliklerin hicbiri tek basina insan fertilitesinde giivenilir bir
prognostik faktdr olarak hizmet etmesede, bazi durumlarda tedavi sonuglarini agiklamaya

yardimc1 olabilir.
5.SONUC

Frozen embriyo transferi taze embriyo transferine gore kimyasal gebeligin pozitiflik oranini
arttirmistir. B-hCG pozitifliginin karsilastirildigi gruplarda medyan degerlerinin birbirinden
uzakligi, oosit sayisinin arttirilmasi ile istatistiksel olarak anlamli sonuca ulasilabilecegini
ongormektedir. Sonu¢ olarak sinirli sayida oosit iistiinde calisma yapilmasina karsin, oosit
anomalileri embriyo se¢im kriterleri arasinda dikkat edilmesi gereken bir konu olarak dnemini
korumaya devam etmektedir. Oosit anomalisi varlig1 ve infertil kadinin ileri yasta (>35)

olmasi fertilizasyon bagarisizliginin 6ngoriilmesinde belirleyici olabilir.
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KEMIiK TUMORLERINDE KANNABINOIDLERIN RESEPTOR ARACILI
ANTIPROLIFERATIF VE APOPTOTIK ETKILERININ ARASTIRILMASI
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Ozet: Primer osteosarkom hizli metastaz ozelligi ile bilinen, cocuklarda ve genclerde en sik
izlenen osteojenik tiimordiir. Klinikte wuygulanan tedavi yéntemlerinin surliliklart ve
hastalarda goriilen yan etkiler yeni tedavi ajanlarinin arastirilmasi gerekliligini ortaya
koymaktadir. Endokannabinoidler, insan kas-iskelet sisteminde sentezlendigi bilinen,
Osteoblast, osteoklast ve osteoprogenitor hiicrelerde CBI1 ve CB2 reseptorleri araciligiyla
kemik yapimi ve yikimuni diizenligi bildirilmis lipit yapili ligandlardwr. Kannabinoidlerin
osteosarkom hiicrelerinde CB2 reseptorleri aracili hiicre ¢ogalmasini azaltici ve apoptozu
indiikleyici etkileri bildirilmistir. Antiproliferatif ve apoptotik etkinligi bildirilmis sentetik
spesifik CB2 reseptor agonisti CB65, CB2 reseptorii araculi olarak osteosarkom hiicrelerinde
antiproliferatif ve apoptotik etki gosterebilir. Varsayimi test etmek amaciyla in vitro
kosullarda MG63 ve Saos-2 osteosarkom hiicre hatlarinda akim sitometrisi yontemi ile CB1
ve CB2 reseptorlerinin varlig1 gosterilmistir. Buna gore MG63 ve Saos-2 hatlarinda yiiksek
oranda CB2 immiin isaretlenme saptanmistir. MG63 ve Saos-2 hatlarinda CB65’in WST-1
yontemi ile belirlenen 107? — 108 M antiproliferatif etkili doz penceresine giore gercek
zamanli proliferasyon analizinde MG63 icin 1.11x10™! M ve Saos-2 icin 4.95x10™* M ED50
hesaplanmigtir. CB65’in  osteosarkom hatlarindaki proliferasyonu azaltici etkisi CB2
antagonisti AM630 ile bloke olmugstur. Terapdtik dozda CB6S5, akim sitometrisi yontemi ile
MG63 hiicrelerinde 48. saatte %7.31 ve Saos-2 hiicrelerinde 24. saatte %19.06 oraninda geg
apoptozu indiiklemistir. Bu ¢alisma ile ilk kez sentetik spesifik CB2 agonisti CB65’in
osteosarkom hiicre hatlarindaki gercek zamanli antiproliferatif ve apoptotik etkisi ortaya
konarak in vitro kosullardaki terapotik penceresi belirlenmistir. Yag yapili kannabinoid
agonisti CB6J etkili dozda uzun stireli saliminin saglanmasi ve in vivo kosullarda validasyonu

sonrasi klinige aktarilabilecek bir tedavi se¢enegi olabilir.

Anahtar Kelimeler: osteosarkom, kannabinoid, CB2 reseptorii, CB65, ilag
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Abstract: Primary osteosarcoma is the most common osteogenic tumor in children and
adolescents, known with its rapid metastasis. Limitations of the treatment approaches applied
in the clinic and the serious side effects reveal the necessity of investigating novel treatment
agents. Endocannabinoids are lipid-structured ligands synthesized in human musculoskeletal
system and regulate bone formation and resorption through CB1/CB2 receptors in
osteoblasts, osteoclasts and osteoprogenitor cells. Cannabinoids reduce proliferation and
induce apoptosis in osteosarcoma cells through CB2 receptors. Synthetic specific CB2
receptor agonist CB65 may exert CB2 receptor-mediated antiproliferative and apoptotic
effects on osteosarcoma cells. To test the hypothesis, the presence of intracellular and
membrane CB1 and CB2 receptors was demonstrated by flow cytometry in human MG63 and
Saos-2 osteosarcoma cell lines in vitro. Accordingly, high CB2 immunolabeling was detected
in MG63 and Saos-2 lines. 10*2-10® M antiproliferative dose window of CB65 by WST-1,
ED50 of 1.11x10* M for MG63 and 4.95x10"*! M for Saos-2 cells were calculated by real-
time proliferation analysis and the antiproliferative effect was inhibited by CB2 antagonist
AM630. CB65 application at its therapeutic dose induced late apoptosis of 7.31% in MG63
cells at 48 hours and 19.06% in Saos-2 cells at 24 hours by flow cytometry. In this study, the
real-time antiproliferative and apoptotic effect of CB65 in osteosarcoma cells was revealed
for the first time, and the therapeutic window in vitro was determined. CB65 may be a
treatment option that can be transferred to the clinic after long-term release at an effective

dose and in vivo validation.

Keywords: osteosarcoma, cannabinoid, CB2 receptor, CB65, drug

1. GIRIS

Kemik tiimorleri ¢ocuklarda goriilme sikligi (1), yiiksek metastaz oranina (2) bagl olarak artis
gosteren Onemli bir kanserdir. Cocuklarda ve genclerde primer osteosarkom en sik izlenen
osteojenik tlimor olarak bilinmektedir (3). Klinikte osteosarkom igin cerrahi tedavi,
radyoterapi ve kemoterapinin sinirliliklar1 ve hedefli ajanlarin uygulandigi hastalarda goriilen
sistemik yan etkiler tedavi stirecini giiglestirmektedir (4). Halihazirda kullanilan ajanlarin
siirli etkileri, yeni ilag adaylarinin aragtirilmasi gerekliligini ortaya koymaktadir (4).
Kannabinoidler, dogada ekzojen olarak Cannabis tiirii bitkilerde (5, 6), endojen olarak
insanlarda (7) ve laboratuvar kosullarinda sentetik formlar1 (8) tiretilen aktif lipit yapili
ligandlardir. Kannabinoid sistemi bilesenlerinin kemik hiicrelerinde yaygin olarak dagilim

gosterdigi bilinmektedir (9, 10). Kemige ait osteoblast, osteoklast ve kemigin Onciil
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hiicrelerinde klasik kannabinoid 2 (CB2) reseptoriiniin klasik kannabinoid 1 (CB1)
reseptoriine gore daha yiiksek oranda sentezlendigi bildirilmistir (9, 11, 12). Kannabinoidlerin
osteosarkom hiicrelerinde CB2 veya Transient reseptor potansiyeli vanilloid tipi-1 (TRPV1)
reseptorleri aracili proliferasyon (1), invazyonu (1, 13) ve hiicre gogiinii azalttigi (1, 13) ve
apoptozu indiikledigi (1, 13) bildirilmistir. Literatiirde ¢esitli kannabinoidlerin osteosarkom
hiicrelerindeki etkilerine iliskin caligsmalar bulunsa dahi CB2 reseptorii aracili proliferasyonu
azaltict (1) ve apoptozu indiikleyici (1, 13) etki mekanizmasina iliskin bilgiler sinirli olarak
bildirilmistir. Yar1 6mrii kisa olan yag yapili kannabinoidlerin uzun siireli ve kontrollii salim1
icin lipit bazli ilag tasima sistemleri ile osteosarkom hiicrelerinin hedeflenmesine iliskin
calismalar oldukga siirlidir (14). Varsayimimiza gore, sentetik spesifik CB2 reseptor agonisti
CB65’in osteosarkom hiicre hatlarindaki etkili dozu tespit edilebilir, proliferasyonu azaltic1 ve
apoptozu indiikleyici etkisi ortaya konabilirse bu ajan, osteosarkom igin kiiratif ila¢ aday1

olabilir.

2. YONTEM

2.1. Hiicre Kiiltiirii

Kannabinoid reseptorlerini bulundurduklari bilinen Saos-2 ve MG63 insan osteosarkom hiicre
hatlar1 ve pozitif kontrol grubu olarak kullanilan A549 KHDAK hiicre hatt1 optimal kiiltiir
kosullarinda ekspanse edilmistir. Saos-2 hiicreleri McCoy’s 5A; MG63 ve A549 hiicreleri
Dulbecco’s Modified Eagle Medium High Glucose (DMEM HG) besiyeri ile beslenmistir.
Bazal besiyerleri DMEM HG ve McCoy’s 5A igin %10 FBS, %2 L-glutamin ve %1 penisilin-

streptomisin ile hazir hale getirilmistir.

2.2. Osteosarkom Hiicre Hatlarinda Reseptor Varliginin Akim Sitometrisi Yontemiyle

Degerlendirilmesi

MG63 ve Saos-2 osteosarkom hiicre hatlarinda CB1 ve CB2 reseptor varligi akim sitometrisi
yontemi ile degerlendirilmistir. 7x10° hiicre/100 pl hiicre siispansiyonunun %3
paraformaldehit (PFA) ile inkiibasyonundan sonra hiicreler PBS ile +4 °C 500g°de 5 dakika
santrifiij edilmistir. Kannabinoid reseptorleri hiicre i¢i ve hiicre zarinda bulunduklarindan (15-
17) akim sitometrisi ile hiicre i¢i ve zarda immiin isaretleme yapilmistir. Hiicre i¢i CB1 ve
CB2 kannabinoid diizeyi i¢in hiicre i¢i 6rneklerine %0.2 Tween-20 uygulanmigtir. Anti-insan
CBI1 (ab3558, Abcam, Birlesik Krallik) ve anti-insan CB2 (ab3561, Abcam, Birlesik Krallik)

primer antikorlart o6rneklere eklenerek +4 °C’de 1 saat inkiibasyona birakilmstir.
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Inkiibasyonun ardindan hiicreler PBS ile yikanarak Goat Anti-Rabbit 1gG sekonder antikor
(ab7086, Abcam, Birlesik Krallik) ile +4 °C’de 30 dakika karanlikta inkiibe edilmistir.
Hiicreler PBS i¢inde 12x75 ml’lik falkon tiiplerine alinmis ve akim sitometrisi cihazinda

(Novocyte 2000R Flow Cytometer System, Agilent, ABD) analiz edilmistir.

2.3. Osteosarkom Hiicre Hatlarinda CB65’in Hiicre Cogalmasina Etkisinin
Degerlendirilmesi

Hiicreler 5x10° hiicre/kuyu olacak sekilde 96 kuyucuklu kiiltiir plaklarna ekilmistir.
Konfluense ulasan hiicrelerdeki besiyeri uzaklastirilmis ve 1012-10° M CB65 hiicrelere
uygulanmistir. Hiicrelere sirasi ile 1, 2 ve 3. giinlerde Water Soluble Tetrazolium-1 (WST-1)
ajam (11644807001, Roche Applied System, Isvigre) eklenmis, plakalar 4 saat inkiibasyona
birakilmustir. Inkiibasyonun ardindan hiicrelerin proliferasyon diizeyleri VersaMax Microplate
Reader (Molecular Device, ABD) mikroplaka okuyucu ile belirlenmistir. Ttim gruplarda
proliferasyon diizeyi en fazla azalan giin/giinler saptanmis ve CB2 agonisti CB65’in etkili doz

aralig1 saptanmistir.

2.4. Osteosarkom Hiicre Hatlarinda CB65’in Proliferasyonu Azaltict ED50’sinin Gerg¢ek
Zamanl Olarak Degerlendirilmesi

Hiicreler her bir kuyucuga 7x10° hiicre/200 ul hiicre siispansiyonu gelecek tabani impedansi
kaydeden altin mikroelektrotlarla kapli 96 kuyucuklu hiicre plakalarina ekilmistir. Hiicre
plakast xCELLigence (RTCA, Roche Applied System, Isvicre) cihazina yerlestirilmistir.
Gergek zamanli olarak hiicrelerin tabana yaptiklari basinin impedansina ait veriler 15
dakikada bir “hiicre indeksi” olarak kaydedilmis ve hiicre indeksi 1.0’1 gegtikten sonra WST-1
analizinin sonuglarina gére 1012-10® M CB65 hiicrelere uygulanmistir. Ek olarak CB2
reseptOrii aracili etkinin izlenmesi amaciyla sentetik spesifik CB2 antagonisti AM630 (1120,

Tocris, Birlesik Krallik), 1x10® M, 2x10® M ve 5x10® M dozlarda hiicrelere uygulanmistir.

2.5. Osteosarkom Hiicre Hatlarinda CB65’in Apoptotik Etkisinin Degerlendirilmesi

Hiicrelerdeki apoptotik etki diizeyi Annexin-V/Propidium lodide (FITC Annexin Apoptosis
Detection Kit I, 556547 — BD Pharmingen, ABD) isaretlemesi yapilarak akim sitometrisi ile
degerlendirilmistir. Hiicreler 6 kuyucuklu kiiltiir kabina ekilmis ve konfluense ulastiklarinda
ED50’de CB65 hiicrelere uygulanmistir. MG63 hiicreleri 48, Saos-2 hiicreleri 24 saat

inkiibasyonun ardindan hiicreler kiiltiir plagindan kaldirilmistir. Santrifiijlenen hiicrelerden
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slipernatan uzaklastirilmig ve hiicreler PBS ile yikanmistir. Hiicrelere 1X Binding Buffer
eklenmis ve ardindan 5 pul Annexin V ve 5 ul PI eklendikten sonra 15 dakika oda 1sisinda
karanlikta inkiibe edilmistir. Inkiibasyon sonras1 400 pl 1X Binding Buffer eklenmis ve akim
sitometri (Novocyte 2000R Flow Cytometer System, Agilent, ABD) cihazinda analiz
edilmistir. Gruplar arasinda erken ve ge¢ apoptotik hiicre diizeyi canli hiicre diizeyiyle

karsilastirilmistir.

3. BULGULAR

3.1. Hiicre Kiiltiirii

MG63 insan osteosarkom hiicreleri kiiltiir plaginda oval-igsi bigimli, ¢ok kutuplu, uzantil
goriinim vermistir (Sekil 1.A). Saos-2 insan osteosarkom hiicreleri homojen boyutlu,
poligonal bicimli, uzantili hiicreler olarak izlenmistir (Sekil 1.B). Insan kiigiik hiicreli dis1
akciger kanseri A549 hiicreleri heterojen biiyiikliikkte, poligonal bic¢imli, epitel kokenli
adenokarsinom hiicreleri olarak saptanmistir (Sekil 1.C). Saos-2 ve MG63 hiicreleri i¢in pasaj
20-25 ve A549 i¢in pasaj 15-20 olacak sekilde kiiltiire edilerek sonraki is paketlerinde

kullanilmak tizere ¢ogaltilmistir.

Sekil 1. Kiiltir plaklarma tutunmus (A) oval, igsi MG63, (B) sik yerlesimli oval Saos-2 ve (C) polimorfik A549 hiicre

hatlarinin mikrograflart gosterilmistir (x100).

3.2. MG63 ve Saos-2 Hiicre Hatlart Akim Sitometrisi Yontemiyle CB1 Reseptorlerini
Diisiik CB2 Reseptorlerini Yiiksek Bulundurmaktadwr

MG63 hiicrelerinde hiicre ici ortalama CB1 ve CB2 reseptor isaretlenme oranlari sirasiyla
%45.30+£7.42 ve %65.31+12.85 (Sekil 2) olarak odlgiilmiistiir. Saos-2 hiicrelerinde hiicre i¢i
CB1 ve CB2 reseptor isaretlenme oranlarina ait ortalama degerler sirasiyla %47.82+6.05 ve
%350.80+16.33 (Sekil 2) saptanmistir. A549 hiicrelerinde hiicre i¢i ortalama CB1 ve CB2
reseptor isaretlenme oranlart %99.55+0.14 ve %95.96+1.97 (Sekil 2) saptanmistir. MG63 ve
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Saos-2 hatlarinda CB1 ve CB2 reseptorlerine ait hiicre igindeki ol¢tim degerleri pozitif
kontrol A549 ile karsilastirildiginda daha diisiik saptanmaistir (p<<0.05).
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Sekil 2. MG63, Saos-2 ve A549 hiicre hatlarinda akim sitometrisi yontemi ile tayin edilen hiicre igi CB1 ve CB2 reseptor

immiin igaretlenme diizeyleri temsili histogram grafikleri ile gosterilmistir.

3.3. CB2 Reseptoriinii En Yiiksek Seviyede Bulunduran MG63 ve Saos-2 Hiicrelerinde
Sentetik Spesifik CB2 Agonisti CB65 Hiicre Cogalmasini Azaltmaktadwr

Birinci giinde CB65, uygulandigi 10?2-10°® M doz araliginda MG63 hiicrelerinin
proliferasyonunu kontrole gore arttirmistir (p<<0.05). Hiicrelerin proliferasyon hizi uygulanan
dozlar ile farklihk gostermemistir. Ikinci giinde CB65 10'-10°% M doz arahiginda
uygulandiginda MG63 hiicrelerinin proliferasyonu kontrole gore azalmistir (p<0.05).
CB65’in 102 M dozda uygulanmasi 2. giinde kontrole gére MG63 hiicrelerinin biiyiime
hizin1 degistirmemistir. CB65 {igiincii giinde 101110 M dozlarda uygulandiginda kontrole
gore proliferasyon hizini azaltmis (p<0.05), 10°~10° M doz araliginda uygulandiginda hiicre
cogalmasini kontrole gore arttirict yonde etki gdstermistir (Sekil 3.A). Birinci glinde CB65,
uygulandigi 1012-10® M doz araliginda Saos-2 hiicre proliferasyonunu kontrole gore
azaltmistir (p<0.05). Hiicrelerin proliferasyon hizi uygulanan dozlar ile farklilik
gostermemistir. Ikinci giinde CB65 10210 M dozlarda uygulandiginda hiicre
proliferasyonu kontrole goére azalmis (p<0.05), 10°-10® M dozlarda uygulandiginda
proliferasyonunu kontrole gére arttrmistir (p<0.05). CB65 iigiincii giinde 1012-10° M doz

aralifinda uygulandiginda kontrole gore proliferasyon hizini arttirmistir (Sekil 3.B).
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Sekil 3. CB65’in (A) MG63 ve (B) Saos-2 hiicre hattinin proliferasyonuna etkisi WST-1 ile saptanmistir. 102-10"¢ M dozda
CB65 uygulanan MG63 hiicrelerinin 24, 48 ve 72. saatlerdeki verileri kontrol grubuyla karsilagtirmali olarak bar grafiginde
gosterilmigtir. 101! ve 101° M CB65 uygulamasinin 24. saatte proliferatif, 48 ve 72. saatte antiproliferatif etkisi gozlenmistir

(n=6). (*): Kontrole gdre p<0.05.

3.4. Osteosarkom Hiicrelerinde CB65°in Ger¢ek Zamanlh Spesifik Yart Maksimum
Antiproliferatif Etki Penceresi MG63 Hatti icin 48. Saatte 1.11x101* M ve Saos-2 Hatn icin
24, Saatte 4.95x10Y! M Olarak Saptanmistir. Spesifik Etki CB2 Reseptir Antagonisti ile
Bloke Olmustur

Sentetik spesifik CB2 agonisti CB65, WST analizi ile belirlenen etkili doz araliginda
uygulandiginda MG63 hiicrelerinin proliferasyonunda 24. saatten itibaren azalmaya neden
olmustur (Sekil 4.A). 10>-10® M CB65 uygulanan MG63 hiicrelerinin proliferasyonu 32.
saatten itibaren 144. saate kadar kontrole gore istatistiksel anlamli azalmistir (Sekil 4.A,
p<0.05). CB65’in MG63 hiicrelerindeki antiproliferatif ED50 degeri 46. saatte 1.11x10™* M
olarak hesaplanmistir. Belirlenen doz araliginda CB65 uygulandiktan sonra Saos-2
hiicrelerinin proliferasyonunda 24. saatten itibaren azalmaya neden olmustur (Sekil 4.B). 1071
M CB65 uygulanan Saos-2 hiicrelerinin proliferasyonu 24. saatten itibaren 144. saate kadar
kontrole gore istatistiksel anlamli azalmistir (Sekil 4.B, p<0.05). 10 M CB65, Saos-2
hiicreleri i¢in en etkili antiproliferatif doz olarak degerlendirilmistir. CB65’in Saos-2
hiicrelerindeki 20. Saatte ED50 degeri 4.95x10°1 M olarak hesaplanmustir. Spesifik CB2
reseptor antagonisti AM630, CB65 ile beraber uygulandiginda 5x10® M dozda, CB65’in
MG63 hiicrelerindeki antiproliferatif etkisini terapotik pencereyi kapsayan 24. saatten 144.
saate kadar inhibe etmistir (Sekil 5.A). AM630, CB65 ile beraber uygulandiginda 1x108 M ve
2x10® M dozlarda CB65’in MG63 hiicrelerindeki antiproliferatif etkisini terapétik pencerenin
icindeki 24. saatten 40. saate kadar inhibe etmis, etki 40. saatten itibaren sonlanmistir.

Spesifik CB2 reseptor antagonisti AM630, CB65 ile beraber uygulandig: tiim dozlarda (1x10°
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8 M, 2x108 M 5x10® M) CB65’in Saos-2 hiicrelerindeki antiproliferatif etkisini terapotik
pencereyi kapsayan 32. saatten 144. saate kadar inhibe etmistir (Sekil 5.B).
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Sekil 4. CB65’in (A) MG63 ve (B) Saos-2 osteosarkom hiicre hattindaki antiproliferatif etkisi gercek zamanh ve impedans

temelli olarak saptanmistir (n=5). Zamana kars1 normalize hiicre indeksini her doz i¢in gosteren bar grafiginde, CB65 10-11

M dozda hiicre gogalmasini 24-144. saatlerde kontrole gore azaltmistir. (*): Kontrole gére p<0.05.
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Sekil 5. CB65’in (A) MG63 ve (B) Saos-2 osteosarkom hiicre hattindaki antiproliferatif etkisi gercek zamanh ve impedans
temelli olarak saptanmistir (n=5). Zamana kars1 hiicre indeksini her doz igin gdsteren bar grafiginde, CB65 101! M dozda

hiicre cogalmasini 24-144. saatlerde kontrole gore azaltmistir. (*): Kontrole gore p<0.05.

3.5. Sentetik Spesifik Kannabinoid CB2 Agonisti CB65 Akim Sitometrisi ile MG63 ve Saos-
2 Osteosarkom Hiicre Hatlarinda Ge¢ Apoptozu %7.31 ve %19.06 Oraninda Arttirmaktadr

CB65’in 1.11x10™ M dozda 48. saatte MG63 hattinda (Sekil 4.11.A ve Sekil 4.12.A)
Annexin-Pl ile isaretli ge¢ apoptotik hiicre sayisini diisiik oranda ancak kontrole gére anlamli
olarak arttirdig1 saptanmistir (p<0.05). CB65 4.95x10™! M dozda 24. saatte Saos-2 hattinda
(Sekil 4.11.B ve Sekil 4.12.B) benzer sekilde Annexin-Pl isaretli ge¢ apoptotik hiicre sayisini
diisiik oranda ancak kontrole gdre anlamli olarak arttirdigi saptanmistir (p<0.05). CB65
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uygulamasit MG63 ve Saos-2 hatlarinda uygulamanin yapildigi zaman araliginda Annexin ile

isaretli erken apoptotik ve Pl ile isaretli nekrotik hiicre oranlarini etkilememistir.
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Sekil 6. Bar grafiklerde CB65 (A) MG63 hiicre hattinda 1.11x10** M dozda 48. saatte (B) Saos-2 hiicre hattinda 4.95x101!
M dozda 24. saatte ge¢ apoptozu kontrole gore arttirmaktadir. CB65 uygulandigi saat araliginda hiicrelerde erken apoptoza

neden olmamakta, nekrotik hiicre sayisini degistirmemektedir (n=3). (*): Kontrole gore p<0.05.

4. TARTISMA, SONUC

Sentetik spesifik CB2 agonisti CB65’in, CB2 reseptoriinii yiiksek seviyede bulundurdugu
bilinen MG63 ve Saos-2 hiicre hatlarinda farkli oranlarda CB1 ve CB2 reseptorleri saptanmis
ve CB2 reseptér orani CBI1 reseptor oranina gore daha yiiksek seviyede bulunmustur.
Kannabinoid 2 reseptdrii eksprese eden MG63 ve Saos-2 hiicre hatlarinda WST-1 yontemi ile,
sentetik spesifik CB2 agonisti CB65 proliferasyonu azaltici etki gostermistir. Ger¢ek zamanli
proliferasyon analizi ile sentetik spesifik CB2 agonisti CB65, MG63 hiicrelerinde 1.11x10™*
M dozda 48. saatte, Saos-2 hiicrelerinde 4.95x107*! M dozda 24. saatte proliferasyonu azaltict

ve apoptozu indiikleyici etki gostermistir.

Bu proje Hacettepe Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan

(TYL-2021-15357) desteklenmistir.
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Abstract: Infertility is defined as the inability of couples to achieve pregnancy despite having
unprotected and regular sexual intercourse for at least 1 year. A pregnancy may only be
accomplished via the use of assisted reproductive technologies by couples who are suffering
from infertility, which affects about 15% of the population. This study aimed to understand
the relationship between BMI and semen parameters of male subjects evaluated in an
infertility clinic. In our study, a total of 60 infertile men were divided into three groups as
BMI, normal weight (18.5-24.99 kg/m2), overweight (25-29.99 kg/m2) and obese (>30.0).
kg/m2). Semen parameters (volume, concentration, total semen count, morphology and
motility) were compared between the three BMI groups. In the obese group, semen volume,
total concentration, total motility, and motility at different rates were shown to be reduced.
This study clarified the link between obesity and sperm quality, morphology, chromatin
structure, DNA integrity, and antioxidant/oxidant balance. Therefore, increased body mass
index BMI can negatively affect normal sperm.

Keywords: Infertility, body mass index, Obesity, TAS, TOS.

Ozet: Infertilite, ciftlerin en az 1 yil boyunca korunmasiz ve diizenli cinsel iliskiye girmesine
ragmen gebelik elde edememesi olarak tamimlanmaktadir (WHO, 2010). Toplumun yaklasik
%15'inde goriilen kisirlik sorunundan sikayet eden ciftlerde yardimct iireme tekniklerine bagh
olarak gebelik ancak bu sekilde saglanabilir. Bu ¢aligsma, infertilite kliniginde degerlendirilen
erkek deneklerin BMI ile semen parametreleri arasindaki iliskiyi anlamayr amaglamistir.
Calismamizda, toplam 60 infertil erkek, ¢calisma popiilasyonu BMI, normal kilolu (18,5-24,99
kg/m2), fazla kilolu (25- 29.99 kg/m2) ve obez (>30,0) olmak tizere ii¢ gruba ayrildi. kg/m2).

Semen parametreleri (hacim, konsantrasyon, toplam semen sayisi, morfoloji ve motilite) ii¢
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BMI grubu arasinda karsilastirildi. Obez grupta normal gruba gére semen hacmi, toplam
konsantrasyon, toplam motilite ve motilitenin farkli oranlarda azaldigi belirlendi. Ancak, bu
azalmalar tiim parametreler i¢in istatistiksel olarak anlamli degildi. Bu ¢alisma, obezite ile
sperm kalitesi, morfolojisi, kromatin yapisi, DNA biitiinliigii ve antioksidan/oksidan dengesi
arasindaki baglantiyi netlestirdi. Bu nedenle artan viicut kitle indeksi BMI normal spermi
olumsuz etkileyebilir.

Anahtar Kelimeler: fnfertilite, viicut kitle indeksi, Obezite, TAS, TOS.

1.INTRODUCTION

The World Health Organization (WHO) (1) defines an infertile couple as a sexually active
couple that is unable to conceive naturally within one year of sexual activity. Infertility affects
around 15% of all couples. Male infertility affects 50% of couples unable to conceive. Male
infertility is caused by a variety of factors, including urogenital system defects, both
congenital and acquired, certain malignancies, sperm-duct blockages, urogenital system
infections, and the use of certain medications. Among the other possible reasons include
testicular injuries and varicocele. Genetic anomalies. On the other side, idiopathic male
infertility is a condition in which the reason of male infertility cannot be diagnosed in 30% to
40% of cases (2). The body mass index (BMI), a simple and affordable metric, is a widely
accepted criterion for defining obesity. BMI is calculated by dividing a person's total weight
(in kilograms) by the square of their height (in meters) (kg/m2) (3). A BMI that is outside the
normal range has been linked to a variety of disorders (4). Today, various models have been
used to study the association between obesity and reproductive biology. For instance, a drop
in blastocyst development and a decrease in live birth rates were observed in couples with
weight issues who sought assisted reproductive procedures and were documented in the
literature (5). Numerous research have also examined the detrimental consequences of obesity
on the male reproductive system (6, 7). Scientific data overwhelmingly supports the function
of oxidative stress (OS) as a causative factor in a variety of clinical diseases (8). The
implications of the anomalies in OS levels, which have known systemic consequences, are
likewise parallel to the microenvironment of the reproductive system. Increased OS levels in
female and/or male persons can cause disease in a variety of processes, ranging from zygote
formation through pregnancy continuation (9). Moderate levels of reactive oxygen species
(ROS) in the male reproductive system had no detrimental effect on sperm capacitation,
acrosome response, or motility activation. However, an increase in the burden of oxidative

stress and/or a decrease in antioxidant defense produce pathogenic effects and are a
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significant cause of infertility (10). Numerous studies have established a link between
increased oxidative stress in the ejaculate and increased BMI. According to some, increased
oxidative stress alters the shape of sperm and results in DNA breakage (11). It has been
shown that DNA damage produced by elevated seminal oxidative stress levels in sperm
impairs natural conception and also lowers pregnancy rates attained through assisted
reproductive procedures (12). Infertile males with a BMI of 18.5-24.9 kg/m2, overweight
infertile men with a BMI of 25.0-29.9 kg/m2, and obese infertile men with a BMI of >30
kg/m2 were included in this study. Semen samples were analyzed and compared for sperm
morphology, oxidative stress parameters, DNA fragmentation, a marker of cell death, sperm

nucleus morphology, and general semen parameters.
2.MATERIALS AND METHODS

Permission was granted for the thesis by Gazi University Clinical Research Ethics Committee
decision 364 dated 14.05.2018.

Between July 2018 and July 2020, semen samples will be collected from couples who applied
to the Gazi University Medical Faculty Assisted Reproductive Treatment Center (UYTEM)
and male patients diagnosed with male-borne infertility. Each patient signed a paper
indicating that he had given his informed consent. The sample group for this study consisted
of 60 infertile Turkish men ranging in age from 22 to 54 years. Each patient's medical and

infertile history was documented. Volunteer Inclusion Criteria:

Between the ages of 22 and 54 (13). Volunteers Exclusion Criteria (13-14).
Smoking, Alcohol use
Regular sauna use
Diagnosis of diabetes Mellitus, hypothyroidism, hypertension, chronic kidney-liver
disease, asthma, epilepsy, atherosclerosis, orchidectomy, steroid use, hypogonadism in
need of medical treatment, thromboembolism diagnosis, testicular cancer, chronic
inflammatory bowel disease.
e Having a history of cerebrovascular disease
e Detection of bacterial contamination in semen
e Diagnosed azoospermia (~ 1 x 106 ml — 1 sperm concentration) each patient’s weight
and height with a professional calibrated device were measured. BMI was calculated by
dividing the weight to height squared. Patients were stratified according to their BMI
into three groups. The evaluation process included a total of 60 patients with infertility
symptoms.
e 20 normal (BMI 18.5-24.9 kg/m?).
e 20 overweight (25.0-29.9 kg/m?).
e 20 (BMI>30 kg/m2) obese men were eligible for the study (15).
Semen specimens were collected and examined for the following:
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2.1.Experiment 1: Semen Analysis

Masturbation was used to gather sperm samples following a suggested 3-5 days of abstinence.
Following collection, specimens were allowed to liquefy for 30 minutes at room temperature
before being used for analysis. On microscopic examination, the number of sperm and the
percentage of motility and morphology were determined objectively in accordance with
World Health Organization (WHO) recommendations (1).

To evaluate sperm morphology, ten liters of semen were placed on slides. By extracting the
semen with the aid of another clean slide, a thin smear of semen was generated. A 4%
paraformaldehyde solution was used to repair the air dried stain. Following fixation, the smear
was rinsed with distilled water for 10 minutes and dyed with spermic dye (LOT: FP12S05,

FertilPro) (16) according to the manufacturer's directions:
2.2.Experiment 2: Chromatin Maturation Assessment

For the acidic aniline blue staining, 10 I of liquefied sperm were spread. For thirty minutes at
room temperature, air-dried smears were fixed with 4% paraformaldehyde. Following fixing,
the smears were rinsed for five minutes with distilled water. For 5 minutes, stained with a 2%
acetic acid, 5% anilin blue (Ph= 3,5) solution (B8563 LOT: SLBQ9814V, Sigma). The extra
dya from the previous day is removed by washing with tap water and then air drying. Under a
light microscope, 200 sperms were examined at 1000x magnification using immersion oil.
Two independent researchers used DM 4000 Leica Germany imaging analysis equipment to
classify spermatozoa according to their aniline blue staining characteristics: completely

stained (++), partially stained (+ -), and unstaining sperms (-) (17).
2.3.Experiment 3: TUNEL Test for DNA Fragmentation

TUNEL, one of the most frequently used methods for detecting DNA fragmentation, is a
therapeutically relevant diagnostic with a high sensitivity and specificity. The TUNEL test is
used to determine the amount of fluorescently labeled dUTP present in single and double
strand DNA fragments. This reaction is mediated by terminal nucleotidyl transferase (TdT),
an enzyme that is not affected by mold. In this thesis, Millipore's ApopTag with peroxidase In

Situ Apoptosis Detection kit (S7101) was employed.

All these operations were carried out with the DM 4000 Leica Germany visual analysis
system available in our department, 200 sperms were evaluated as sperm positive or negative
for TUNEL.
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2.4.Experiment 4: TAS/TOS Analysis

Semen 700G was centrifuged for 10 minutes. After the supernatant part was separated it was
stored at -20 c in Eppendorf tubes (1-1.5 ml).

TAS (REL Assay Diagnostics, LOT: EL18091A) and TOS (REL Assay Diagnostics, LOT:
MT181050) levels were measured calorimetrically using the commercial kit. During the
experiment, it was applied as stated in the kit contents. Color change was determined using a
SHIMADZU UV-1601 spectrophotometer.

2.5.Statistical Methods

Graphs and the Shapiro-Wilk test were used to determine if continuous variables conformed
to the normal distribution. The variables were described using the mean, standard deviation,

median, minimum, and maximum values.

ANOVA was used to compare the variables that comprised the parametric test assumptions.
When a difference in the ANOVA result was discovered, the Bonferroni post-hoc test was
used to determine the source of the difference.

To compare skewed data (nonparametric) variables, the Kruskal-Wallis test was used. When a
difference was discovered, post-hoc pairwise comparisons using the Mann-Whitney test with

Bonferroni correction were used to determine which group was different.

IBM SPSS Statistics 21 was used for statistical analysis and calculations (IBM Corp, NA,
USA). In statistical analysis, the p0.05 value was used to indicate a statistically significant

difference.
3.RESULTS
3.1.General Sperm Parameter Findings

Although a decrease was observed in semen volume values in the obese group, the Kruskal-
Wallis test result was not statistically significant between all groups (p=0.347).

Regarding to the concentration values The Kruskal-Wallis test result was not statistically
significant between all groups (p=0.468).

Although a decrease was observed in total concentration values in the obese group, the

Kruskal-Wallis test result was not statistically significant between all groups (p=0.515).

There was no statistical significance among all groups in Total motility values with the result
of the Kruskal-Wallis test (p = 0.591).
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No statistical significance was found among all groups in The motility sperm count of 4%
with the result of the Kruskal-Wallis test (p = 0.703).

There was no statistically significant difference between all groups in 3% motility sperm
count in the result of the Kruskal-Wallis test (p = 0.520).

The Kruskal-Wallis test result was not statistically significant in The 2% motility sperm count

between all groups (p=0.409).

Table 1. Descriptive data on general sperm parameters and sperm morphology parameters

General Sperm Parameters Sperm Morphology Parameters
Groups Groups

Normal |overweight| Obese Normal | overweight| Obese

Mean 3,1 3,2 2,5 Mean 27,20 16,25 15,30

Semen | Standard Deviation| 14 1,4 0,9 Normal ShapeStandard Deviation| 13,30 5,61 5,97
volume Median 2,8 3,0 3,0 (%) Median 29,50 18,00 15,50
(ml) Minimum 15 15 1,0 Minimum 5,00 6,00 3,00
Maximum 6,0 6,0 4,0 Maximum 51,00 24,00 22,00

Mean 30 24 31 Mean 72,80 83,90 84,80

Concentrati| Standard Deviation | 24 25 29 Total anoma“Standard Deviation| 13,30 5,93 6,07
on Median 26 17 24 shape (%) Median 70,50 82,00 84,50
(million/ml) Minimum 3 0 1 Minimum 49,00 76,00 78,00
Maximum 85 95 88 Maximum 95,00 97,00 97,00

Mean 79 80 76 Mean 10,15 9,40 11,35

Total Standard Deviation| 53 111 71 Head anomaIiStandard Deviation| 5,51 6,18 6,06
concentrati Median 66 51 75 %) Median 8,50 7,50 12,00
on (%) Minimum 7 0 3 Minimum 0,00 1,00 2,00
Maximum 200 475 264 Maximum 20,00 20,00 22,00

Mean 62 56 60 Mean 9,60 10,45 11,85

Total Standard Deviation | 16 23 18 Neck anoma“Standard Deviation| 6,05 6,76 4,52
motility Median 61 60 60 (%) Median 9,50 9,00 12,00
(%) Minimum 10 0 0 Minimum 2,00 2,00 5,00
Maximum 84 90 85 Maximum 26,00 27,00 20,00

Mean 4 4 2 Mean 5,05 4,85 8,20

- Standard Deviation 7 7 5 . . [Standard Deviation| 4,19 4,04 5,84
MO“(L'/g 747" Median 0 0 o |l f};}‘;ma" Median 450 | 450 | 7.50
Minimum 0 0 0 Minimum 0,00 0,00 0,00

Maximum 26 21 20 Maximum 15,00 17,00 20,00

Mean 48 43 47 Mean 19,55 24,20 21,10

Motility %3 Standard D_eviation 13 19 17 Head and _ Standard D_eviation 8,20 10,14 7,86
(%) I\{Ie_dlan 50 45 50 [neck anomali I\{Ie_dlan 20,00 24,00 21,50
Minimum 10 0 0 (%) Minimum 9,00 7,00 8,00

Maximum 68 80 77 Maximum 40,00 43,00 36,00

Mean 10 9 11 Mean 0,10 0,50 0,10

. | Standard Deviation 5 5 5 . [Standard Deviation| 0,31 1,28 0,45
Mo“('o'/?)’ P2 Median 10 10 10 ';ﬁimrl‘ld(;ao')' Median 0,00 | 000 | 0,00
Minimum 0 0 0 Minimum 0,00 0,00 0,00

Maximum 20 21 20 Maximum 1,00 5,00 2,00

Mean 28,35 34,50 32,20

Head, neck [Standard Deviation| 11,88 10,16 15,68

and tail Median 25,00 36,00 30,00

anomali (%) Minimum 15,00 16,00 11,00

Maximum 63,00 49,00 65,00

3.2.Sperm Morphology Findings
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When the groups were compared in terms of total sperm count with anomali, the Kruskal-
Wallis test result was statistically significant between all groups (p=0.004). Although there
was no statistical difference between the overweight and obese groups (p=1,000); The
percentage of sperm with abnormal morphology was higher in the overweight and obese
groups compared to the normal group. This difference was statistically significant according
to the Mann Whitney U test with Bonferoni correction (p=0.021; 0.006, respectively).
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Figure 1. A view of sperm samples obtained from normal (a), overweight (b) and obese (c) men. X1000 spermac

3.3.Chromatin Condensation Findings

Sperm chromatin condensation were evaluated by aniline blue. Mainly, sperm with unstained
nuclei were evaluated as mature sperm, while sperm with blue stained nuclei were evaluated

as immature sperm.

When the groups were compared in terms of the number of aniline blue stained sperm, the
ANOVA test result was statistically significant between all groups (p=0.005). Though there
was no statistically significant difference between the overweight and obese groups
(p=1,000); In the overweight and obese groups, the percentage of dyed sperm increased
compared to the normal group. This increase was statistically significant compared to the post
hoc test with Bonferoni correction (Respectively, p= 0.011; 0.015).
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Figure 2. Representative view of aniline blue stained sperm samples of the groups (normal (a), overweight (b) and
obese (c)). Arrow: aniline blue dyed sperm nuclei, X1000, Aniline blue

Table 2. Descriptive data of aniline blue staining and TUNEL analysis

Aniline Blue Staining TUNEL analysis
Groups Groups
Normal |overweight| Obese Normal | overweight| Obese

Mean 47,45 62,65 62,05 Mean 21 52 54

Aniline | Standard Deviation | 20,02 16,11 9,52 TUNEL |[Standard Deviation] 18 13 34
blue stained Median 48,50 67,50 63,00 |positive cells Median 18 56 63
cell (%) Minimum 12,00 27,00 40,00 (%) Minimum 0 23 3
Maximum 93,00 80,00 75,00 Maximum 54 71 100

3.4.TUNEL Findings

When the groups were compared in terms of TUNEL positive sperm count, the Kruskal-
Wallis test result was statistically significant between all groups (p<0.001). Although there
was no statistical difference between the overweight and obese groups (p=1,000); TUNEL
positive sperm percentage increased in the overweight and obese groups compared to the
normal group. This increase was statistically significant according to the Bonferoni-corrected
Mann Whitney U test (p<0.001; <0.001, respectively).

Figure 3. Representative view of TUNEL positive sperms of the groups (hormal (a), overweight (b) and obese (c)).
Arrow: TUNEL positive sperm, X1000

3.5.Evaluations for TAS and TOS Parameters
3.5.1.TAS values

hen the obtained TAS results were evaluated statistically by Kruskal Wallis test, no
significant difference was found. Pairwise comparison of groups was applied with Mann
Whitney test. When the obtained results were evaluated statistically, no significant difference
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was found between Normal and Overweighted groups (p=0.824) even TAS values were
higher at Normal group. The statistically evaluation of results obtained from Normal and
Obese groups also showed no significant difference (p=0.448) even TAS values were higher
at Normal group. Similarly obtained results of Overweighted and Obese groups were
evaluated statistically, again no significant difference was found between groups (p=0.706),
even TAS values were higher at Overweighted group.

Table 3. Descriptive statistical values obtained from biochemical values of TAS and TOS parameter

TAS
Mean Standard Deviation | Median | Minimum Maximum
normal 1,40 ,33 1,50 ,65 1,79
Groups  overweight 1,37 ,34 1,38 ,69 1,81
obese 1,34 ,31 1,35 ,67 1,82
TOS
Mean Standard Deviation | Median | Minimum Maximum
normal 18,11 11,96 15,64 4,89 58,94
Groups  overweight 19,22 15,22 14,89 2,77 73,40
obese 21,68 23,79 11,70 4,89 98,51
3.5.2.TOS values

When the obtained TOS results were evaluated statistically by Kruskal Wallis test, no
significant difference was found (p=0.308). Pairwise comparison of groups was applied with
Mann Whitney test. When the obtained results were evaluated statistically, no significant
difference was found between Normal and Overweighted groups (p=0.937), even TOS values
were higher at Overweighted group. The statistically evaluation of results obtained from
Normal and Obese groups also showed no significant difference (p=0.136) even TOS values
were higher at Obese group. Similarly obtained results of Overweighted and Obese groups
were evaluated statistically, again no significant difference was found between groups
(p=0.273) even TOS values were higher at Obese group.

4.DISCUSSION

Male infertility can be caused by a variety of causes, but it accounts for approximately 40% of
all cases of infertility (20). Male infertility can be caused by a variety of causes, including the

presence of anti-sperm antibodies, aberrant sperm production, hormonal imbalances,
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obstruction of sperm ducts owing to testicular trauma or varicocele, anatomical abnormalities,
and even certain medications. As a result, several variables that could influence the semen
characteristics associated with BMI were deleted. Additionally, the most recent study
overlooked some characteristics, such as smoking, varicocele, hormone changes, and other
factors that affect fertility. In 2008, the World Health Organization (WHO) estimated that
more than 1.4 billion individuals were overweight or obese (21). When it comes to sperm
parameters, research has been inconsistent. The WHO published the semen parameters, which
have been utilized in several studies. Additionally, the findings obtained about the effect of

obesity on sperm parameters varied (13).

It is still difficult to diagnose spermatozoon malfunction using normal semen analysis,
because the spermatozoon is a very particular cell that exhibits a wide array of biological
characteristics in order to fertilize (23). Males are assumed to have abnormal sperm
parameters as an indicator of reproductive issues. Nonetheless, up to 30% of men with normal
sperm characteristics (normozoospermic) are diagnosed with UMI, as the cause of infertility
remains unknown (22,24,25). Ildiopathic infertility has proven to be a difficult condition for

andrologists, with no significant treatment success reported.

This has resulted in the development of increased sperm function and seminal fluid quality
assessments, such as oxidative stress and sperm DNA fragmentation (SDF), which can aid in
the diagnosis, treatment, and prediction of male fertility outcomes (26, 27, 28). There were no
significant variations in the traditional seminal parameters between the three groups evaluated
in this investigation. Numerous studies have concluded the same thing as this one, with males
being infertile despite having normal sperm parameters (23).

According to a WHO surveillance research, a greater BMI is associated with decreased sperm
quality, which affects the volume, concentration, and motility of the sperm (29, 30). The
study also examined men who were pregnant with their partners' sperm counts and discovered
that obese men's total sperm counts were considerably lower than those of non-obese men
(mean 231106 vs. 324106, respectively), despite the fact that sperm parameters were same
(31).

Our research examined sperm metrics such as sperm volume, sperm concentration, total
sperm concentration, and various sperm motility percentages. In compared to the normal
weight group, obese persons exhibited significantly lower levels of semen volume, total
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concentration, total motility, and 3% and 4% motility, respectively. However, none of these
declines were statistically significant.

Furthermore, Mah and Wittert (32) discovered that obese men had a lower sperm
concentration and total sperm count than lean men, despite the fact that motility associated
with morphology is unaltered by obesity. In this retrospective study, it was discovered that
overweight and obese infertile men had a higher prevalence of oligozoospermia and a lower
progressive motile sperm concentration than men of normal weight (33) Overweight and
obese men have a decreased sperm volume, which is associated with an increase in the
percentage of degenerated spermatozoa, which is associated with an increase in sperm DNA
fragmentation (34).

In comparison, multivariate study has demonstrated a negative link between progressive
motility, BMI, motility, and neutral alphaglucosidase levels, which have been reported as an
epididymal functional marker (35,36). In comparison, other human populations have
demonstrated that such a link does not exist (2). Macdonald et al. have published a meta-
analysis demonstrating that there is no association between BMI and other seminal factors.
There was no statistically significant relationship between (BMI) and sperm concentration,
motility, volume of ejaculate, or shape and size of sperm. Similarly, Aghamohammadi and
Shahidi (37) found no effect of obesity on sperm concentration, motility, or morphology.
Additionally, the most recent study confirms earlier published findings, since no statistical

link between the three groups was discovered (33).

Due to the lack of objective measurement criteria, it is possible to contest the appraisal of
sperm morphology, as it is still subject to the observer's subjective influences. Male sperm
morphology has been demonstrated to be statistically significant indicators of body mass
index (BMI). According to small-sample studies, weight loss improves sperm quality,
especially sperm count, which is associated with appropriate sperm morphology (38).
According to studies, abnormal sperm morphology and (BMI) continue to have a strong
positive correlation (39).

The sperm morphology of the participants in the groups were examined in this research. In the
normal group, there were 27.20 + 13.30 percent of sperm with normal morphology; in the
overweight and obese groups, it was 16.25 + 5.61 percent and 15.30 + 5.97 percent,
respectively. For the overweight and obese groups, the total sperm count with abnormalities
was 72.8 + 13.30%, 83.9 + 5.93%, and 84.8 + 6.07%, respectively.
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Although the classifications of overweight and obesity are statistically indistinguishable. Men
who were overweight or obese had a higher proportion of improperly shaped sperm than men

who were normal weight. This difference was statistically significant.

Additionally, as noted in, aging has been associated with significant decreases in sperm
volume, motility, morphology, and count (40, 41). Additionally, it has been demonstrated that
aging and obesity have a detrimental effect on sperm chromatin, which is associated with
DNA integrity (42). According to studies, male aging has resulted in an increase in genomic
instability within sperm DNA. This instability manifests itself in a variety of ways, including
epigenetic modifications and DNA fragmentation, as well as gene mutations and other
chromosomal abnormalities (39,43).

For example, as indicated in numerous research publications on the impact of aging and
obesity on metabolic imbalances, higher cell disintegration processes and shorter lifespans are

associated with genetic instability and disruption of homeostatic pathways (44).

As stated in (45), the integrity of sperm chromatin has a similar effect on reproductive
outcomes, provided that father obesity alters the molecular components of motile
spermatozoa. As a result, as indicated in (46), sperm chromatin integrity may be deleterious to
embryo morphology, which is associated with blastocyst formation. Additionally, as seen in
the study, it may result in embryo implantation failure or a high rate of spontaneous abortions
(47). As discovered by RAAD, Georges et al., paternal obesity as measured by (BMI and
WOC) is related with changes in the molecular composition of the motile sperm-enriched
fraction and preimplantation embryo morphokinetics (48). When sperm is injected
intracytoplasmically (ICSI), the quality of the growing embryo is equally critical (49). When
only "abnormal-sperm embryos" are available, injecting individual, aberrant sperm cells may

reduce both fertilization and implantation rates (50).

Aniline blue was used to examine sperm chromatin condensation in our investigation. Mature
sperm were considered to have unstained nuclei, whereas immature sperm had blue stained
nuclei. However, despite the lack of a statistically significant difference between the obese
and overweight groups (p=1,000), the proportion of colored sperm was higher in the latter two
than in the normal group.

Nuclear chromatin condenses during the final stages of spermiogenesis and epididymal
transport. One of the most noticeable changes is the replacement of histone lysine-rich

proteins with arginine-rich protamine. Simultaneously, bisulfidic connections between
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cysteine residues are formed. Nuclear chromatin is densely packed to protect it from damage
caused by both natural and chemical processes. There could be an increased rate of DNA
fragmentation as a result of irregularities in the condensation of sperm chromatin (48).
According to, oxidative stress, abnormal chromatin packing, and incomplete apoptosis are all
possible causes of DNA fragmentation (49). Similar to the oxidation of the DNA base
guanosine, excessive generation of (ROS) may result in an increase in DNA damage, either
indirectly through the creation of byproducts of lipid degradation or directly through direct
interaction with the DNA strand. As indicated in the paper, this results in non-specific single-
and double-strand breaks (50).

Chavarro et al. (6) discovered that sperm with severe DNA damage were more prevalent in
the obese men's group than in the normal weight men's group. According to Kort et al. (51),
an increase in (BMI) was associated with an increase in the DNA fragmentation index of the
sperm chromatin structure assay. Males who were obese had a higher DNA fragmentation
index, which was connected with an increased risk of diabetes development (27 percent and
25.8 percent, respectively). Men who are overweight or obese are more likely to have sperm

with DNA damage than men who are normal weight.

The following are the TUNEL results from our investigation, which are in line with previous
findings. There was a TUNEL positive sperm count of 21% + 18% in the normal group, 52%
+ 13% of overweight men, and 54% + 35% of obese men, respectively. although no

statistically significant difference between overweight and obese groups.

Overweight and obese males exhibited a significantly higher proportion of TUNEL positive
sperm than the normal group.

Additionally, research from throughout the world indicates that infertile men have a larger
concentration of free oxygen radicals than fertile men (45). Similarly, Sharma et al. (52)
discovered that normozoospermic infertile men with lower TAS levels had higher TOS levels,
whereas Shiva et al. (53) discovered that azoospermic males with lower oxidative stress levels
possessed superior antioxidant capacities (45,46). While the normal group had significantly
higher TAS levels than the overweight group, the researchers discovered no statistically
significant difference between the two groups (p = 0.824). Although the TAS of the normal
group was bigger than that of the obese group (p = 0.448), there was no statistically
significant difference.
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While the overweight group had higher TAS levels than the obese group (p = 0.706), this
difference was not statistically significant (p = 0.706). Even though the overweight group had
higher (TOS) values, when the normal and overweight populations were compared,
statistically significant differences between the groups (p = 0.937) were seen. When (TQOS)
values for normal and obese patients were compared (p = 0.136), despite the fact that obese
subjects had considerably higher (TOS) values. Although obese people had higher (TOS)
values (p = 0.273), there was no statistical difference in (TOS) values between the overweight
and obese categories. Because this was a small-scale experiment, it is likely that the negative
trend discovered between (BMI) and sperm oxidative stress would have been statistically
significant had the sample size been larger (47). Additionally, it was demonstrated that the

DNA in human sperm remained firmly packed.

When comparing the Normal and Overweighted groups, no statistically significant differences
could be identified. In fact, TAS values were higher at Normal group. The statistically
evaluation of results obtained from Normal and Obese groups also showed no significant
difference. Also, TAS values were higher at Normal group. Similarly obtained results of
Overweighted and Obese groups were evaluated statistically, again no significant difference

was found between groups, even TAS values were higher at overweighted group.

Even though TOS values were greater in the Overweighted group, there was no statistically
significant difference between the two groups. The statistically evaluation of results obtained
from Normal and Obese groups also showed no significant difference, even TOS values were
higher at Obese group. Similarly obtained results of Overweighted and Obese groups were
evaluated statistically, again no significant difference was found between groups, even TOS

values were higher at Obese group.
5.CONCLUSION

According to this research, general sperm parameters were compared and investigated when
sperm samples were acquired from normal weight, overweight, and obese individuals.
Gaining weight was demonstrated to affect both the quantity of sperm in the body and the rate
at which the sperm travelled through the ducts. In the research, which assessed sperm
morphology, the proportion of aberrant sperm increased considerably in the overweight and
obese categories compared to the normal group. By analyzing the aniline blue staining of
sperm nuclear morphologies, we discovered that the overweight and obese groups had a

greater number of immature sperm than the normal weight group. Additionally, this study
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discovered an increase in the frequency of sperm with DNA breakage in the overweight and
obese groups compared to the normal group. TAS and TOS studies used to determine the
antioxidant/oxidant connection in cells revealed that the antioxidant level declined as body

weight increased; nevertheless, the oxidant level increased.

With increasing BMI, sperm parameters declined, sperm morphology deteriorated, the
number of immature sperm rose, and the number of sperm with DNA fragmentation
increased. Additionally, antioxidant levels fell and oxidant levels increased. This study
showed a link between obesity and sperm quality, chromatin structure, DNA integrity, and
antioxidant/oxidant balance. As a result, an elevated BMI may have an effect on a male
partner's ability to produce healthy sperm.
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Abstract: Phoenixin (Pnx), a novel endogenous neuropeptide, has been suggested to have
diverse biological effects in many organs. This study was performed to study the investigation
of immunoreactive distribution of Pnx-14 in the kidney tissues of male rats. Six adult
Sprague-Dawley male rats, 3-4 months old, were used in the study. Immunohistochemical
staining procedure was applied according to the avidin-biotin-peroxidase complex method.
The amount of staining in the sections was done using light microscopy to give an
immunoreactive histoscore (H-score) determined by scanning different areas of kidney tissue.
Pnx-14 immunoreactivity was detected significantly increased in kidney sections compared to
negative control sections (p<0.05). When compared with the negative control sections, it was
observed that Pnx-14 immunoreactivity intensified especially in the tubules of kidney tissue. It
was concluded that neuropeptide Pnx-14 participates in the regulation of various homeostatic
functions by its potent immunoreactivity in the kidney and could potentially be an important

regulator of renal physiology.

Keywords: Phoenixin-14, immunohistochemistry, kidney, rat

1. INTRODUCTION

The diverse biological effects of neuropeptides are of wide interest to researchers. Different
identification strategies allow the discovery of novel peptides, including identification from
biological activities, receptor or genomic approaches (1). Phoenixin (Pnx), a novel
endogenous neuropeptide, mainly exists as two active isoforms, phoenixin-14 (Pnx-14) and
phoenixin-20 (Pnx-20) (2). Pnx is a highly conserved peptide across different species
including human, rat, mouse, porcine, and canine (3). Although it has not yet been ten years
since then, many studies have shown that Pnx exerts a variety of biological effects (1).
Interestingly, Pnx immunoreactivity was detected in various peripheral tissues, including
heart, thymus, stomach, and spleen, with the highest expression in hypothalamus in rats (4).
This study was performed to study the investigation of immunoreactive distribution of Pnx-14
in the kidney tissues of male rats.
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2. MATERIALS AND METHODS

Six adult Sprague-Dawley male rats, 3-4 months old, were used in the study. The rats were
obtained from Firat University Experimental Research Center (FUDAM) and were housed in
standard laboratory conditions (40-60% humidity, 24+3 °C temperature, 12 hours light: 12
hours dark cycle) during the study. The rats were provided with feed and water ad libitum.
The procedures applied on rats were carried out with the approval of the Ethics Committee
(Protocol No: 2019/145) approved by the Firat University Animal Experiments Local Ethics
Committee. After the rats were decapitated, laparotomy procedures were performed quickly
and kidney tissues were removed. Tissue samples were fixed in 10% buffered neutral
formalin solution for 24-30 hours. Immunohistochemical staining procedure was applied
according to the avidin-biotin-peroxidase complex method. Rabbit polyclonal Phoenixin-14
amide antibody (1:300, H-079-01, Phoenix Pharmaceuticals, Inc., Burlingame, CA 94010,
USA) was administered as the primary antibody. UltraVision Detection System (Cat. No. TP-
015-HA, Anti-polyvalent, HRP/AEC, Thermo Fisher Scientific Co., USA) was used for the
other steps according to the instructions of the supplied company. Staining was completed
using 3-amino-9-ethylcarbazole (AEC) chromogen. Sections were counterstained with
Mayer's hematoxylin and covered with medium. In addition, sections were prepared for
negative control evaluation. The amount of staining in the sections was done using light
microscopy to give an immunoreactive histoscore (H-score) determined by scanning different
areas of kidney tissue. SPSS 21.00 software package was used for statistical analyses. H-score

evaluations are given as the mean + standard deviation (SD).

3. RESULTS

The mean H-score of Pnx-14 in kidney tissue were illustrated in Table 1. Pnx-14
immunoreactivity was detected significantly increased in kidney sections compared to
negative control sections (p<0.05). When compared with the negative control sections (Figure
1), it was observed that Pnx-14 immunoreactivity intensified especially in the tubules of
kidney tissue (Figure 2).
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Table 1. Histoscore of Pnx-14 immunoreactivity in rat kidney tissues.

Kidney Tubules Histoscore
Negative control 0.0+0.0
Pnx-14 positive 2.52+0.372

@ mean =+ standard deviation (SD) (p<0.05).

Figure 1. Negative control of rat Kkidney tissue (IHC, Mayer’s haematoxylin
counterstain, Magnification x100).

4. CONCLUSION

Our results demonstrated that Pnx-14 immunoreactivity in kidney tubules. It was concluded
that neuropeptide Pnx-14 participates in the regulation of various homeostatic functions by its
potent immunoreactivity in the kidney and could potentially be an important regulator of renal
physiology.
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Figure 2. Immunoreactivity of Pnx-14 (arrows) in rat Kidney tissue (IHC, Mayer’s

haematoxylin counterstain, Magnification x100).
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Abstract: Thymus is the primary lymphoid organ and thymic epithelial cells carry out critical
functions for T-cell development. Hassall’s corpuscles composed of type VI thymic epithelial
cells are the unique structures of thymus. In the past, Hassall’s corpuscles were thought to be
having no significant function because of their degenerating components. However in recent
studies it is shown that Hassall’s corpuscles represent functionally active components of
thymic microenvironment regulating the differentiation of T lymphocytes. So, we aimed to
investigate 3D structure of Hassall’s corpuscles to obtain further evidence on their structural
organization and function. Thymuses of two healthy adult, female, Sprague-Dawley rats were
used. Plastic blocks were prepared and semi-thin serial sections of 200 nanometers thick
were taken. Toluidine blue stained sections were examined in light microscope and digital
images were obtained. Digital images were transformed into 3D images by using TanTuna
3D-Bagskent Measuring and Modelling Programme (TT3D-BMMP) developed in our
laboratory. It was observed that many Hassall’s corpuscles were interconnected to each other
in serial sections. Because of the difficulties to obtain thousands of serial section to
reconstitute entire medulla of thymuses we examined different 3D reconstructed
compartments of medulla and we observed interconnected Hassall’s corpuscles in all
samples. As Hassall’s corpuscles do not represent inert structures, they possibly play a
critical role in the elimination of T lymphocytes following their differentiation, selection and
maturation processes. The structural confluency of these unique structures may have a
significant role in their function which remains to be further elucated.

Keywords: Hassall’s Corpuscles, Three-dimensional modelling, Thymus, TT3D-BMMP

1. Introduction
The thymus is the primary lymphoid organ for T cell development and thymic epithelial cells
carry out critical functions for T-cell development. Connective tissue capsule surrounds the

organ and sends septa to the parenchyma dividing the organ into incomplete lobules. The
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thymus is composed of two compartments: independent cortex and a shared medulla. Cortex
stains much darker than medulla because of the predominant population of maturing T
lymphocytes. There are also macrophages and thymic epithelial cells in this compartment.
Medulla stains paler histologically because of the predominance of thymic epithelial cells
which also houses positively selected lymphocytes. A unique structure ‘Hassall’s corpuscles’
is also present in the medulla. T cell development and selection takes place in the spaces
between thymic epithelial cells forming a special microenvironment for this critical process.
Hassall’s corpuscles composed of tightly packed flattened type VI thymic epithelial cells
which form concentric lamellae (1-3). In general, Hassall’s corpuscles were believed to be
having no significant function due to the presence of degenerating components like cellular
debris. However, recent studies showed that epithelial cells in Hassall’s corpuscles secrete
some cytokines, growth factors and chemokines (4-10). So they provide Hassall’s corpuscles
are functionally active and may play a critical role in T lymphocyte differentiation. Although
the development of the thymus and formation of Hassall’s corpuscles were examined
previously, functional importance of Hassall’s corpuscles have not been validated yet (11-13).
We aimed to investigate the 3D structure of Hassall’s corpuscles to obtain further evidence on

their function.

2. Materials and Methods

This study was approved by Baskent University Ethical Committee for Experimental Resarch
on Animals (Project no: DA 19/05) and supported by Baskent University Research Fund.
Thymuses of two healthy adult, female, Sprague-Dawley rats were used. Plastic blocks were
prepared and semi-thin serial sections of 200 nanometers thick were taken. Toluidine blue
stained sections were examined by LEICA DM3000 light microscope and digital images were
obtained by using LEICA DFC500 camera (which is attached to LEICA DM3000) with LAS
(Leica Application Suite) software. Prior to segmentation process the digital images were
aligned in Adobe Photoshop CS4 program. The aligned digital images were transformed into
3D images by using TT3D-BMMP developed by Prof. Dr. Erhan Kiziltan (Head of
Biophysics Department at Bagskent University Faculty of Medicine) and Prof. Dr. Attila
Dagdeviren (Head of Histology and Embryology Department at Baskent University Faculty
of Medicine) (14). TT3D-BMMP is used for segmentation, and it has both manual and
automatic (semi-automatic) options aiming to increase accuracy when needed. After
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segmentation process, another freeware (Gmsh) is used for 3D reconstruction and imaging
using these segmentation products.
3. Results

In thymus serial sections, cortex-medulla was easily distinguished. Numerous sections of
Hassall’s corpuscles were observed in the medulla. It was observed that many Hassall’s
corpuscles were interconnected to each other in serial sections which were used to create 3D
reconstructed samples. Because of the difficulties to obtain thousands of serial sections to
reconstitute entire medulla of thymuses we examined different 3D reconstructed
compartments of medulla and we observed interconnected Hassall’s corpuscles in all samples

(Figure 1, 2).

Figure 1: 1a) One of the serial sections of Hassall’s corpuscles. (Toluidin blue, X40) 1b) 3D image of the selected area by
using the TT3D-BMMP.
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Figure 2: 2a) One of the serial sections of Hassall’s corpuscles. (Toluidin blue, X40) 2b) 3D image of the selected area by
using the TT3D-BMMP.

4. Discussion and Conclusion

There is only one study in the literature stating that Hassall’s corpuscles are connected to each
other. This study is actually examining the first formation period of the Hassall’s corpuscles
in the embryo, and they shared their observations in the following periods (11). Our findings
are parallel to this study. Although the existence of Hassall’s corpuscles has been known for
over 150 years, its function is not yet fully understood. In recent studies, it has been suggested
that they participate in the physiological activities of the thymus.

In our study, it was observed that Hassall’s corpuscles were confluent both during the
examination of serial sections under the light microscope and with the 3D program. The
structural confluency of these unique structures may have a significant role in their function
which remains to be further elucidated. The software, TT3D-BMMP is a comprehensive and
freely available application for academic purpose. The software can be obtained directly from
the Dr. Kiziltan (erhankiziltan@gmail.com). The most significant advantage of the presented
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software is the availability of Dr. Kiziltan to modify and improve it according to specific

needs of the end users comments.
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Abstract:

Introduction: Fertility declines with chronological age, but there are not many studies on the
molecular mechanism involved in this process. When aging and age-related diseases are
examined, it has been shown that cytokines have an irregular distribution. We aimed to
investigate the role of cytokines in ovarian reserve, which decreases with aging. We evaluated
the role of cytokines in ovarian reserve adequacy by evaluating ovarian reserve-related

cytokines in the young patient group.

Materyal Metod: This prospective randomized study was performed with follicle fluids. 86
patients included in the study were divided into 2 groups as under 35 years old and over 35
years old. Each group was divided into 2 subgroups as those with poor and normal ovarian
reserve. Concentrations of IL-17F, 1L-21, INF-alpha2 cytokines were measured by ELISA
analysis. Correlation between patients’ reproductive hormones, AMH, AFC, fertilization

rates and cytokine concentrations were evaluated.

Results: We showed that IL-17F, IL-21 and INF-alpha2 levels in the follicular fluid change
with aging. In addition, IL-17F level was found to be lower in patients with low ovarian
reserve, regardless of age. We found that this decrease correlated with AMH and AFC
(p<0.05).

Conclusion: These findings suggest that IL-17F decrease in follicular fluid may adversely
affect ovarian reserve, regardless of age. By interfering with the cytokine IL-17F, which we
have shown in our study to have a role in the pathogenesis of poor ovarian reserve, a new
treatment method can be developed and may provide an idea for diagnostic tests.

Keywords: Follicular fluid, cytokine, aging, ovarian reserve.
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1.INTRODUCTION

Failure to achieve pregnancy despite regular unprotected sexual intercourse for 12 months is
defined as infertility. Roughly 15% of married couples are affected by infertility. Hence, the
interest in assisted reproductive techniques continues to increase and develop today. Ovarian
reserve is the most significant prognostic factor in achieving pregnancy in IVF cycles.
Patients with low ovarian reserve make up the majority of the group with poor response to
ovarian stimulation in IVF cycles, with high cycle cancellation and low pregnancy rates. The
most up-to-date criteria used to describe a low ovarian response to ovarian stimulation are the
ESHRE Bologna criteria. According to these criteria, it was stated that advanced maternal age
(>40 years) or any risk factor for poor ovarian response (chemotherapy, radiotherapy, etc.),
previous episodes of poor ovarian response to ovarian stimulation, or the presence of at least
two of the criteria for abnormality in ovarian reserve tests (antral follicle count <5-7 and/or

AMH <1.2ng/mL) may define poor ovarian response for the patient.

One of the most important parameters to be considered in assisted reproductive therapy
applications at all ages are ovarian reserve. The term ovarian reserve signifies the size and
quality of the ovarian follicle pool, and various sonographic and hormonal markers are
utilized for quantification. Some of the markers used to evaluate ovarian reserve are as
follows: clinical factors, age, basal blood tests, FSH, LH, estradiol, progesterone, inhibin B,

AMH, ultrasound tests, antral follicle count (AFC) and ovarian volume.

The total number of oocytes a woman has is genetically determined and this number gradually
decreases throughout her life. Thus, a woman's chronological age is a straightforward way to
learn about her ovarian reserve. Although ovarian age is often parallel to chronological age, it
is not adequate on its own to evaluate ovarian reserve since it represents a physiological

process.

Serum FSH and E2 levels quantified by blood analysis in the early follicular stage of the
menstrual cycle (3rd of the cycle) give clues about the ovarian reserve. Another reliable
marker used to determine ovarian reserve is the serum AMH level. AMH, also known as MIF,
is @ homodimeric glycoprotein that is a member of the TGF-§ family, including inhibin and
activin glycoproteins. AMH is secreted by granulosa cells of preantral and early antral
follicles. This secretion continues until the follicles become responsive to FSH (6-8 mm). Yet,

it is not secreted in 8 mm or larger follicles, theca cells, and atretic follicles. AMH, which
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plays a role in the preservation of the primordial follicle pool, also reduces the FSH sensitivity
of preantral and antral follicles, thus inhibiting excessive follicle development and playing a

key role in folliculogenesis.

Ovarian reserve contains follicles and granulosa cells as well as oocytes. Granulosa cells are
the cells that not only provide physical support to the oocyte but also play a crucial role in the
regulation and nutrition of the oocyte. Moreover, the oocyte plays a considerable role in the
survival and differentiation of granulosa cells. Studies have argued that the primary causes of
the poor oocyte, embryo quality, and low implantation rates are at the molecular level.
Follicular fluid is a biological window reflecting the hormonal and metabolic changes that
occur in the microenvironment of the mature oocyte before ovulation. Parameters obtained
from this fluid have been used to determine fertilization, embryo cleavage, embryo
morphology, and pregnancy rates in IVF.

With the recent in vitro culture, IVF, and in vitro maturation studies, it has become important
not only the quality of the oocyte but also the healthy granulosa cells that support it, in
selecting the best oocyte that will form the embryo. When the literature is reviewed, it is
noticed that studies investigating human granulosa cells in IVF cycles are increasing.
Follicular fluid is the environment in which the oocyte resides during oogenesis and is
important in oocyte development. This fluid is made up of plasma and secretion formed by
oocyte and granulosa-theca cells. Follicular fluid is aspirated together with the oocyte during
the OPU process. Hence, with the analysis of follicular fluid, the molecular relationship of the
oocyte and surrounding cells can also be evaluated.

These are peptide or glycoprotein substances synthesized by stimulated lymphocytes,
monocytes, macrophages, and some other somatic cells in order to increase the activities of
cells involved in the immune/inflammatory response. It has been documented that the cells of
the immune system and related cytokines affect neuroendocrine events in the reproductive
system, ovarian functions, placenta, and embryo development. Lymphocytes and
macrophages in the female reproductive system secrete cytokines that impact embryo and
trophoblast development. Concentrations of some cytokines are remarkably higher in
follicular fluid than in peripheral blood.

When aging and age-related diseases (such as Alzheimer's, hypertension, and heart failure)
are examined, it has been revealed that cytokines have an uneven distribution. For instance, it
has been shown that IL-8 levels are considerably higher in the brain in Alzheimer's disease
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and the IL-8 level changes in relation to the correlation of TNF alpha level with cardiac
pathologies in the elderly and the age of the infertile patient.

Our aim in the study is to investigate the role of cytokines in the effect of chronological age
on ovarian reserve. Thus, we compared ovarian reserves with cytokine concentrations in

follicular fluid in IVF cycles of women aged above and below 35 years.
2.MATERIAL METHOD
Experimental Design

This prospective randomized study was conducted with follicle fluids obtained from patients
who underwent OPU during the ICSI/ET cycle at the IVF Center of Hitit University Erol
Olgok Training and Research Hospital in 2021. The study was started following the approval
of the University Ethics Committee (Approval code:283/01.07.2020). Written and verbal

consent was obtained from all patients participating in the study before the procedure.

Primary or secondary infertile patients between the ages of 22 and 44 who were decided to
undergo ICSI/ET due to various infertility reasons (male factor, female factor, unexplained
infertility) were included in the study. The patients to be included in the study were divided
into 2 main groups under 35 years old and over 35 years old. Each group was divided into 2

subgroups those with low and normal ovarian reserve. Hence, 4 groups were formed.

Patients with bilateral antral follicle count <7 in the early follicular phase or with FSH >10
mlU/ml or AMH value <1.1ng/dl on the 3rd day of the menstrual cycle and with a previous
history of poor ovarian response (canceled cycle or less than 4 oocytes retrieved) were

considered to be patients with low ovarian reserve.

Exclusion criteria; Patients with a BMI >30 kg/m?2, metabolic endocrine disorders such as
hypothyroidism/hyperthyroidism, a history of previous ovarian surgery, and a baseline FSH
level of >15 mIU/ml were excluded from the study. In the study, when OPU was performed,
follicular fluids were taken by aspirating. Follicular fluids and oocytes contaminated with
rinsing fluid and blood were not included in the study. After the oocyte was removed, the
follicle fluid was placed in separate sterile, apyrogenic, polypropylene conical bottom 15 ml
tubes using a sterile pipette. Materials were stored at -80°C until the day of analysis.

Quantification Of Cytokine Level
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Follicular fluid samples were analyzed in the Ankara Atlas Biotechnology laboratory.
Analysis of cytokines, INF alpha2, IL-21, and IL-17F concentrations were evaluated by
ELISA analysis.

Statistical Analysis

It was conducted via IBM SPSS 25.0 (IBM Corp., Armonk, NY, USA) software. Whether the
variables fit the normal distribution or not was analyzed with the Kolmogorov-Smirnov Test.
The difference between the groups was determined by Student's t-test for normally distributed
variables, and by Mann Whitney U-test for non-normally distributed variables. Pearson
correlation analysis was also conducted to compare cytokine levels with age, AMH, LH, FSH,
E2, AFC, oocyte count, and PN count. The results were considered significant at p<0.05.

3.RESULTS
Patients

The characteristic features of 86 patients are presented in Figure 1. When we compared the 2
main groups, age distribution, AMH and FSH levels, AFC, number of oocytes picked up and
PN was found to be significant (p<0.05) (Figure-2A). No significant difference was found
between the two groups, in terms of LH and E2 levels. Our findings showed that AMH, FSH,
AFC, number of oocytes retrieved, and PN count changed with aging. Besides, LH and E2
levels were not affected by aging.

Figure-1: Characteristics of the patients

| n Age AMH LH FSH E2 .\ Qocyte PN
52 28,6+ 0,4 4,2+ 0,6 6,1+0,4 7,6£1,0 54,2450 | 153813 10,0+ 0,9 3,8t0,5

Under 35 years e} 5,8+0,7 66+0,5  7,8+1,5 485+45 20,1+14  12,6+1,1 4,7+0,7
And normal 27,0+ 0,4
over reserve

Under 35 years 17

And poor over 30,0+ 0,7 0,9+0,1 5,0£0,5 7,1£0,5 65,8+ 11,9 5,4+ 0,4 4,3+ 0,6 2,004
reserve

34 38,9+0,4 2,0£0,3 6,6+ 0,5 8,5+0,5 45,6+ 2,6 8,9+0,9 6,0+ 0,7 2,4+0,5

Over 35 years 17 38,6+ 0,6 3,3t0,6 5,7+0,6 6,7+0,4 43,0£3,0 12,3+15 it 1,2 3,1+0,8
and normal
over reserve

Over 35 years [P
39,2+ 0,6 0,8+0,1 7,6+£0,8 10,3+ 0,8  48,2+4,2 6,0+ 0,4 4,2+ 0,6 1,604

and poor over
reserve
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On the other hand, when we compared the 4 subgroups, age distribution, AMH and FSH
levels, and AFC, the number of collected oocytes and PN were found to be significant
(p<0.05) (Figure-2B). No significant difference was found between the two groups, in terms
of LH and E2 levels.

In the pairwise comparisons between subgroups, the most striking findings were stated
respectively: 1. age distribution, there was no significant difference between the patient

groups over 35 years of age (normal ovarian reserve and decreased ovarian reserve groups).
We interpreted this finding as age has no impact on ovarian reserve in patients over 35 years
of age. 2. AMH levels did not differ significantly between patients younger than 35 years of
age and with decreased ovarian reserve and patients over 35 years of age and patients with
decreased ovarian reserve. This data suggested that the AMH level gives clues about ovarian

reserve, regardless of age. 3. FSH value; there was no significant difference between the

patient groups under the age of 35, whereas a significant difference was found between the
patient groups over the age of 35 (p<0.05). We interpreted this data as FSH level could not be
used to show ovarian reserve in women under 35 years of age, whereas we can have
information about ovarian reserve with FSH level in women over 35 years of age. 4. LH and

E2 hormone levels were not associated with age or ovarian reserve.

Figure-2: A-B: Comparison between characteristic features of 86 patients, C-D: Comparison between cytokine
concentrations of patients.
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Cytokine Concentration

The values in the follicular fluid of the patient group under 35 years of age were as follows:
INF alpha2:1207.6+£162.6, IL17F:243.5+24.4, 1L-21:917.3+112.6 and in the over-35 patient
group mean values were as follows: INF alpha2:635.7+158.6, IL17F:137.2 +21.9, IL-
21:531.2 +£107.2.

When we compared the two main groups, INF alpha2, IL-17F, and IL-21 levels were found to
be significant (p<0.05) (Figure-2C). This data indicates that the levels of these cytokines in

the follicular fluid change with aging.

When we compared the four subgroups, a significant difference was found between IL-17F
and IL-21 levels (p<0.05) (Figure-2D). However, no significant difference was found in INF-

alpha2 levels.

In the pairwise comparisons between subgroups, the most remarkable findings were as

follows: 1. 1L-17F level was found to be significantly different among the patient groups

below the age of 35 (normal ovarian reserve and decreased ovarian reserve groups) (p<0.05).
Yet, no significant difference was observed between the patient groups over 35 years of age
(normal ovarian reserve and decreased ovarian reserve groups). This data suggests that the IL-
17F level may play a role in the reduction of ovarian reserve in women under 35 years of age
and that it has no impact on ovarian reserve in the patient group over 35 years of age. 2. 1L-21

and IL-17F levels were found to be significantly different between the groups of patients

under 35 and over 35 years of age with normal ovarian reserve (p<0.05). However, no
significant difference was not observed between patients with decreased ovarian reserve and
patients with normal ovarian reserve. This data implies that 1L-21 and IL-17F levels were

associated with age but had no impact on ovarian reserve.
Correlation Analysis

IL-17F has been found to be positive correlated with age, AMH, AFC, IL-21, and INF-
alpha2 (p<0.00). Besides, it has been revealed that IL-21 is positive correlated with age,
while IL-17F is correlated with INF-alpha2 (p<0.00). While there was a correlation between
INF-alpha2 and age, a correlation was found between E2 and IL-17F and INF-alpha2
(p<0.00). The strong correlation between the three cytokines indicates that they affect each
other's secretion levels. Moreover, three cytokines were also found to be correlated with age.
This data shows that aging affects IL-17F, IL-21, and INF-alpha2 secretion. The most
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remarkable data was that among cytokines only IL-17F levels correlated with AMH and AFC.

This data suggests that IL-17F may play a role in poor ovarian reserve.
4.DISCUSSION

Patients with low ovarian reserve are the most difficult patient group in IVF treatment cycles.
The number of oocytes affects the success of treatment. Especially in the elderly patient
group, the success rate is even lower (1). In order to increase the success of IVF treatment in
patients with low ovarian reserve, it is necessary to conduct research on treatment protocols
and pathogenesis. In this study, the level of cytokine in the follicular fluid was measured and
compared in patients with normal ovarian reserve regardless of age and with those with low

ovarian reserve.

Cytokines are thought to regulate monthly ovarian processes, including promoting ovarian
follicular growth, activation required for leukocyte infiltration and ovulation, and tissue
remodeling during luteinization and luteolysis. Cytokines predicted to be associated with
infertility were investigated (2). For example, Beth et al. showed that IL-8 level in the
follicular fluid of infertile patients was associated with follicle diameter (3). Huan et al.
showed that IL-lalpha and IL-1lbeta cytokine levels are higher in the follicular fluid of
infertile patients diagnosed with primary ovarian failure (4). Yu liang et al. investigated the
effect of endometrioma cystectomy on 16 different cytokine levels in the follicular fluid and
suggested that cytokine levels may be related to IVF treatment success (5). In our study, we
analyzed previously unexplored cytokines and showed that IL-17F may be associated with

ovarian reserve.

According to the literature, there are irregularities in the level of cytokines with aging, which
causes age-related diseases by affecting the immune system or inflammation. For example,
some pro-inflammatory cytokines are thought to be dysregulated in relation to aging and age-
related diseases. IL-17, Elderly people (age >65) showed a reduced frequency of IL-17-
producing cells in the memory subset of CD4+ T cells compared to healthy young people, IL-
17 promotes inflammation and is associated with RA, systemic lupus erythematosus,

inflammatory bowel disease, and psoriasis. It is overexpressed in many autoimmune diseases.

According to the literature, there are irregularities in the level of cytokines with aging, which
causes age-related diseases by affecting the immune system or inflammation. For example,
some pro-inflammatory cytokines are thought to be dysregulated in relation to aging and age-

related diseases. IL-17, elderly people (age >65) showed a reduced frequency of IL-17-
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producing cells in the memory subset of CD4+ T cells compared to healthy young people, IL-
17 promotes inflammation and is associated with RA, systemic lupus erythematosus,
inflammatory bowel disease, and psoriasis. It is overexpressed in many autoimmune diseases
(6).1L-21 is vital in the formation of T follicular helper (Tfh) cells. The absence of T follicular
helper (Tfh) cells causes unregulated systemic inflammation. Therefore, the role of IL-21 in
the weakened immune system with aging has been the subject of research (7). Daniel et al.
investigated the role of IL-21 in the treatment of HIV infection in the elderly and showed that
by increasing the level of IL-21, recovery could be accelerated (8). Similarly, studies have

shown that the expression of interferon varieties changes with aging (9).

Based on this information, we investigated the role of cytokines in the pathogenesis of
ovarian reserve, which decreases with aging. Fernanda et al. investigated lipdomic and
metabolomic pathways in ovarian aging. They noted that there were differences in 15
different lipid levels in the follicle fluid (10). Xing Zhang et al., on the other hand, performed
a metabolomics profile analysis of the effects of aging in the follicle fluid in order to have
information about the pathophysiology (11). We found that the 3 cytokines we selected were

age-related, but only IL-17F had an effect on the ovarian reserve.

Conclusion

In summary, cytokines appear to play a crucial role in ovarian aging, and further analysis and

validation of potential cytokine biomarkers may facilitate I\VF improvement in the future.
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Abstract: Wound is deterioration of tissues that make up skin or mucosa and disruption of
normal skin structure as a result of physical or chemical damage. Wound healing is a process
consists of biochemical and cellular events leading to repair of damaged tissues. Extracts of
Pinus brutia, Pinus sylvestris and Pinus pinea barks were used for cytotoxic and wound
healing studies. Wound healing results were evaluated statistically. Pinus brutia bark extract
containing Carbopol® 940 gel formulations were prepared and in vitro characterization
studies were done. In conclusion, developed and evaluated Pinus Brutia extract containing

gel formulation significantly accelerated wound healing and has a promising effect.

Keywords: Wound healing, Carbopol® 940 gel, Pine bark extract

INTRODUCTION

Wound healing is a process consists of biochemical and cellular events leading to repair of
damaged tissues (1). The wound healing process can be divided into three phases:

inflammatory phase; proliferative phase; and maturational phase.

Pine (Pinus L.) is the important genus of the family of Pinaceae. Pinus brutia, P. nigra, P.
sylvestris, P. pinea and P. halepensis are found in Turkey. Various parts of Pinus species have
been used for rheumatism or as anti-inflammatory, antioxidant and antiseptic. Terpenoids,
steroids, procyanidins and flavonoids are the ingredients of Pinus extracts. Turpentine has
been known to have a long history of healing mostly as topical counter irritants for the
treatment of rheumatic disorders and muscle pain (2). Pine bark extracts are a rich source of
natural polyphenols with potential beneficial antioxidant properties. Typical phenolic

compounds present in pine bark are (+)-catechin, (—)-epicatechin, dihydroquercetin (3).
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Pycnogenol® is commercially available pine bark extract, which is a standardised extract of
French maritime pine bark (Pinus maritima), and probably the most studied phenolic tree
extract containing proanthocyanidins (4). Hydrogels are used for the treatment of skin
wounds. Carbopol is widely used as a main component of drug delivery gel systems (5). This
study aims to determine wound healing activity of pine bark extracts and developing a gel

formulation.

MATERIALS & METHODS

Cytotoxicity Test

The type of cells used in the cytotoxicity test is BJ and its source is Human Foreskin
Fibroblast (Monolayer). Each pine bark extract in 6 different concentrations (25 pg/ mL, 50
png/ mL, 100 pg/ mL, 200 pg/ mL, 400 pg/ mL, and 800 pg/ on the cells planted at a
concentration of 1x10° cells/ mL on 96-well microplates. mL) was added. Cytotoxic effects at
the end of 48 hours (5% CO2 at 95 %C and 95% humidity) were evaluated by MTT test by
reading the absorbances in the spectrophotometer (570 nm). As a result of measurements with
spectrophotometer, calculations were made with the determined values and cytotoxicity
values were calculated for pine bark extracts to affect the viability of the cells (6).

In Vitro Wound Healing Study

The wound healing effect of pine bark extracts were studied with in vitro wound healing cell
culture model on BJ (Human Foreskin Fibroblast, monolayer) cells. A sterile yellow (100uL)
pipette tip was used to make a straight scratch on the monolayer of cells, stimulating a wound.
The cells were treated with 6 concentrations (1 pg/mL, 5 pg/mL, 10 pg/mL, 20 ug/mL, 40
pug/mL ve 80 pg/mL) of pine bark extracts and incubated at 37C in 5% CO2 and 95%
humidity. Untreated cells were used as positive control (7,8). The Olympus IX-71 inverted
microscope and Olympus DP 72 camera were used to observe the wound healing test. The
images were taken at 4x magnification with an inverted light microscop at 0 and 24 hours.
Measurements were made on images using the Image Pro Express program. Wound healing

results were evaluated statistically.

Formulation studies of Carbobol 940® Gel
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Preformulation studies were done (F1-F8). F7 and F8 were selected for further studies. Pinus
brutia bark extract containing 0.5% and 1% Carbopol® 940 gel formulations (respectively F7,
F8) were prepared. Physical appearance, homogeneity and color properties of the
formulations were evaluated at room temperature. Viscosity and pH measurements and
rheology analysis were conducted for characterization of the gel formulations. In vitro
dissolution study of the formulations was performed by using dialysis bag method and drug

release kinetics were calculated.

RESULTS

Based on the data obtained from the cytotoxicity test, non-cytotoxic dose ranges were
determined for the extracts, in the wound healing test for each pine extract. It was decided to
apply 6 different concentrations. After the in vitro wound model application of each pinus
type, distances were analyzed using inverted microscopy. When the values of the control
group and the Oth and 24th hours of each dose are evaluated within themselves, p = 0.007 for
the control group, p = 0.003 for the dose of 1 pg/ mL, p = 0.008 for the dose of 10 ug / mL,
and 40 ug/ mL and 80 pg/ mL (Figure 1).
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Figure 1. Cell viability against different concentrations of Pinus brutia, Pinus sylvestris and Pinus pinea extracts.
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It was found statistically significant for doses (p <0.001). It was decided to prepare the gel
formulations and to use Pinus brutia extract at a concentration of 20 pg/ mL in the next steps.
It was found that in vitro dissolution rate was decreased when the Carbopol® 940

concentration was increased (Figure 2).
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Figure 2. Release %- time graphic of F7 and F8 formulations.

Rheological properties gel formulations were fitted to non- Newtonian plastic flow curves.
The formulations showed viscoplastic flow behaviour. The viscosity of gel formulations was

increased when the Carbopol® 940 concentration was increased (Figure 3).
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Figure 3. Shear rate vs viscosity graphs of F5- F6 and F7- F8 formulations.
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DISCUSSION AND CONCLUSION

Formulations prepared from plants have been widely used for the treatment of wounds and
burns. In this study the wound healing effect of pine bark extracts were evaluated. According
to the results wound healing activity of Pinus Brutia extract was found to be significantly
higher than the other extracts. In conclusion Pinus Brutia extract containing gel formulation

can be used for wound healing.
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Mesenchymal stem cells (MSCs) and MSC exosomes (MSC-EXxos) are promising therapeutic
possibilities for ischemic acute kidney injury (AKI1, but their safety and efficacy are still
debatable on proximal tubules (PT) at the cellular level. Recently microfluidic kidney-on-a-
chip systems present smart platforms mimicking tubular microphysiopathological
environment to assess theragnostic tools before translation to clinics. A gravity-driven
membrane-less microfluidic-based 3D culture platform may reproduce acute hypoxic PT
injury and real-time assess the therapeutic potency of human bone marrow-derived MSC
exosomes (hnBMMSC-Exos) as cellular therapeutics.

We aimed to isolate, characterize and quantitatively analyze the efficacy of hBMMSC-Exos
with a real-time proliferation assay (RTCA) and assess the potency in terms of tubular
epithelial permeability, epithelial polarity, expression of injury-specific genes and
proliferation on the novel microfluidic acute hypoxic PT injury platform (Figure 1).
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Figure 1. The purpose of the study.

Our study was designed as a randomized observational study with the control group to test

our hypothesis (Figure 2)

Potency Assay

N

+

‘ _
(o]
=
=
(7]
(o]
[ ]

1 ¢

Fas 5}

':v{_\"

¥

0

T i

Characterization ]

Filtration —
— | FCM

Characterized and Dosed
Allogeneic hBMMSC-Exos

Barrier Integrity Proliferation Assay

@ Assay _
L |
i g 3%
| J HumanPTCells  ExVivo3D 1% 0; Immunclabelling qRT-PCR

v Microfluidic Setup 5% CO;

a8 hours FE | g

Created in BioRender.com bio

Figure 2. The study design and workflow.
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hBMMSC-Exos were isolated and characterized. RTCA determined the effective dose and
treatment window for acute hypoxic PT injury. 2-lane 3D gravity-driven microfluidic
platform was set to mimic PT in vitro. ZO-1, acetylated o-tubulin immunolabelling,
permeability index assessed structural; cell proliferation by WST-1, BNIP3, HO-1, HIF1Al
expression by gRT-PCR measured functional integrity of PT.

hBMMSC-Exos were characterized in terms of protein concentration, morphology and

surface markers (Figure 3).
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Figure 3. hBMMSC-Exo characterization data.

hBMMSC-Exos induced PT proliferation with ED50 of 172,582 pg/ml at 26™ hour (Figure 4).
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Figure 4. Proliferative potency assay.

Hypoxia significantly decreased ZO-1, increased permeability index, decreased cell
proliferation rate, increased BNIP3, HO-1 and decreased HIFLALl on 24-48 hours in the
microfluidic platform.

hBMMSC-Exos reinforced polarity by 1.72-fold increase in ZO-1 (p=0.0121, Figure 5)
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Figure 5. Immunofluorescent labellign of ZO-1 and acetylated a-tubulin.

hBMMSC-Exos restored epithelial permeability by 20/45-fold against 20/155 kDa dextran
(p=0.0004 and p<0.0001, respectively, Figure 6).
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Figure 6. Barrier integrity assay.

hBMMSC-Exos increased epithelial proliferation 3-fold (p<0.0001) and decreased BNIP3
expression by 0.62-fold compared to control (Figure 7).
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Figure 7. Cell proliferation assay and gRT-PCR.
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The real-time potency assay and 3D gravity-driven microfluidic acute hypoxic PT injury
platform precisely demonstrated therapeutic performance window of allogeneic hBMMSC-
Exos on ischemic AKI providing molecular, structural and functional cellular data. The novel
standardized, non-invasive 2-step system validates cell-based personalized theragnostic tools
in a real-time physiological microenvironment prior to safe and efficient clinical usage in

nephrology.
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