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BIOMEDICAL APPLICATION OF AN ENZYMATICALLY SYNTHESIZED
BIOPOLYESTER

SUMMARY

Polymers have played an integral role in advancing drug delivery technology by
providing controlled release of therapeutic agents at fixed doses over long periods of
time, cyclic dosing, and adjustable release of both hydrophilic and hydrophobic drugs.
Modern advances in drug delivery are now based on the rational design of polymers
designed to exert different biological functions. Enzyme-based biopolymer syntheses
are needed in order to reduce the toxic accumulations caused by these drug systems in
the human body, to minimize their side effects, and their effects on the environment.
Unlike synthetic polymers, biopolymers produced naturally using enzymes; They are
suitable for medical applications due to their biocompatibility, biodegradability, non-
toxicity and ability to adsorb bioactive molecules. The use of these biopolymers in
drug delivery systems is possible by turning them into materials such as cast films,
microspheres, nanoparticles and nanofibers. Various proteins, drugs and proteins can
be easily loaded into microspheres. Therefore, in this study, microspheres consisting
of biopolymers loaded with antibacterial agents and drugs will be produced. In this
study, polypentadelactone-co-valerolactone copolymer synthesized by the
immobilized enzyme.

In this study, Candida antarctica B lipase was immobilized to rice husk ash, on which
surface modifications were applied using the immobilization methods used in previous
studies, primarily to be wused in enzymatic polymerization reactions. -
pentadecalactone-co-3-valerolactone copolymer was produced by ring-opening
polymerization using immobilized enzyme from w-pentadecalactone and o-
valerolactone at different reaction times and temperatures, using monomer ratios of
75-25%. During support preparation and immobilization, RHA was produced by
burning rice husks at 600-650°C for 6 hours. The surface of RHA was then modified
using a silanization chemical called 3-aminopropyl triethoxysilane (3-APTES), and
functional amine (-NHz) groups were added to the surface. Lipase immobilization was
achieved by physical adsorption. Previous scientific investigations attempted to
optimize novel immobilized lipases using various 3-APTES concentrations and
enzyme loading ratios. These research studies are used as references. After copolymers
is produced, they will be formed into microspheres and added with oleuropein as an
antibacterial agent and loaded with trans-Chalcone as a drug for use in biomedical
fields. A drug delivery system with strong mechanical properties, biocompatible,
biodegradable, harmless to the environment and living things will be developed by
incorporating the copolymer into the polymer-containing microspheres of the drug and
antibacterial agent.

wo-Pentadecalactone, or pentadecanolide, is a cyclic ester having a 15-carbon
backbone. w-pentadecalactone may have antibacterial and antioxidant properties. Its
potential pharmacological qualities make it an attractive candidate for the development
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of pharmaceutical formulations and nutraceuticals. d-valerolactone, a lactone, is
employed as a chemical intermediate in several processes, such as polyester
manufacturing. Polyvalerolactone is a semi-crystalline aliphatic polyester that is
hydrophobic. PVL is a well-known biopolymer that has several applications in
medication formulation and delivery systems. PVL-based polymers have been
employed as antifungal carriers as well as a hydrophobic block in amphiphilic block
copolymers for the in vivo administration of chemotherapeutic medications such as
daunorubicin (DNR), doxorubicin (DOX), and others.

Microspheres are spherically shaped particles that can vary in size from one to a
thousand meters. Microspheres are biodegradable, free-flowing particles made up of
proteins or synthetic polymers. They are capable of encapsulating small molecules,
proteins, peptides, and nucleic acids. They have various advantages over traditional
dosage forms, including increased solubility of poorly soluble pharmaceuticals,
protection against enzymatic and photolytic degradation, reduced dosing frequency,
greater bioavailability, controlled release profile, dose reduction, and drug toxicities.

Oleuropein appears to be an effective antibacterial agent. Oleuropein, the major
phenolic component of the olive tree, is a chemical found in the fruit in the early stages
of ripening, and its level diminishes as the fruit ripens as it is digested. Recent research
indicates that oleuropein possesses anticancer, antiviral, antioxidant, and anti-
inflammatory properties. Oleuropein will be employed as an addition in this
investigation since it is considered to improve antibacterial activity and cell
proliferation. Chalcones are open-chain chemicals found naturally in plants. The
chemical structure is composed of two aromatic rings separated by a three-carbon a,3-
unsaturated carbonyl system.. Trans-chalcone (TC) has grown in popularity in recent
years for its biological properties due to its abundance in nature, simplicity of
synthesis, and simple structure. TC has been demonstrated to have anticancer effects
against a variety of types. TC is also anti-inflammatory, working by reducing the
oxidative stress caused by a variety of inflammatory diseases. Many additional
compounds are metabolically activated by TC. It has been demonstrated that these
substances have estrogenic action. Due to the estrogenic action of xenobiotic
chemicals, animals may experience a variety of negative health impacts, including
obesity, accelerated female puberty, a decrease in sperm count, altered sexual behavior
and reproductive organs, and an increased risk of certain cancers. Controlling the
amount of TC treatment and preventing the buildup of TC molecules in the body are
therefore crucial.

The aim of this study is to develop a new drug delivery system by loading drug and
adding antibacterial agent into the bio-based polymeric structure. Microspheres will
be obtained by synthesizing a biocompatible, non-toxic and high molecular weight
copolymer by using naturally immobilized enzyme to be compatible with the
environment and human body. Controlled drug delivery will be carried out by loading
a drug and adding an antibacterial agent to this product. Thus, the side effects of the
drug will be reduced and its therapeutic properties will be increased. The lack of
research in the literature on the use of oleuropein and transchalcone with microspheres
for medical reasons adds to the scientific value of the study. The study's uniqueness
stems from the lack of literature on the poly(w-pentadecalactone-co-6-valerolactone)
copolymer produced by enzymatic polymerization. The copolymer synthesized using
a biocatalyst will be loaded with oleuropein and trans-chalcone while microspheres
are produced and it will be used as medicine. With this mixture, cell biological
compatibility will be ensured and the drug will be ensured to reach the desired area at
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the desired time. As a result, a new drug delivery system will be created by using
natural and synthetic polymers, drugs and antibacterial agents.

In the second stage, a ®-pentadecalactone-co-6-valerolactone copolymer was
produced enzymatically using the monomer ratios from earlier research as a reference.
The highest molecular weighted sample (Mn = 23722 g/mol) was obtained at 80°C and
24 hour reaction duration with 75% w-pentadecalactone feed weight ratio and selected
for microsphere formation. Therefore, in this work, ®-pentadecalactone-co-6-
valerolactone is synthesized utilizing these values. In the third stage of the study,
oleuropein added and transchalcone loaded PDL-VL microspheres was tried to be
produced via O/W emulsion method. In order to determine the highest encapsulation
efficiency and drug release behavior, combinations of 10, 20 and 40 percent TC, as
well as 42.5, 75 and 100 Olu, in proportion to the copolymer mass were examined. It
was determined that microspheres produced at 100% Olu:PDL-VL ratio and 20%
TC:PDL-VL ratio had the highest Encapsulation Efficiency (%) which it was 81.7 +
0.5 (%). After microspheres are made, several characterization analysis were applied
such as SEM, DSC, TGA, FTIR and XRD in order to understand thermal, mechanical
and morphological properties of microspheres. DSC analysis was applied to observe
the thermochemical changes of the copolymer and microspheres samples. Melting
temperatures and enthalpy values of microspheres were examined according to the
previous scientific studies. The fact that no melting peak was observed in both
oleuropein and transchalcone samples indicates that PDL-VL/Olu and TC-loaded
PDL-VL/Olu microspheres are properly dispersed into the structure as stated in the
literature. TGA analyzes were applied in order to analyze the thermal degradation
behavior of microspheres and compare with PDL-VL. FT-IR was used as a
characterization method to observe the chemical groups indicating the presence of Olu,
TC and microspheres. All the characteristic peaks were examined and explained. It
was concluded that Olu and TC were encapsulated in the microspheres. In addition to
all other analyses, the influence of TC loading on crystallinity and crystalline
structures of microspheres was examined using XRD analysis. The X. values were
determined, and distinctive crystalline peaks were investigated. The results were
similar with those obtained from the DSC. It can be seen from the SEM images that
spherical geometry was found in all microsphere formulations. Antibacterial acitivty
tests were also examined and it led to the conclusion that PDL-VL/Olu and TC-loaded
PDL-VL/Olu microspheres have antibacterial properties. As a results of cytotoxicity
anaylsis, it leads to a reduction in the viability of human breast cancer cell lines (MCF-
7), and therefore it is effective and promising for human breast cancer therapy. In this
study, pH dependent drug release experiments were performed with two pH values
which was 5.6 and 7.4 in order to see drug release behaviour of microspheres produced
with different environments. The microsphere formulations improved the total
cumulative release of TC, which reached 91.18 % in pH 5.6 media and 85.89 % in pH
7.4 media. The behavior of microspheres' release was based on pH; the more acidic
the release medium, the greater the release. In all cases, TC release was carried out for
up to 964 hours. Lastly, the release kinetics of the design points were investigated.
When the release rate constants were assessed, it was discovered that the release suited
the Korsmeyer-Peppas kinetic model, which had the highest correlation coefficient.
After all characterization analysis and drug release behaviour were obtained, it can be
concluded that the the results of this study point to a potential use for microspheres in
the long-term therapy of disease. And, undoubtedly, much more study will be required
to assess cytotoxicity, cell survival, and in vivo pharmacokinetics.
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ENZIMATIK OLARAK SENTEZLENMIS BiR BiYOPOLIESTERIN
BiYOMEDIKAL UYGULAMASI

OZET

Polimerler, terapdtik ajanlarin uzun siireler boyunca sabit dozlarda kontrollii
salinimini, dongiisel dozlamayir ve hem hidrofilik hem de hidrofobik ilaglarin
ayarlanabilir salimimin1 saglayarak ilag dagitim teknolojisinin gelistirilmesinde
biitiinleyici bir rol oynamustir. ila¢ dagitimindaki modern gelismeler artik farkli
biyolojik islevler ger¢eklestirmek tizere tasarlanmis polimerlerin rasyonel tasarimina
dayanmaktadir. Bu ilag¢ sistemlerinin insan viicudunda olusturdugu toksik birikimlerin
azaltilmasi, yan etkilerinin ve ¢evreye etkilerinin en aza indirilmesi i¢in enzim bazli
biyopolimer sentezlerine ihtiya¢ duyulmaktadir. Sentetik polimerlerden farkli olarak
enzimler kullanilarak dogal olarak iiretilen biyopolimerler; Biyouyumluluklari,
biyolojik olarak pargalanabilirlikleri, toksik olmamalari ve biyoaktif molekiilleri
adsorbe edebilmeleri nedeniyle tibbi uygulamalara uygundurlar. Bu biyopolimerlerin
ilag tastyici sistemlerde kullanimi cast film, mikrokiire, nanopartikiil ve nanolif gibi
malzemelere doniistiirilmesiyle miimkiindiir. Cesitli proteinler, ilaglar ve proteinler
mikrokiirelere kolaylikla yiiklenebilmektedir. Bu nedenle bu ¢aligmada antibakteriyel
madde ve ilaglarla yiiklii biyopolimerlerden olusan mikrokiireler iiretilecektir. Bu
calismada immobilize enzim ile polipentadelakton-ko-valerolakton kopolimeri
sentezlendi.

Bu calismada, Oncelikle enzimatik polimerizasyon reaksiyonlarinda kullanilmak
izere, onceki ¢alismalarda kullanilan immobilizasyon yontemleri kullanilarak yiizey
modifikasyonlar1 uygulanan piring kabugu kiiline Candida antarctica B lipazi
immobilize edilmistir. w-pentadekalakton-ko-6-valerolakton kopolimeri, %75-25
monomer oranlart kullanilarak, farkli reaksiyon siireleri ve sicakliklarda, -
pentadekalakton ve d-valerolaktondan immobilize edilmis enzim kullanilarak halka
acilmasi polimerizasyonuyla tiretilmistir. Destegin hazirlanmasi ve immobilizasyonu
sirasinda, piring kabuklarinin 600-650°C'de 6 saat yakilmasiyla RHA iretilmistir.
Daha sonra RHA'nin yiizeyi, 3-aminopropil trietoksisilan (3-APTES) adi verilen bir
silanizasyon kimyasali kullanilarak degistirildi ve yiizeye fonksiyonel amin (-NH>)
gruplari eklenmistir. Lipaz immobilizasyonu fiziksel adsorpsiyonla saglandi. Onceki
bilimsel arastirmalar, cesitli 3-APTES konsantrasyonlarini ve enzim yiikleme
oranlarin1 kullanarak yeni immobilize lipazlar1 optimize etmeye caligmistir. Bu
arastirma ¢alismalar1 referans olarak kullanilmaktadir. Kopolimerler iiretildikten sonra
mikrokiireler haline getirilecek ve biyomedikal alanlarda kullanilmak {izere {izerine
antibakteriyel madde olarak oleuropein eklenecek ve bu mikrokiireler ilag olarak trans-
kalkon ile yiiklenecektir. Ilacin polimer igeren mikrokiireleri ve antibakteriyel ajanin
icine kopolimer katilarak giiclii mekanik o6zelliklere sahip, biyouyumlu, biyolojik
olarak parcalanabilen, ¢evreye ve canlilara zararsiz bir ilag dagitim sistemi
gelistirilecektir.
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o-Pentadekalakton veya pentadekanolid, 15 karbonlu bir omurgaya sahip siklik bir
esterdir. m-pentadekalakton antibakteriyel ve antioksidan Ozelliklere sahip olabilir.
Potansiyel farmakolojik nitelikleri, onu farmasotik formiilasyonlarin ve nutrasétiklerin
gelistirilmesi i¢in ¢ekici bir aday haline getirmektedir. Bir lakton olan 3-valerolakton,
polyester liretimi gibi ¢esitli islemlerde kimyasal bir ara madde olarak kullanilir.
Polivalerolakton, hidrofobik olan yar1 kristalli alifatik bir polyesterdir. 6-valerolakton
monomerinin polimerlestirilmesiyle tretilir. PVL, ila¢ formiilasyonu ve dagitim
sistemlerinde c¢esitli uygulamalara sahip, 1yi bilinen bir biyopolimerdir. PVL bazli
polimerler, daunorubisin (DNR), doksorubisin (DOX) ve digerleri gibi kemoterapotik
ilaglarin in vivo uygulanmasi i¢in amfifilik blok kopolimerlerde hidrofobik bir blokun
yani sira antifungal tastyicilar olarak da kullanilmigtir.

Mikrokiireler, boyutlar1 bir metreden bin metreye kadar degisebilen kiiresel sekilli
pargaciklardir. Mikrokiireler, proteinlerden veya sentetik polimerlerden olusan
biyolojik olarak parcalanabilen, serbest akish parcaciklardir. Kiiciik molekiilleri,
proteinleri, peptitleri ve niikleik asitleri kapsiilleme yetenegine sahiptirler. Zayif
¢oziinen farmasotiklerin artan ¢oziiniirliigli, enzimatik ve fotolitik bozunmaya kars1
koruma, azaltilmis dozlama sikligi, daha yiliksek biyoyararlanim, kontrollii salim
profili, doz azaltimi ve ilag toksisiteleri dahil olmak iizere geleneksel dozaj formlarina
gore ¢esitli avantajlara sahiptirler.

Oleuropein etkili bir antibakteriyel madde gibi goriinmektedir. Zeytin agacinin ana
fenolik bileseni olan oleuropein, olgunlagsmanin erken asamalarinda meyvede bulunan
bir kimyasaldir ve meyve olgunlastikca sindirildikce seviyesi azalir. Zeytin
meyvelerinin kendine 6zgl aci tadindan sorumludur. Son arastirmalar, oleuropeinin
antikanser, antiviral, antioksidan ve antiinflamatuar G&zelliklere sahip oldugunu
gostermektedir. Oleuropein, antibakteriyel aktiviteyi ve hiicre proliferasyonunu
tyilestirdigi diisiiniildiigli i¢in bu arastirmada ilave olarak kullanilacaktir.

Kalkonlar bitkilerde dogal olarak bulunan acik zincirli kimyasallardir. Kimyasal yapi,
tic karbonlu a,B-doymamis karbonil sistemi ile ayrilan iki aromatik halkadan olusur.
Trans-kalkon (TC), dogada bol miktarda bulunmasi, sentezinin basitligi ve basit yapis1
nedeniyle biyolojik 6zellikleri nedeniyle son yillarda popiilerlik kazanmistir. TC'nin
cesitli tiirlere karsi antikanser etkileri oldugu gosterilmistir. Trans-kalkonun anti-
leishmanial aktivitesi genis ¢apta incelenmistir. TC ayrica antiinflamatuardir ve gesitli
inflamatuar hastaliklarin neden oldugu oksidatif stresi azaltarak calisir. Birgok ilave
bilesik TC tarafindan metabolik olarak aktive edilir. Bu maddelerin 6strojenik etkiye
sahip oldugu kanitlanmistir. Ksenobiyotik kimyasallarin dstrojenik etkisi nedeniyle
hayvanlar, obezite, kadinlarda ergenligin hizlanmasi, sperm sayisinda azalma, cinsel
davranista ve lireme organlarinda degisiklik ve bazi kanser risklerinde artis gibi cesitli
olumsuz saglik etkileriyle karsilasabilir. TC tedavisi miktarmin kontrol edilmesi ve
viicutta TC molekiillerinin birikmesinin énlenmesi bu nedenle ¢ok énemlidir.

Bu ¢alismanin amaci biyo bazli polimerik yapiya ilag ve antibakteriyel ajan eklenerek
yeni bir ilag tasiyict sistem gelistirmektir. Cevreye ve insan viicuduna uyumlu olacak
sekilde dogal olarak immobilize edilmis enzim kullanilarak biyouyumlu, toksik
olmayan ve yiiksek molekiil agirlikli kopolimer sentezlenerek mikrokiireler elde
edilecektir. Bu iirline ila¢ ve antibakteriyel madde eklenerek kontrollii ilag dagitimi
gerceklestirilecek. Boylece ilacin yan etkileri azalacak ve tedavi edici ozelligi
artacaktir. Oleuropein ve transkalkonun mikrokiirelerle tibbi amaglarla kullanimina
iligkin literatlirde aragtirma bulunmamasi, ¢aligmanin bilimsel degerini artirmaktadir.
Tasima sistemi verimliligini artirmak i¢in dogal ve biyo bazli sentetik polimerler
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birlestirildi. Caligmanin benzersizligi, enzimatik polimerizasyonla iiretilen poli(w-
pentadekalakton-ko-6-valerolakton) kopolimeriyle ilgili literatiir eksikliginden
kaynaklanmaktadir. Biyokatalizor kullanilarak sentezlenecek kopolimer, oleuropein
ve trans-kalkon ile yliklenerek mikrokiireler iiretilecek ve ilag olarak kullanilacaktir.
Bu olusan karisim ile hiicre biyolojik uyumu saglanacak ve ilacin istenilen zamanda
istenilen bolgeye ulagsmasi saglanacaktir. Sonug¢ olarak dogal ve sentetik polimerler,
ilaglar ve antibakteriyel ajanlar kullanilarak yeni bir ila¢ dagitim sistemi
olusturulacaktir.

Calismanin ikinci asamasinda, daha Onceki arastirmalardan elde edilen monomer
oranlar1 referans olarak kullanilarak enzimatik olarak bir w-pentadekalakton-ko-o-
valerolakton kopolimeri iiretilmistir. En yiiksek molekiiler agirlikli numune (Mn =
23722 g/mol) 80°C'de ve 24 saatlik reaksiyon siiresinde %75 w-pentadekalakton
besleme agirlik oraniyla elde edilmistir ve mikrokiire olusumu igin segilmistir.
Dolayisiyla bu c¢alisgmada bu degerler kullanilarak m-pentadekalakton-ko-o-
valerolakton sentezlenmistir. Daha sonra numunenin mikrokiire dretiminde
kullanilacag: belirlenmistir. Calismanin ii¢lincli agsamasinda oleuropein/transkalkon
yiiklii PDL-VL mikrokiireleri O/W emiilsiyon yontemiyle iiretilmilmistir. En yiiksek
enkapsiilasyon verimliligini ve ila¢ salim davranisini belirlemek amaciyla kopolimer
kiitlesine orantili olarak yiizde 10, 20 ve 40 TC'nin yani sira 42,5, 75 ve 100 Olu'luk
kombinasyonlar incelenmistir. %100 Olu:PDL-VL oraninda ve %20 TC:PDL-VL
oraninda tiretilen mikrokiirelerin en yiiksek enkapsiilasyon verimine (%) sahip oldugu
ve 81,7 £ 0,5% oldugu belirlenmistir. Mikrokiireler sentezlendikten sonra PDL-VL,
PDL-VL/Olu ve TC yikli PDL-VL/Olu mikrokiirelerinin, termal, mekanik ve
morfolojik 6zelliklerini anlamak amaciyla SEM, DSC, TGA, FTIR ve XRD gibi ¢esitli
karakterizasyon analizleri uygulanmistir. Kopolimer ve mikrokiire o6rneklerinin
termokimyasal degisimlerini gozlemlemek i¢in DSC analizi uygulanmistir. PDL-VL,
PDL-VL/Olu ve TC yiikli PDL-VL/Olu mikrokiirelerinin erime sicakliklari ve entalpi
degerleri daha 6nce yapilan bilimsel ¢aligmalara gore incelenmistir. Hem oleuropein
hem de transkalkon numunelerinde herhangi bir erime zirvesinin gézlenmemesi, PDL-
VL/Olu ve TC yiiklii PDL-VL/Olu mikrokiirelerinin literatiirde belirtildigi gibi yapiya
diizgiin bir sekilde dagildigimi gostermektedir. TC yiiklii PDL-VL/Olu ve PDL-
VL/Olu mikrokiirelerinin termal bozunma davranisini analiz etmek ve PDL-VL ile
karsilagtirmak i¢in TGA analizleri uygulanmistir. FT-IR analizleri, Olu, TC, PDL-VL,
PDL-VL/Olu ve TC yiiklii PDL-VL/Olu mikrokiirelerinin varligini gosteren kimyasal
gruplar1 gézlemlemek icin bir karakterizasyon yontemi olarak kullanilmigtir. Tiim
karakteristik zirveler incelenmistir ve agiklanmigtir. Olu ve TC'nin mikrokiireler
igerisinde enkapsiile oldugu sonucuna varilmistir. Diger tiim analizlere ek olarak, TC
yiiklemesinin mikrokiirelerin kristalligi ve kristal yapilar1 lizerindeki etkisi XRD
analizi kullanilarak incelenmistir. X degerleri belirlenmistir ve ayirt edici kristal tepe
noktalar1 arastirilmigtir.  Sonuglar DSC'den elde edilenlerle benzer olarak
belirlenmistir. SEM goriintiilerinden tiim mikrokiire formiilasyonlarinda kiiresel
geometrinin bulundugu goriilmektedir. Antibakteriyel aktivite testleri de incelenmistir
ve TC yiiklii PDL-VL/Olu ve PDL-VL/Olu mikrokiirelerinin antibakteriyel 6zelliklere
sahip oldugu sonucuna varilmistir. Sitotoksisite analizi sonucunda, elde edilen
maddenin insan meme kanseri hiicre hatlarinin (MCF-7) canliliginda azalmaya yol
agmakta oldugu goriilmiistiir ve bu nedenle insan meme kanseri tedavisinde etkili ve
umut verici oldugu sdylenebilir.

Bu calismada, farkli ortamlarda iiretilen mikrokiirelerin ilag salim davraniglarim
gormek amaciyla 5,6 ve 7,4 olmak {iizere iki pH degerinde pH'a bagh ilag salim
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deneyleri yapilmistir. Mikrokiire formiilasyonlari, pH 5.6 ortamda %91.18'e ve pH 7.4
ortamda %85.89'a ulasan toplam TC kiimiilatif salimimini iyilestirmistir.
Mikrokiireciklerin salinma davranist pH'a dayanmaktadir; Salim ortami ne kadar
asidik olursa, salinim da o kadar fazla olur sonucuna varilmistir. Tiim durumlarda TC
salim1 964 saate kadar gerceklestirilmistir. Son olarak tasarim noktalarmin salinim
kinetigi arastirilmistir. Salinim hiz1 sabitleri degerlendirildiginde salinimin en yiiksek
korelasyon katsayisina sahip olan Korsmeyer-Peppas kinetik modeline uygun oldugu
kesfedilmistir. Tiim karakterizasyon analizleri ve ilag salinim davranisi elde edildikten
sonra, bu c¢alismanin sonuglarinin, mikrokiirelerin hastaliklarin uzun vadeli
tedavisinde potansiyel bir kullanima isaret ettigi sonucuna varilabilir. Ve hig siiphesiz
sitotoksisiteyi, hiicre sagkalimini ve in vivo farmakokinetigi degerlendirmek i¢in ¢ok
daha fazla ¢calismaya ihtiya¢ duyulacaktir.
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1. INTRODUCTION

As the environment becomes more polluted, there is a growing interest in developing
biodegradable polymers. Aliphatic polyesters are particularly interesting due to their
versatile characteristics and diverse synthesis techniques. There are two methods for
producing biodegradable polyesters. The first method involves polycondensation of a
hydroxyl acid or diol with a diacid, which often results in low molecular weight
polymers (<30 kDa). To achieve greater molecular weight polymers, ring-opening
polymerization (ROP) is typically used as a second technique. Lactone monomers used
in this reaction include e-caprolactone (e-CL), w-pentadecalactone (®-PDL), and
lactide. Polylactones and PLAs have biocompatibility, mechanical resilience, and
biodegradability, making them suitable for biomedical applications such vascular
implants, suture materials, and tissue engineering scaffolds. Biodegradable polymers
are being studied for their potential to carry and release drugs in the body.
Biodegradability allows for regulated drug release over time. Extensive research on
enzymatic ROP (eROP) has emerged in response to the increased need for ecologically
benign and heavy metal-free goods. Enzymes are not only non-toxic, but also capable
of catalyzing specific reactions. This eliminates the need to protect or deprotect

functional groups, allowing for selective synthesis of polymers from chiral monomers
[1].

Lipases (glycerol ester hydrolase, E.C. 3.1.1.3) catalyze esterification, hydrolysis, and
transesterification, producing a variety of useful chemicals under moderate
circumstances. These enzymes have unique interfacial kinetics, resulting in strong
catalytic activity at the water-oil interface that decreases dramatically in bulk water or
oil phases. Uppenberg, Hansen, Patkar, and Jones (1994) initially identified the three-
dimensional structure and amino acid sequence of Candida antarctica lipase B. CALB
has excellent catalytic activity for both water-soluble and insoluble compounds.
CALB's regioselectivity and chiral selectivity enable it to catalyze reactions in the

organic phase while maintaining excellent stability [2].



Novel drug delivery technologies have several advantages over standard multi-dose
treatment. According to recent trends, micro particulate drug delivery systems are
particularly well suited to controlled release and delayed-release oral formulations
with low dose dumping, blending flexibility to achieve different release patterns, and
reproducible and short gastric residence time [3]. Drugs delivery techniques have
advanced, especially those that allow the medicine to work in the intended effect area
for a longer period of time under regulated conditions. These cutting-edge drug
delivery methods can deliver drugs to a particular place, alter the rate at which they
are supplied, and/or extend the therapeutic impact [4]. One of the most advanced
techniques for maintaining and regulating pharmacological activity in a particular
place is the use of microspheres as drug carriers. To offer temporary embolization,
microspheres composed of biodegradable components are used. Theoretically, after
serving their therapeutic purpose, they ought should be eliminated from the body
without affecting the functionality of other organs [5].

The European Medicines Agency (EMA) has linked the phenolic acid oleeuropein,
which is found in large guantities in the leaves and fruits of the Olea europaea plant,
to a number of health benefits for people [6]. Because of its well-established anti-
inflammatory and antioxidant characteristics, oleeuropein may also have antiviral,
antimicrobial, and neuroprotective qualities [7]. When loaded onto microspheres, it

can be utilized as an antibacterial agent and in the treatment of diseases [8].

Trans-chalcone (TC), also known as 1,3-diphenyl-2-propen-1-one, is a flavonoid
found in plants and a primary precursor to other flavonoids. Depending on the illness
model, TC has anti-inflammatory and antioxidant properties. [9] They exhibit many
biological activities, including antibacterial, antihelmintic, anticancer, antifungal,
antidiabetic and amoebic properties. Previous research indicates that chalcones have
potent antileishmanial and antimalarial properties These medications disrupt the
parasite’s mitochondrial structure and function. Recent research indicates that

chalcones reduce parasite respiration and mitochondrial dehydrogenase activity [10].

In this study, it was aimed to produce biocompatible drug loaded and antibacterial
agent added microspheres. Oleuropein will be used as an antibacterial agent and trans-
chalcone will be used as an drug. Initially, the surface of the support material was
silanized with the agent 3-APTES, as reported in earlier investigations. Following that,

CALB was immobilized on surface-modified RHA using a physical adsorption



method, as previously described [11]. In the second stage of the study, -
pentadecalactone-co-6-valerolactone copolymer was effectively synthesized from -
pentadecalactone and &-valerolactone with CALB immobilized to RHA, using the
techniques and parameters in earlier studies. [11]. In the third stage of the study,
oleuropein/transchalcone loaded PDL-VL microspheres was tried to be produced via
O/W emulsion method. Microspheres with the highest encapsulation efficiency were
identified and used to study drug release behavior. After microspheres are made,
several characterization analysis were applied such as scanning electron microscope
(SEM), differential scanning calorimetry (DSC), thermal gravimetric analysis (TGA),
fourier transform infrared spectroscopy (FTIR) and X-Ray diffraction analysis (XRD)
in order to understand thermal, mechanical and morphological properties of PDL-VL,
PDL-VL/Olu and TC-loaded PDL-VL/Olu microspheres. Antibacterial tests of PDL-
VL, PDL-VL/Olu and TC-loaded PDL-VL/Olu microspheres were performed on gram
positive Staphylococcus aureus, and gram negative Escherichia coli bacteria.
Antibacterial activities (%) for all the samples were determined. The human breast
cancer cell (MCF-7) and microspheres loaded with oleuropein at 1:1 (wt%) with
copolymer concentrations and TC at 1:5 (wt%) with copolymer concentrations were
used for in vitro cytotoxicity tests (WST), where the highest cytotoxicity was observed
at these concentrations. In addition, a drug release study was conducted for TC-loaded
PDL-VL/Olu microspheres and The drug release profiles were fitted to several kinetic
models to better understand the process of drug release. After all characterization
analysis and drug release behaviour were obtained, it can be concluded that the the
results of this study point to a potential use for microspheres in the long-term therapy

of disease.






2. LITERATURE REVIEW

2.1 Biopolymers

Biopolymers are biologically produced polymers as opposed to synthetic ones.
Because of their non-toxicity, biocompatibility, biodegradability, and capacity to
adsorb bioactive compounds, they are well-suited for use in medical applications. The
need for biomaterials and, consequently, biopolymers has grown steadily as a result of
the environmental and usage issues associated with the use of synthetic polymers. New
approaches have also been developed to produce biomaterials that are even more
efficient. Because of this tremendous interest, biopolymers have become increasingly
popular as it has become apparent that they have a wide range of uses in the medical
industry, including tissue engineering and drug delivery systems [12]. Furthermore,
increasing evidence shows that enzyme-mediated catalytic bioprocesses exhibit
numerous advantages over traditional synthetic approaches. Additionally, biocatalysts
are environmentally friendly as they require minimal use of chemicals and do not
produce any toxic byproducts during the reaction. Because, unlike traditional chemical
synthesis and physical modification, enzymatic polymerization is an emerging

biologically based alternative approach for producing polymeric products [13].

Biopolymers, which are essential to modern sustainable material science, have their
origins in prehistoric societies that used natural materials such as plant fibers, animal
skins, and resins for a variety of uses. Since the development of contemporary
biotechnology and the increased awareness of the need for a sustainable environment,
attention has turned to biopolymers made from biomass sources that are renewable,
such as microbes, plants, and animals as it can be seen from Figure 2.1. These
biopolymers are a varied range of materials with special qualities and uses, generally

divided into polysaccharides, proteins, nucleic acids, and biopolyesters [14].

Long chains of sugar molecules called polysaccharides are widely found in nature and
play a crucial role in the functioning of living things. One of the prominent

polysaccharides is cellulose, which is known to contribute to the strength and stiffness



of plant cell walls by serving as their structural basis. Another well-known member of
this group is starch, which is used extensively as a staple food by both humans and
animals. It is the main energy storage form in plants. Chitin provides these creatures
with structural support and defense. It is mostly present in the cell walls of fungi and
the exoskeletons of arthropods. Alginate is mainly produced from seaweed and has a
variety of uses in the food and pharmaceutical industries. It can be used as a thickening
and gelling agent in many kinds of formulations. These polysaccharides, distinguished
by their diverse structures and functionalities, play integral roles across a spectrum of
and materials

applications spanning biomedicine, food science, agriculture,

engineering [15].

Proteins, such as collagen, gelatin, and silk fibroin, are made up of amino acids and
are useful in medical applications like tissue engineering and drug delivery systems
due to their biocompatibility [16]. Nucleic acids, such as DNA and RNA, serve as the
blueprint for life and are being researched for utilization in biotechnology and drug
delivery.

Furthermore, polyhydroxyalkanoates (PHA) and biopolyesters such as poly(lactic aci
d) (PLA) provide fascinating alternatives to traditional plastics, providing biodegrada
bility and renewability while maintaining mechanical qualities suited for a variety of

applications [17].
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Figure 2.1 : Classification of biobased polymers [18].



Polyesters, a type of biopolymer, have major applications due to their versatility and
eco-friendliness. Poly(lactic acid) (PLA) is a widespread example, generated from
renewable resources such as cornstarch or sugarcane [19]. PLA has qualities similar
to typical petroleum-based polymers, but it is also biodegradable and compostable
under the right conditions, making it ideal for packaging, biomedical applications, and
3D printing [19]. Moreover, Polyhydroxyalkanoates (PHA), a further significant class
of biodegradable polyesters, are produced through microbial fermentation of
renewable carbon sources such as sugars or lipids [20]. PHA polymers have
mechanical characteristics similar to regular plastics, but they can be broken down by
microorganisms in a variety of environments, making them interesting candidates for

biomedical applications [20].

2.2 Lipase Enzyme

Lipases (EC 3.1.1.3) are triacylglycerol acylhydrolases that break down carboxylic
ester linkages and belong to the hydrolase family. These enzymes are classified as
serine hydrolases and don't require a cofactor [20]. Lipases primarily hydrolyze
triglycerides into fatty acids and glycerol, but can also catalyze esterifications and
interesterifications in non-aqueous environments. Lipases have a unique mode of
activation at the interface. Lipases typically have an a-helical oligopeptide structure
that covers the active site (lid or flap) and prevents substrates from reaching it [21].
When there is no hydrophobic interface, the enzyme's active site remains concealed
from the reaction media. This enzyme shape is known as the “closed conformation™.
In contrast, when a hydrophobic interface occurs, the enzyme undergoes a
conformational shift to expose its catalytic triad to the hydrophobic phase. This
enzyme conformation shift occurs in the "open conformation”. Thus, the activation
mechanism of lipase is referred to as "interfacial activation" [21]. These forms are
given in Figure 2.2. Lipases catalyze the hydrolysis of ester bonds at the interface of
an insoluble substrate and an aqueous phase, where the enzymes remain liquefied
under normal circumstances. Pseudomonas aeruginosa, Candida Antarctica B, and
Burkholderia glumae had a lid but did not exhibit interfacial activation. Lipases
perform several conversion reactions, including esterification, transesterification,

interesterification, acidolysis, alcoholysis, and aminolysis [20].



Figure 2.2 : Free lipase open and closed form [22].

Lipase possesses significant selectivity (regio-, enantio-, stereo-, and chemo-
selectivity), can catalyze at the interface of aqueous and organic phases, and interacts
with a wide range of substrates. Lipase's unique behavior allows for the development
of lipase-catalyzed polymerization processes. Lipase-catalyzed ROP of lactones,
lactides, and cyclic carbonates can yield aliphatic polyesters or polycarbonates [23].
Lipases are commonly utilized in industry due to their ability to catalyze a wide range
of reactions. These unusual catalysts may catalyze reactions across immiscible organic
and aqueous phases and maintain catalytic activity in organic solvents. Immobilization
can improve the activity, selectivity, and operational stability of enzymes in both
aqueous and non-aqueous solvents, allowing for more efficient utilization [11].
Candida antarctica lipase B (CALB) is an efficient and selective lipase capable of
catalyzing esterification and transesterification processes [11]. It is immobilized on
macroporous acrylic resin and marketed as Novozyme 435®. In this study, free CALB

was immobilized on a new support to produce an alternative to Novozyme 435® [23].

2.3 Enzyme Immobilization

Lipases' commercial usage has been limited because to their expensive cost. However,
immobilization methods using solid supports may overcome this. Immobilization
improves product separation and allows for more flexible enzyme/substrate
interactions in different reactor setups. Furthermore, immobilizing enzymes on solid
substrates can enhance stability and selectivity [21]. There are several techniques for
immobilizing enzymes. As it is shown in Figure 2.3, the most frequent methods are
adsorption, trapping, and cross-linking to a support. Adsorption is the process of
physically adsorbing an enzyme onto a support material, such as a polymer matrix or



inorganic support. Enzyme entrapment occurs when it becomes trapped within a
material's lattice structure or polymer ns. While this reduces enzyme leaching and
enhances stability, it can also restrict substrate delivery to the active site. Enzymes can
be immobilized by cross-linking them to an insoluble support or covalently attaching
them to a functionalized support [11]. Immobilization of enzymes on supports
(carriers) is a process used to improve the activity, selectivity, and stability of
biocatalysts. Furthermore, the usage of solid supports can substantially aid in the
extraction of an enzyme from the reaction solution [24]. The activity of immobilized
lipase is substantially determined by the enzyme molecules, the immobilization
process, the reaction media, and the kind of support. It has been shown that the
intensity of enzyme-support, enzyme-substrate (in the reaction media), and support-
substrate interactions influences the stability and specificity of biocatalysts. It has also
been demonstrated that the reaction media can influence the enzyme-substrate
molecular recognition mechanism. Interestingly, a good material for enzyme
immobilization can trap substrates by hydrophobic or electrostatic coupling, so

contributing to a favorable partition effect of the substrate in the reaction media [24].

Enzyme
Immobilization

Entrapment/ Encapsulation Cross Linking

Figure 2.3 : Immobilization methods of enzymes [25].

To achieve physical adsorption, immerse the support in an enzyme solution and
incubate for several hours. Enzymes are absorbed into the matrix via weak non-
specific forces such hydrogen bonding, Van der Waals forces, and hydrophobic
interactions. However, mild nonspecific forces can cause reversible enzyme leakage

from the matrix by altering the parameters that affect contact strength, such as pH,



ionic strength, temperature, or solvent polarity [25]. Covalent binding is a common
approach for immobilizing enzymes. It involves creating stable complexes between
enzyme functional groups and a support matrix. Enzyme functional groups suitable for
covalent coupling include amino, carboxylic, phenolic, sulfhydryl, thiol, imidazole,
indole, and hydroxyl groups. Enzyme binding to solid supports involves two stages:
activating the surface using linker molecules like glutaraldehyde or carbodiimide, and
then covalently attaching the enzyme to the activated support [25]. Cross-linking
immobilization involves covalent connection between enzymes without the need of
carriers. Cross-linking immobilization strengthens the linkage between enzymes,
resulting in improved stability [26]. Entrapment is an irreversible immobilizing
process. This approach prevents enzyme leakage by regulating the pore size of the
polymeric network, allowing for unrestricted diffusion of reaction contents (substrates
or products). This technique prevents denaturation by not allowing enzymes to react
with polymers. The entrapment process has several benefits, including increased
enzyme loading capacity, cheaper manufacturing costs, improved mechanical stability,
and less mass transfer. The encapsulating material may be modified to create an
appropriate microenvironment with desired pH, polarity, or amphilicity [26].
Encapsulation is similar to entrapment in that enzymes are enclosed in a polymer
matrix. However, the polymer support matrix comprises "pockets" or "pores" to
immobilize enzymes. Encapsulated enzymes enhance enzymatic activity by altering
hydrophobic interactions, increasing reaction surface area, and boosting intermediate
concentration. They are more stable in a range of conditions. They are frequently used
in fields including biocatalysis, biosensing, enzyme therapy, biomedicine, and

bioremediation [27].

Lipases are often immobilized on supports through adsorption via hydrophobic
interactions because it is inexpensive and increases enzyme activity. For example, the
most widely used commercial enzyme, Novozyme 435®, is produced by physical

adsorption of CALB on porous acrylic resin [23].

2.3.1 Support materials for enzyme immobilization

The immobilized enzyme system's performance relies heavily on the matrix's
properties. Ideal support features include compression resistance, hydrophilicity,

enzyme inertness, ease of derivatization, biocompatibility, microbiological resistance,
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and cost-effectiveness [28]. Furthermore, it should have the potential to enhance
enzyme activity and specificity [23]. As it can be seen from Table 2.1, supports can be
classified as inorganic or organic based on their chemical structure. Organic supports

can be separated into natural and synthetic polymers [28].

Table 2.1 : Classification of supports used for enzyme immobilization [23].

Chemical Composition | Example

Organic Natural polymers:

Polysaccharides (cellulose, dextrans, agar, agarose,
chitin, chitosan, alginate), proteins (collagen, albumin)

Synthetic polymers:

Polystyrene, polyacrylate, polymethacrylates,
polyacrylamide, polyamides, vinyl, and allyl-polymers

Polysaccharides (cellulose, dextrans, agar, agarose,
chitin, chitosan, alginate), proteins (collagen, albumin)

Inorganic Zeolites, ceramics, celite, silica, bentonite, clay,
alumina, glass, activated carbon

Among the support materials which is used for enzyme immobilization, silica is the
most extensively utilized support material for lipase immobilization due to its large
specific surface area, biocompatibility, and inexpensive cost. Furthermore, the surface

could be simply adjusted [23].

As it is written before, the most widely used immobilized lipase is Novozyme 435®,
a commercially available immobilized version of CALB. This catalyst is efficient and

adaptable, using a porous acrylic resin as the enzyme carrier [29].

Rice beneficiation produces rice husk as a byproduct, accounting for around 23% of
the original weight. Rice husk's high silicon concentration makes it a valuable source
for producing elementary silicon and other silicon compounds, including silica, silicon
carbide, and silicon nitride [30]. Rice husk is a composite substance composed from
lignin, cellulose, hemicellulose, and silicon dioxide [31]. Rice husks include 80%
organic and 20% inorganic materials. RH's primary elemental components are C
(37.05 wt.%), H (8.80 wt.%), N (11.06%), Si (9.01 wt.%), and O (35.03%). RH
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contains 24.3% hemicellulose, 34.4% cellulose, 19.2% lignin, 18.85% ash, and 3.25
percent other substances [32]. Rice husk is a desirable material for industrial
applications due to its high silica concentration (87-97 wt.% SiO3), high porosity,
lightweight nature, and large exterior surface area [32]. Figure 2.4 shows the
applications of rice husk for lipase enzyme. Rice husk ash is typically formed during
the calcination process of rice husks. Rice husk ash is a cost-effective way to
immobilize enzymes. It is more efficient, renewable, and includes 91.43% SiO2 [31].
As a result of molecule adsorption, the silica compound in the amorphous state has a
tiny particle size and a large surface area. One kind of amorphous silica is silica gel,
which may be manufactured via sol-gel. Silica gel is commonly employed as a
precursor because of its excellent thermal stability, inability to expand, inertness, and
transparency. Silica sol-gel matrices can be utilized to encapsulate enzymes without
affecting their structure. Enzymes are stabilized by silica matrix encapsulation, which
forms a scaffolding around them to prevent aggregation, dissociation, and destruction
[31].

Enzymatic
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n ' Covalently
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Fluidized bed

Physically
adsorbed lipase

Figure 2.4 : Applications of rice husk for lipase enzyme [33].

As it is shown in Figure 2.5, Silica consists of siloxane (Si-O-Si) and silanol (Si-OH)
groups. Silanol groups are scattered on the surface, whereas siloxane groups are found
within. Chemical changes are made to the silanol groups on the surface. Organosilane
agents modify surfaces by silanization [23]. Among the efficient silanization coupling
agents are 3-aminopropyl triethoxysilane (APTES) and 3-glycidyloxypropyl
trimethoxysilane (GPTMS); their effective performance is ascribed to the distinct
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qualities supplied by their bifunctional features [34]. APTES is the most widely used
organosilane for functionalizing oxide surfaces. Oxide surfaces include hydroxyl
groups (-OH) with high surface energy, allowing for fast interaction and covalent
bonding with silane molecules [35]. Density functional theory (DFT) analysis
indicates that the protonated amines (-NHs+) in APTES interact strongly with Si
surface silanols (-55.2 kcal/mol). The amine head of APTES binds strongly to the silica
surface, making its silanols available for covalent condensation with neighboring
SiNPs or self-condensation with unreacted APTES molecules. This promotes particle
agglomeration at high APTES loading [34]. After activation of silica particles with

organosilane agents, enzyme can be covalently immobilized on these particles [23].
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Figure 2.5 : Immobilization of lipase on APTES/GA-activated silica surface [36].
2.4 Biopolymer Production

The biopolymer production process is divided into four categories based on the
intended outcome and the material utilized. These techniques include chemical
synthesis, bacterial synthesis, biopolymer blends, and gathering from renewable
resources [37]. Ring-opening polymerization (ROP) of cyclic esters has resulted in
biodegradable polyesters, providing a sustainable alternative to standard polyester
materials [38]. The ring-opening polymerization (ROP) technique is used to produce
large-scale biopolymers such as PLA, PHA polyesters, and cyclic polyesters via
chemical processes. This polymerization is selected because it allows exact control of
polymer molar mass. A catalyst, such as a metal ion, is required to initiate the
polymerization reaction. Ring-opening polymerization often employs metal catalysts
such as tin (11) octoate [Sn(Oct)2] or tin(1l) butoxide, as well as lithium, magnesium,
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zinc, and zirconium [37]. Polymers like polycaprolactone and polylactide have been
used in many applications. The limited commercial availability of cyclic esters limits
the microstructure and characteristics of the resultant polymers. In recent years, ring-
opening copolymerization (ROCOP) of epoxides and cyclic anhydrides has arisen as
an alternative to ROP of cyclic esters to generate a wider range of polyester materials
with different microstructures, characteristics, and uses [38].

Due to the scarcity of group 1A metals such as lithuim and the development of
hazardous organometallic intermediates as a result of the reaction, the application of
the produced compounds in medical domains has been limited, and several catalysis
approaches have been attempted. Using bioresorbable salts, devoid of harmful metallic
residues, for the ROP of cyclic lactones is an alternative method for producing
aliphatic polyester. These catalysts contain cations such as Na+, K+, Mg*?, Ca*?, Zn*?,
and Fe*2. These metals are referred to as "friendly metals". These cations have been
examined using a variety of counter ions, including chloride, ionide, oxide, hydroxide,
carbonate, acetate, lactate, tartrate, and citrate [23]. Although some chemical catalysts
efficiently polymerize lactones and can be employed in food applications, they are
unsuitable for biomedical applications. Therefore, it is vital to enhance enzymatic
polymerization [23].

Since it does not produce harmful organometallic intermediates and lowers the
reaction conditions to a more ideal level, enzymatic ring-opening polymerization has
been an effective polymerization technique [23]. Enzymatic ROP (eROP) has been the
subject of much research due to the increased interest in ecologically friendly
processes and products free of heavy metals. In addition to their non-toxic nature,
enzymes are also capable of catalyzing stereoselective and regioselective reactions.
Thus, polymers from chiral monomers may be produced selectively and functional
groups do not need to be protected or deprotected. Figure 2.6 shows the synthesis of
polyester materials via ROP and it can be seen from the Figure 2.7 that which type of
materials are used for lipase-catalyzed ROP. While many of the heavy metal catalysts
used in ROP cannot be recycled, a variety of enzyme immaobilization techniques allow
for the recycling of enzymes, particularly lipases, which are the primary biocatalysts
utilized in eROP as it be seen from Figure 2.8 [39].
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Figure 2.6 : Synthesis of polyester materials via (a) ROP of cyclic esters; (b)
ROCOP of epoxides and cyclic anhydrides [38].
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Figure 2.7 : Lipase-catalyzed ring-opening polymerization [40].
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[40].

Lipase has been used to accelerate the polymerization of lactides in organic solvents

like toluene. In enzymatic polymerization studies, it is preferable to use enzymes like
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Candida antarctica lipase B (CALB) either in free form or immobilized on acrylic resin
(Novozyme 435®). It has been noted that at temperatures where the polymerization
reaction occurs, lipase becomes more durable and active when immobilized on organic
or inorganic surfaces. Because of these benefits, the immobilization procedure of the
enzyme—which also directly boosts efficiency—has become a widely utilized
scientific approach for producing biopolymers at a lower cost [37].

2.4.1 Poly (w-Pentadecalactone -co-Valerolactone)

Aliphatic polyesters are a class of biocompatible and biodegradable polymers with
applications in medicine, pharmacology, and the environment. Hence, they have
drawn a lot of research interest. [Chang]. According to the research studies, ®-
pentadecalactone (o-PDL), e-decalactone, 3-valerolactone (3-VL), and e-caprolactone
(e-CL) are the most famous and studied ones in order to their properties [41]. The
polymerization reactions of macrolactones are primarily driven by entropy due to their
low ring strain and bigger size. Traditional chemical techniques struggle to polymerize
macrolactones, leaving only a few efficient catalysts [42]. Typically, macrolactones
are converted to aliphatic polyesters using organometallic catalysts like stannous
octoate and zinc lactate [41]. As a result of using metallic catalysts in the
polymerization of these products, some unwanted toxic products would be produced
[43]. Using enzymes to catalyze ring-opening polymerization instead of
organometallic catalysts eliminates the possibility of hazardous metal contaminants in
the final product, making it suitable for biomedical applications [41]. Lipases are
commonly utilized in industry due to their ability to catalyze a wide range of reactions.
These unusual catalysts may catalyze reactions across immiscible organic and aqueous
phases and maintain catalytic activity in organic solvents. Immobilization can improve
the activity, selectivity, and operational stability of enzymes in both aqueous and non-
aqueous solvents, allowing for more efficient utilization [11]. Candida antarctica
lipase B (CALB) has strong catalytic activity for both water-soluble and insoluble
compounds. CALB's regioselectivity and chiral selectivity make it an efficient catalyst
for organic reactions with high stability. It can be seen from the studies that CALB
immobilization on a carrier improved its stability, increased the number of uses, and
made separation from the reaction system easier, all of which contributed to a decrease

in processing costs [44].
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2.4.1.1 o-Pentadecalactone

wo-Pentadecalactone is a fragrance component used in decorative cosmetics, fine
scents, shampoos, toilet soaps, face cream, fragrance cream, various toiletries, and
non-cosmetic items including home cleansers and detergents [45]. -
Pentadecalactone, also known as pentadecanolide, is a cyclic ester with a 15-carbon
backbone. m-pentadecalactone may have biological actions including antibacterial and
antioxidant effects. Molecular structure of o-Pentadecalactone is given in Figure 2.9.
Its potential pharmacological properties make it a suitable option for the development
of pharmaceutical formulations and nutraceutical products. In polymer chemistry, o-
pentadecalactone serves as a monomer for the synthesis of biodegradable polyesters,
particularly poly(m-pentadecalactone) (PPDL). Poly(w-pentadecalactone) (PPDL) is a
semicrystalline polymer derived from pentadecanolide or o-pentadecalactone
(Poly(w-pentadecalactone), a commercially available macrolactone commonly
utilized in the fragrance industry [42]. PPDL, an important poly(w-hydroxy fatty acid),
is a crystalline polymer with 14 methylene groups and in-chain ester group linkage in
each repeating unit. It has a high melting point of around 100 °C. Furthermore, PPDL
has mechanical qualities similar to linear high-density polyethylene (HDPE). PPDL
research is gaining popularity due to its potential for industrial-scale manufacturing,
including biodegradability, thermal stability, and mechanical characteristics [46].
Before recent studies with lipase-catalyzed polymerizations, only low molecular
weight poly(PDL) was accessible, leading to limited interest in its characteristics and
uses. Recently, high molecular weight poly(PDL) was made available using lipase

catalysis, prompting a review of its characteristics [47].

] o]

Figure 2.9 : Molecular structure of o-Pentadecalactone [45].
2.4.1.2 8-Valerolactone

A lactone called o-valerolactone is used as a chemical intermediary in several
processes, including the manufacture of polyesters. When polymerized, this
monomer—which is derived from sugars—has characteristics similar to rubber [48,

49]. d-valerolactone is a renewable monomer that is highly soluble in water.
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Polyvalerolactone is a semi-crystalline aliphatic polyester that is hydrophobic. It is
created by polymerizing 8-valerolactone monomer that the molecular structure is given
in Figure 2.10. PVL is a well-established biopolymer with several uses in drug
formulation and delivery systems. PVL-based polymers have been used as carriers for
antifungal medicines and as a hydrophobic block in amphiphilic block copolymers for
in vivo delivery of chemotherapy drugs like daunorubicin (DNR), doxorubicin (DOX),
and others [50]. PVL's features include hydrophobicity, crystal structure, low melting
point, and minimal cytotoxicity. PVL is also compatible with other polymers. New
research and experimental results are required to achieve the best outcomes from the
synthesis of these polymers. For this objective, fresh and novel copolymerization

syntheses are being tried [51].

O O

Figure 2.10 : Molecular structure of 5-Valerolactone [52].
2.5 Applications of Biopolymers

Recent research has shown that biopolymers have potential applications as materials
for medical device manufacture. These biomaterials are best identified by their
molecular weight, lubricity, material chemistry, water absorption degradation, form
and structure, solubility, hydrophilicity/hydrophobicity, erosion process, and surface
energy. Biopolymers are used in a variety of industries, including pharmaceutical
encapsulation, food packaging, agriculture, cosmetics, water treatment, biosensors,
and data storage (see Figure 2.11). Polysaccharide-based materials are used in several
sectors, including films, membranes, fibers, hydrogels, food packaging, sponges, and
air gels [53]. Biopolymers are a diverse class of materials obtained from natural
sources that provide a wide range of biomedical applications due to their inherent
biocompatibility and biodegradability. These polymers have received a lot of interest
in drug delivery systems, with chitosan, alginate, gelatin, and hyaluronic acid standing
out as promising options for encapsulating and delivering pharmaceuticals precisely
and efficiently [54]. Furthermore, biopolymers play an important part in tissue
engineering, where scaffolds made of collagen, fibrin, gelatin, and alginate produce a
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biomimetic milieu that promotes cell proliferation and tissue regeneration [55]. Such
scaffolds are useful for the repair and regeneration of a variety of tissues, including
bone, cartilage, skin, and heart tissue, opening up new possibilities for regenerative
medicine [56]. Furthermore, biopolymer-based wound dressings, which incorporate
ingredients like chitosan, alginate, collagen, and hyaluronic acid, assist in wound
healing by providing moisture retention, antibacterial activity, and encouraging
hemostasis. These dressings treat various wound types while promoting tissue healing
and regeneration. [57]. Biopolymers can also be used as absorbable sutures and staples
in surgical procedures that need precise tissue approximation. Materials like
polyglycolic acid (PGA), and polylactic acid (PLA), and their copolymers provide
mechanical strength for wound closure while gradually being reabsorbed by the body,
eliminating the need for suture removal operations [58]. Furthermore, biopolymers
show promise in orthopedic implants, dental materials, and a wide range of other
biomedical applications, demonstrating their versatility and potential to advance

medical technologies and treatments [59].
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Figure 2.11 : Applications of biopolymers [53].
2.6 Drug Delivery Systems

Drug delivery systems (DDS) are used to make and store drug molecules into tablets
or liquids for administration [60]. Traditional dosage forms have a high dose and
limited availability, inconsistency, first-pass effect, variation of plasma drug levels,

and rapid release of medicinal compounds. Drug delivery systems will tackle the issues
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through improved performance, protection, patient compliance, and product shelf life
[61]. They speed up the delivery of drugs to the precise intended spot in the body,
enhancing therapeutic efficacy while decreasing off-target accumulation [60]. Smart
drug delivery systems (SDDS) direct the release of active molecules to the target
location of action in response to biological or physical stimulation. These systems aim
to regulate release kinetics and minimize negative effects. Systems built of stimuli-
responsive polymers can alter characteristics based on environmental variables. Minor
environmental changes can significantly impact polymer properties, including
physical state, shape, solubility, solvent interactions, and hydrophilic/lipophilic
balance. Polymers that respond to light, temperature, pH, or redox can be used to create
these systems [62]. Drugs can be administered by numerous routes, including oral,
buccal, sublingual, nasal, ocular, transdermal, subcutaneous, anal, transvaginal, and
intravenous [60]. Figure 2.12 shows the concentration as a function of time after
administration for the controlled release. Targeted drug delivery transports therapeutic
agents to specified regions without affecting other parts of the body. This method
targets specific parts of the body for drug delivery. This improves therapy efficacy
while reducing negative effects [63]. Advancements in drug delivery technology
impact bioavailability, absorption, and pharmacokinetics. Drug targeting involves four
principles: loading the drug, avoiding degradation by bodily fluids, reaching the target

region, and releasing the drug at a preset time [63].
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Figure 2.12 : Concentration as a function of time after administration [64].
Biodegradable and bioerodible polymers play a significant role in drug delivery [66].
Over the past 30 years, biodegradable polymeric drug delivery systems (DDS) based
on aliphatic polyesters, polylactic acid (PLA), polyglycolic acid (PGA), and poly(D,L-
lactide-co-glycolide) (PLGA) microspheres have been extensively studied as a
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formulation approach to protect encapsulated drugs from degradation, enhance
bioavailability, and sustain drug release [67]. These classes offer several benefits and
are generally well-tolerated in living systems without causing harm. They are non-
toxic and physiologically inert. Controlled drug delivery may be achieved using both
natural and synthetic polymers, however, synthetic polymers are preferred. Controlled
polymerization allows for extremely repeatable structure-function relationships. Some
polymers are biodegradable, reducing the risk of accumulating in the body. However,
this only applies if the breakdown by-products are non-toxic, do not trigger an immune

response, and are below the renal threshold [65].

The most often utilized biodegradable synthetic polymers in drug delivery systems
(DDS) are polyesters which include polyglycolide (PGA), polylactide (PLA), and
copolymers with specified architecture and chemical composition (lactide to glycolide
ratio). The rate of drug release might vary depending on the lactide-to-glycolide ratio.
Lactide-rich polymers are very hydrophobic, resulting in delayed degradation and
reduced water absorption [64]. There are three main categories of polymeric drug
delivery systems; colloidal carriers (micro, nanoparticles, micelles, micro/nano gels),
implantable networks or hydrogels, and polymer-drug conjugates as it can be seen
from Figure 2.13. Depending on the administration model and desired release method,

multiple methods of distribution can be chosen [64].
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Figure 2.13 : A diagram of the formulation of polymeric carriers for biomedical
delivery systems [65].
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Drug release from these systems follows three broad pathways, as it can be seen in
Figure 2.14. The therapeutic agent is evenly distributed in all polymer matrices, but
drug release is regulated by diffusion, polymer surface erosion, or a combination of
both [68]. Achieving continuous release (zero-order release) is challenging due to the
decreased concentration and chemical activity of the drug. As the drug is released from
the polymer matrix (i) and (iii) in Figure 2.15, its chemical activity or concentration
decreases with time, resulting in first-order release rather than zero-order release.
Currently, most monolithic biodegradable devices adopt either mechanism (i) or (iii),
as indicated in Figure 2.15 [68].
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Figure 2.14 : Overview of polymeric-based drug delivery systems [64].
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2.7 Microspheres

Microspheres are spherically shaped particles that range in size from one to a thousand
meters and their structures can be seen from Figure 2.16. The term microsphere refers
to particles that might be solid or hollow [69]. Microspheres are biodegradable, free-

flowing particles composed of proteins or synthetic polymers. A polymer matrix
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includes distributed drug molecules, and controlled drug release can be achieved by
diffusing through the matrix or by degrading the matrix itself [70]. They can
encapsulate tiny compounds, proteins, peptides, and nucleic acids. They outperform
nanoparticles in terms of translational efficiency and clinical success rate. They
provide several advantages over conventional dosage forms, including enhanced
solubility of poorly soluble drugs, protection of drugs from enzymatic and photolytic
degradation, decreased dosing frequency, improved bioavailability, controlled release
profile, dose reduction, and drug toxicities [71]. In terms of efficacy, microspheres
have also offer several advantages. The spherical form and tiny particle size facilitate
drug administration in the body. Another advantage of small particle sizes is their
increased surface area, which works especially well to improve the efficiency of drugs
that are not easily soluble in the body. To generate microspheres, various processes
can be utilized, including single and double emulsion solvent evaporation,
sedimentation polymerization, spray-drying, electrospraying, and phase separation

technologies [70].
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Figure 2.16 : Microspheres [72].

Microspheres are able to be targeted to a specific area using active or passive targeting
approaches. Passive targeting is based on the microspheres' size and general surface
features, such as hydrophobicity, surface charge, and non-specific adhesion, which
lead them to a given organ. Active targeting, on the other hand, is most commonly
connected with ligand-receptor recognition, which is known as secondary active
targeting. The increasing number of studies in recent years demonstrating the potential
use of microspheres as drug delivery carriers for targeted delivery has captured the

interest of researchers throughout the world [71].

2.7.1 Emulsion/solvent evaporation method

Microspheres can be produced by evaporating an organic solvent from dispersed oil

droplets containing polymers and drugs [73]. Extensive research has been conducted
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on the solvent evaporation approach for producing microspheres of biocompatible
polymers and copolymers [74]. Microencapsulation using solvent evaporation is
commonly utilized in the pharmaceutical industry to create controlled-release
formulations. Microencapsulation can be achieved by several solvent evaporation
techniques. The hydrophilicity or hydrophobicity of the active molecules determines
the most suitable approach for drug encapsulation [75]. The easiest approach for
producing drug-loaded microspheres is emulsion/solvent evaporation. The emulsion
could either be single or double, depending on the solubility of the polymer and the
drug being used. The single O/W (oil-water) emulsion/evaporation process consists of
two phases: organic (internal or dispersed) and aqueous (external or continuous) as
indicated in Figure 2.17. The organic phase is comprised of polymer and drugs
dissolved in an organic solvent, which is then emulsified with water. The aqueous
phase is an aqueous solution with high hydrophilic-lipophilic balance (HLB)
surfactants; typically, an aqueous polyvinyl alcohol (PVA) solution is employed as the
continuous phase [76]. It is waited in the mixing position until the organic solvent

evaporates [73].
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Figure 2.17 : Schematic diagram of O/W emulsion solvent evaporation method [76].

Figure 2.18 shows the formation of microcapsules by single O/W emulsion/solvent
evaporation method. However, when the drug that needs to be encapsulated is
insoluble in the organic phase, multiple emulsions are required. The double emulsion
technique for microspheres creates several emulsions (w/o/w) and is ideal for water-
soluble pharmaceuticals, peptides, proteins, and vaccines. This approach works with

both natural and synthetic polymers. The aqueous protein solution is distributed in a
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lipophilic organic continuous phase. This protein solution may include active
components. The continuous phase contains a polymer solution that encapsulates
protein from the scattered aqueous phase. The initial emulsion is sonicated before
being added to an aqueous solution of polyvinyl alcohol (PVA). This leads to the
creation of a double emulsion as it is given in Figure 2.19. The emulsion undergoes

solvent removal by either evaporation or extraction [72].
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Figure 2.18 : Formation of microcapsules by single O/W emulsion/solvent
evaporation method [77].
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Figure 2.19 : Microspheres created using the Double Emulsion Technique [72].

Emulsion solvent evaporation has many advantages over other preparation processes,
including spray drying, sonication, and homogenization. It requires just basic
conditions like ambient temperature and steady stirring. This allows for a stable

emulsion while maintaining pharmacological activity [78].

2.8 Oleuropein

Oleuropein, the main component of Olea europea, known as the olive tree, belongs to
a very special group of coumarin-like compounds called secoiridoids, which are

abundant in oleaceae, gentianales, cornales, and many other plants. Figure 2.20
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indicates the molecular structer of oleuropein. Oleuropein, the heterosidic ester of
elenolic acid and hydroxytyrosol, has many beneficial effects on human health.
According to research, it has been observed that oleuropein has various
pharmacological properties such as antioxidant, anti-inflammatory, antiatherogenic,
anti-cancer, antimicrobial, and antiviral, and for these reasons, it is commercially
available as a food supplement in Mediterranean countries. Additionally, research has
demonstrated that oleuropein has anti-ischemic, hypolipidemic, and cardioprotective
properties against acute adriamycin cardiotoxicity. A study also revealed that
oleuropein aids in the prevention of Alzheimer's disease. The phenol components of
olive oil, particularly oleuropein, which functions as a free radical scavenger at the
skin level, were demonstrated in another study to have a direct antioxidant impact on
the skin [79, 80].

OH

Figure 2.20 : Molecular structure of oleuropein [81].
2.9 Transchalcone

Chalcones are open-chained compounds found naturally in plants. As shown in Figure
2.21, their chemical structure consists of two aromatic rings separated by a three-
carbon, -unsaturated carbonyl system [82]. Such structure is the primary distinction
between chalcones and other flavonoids [83]. By adding functional groups to the
aromatic rings, chalcones' chemical structure can be varied. Chalcone molecules act
as pigments in plants due to their characteristic, vivid yellow color. Due to their natural
abundance, simplicity in manufacture, and biological activity, chalcones have recently
drawn interest in terms of biology. It is known that a number of chalcones and chalcone
derivatives show anticancer efficacy against a variety of forms of cancer, including
breast, colon, ovarian, bladder, and urinary tract cancers, as well as antifungal, anti-

tuberculosis, anti-AIDS, and antidiabetic activities. Chalcones can be chemically
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synthesized by Claisen-Schmidt condensation reaction. The reactants are
acetophenone and benzaldehyde, and the reaction is catalyzed by a base, generally

NaOH or KOH [84].

o)
Figure 2.21 : Molecular structure of trans-chalcone [84].
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3. MATERIALS AND METHODS

3.1 Materials

Rice husks were kindly supplied by a local rice production facility (Edirne, Turkey)
and treated to obtain rice husk ash (RHA). (3-APTES, CoH23NO3Si, 98 %, Sigma-
Aldrich), was used in the experiments for surface modification of RHA. During the
preparatory preparation stage, rice husks were rinsed with distilled water to eliminate
extraneous contaminants. Dried rice husks were burnt for 6 hours at 600-650 °C to
produce RHA, which were then employed as a support material for enzyme
immobilization. Reactions were catalyzed by immobilized Candida antarctica Lipase
B (CALB) enzyme (E.C. 3.1.1.3, recombinant, expressed in Aspergillus niger, Sigma).
CALB in free form purchased from Sigma Aldrich was immobilized onto RHA.
Surface modification of RHA was achieved by 3-aminopropyl triethoxysilane (3-
APTES) (CoH23NOsSi) (Merck) treatment. Acetone (C3HsO, 100 %, Merck) was used
as medium in surface modification of RHA. Sodium dihyrogen phosphate
monohydrate (NaH2PO4. H.O) (Carlo Erba) and disodium hydrogen phosphate
heptahydrate (Na2HPO4. 7H20) (Merck) were used for preparation of 0.015 M, pH =
7 phospate buffer solution. -valerolactone (6-VL) (CsHgO2, Sigma-Aldrich) and -
pentadecalactone (w-PDL) (CisH2802, Sigma-Aldrich) was used as monomer in
polymerization reactions. Toluene (C7Hsg, 99.8 %, Merck) was used as organic solvent
in polymerization reactions. Chloroform (CHClIs, 99 %, Merck) was used to terminate
polymerization reactions and as solvent for PPDL-PVL copolymers during
microsphere formation. For the termination of polymerization reactions and
precipitation of obtained polymers methanol (99% CH3OH) (Emboy) were also used,
was respectively purchased from Merck. Chloroform (99%, CHCI3) (Merck) was used
to solubilize polymer samples for H NMR analysis. Transchalcone (TC, CisH120,
97%, Sigma-Aldrich), model drug, was purchased from Sigma-Aldrich. During
preparation of TC/Oleuropein-loaded microspheres, dichloromethane (CH2Cl>, 99 %,
Carlo Erba) was used as solvent of TC, in the internal phase. Poly(vinyl alcohol)

(C2H40)n, Sigma-Aldrich) was used as an organic solvent during the preparation of
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TC/Oleuropein loaded microspheres. Oleuropein, antibacterial agent, was purchased
from natural supplier. Methanol (CH3OH, 99.8 %, Merck) was used in determination
of loading efficiency of the microspheres. Potassium di-hydrogen phosphate (KH2PQOg,
100 %, Carlo Erba) and di-potassium hydrogen phosphate (KoHPO4, 100 %, Merck),
sodium chloride (NaCl, 99.6 %, Carlo Erba), potassium chloride (KCI, 100 %, Merck),
disodium phosphate dihydrate (NaxHPO4.2H>O, 100 %, J. T. Baker), sodium
dihydrogen phosphate (NaH2POa, 100 %, Merck), acetic acid (CHsCOOH, 99.8 %,
Merck), sodium acetate (CHsCOONa, 99 %, GPR) and hydrochloric acid (%37 puriss.)
(HCI, Riedel-De Haén) were used to prepare buffer solutions for enzyme
immobilization and drug release studies. For the preparation of proton nuclear
magnetic resonance (*H-NMR) samples, deuterated chloroform (CDCls, Merck,
99.8%) was used. In antibacterial test for preparation of liquid and solid media for
cultured bacteria were Agar-Agar and Nutrient Broth (Merck) were used.
Staphylococcus aureus (ATCC 6538) and Escherichia coli (ATCC 8739) bacteria
were Kindly provided by Istanbul Technical University Food Engineering Department.
In WST test, MCF-7 human breast cancer cell was used. WST-1 solution was
purchased from Sigma-Aldrich, whereas Eagle’s minimum essential medium
(EMEM), fetal bovine serum (FBS), trypsin-EDTA, and Trypan blue were obtained
from Gibco BRL and utilized in cell viability assays. All chemicals and reagents were

of analytical grade.

3.2 Methods

3.2.1 Preparation of support material for the enzyme immobilization

First, rice husks were rinsed with distilled water to eliminate any contaminants. After
the rinsing, they dried in an oven at 30 °C overnight. After that, the dried rice husks
were burned in oven at between 600-650 °C for 6 hours. The oven's temperature was
continually checked and increased by 10°C per minute until the burning temperature
was attained. After the burning process was finished, the rice husk ashes (RHA) were
transferred to a desiccator to prevent moisture after cooling [11]. Figure 3.1 shows a

picture of the processed rice husks.
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Figure 3.1 : From left to right: dried rice husk, rice husk ash after combustion.

Before the immobilization process, the surface of the support material was silanized
using the agent 3-APTES as it is described in previous studies [11]. 250 mg RHA was
combined with 15% (v/v) 3-APTES in 5 mL acetone. The mixture was incubated in a
shaking water bath (Julabo SW22) at 50°C and 160 rpm for 2 hours. Figure 3.2 shows
the shaking water bath utilized in the studies.

[ -

Figure 3.2 : Shaking water bath used in experiments.

After the reaction, surface-modified (activated) RHA was filtered and rinsed with
distilled water using a vacuum pump (Sartorius stedim 16612) to remove any

unreacted chemical substances. Then, dried in oven at 60°C for 2 hours.

0.015 M, pH 7 phosphate buffer was prepared by mixing 29.25 mL 1M NaH2PO4.H.O
and 45.75 mL 1M NaH2PO4.7H.0 with distilled water and diluting to 1 L with distilled
water. The pH of the buffer was adjusted using a pH meter (Inolab TWT).
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3.2.2 Immobilization of CALB

The prepared supports were used for lipase immobilization. CALB was immobilized
on surface-modified RHA via a physical adsorption technique, as previously described
[11]. CALB and RHA were mixed in 25 mL of 0.015 M pH 7 phosphate buffer with a
2ul/mg enzyme loading ratio for 5 hours at room temperature. At the conclusion of
the interval, immobilized lipase was filtered and dried in an oven at 300 °C for 12

hours. Figure 3.3 shows a picture of the filtered enzyme.

Figure 3.3 : Filtered immobilized enzyme after the immobilization via physical
adsorption.

3.2.3 Enzymatic synthesis of poly(m-pentadecalactone-co-é-valerolactone)

Immobilized CALB was utilized as a biocatalyst for the copolymerization of
pentadecalactone and valeractone. The copolymerization technique was the same as
the previous work in which poly(m-pentadecalactone-co-g-caprolatone) copolymers
were produced [41]. Reactions were carried out in 1 g toluene in a nitrogen
environment. The weight ratio of toluene to total monomers was 1:2, with an enzyme
concentration of 20%. The reaction mixture was agitated at 120 rpm at 80°C.
Copolymers with monomer ratios (75%-25% in weight ratios) were manufactured in
24 hours. In the previous study [37], different monomer ratios and polymerization
times were tried and it was decided that these were the most ideal ratios. Therefore,
this study proceeded directly through these rate and time parameters. At the end of the
process, additional chloroform was used to stop the polymerization. The enzyme was
then isolated by filtering, and the chloroform was evaporated in an oven set to 500°C.

The copolymer was collected by precipitation in cold methanol. The precipitated
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copolymer samples were filtered and dried in an oven at 350°C. Figure 3.4 shows

pictures of the enzymatic polymerization equipment and glass reactor.

Figure 3.4 : Apparatus used for polymerization.

3.2.4 Preparation of microspheres

Microspheres were prepared by conventional O/W emulsion/solvent evaporation
method [85]. Internal phase consisted of TC solution in dichloromethane (DCM) and
PPDL-PVL copolymer with/without Oleuropein in chloroform (CH). Amount of
PPDL-PVL copolymer system was varied, maintaining the TC:PPDL-PVL ratio at
1:10, 1:5 and 1:2.5. In the previous studies, various PVA solution concentrations (0.1,
0.5 and 1 (w/v) %) was used and it can be seen that 1 (w/v) % was the most suitable
concentration for microsphere fabrication [85]. External phase was PV A solution with
constant concentration (1 (w/v) %) to be able to observe the effects of different
concentrations on TC loading and release. First, TC solution and PPDL-VL solution
were well mixed by a vortex mixer. This solution was added to 50 ml of PVA solution
under agitation at 1500 rpm for 5 min to form a milky white emulsion. The emulsion
was then diluted with 50 mL of distilled water and stirred for 24 hours to allow the
solvents to evaporate. After evaporation, the emulsion was centrifuged to remove the
PVA and noncapsulated TC, and the microspheres were dried overnight in a 30°C
oven. The encapsulation efficiencies (EC) and loading capacities (LC) of the
microspheres were determined directly by extracting the drug content with methanol
[85]. Methanol dissolves the chalcone contained in the particles but not the polymer,
hence the polymer did not interfere with the UV spectrophotometer absorbance

measurements [85]. The resultant suspension was filtered, and the absorbance was
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measured at 308 nm using a UV spectrophotometer with methanol as the blank
solution (a calibration curve is supplied in Appendices A). The formulae used to
calculate encapsulation efficiency and loading capacity are as follows.

(weight of TC in the microspheres)

EE (%) = 100 3.1
(%) weight of TC in the emulsion x (31)

(Actual weight of TC in the microspheres)
LC (%) = , , x100 (3.2)
Total weight of microspheres

3.2.5 Invitro TC release from loaded microspheres

Drug release characteristics from microspheres were investigated. Drug release
experiments were carried out using PBS solution (pH 7.4, 0.1 M) as the release
medium. 10 mg of loaded microspheres were suspended in PBS solution and shaken
in an incubator at 37°C and 120 rpm. At the prescribed time intervals, a 1 ml aliquot
was taken and the same volume of fresh PBS solution was added. If necessary, the
aliquot was filtered using syringe filters to eliminate any suspended microspheres that
were present. The withdrawn sample was diluted to 10 ml with PBS, and the
absorbance was measured using a UV spectrophotometer. The pH-responsive release
behavior of the loaded microspheres was examined by shifting the release medium to
an acetate buffer solution (pH 5.6). All release experiments were conducted under sink

conditions. Related calibration curves were presented in the Appendices A.

3.2.6 Kinetic model fitting

The drug release patterns were fitted to kinetic models to better understand the process
of drug release in each sample. The data was fitted to the Higuchi and Korsmeyer-
Peppas kinetic models using nonlinear regression, and the associated Kinetic
parameters were determined. The equations used for the kinetic models are shown

below.

Higuchi: Q/Qeo = KuX t%5 (3.3)

Korsmeyer — Peppas: Qt/Qe = KrpX t™ (3.4)
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Where Qi/Q is the fraction of drug released at time t and n is the release exponent. Ky
(t9%) and Kkp (t") are the Higuchi and Korsmeyer-Peppas release rate constants,
respectively.

3.2.7 Antibacterial activity test of microspheres

Antibacterial activity of PDL-VL, PDL,VL/Olu and TC-loaded PDL-VL/Olu
microspheres was investigated by application of turbidimectric method. As it is
described in previous studies, Two distinct bacterial species were chosen: gram-
negative Escherichia coli, and gram-positive Staphylococcus aureus. First, the
drawing method was used to cultivate bacteria on slant nutrient agars. Slanted agars
cultured with bacteria were incubated for one night at 37°C. Following that, liquid
media (Nutrient Broth) were inoculated with bacterial samples extracted from the
slanted agar and incubated for a full day at 37°C. Figure 3.5 depicts the incubator that
was utilized [37].

. -,“

Figure 3.5 : Incubator that was used for antibacterial activity test.

The MacFarland densiometer was used to set the turbidimeter to 0.5 McFarland for
each type of bacteria. In Figure 3.6, the McFarland densitometer picture that was
utilized is displayed. For every species of bacterium, the concentration of standardized
inoculums was 108 CFU/ml. Following the dilution processes for each bacteria in
Figure 3.7, the obtained bacterial cultures were diluted first to 10" (10’ CFU), then to
1072 (10° CFU), and lastly to 107 (10° CFU), at which the antibacterial test was to be
applied.
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Figure 3.6 : Left to right: McFarland Densitometer and 0.5 MF adjusted bacteria
cultures from each type of bacteria.

Microspheres containing different ratios of PDL-VL, PDL,VL/Olu and TC-loaded
PDL-VL/Olu and control samples are placed in a 10~ diluted bacterial suspensions to
the amount of 3 mg in powder form. Suspensions with and without membrane samples

were incubated at 37°C for 24 hours in shaking water bath.

9 mINB
1ml
— 1 ml
_J
0.5 MF How
adjusted tube 107! diluted
i
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-
107 diluted

Figure 3.7 : The scheme followed in the dilution step.

Following the incubation period, 200 pl suspension samples were extracted and
inserted into the 96-well plate wells. As agreed upon in scientific investigations [86,
87], measurements were made in a microplate reader (BioTek, Synergy HT) at 600
nanometers. Figure 3.8 shows the picture of the wells and the microplate reader that

was utilized.
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Figure 3.8 : Microplate Reader and 96-Well Plate.

The measured absorbance and antibacterial activity values were calculated using
Equation 3.5 [88].

oD, _0D,

Antibacterial activity (%) = ( 5D
1

)x 100 (3.5)
In this equation, OD; represents the absorbance value of bacterial culture without
microspheres, and OD. represents the absorbance value of bacterial cultures
containing microsphere samples of PDL-VL, PDL-VL/Olu and TC-loaded PDL-
VL/Olu.

3.2.8 In vitro cytotoxicity (WST) test of microspheres

The MCF-7 (human breast cancer cell) line was chosen as the cells to be tested. WST
test was perform with positive and negative control. Positive control was carried out
in the presence of a substance with known toxic effects (H202 was used), and negative
control was carried out in the presence of a substance that was not a sample but
contained only cell medium. The cells were kept in 25cm? flasks with Eagle Minimum
Essential Media (EMEM) containing 10% fetal bovine serum after being passaged
eighteen times. (FBS; P30-1301, Pan Biotech) It was examined twice a day until a
growth rate of at least 70% was attained. (Duplicating duration: 28-32 hours) The
samples’ DMSO concentrations were set to 20 mg/mL during the preparation of the
stock solution. Vibration was used to sonicate samples in the medium. Subsequently,
the samples were incubated at room temperature for 24 hours at a speed of 25 rpm.
After centrifuging the samples for ten minutes at 2500 rpm, the separated supernatant

was employed in the cytotoxicity test.

Cells exhibiting a growth rate of 70% or above were treated with 500uL of Trypsin-
EDTA. The cells were treated with 5% CO3 at 37°C for three to five minutes. As soon
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as the cells beneath the inverted microscope started to separate from one another, the
media containing 10% FBS was added. (Germany: Zeiss Primovert) To get rid of the
medium, the sample was centrifuged for five minutes at 300 x g. After that, 1 mL of
EMEM medium was added. Trypan blue was used in conjunction with the Logos Luna
Il device to count cells. After counting, 104 cells per well in a 96-well plate were
introduced to media containing 10% FBS.

The culture media was taken out after 72 hours incubation and measured. A
concentration of 500 pg/ul of the active ingredient was used in EMEM medium
containing 10% FBS. Three duplicates of the group were administered in three
separate wells. The cells were cultured for 22 hours following the administration of
the samples. Ten percent of the well capacity was filled with WST-1 solution. (20
microliters) The cell culture plate was incubated for two more hours in the incubator
after it had been covered with aluminum foil. After 2 hours of additional incubation,
measurements were taken in the cell culture dish at wavelengths of 430 and 650 nm.
The percent viability results of the cells were calculated and formulated using Equation
3.6.

% Cell Viability = Sample well — Blank 100 (3.6)
oLe tabtity = Positive control — Blankx '

3.3 Characterization Techniques

3.3.1 Gel permeation chromatography (GPC)

The molecular weights of the produced PDL-VL copolymers were determined using
gel permeation chromatography. Measurements were done using an Agilent 1100 type
GPC equipment. To prepare the samples, 3 mg of PDL-VL copolymer was dissolved
in 1 mL of THF for each. The produced solutions were filtered through a 0.45 pm filter
using a syringe before being added to the device for finalization.

3.3.2 Scanning electron microscope (SEM)

Surface structure of the microspheres were observed by using a scanning electron
microscope (SEM, TESCAN VEGA 3). Scannings were operated at 15 kV.
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3.3.3 Fourier transform infrared spectroscopy (FT-IR)

Perkin Elmer's FT-IR Spectrum One B Spectrometer was used to analyze the chemical
structure and content of Olu, PDL-VL, PDL-VL/Olu microspheres, TC-loaded PDL-
VL/Olu microspheres and TC samples. The variations in functional groups following
each phase of enzyme immobilization can be seen by FT-IR measurement.
Furthermore, using FT-IR, the synthesized polymer was identified as PDL-VL by
comparing it to the distinctive functional groups and bonds of PDL-VL. Each sample
was tested using KBr pellets. The spectra were collected using at least 32 scans with a

resolution of 2 cm™.

3.3.4 Hydrogen nuclear magnetic resonance spectroscopy (*H-NMR)

The conversions of the produced PDL-VL copolymers were determined using
hydrogen nuclear magnetic resonance spectroscopy (*H NMR). Prior to analysis,
samples were thawed with chloroform. The characteristic choices for -PDL and 6-
VL are as follows. Investigations were conducted using the calculations in the

following section:

m: Number of 3-VL units n: Number of ®-PDL units DPs: Degree of polymerization
Mn: Number average molecular weight (g/mol)

l435, laoe, 1365, l164, 1126 : Related peak integrals

Characteristic peaks were assigned to the related protons of ®-PDL and &-VL
homopolymers according to the literature as follows [37]: 6 4.06 (OCH.), & 3.65
(HOCH), 6 2.30 (COCH-), 1.64 and 1.26 (all other protons) ppm. Conversion rates
are calculated with the following Equation 3.7 and Equation 3.8.

Zm + Zn = 14-.06
Idm + 24n = 11.64 + 11.26 (37)

I + I
DP, = 4.06 3.65
I365

M, = 24138+ 101.116 + DP, %X (100.116 X Molar composition of
6 — VL x 0.01 + 240.38 X Molar composition of
w — PDL % 0.01)
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. I4.06
Total conversion = %X 100 (3.8)

14-.06 + 14.35

3.3.5 Differential scanning calorimetry (DSC)

Differrential scanning calorimetry (DSC) employing TA instruments Q10 calorimeter
utilized to determine thermal characteristics. Measurements were conducted in an inert
nitrogen environment at a flow rate of 50 ml min and analyzed. Melting temperature
(Tm) and glass transition temperature (Tg) were measured using heat-cool-heat thermal

cycles on samples ranging from -80 to 20000°C at a rate of 1000°C min™.

3.3.6 Thermal gravimetric analysis (TGA)

Thermal characterization of surface-modified RHA and PCL samples were carried out
by TGA. For this aim, 5-10 mg of samples were heated from room temperature to
1000°C with a rate of 10°C/min under air flow. The apparatus used is SEIKO TG/DTA
6300.

3.3.7 X-Ray diffraction analysis (XRD)

For the investigation of crystal structures of PDL-VL samples and microspheres, X-
Ray diffraction (XRD) patterns were identified by (XRD, Rigaku MiniFlex) with Cu-
Ko radiation over the range from 5° to 70° with a step size of 0.02°. Crystallinity
percentage (Xc) was calculated by the following equation.

Total area of all crystalline peaks

Xe =

x 100 (3.9)

Total area of all peaks

3.3.8 Ultraviolet (UV) spectrophotometer

Encapsulation rate of microspheres and the amount of transchalcone released was
determined by measuring absorbance on Ultraviolet (UV) spectrophotometer.
Solutions containing different transchalcone concentrations were prepared to obtain
calibration graph. pH 5.6 acetate buffer, pH 7.4 phospate buffer and methanol were

prepared as blank solution.
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3.3.9 Dynamic light scattering analysis (DLYS)

Particle size measurements were carried out by Dynamic Light Scattering (DLS,
Malvern Zetasizer Nano ZS) method. Zeta potential measurements (Malvern Zetasizer
Nano ZS) of PDL-VL, PDL-VL/Olu and TC-loaded PDL-VL/Olu samples were
carried out in distilled water.
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4. RESULTS AND DISCUSSION

4.1 Synthesis of Poly(w-pentadecalactone-co-4-valerolactone) with Immobilized

Enzyme

Prior research has demonstrated that in toluene medium, w-PDL and e-CL exhibited
ring-opening polymerization in conjunction with handmade immobilized CALB. A
synthetic ®-PDL-c0-¢-CL was created, possessing an average molecular weight (Mn)
of 20960 g/mol [89]. In contrast to earlier research, this study examined the
immobilized CALB's copolymerization performance for 6-VL and o-PDL in order to
choose which ones to use for the creation of microspheres. Previous research used
various parameters to investigate the effects of polymerization duration and monomer
ratio on the molecular weight of the copolymer. In this study, the ratio of 75:25 (wt.%)
was investigated. The temperature was kept constant at 80 °C, where the highest
efficiency was achieved in previous studies [41]. The molecular weight of the PDL-
VL copolymer synthesized according to the procedure described in this reference was
found to be 23722 (g/mol)? [41]. During the 24-hour polymerization period at 800°C,
the combination with 75% ®-PDL feed ratio produced the highest My levels at a
conversion rate of 96.6% [41].

4.2 Fabrication of Microspheres

Enzymatically synthesized copolymer (PDL-VL), which was produced to be studied
in biomedical applications, was made into a microspheres due to its large surface area
and many pharmacokinetic advantages brought with it as it is decribed before. TC-
loaded PDL-VL/Olu microsphere structures are produced by emulsion/solvent
evaporation method. In the previous studies various microsphere formulations were
prepared to investigate the effect of the process parameters [85]. As it is decribed in
previous study, the external phase of the microsphere formulations was PVA with varying
concentrations (0.1, 0.5 and 1 %) were investigated and summarized. According to the
results obtained, 1% PVA concentration in the external phase resulted in greater

encapsulation efficiency, which can be attributed to the increased viscosity, which inhibits
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drug diffusion into the external phase [85]. Hence, in this study, microspheres are
produced with %1 PVA concentration in the external phase. In previous study, the effect
of internal phase concentration also examined [85]. In this study, different Olu and TC

ratios on PDL-VL were also examined as it can be seen from the Table 4.1.

Table 4.1 : Microsphere formulations, encapsulation efficiencies, mean particle
diameters and zeta potentials.

Olu:PDL- TC:PDL- Encapsulation Mean Particle Zeta
Sample

Code VLratio  VLratio Efficiency Diameter Potential
(%) (%) (%)! (um)* (mV)’
A-1 0 0 - 29+1.7 -14.3+0.1
A-2 0 20 39.0+3.4 85+4.5 -16.0+2.4
B-1 42.5 0 - 2.0+2.0 -6.3+1.3
B-2 42.5 20 29.3+6.3 9.1+1.7 -3.1+£0.6
C-1 75 0 - 0.5+0.2 -20.3+3.1
C-2 75 20 58.4+8.5 0.4+0.03 -19.0+ 1.0
D-1 100 0 - 22+04 -7.8+24
D-2 100 10 70.3+0.4 0.8+0.2 59+1.1
D-3 100 20 81.7+0.5 34+19 -6.5+0.6
D-4 100 40 59.2+0.2 1.3+0.7 -1.9+£22

ICalculated from Equation 3.1.
?Measured by Malvern Zetasizer Nano ZS.

In general, the copolymer mass was kept constant at 50 mg, and experiments were
carried out with 22.5 mg, 37.5 mg and 50 mg Olu amounts. (%42.5 = 22.5 mg, %75 =
37.5 mg and %100 = 50 mg Olu amounts) On the other hand, studies were carried out
with TC amounts of 5 mg, 10 mg and 20 mg. (%10 =5 mg, %20 = 10 mg and %40 =
20 mg TC amounts) At the same time, microsphere productions without the addition
of TC or Olu and without both were also produced and examined. As can be seen in
Table 4.1, it was determined that microspheres produced at 100% Olu:PDL-VL ratio
and 20% TC:PDL-VL ratio (Sample D-3) had the highest encapsulation efficiency
(%). Encapulation efficiency was calculated by using Equation 3.1. It was observed
that the encapsulation efficiency increased by increasing the Olu ratio from 42.5% to
100%, and at the same time, it was observed that the 100% Olu:PDL-VL ratio was
kept constant and the TC:PDL-VL ratio increased the encapsulation efficiency during
the transition from 10% to 20%. However, it was observed that there was a decrease
in encapsulation efficiency at 40% TC:PDL-VL ratio. As can be seen from the results,
when TC and Olu were not present, the mean particle diameter was determined as
2.9+1.7, and in the presence of 20% TC by mass, the mean particle diameter values of

the microspheres increased suddenly and were seen as 8.5+4.5. From here, it can be
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concluded that TC loading significantly increases the mean particle value. On the
contrary, when Olu was added at 42.5% and 75% by mass, the mean particle diameter
values were found to be 2.0+2.0 and 0.5+0.2, respectively. From here, it can be
concluded that the addition of Olu also reduces the mean particle diameter value. It
has been observed that at lower mean particle size values, the encapsulation efficiency
Is higher. While the internal and external phase parameters do not vary, the stirring
rateon different stirrers may have caused variability in the mean particle diameter
value. Because, as can be seen in the previous scientific study, increasing the stirring
rate has an effect on this value [85]. Having a small particle size is a desired feature in
microspheres. The spherical shape and tiny particle size make it simple to use the drug
delivery system in the body. Another advantage of tiny particle size is greater surface
area, which is especially useful for boosting the action of poorly soluble drugs [70].
Zeta potential values were negative as expected. In particular, it was observed that the
absolute Zeta potential value reached the highest level when 75% Olu by mass was
added and 20% TC was loaded. The presence of carboxyl groups can be shown as the

reason for this.

4.3 Characterization of Microspheres

For the characterization of the chemical and mechanical properties of the produced
PDL-VL copolymers and microspheres, PVL-VL/Olu and TC-loaded PDL-VL/Olu
microspheres SEM, FT-IR, DSC, TGA and XRD measurement analyzes were applied
and investigated.

4.3.1 SEM results of microspheres

Table 4.2 shows the sample codes and Olu and TC ratios which is used for microsphere
fabrciations. A series of optical microscope pictures were utilized to observe particle
shape and determine particle size as it can be seen from the Figure 4.1. Spherical
geometry was found in all microsphere formulations. SEM photographs of individual
microspheres were examined. PDL-VL, PDL-VL/Olu, and TC-loaded PDL-VL/Olu
microspheres were spherical in shape with a highly porous and rough surface structure,

as predicted for an atmospheric solvent evaporation approach [76].
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Table 4.2 : Sample codes, Olu and TC ratios in order to PDL-VL copolymers.

Sample Code Olu:PDL-VL ratio (%) TC:PDL-VL ratio (%)
A-1 0 0
A-2 0 20
B-1 425 0
B-2 425 20
C-1 75 0
C-2 75 20
D-1 100 0
D-2 100 10
D-3 100 20
D-4 100 40
Al A2
B-1 B-2
C1 c-2
D-1 D-2
D-3 D-4

Figure 4.1 : SEM images of : PDL-VL, PDL-VL/Olu and TC-loaded PDL

Ao ‘. 20
$00 kv 30,3000 SE  104°GTU

microspheres (Magnification 1000x).
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4.3.2 FT-IR results of microspheres

For further characterization, Olu, PDL-VL, PDL-VL/Olu microspheres, TC-loaded
PDL-VL/Olu microspheres and TC were examined by FTIR analysis. Results of FTIR
analysis are given in Figure 4.2. The peaks unique to the synthesized PDL-VL
copolymers are: 2921 cm-1 and 2845 cm-1 peaks of the asymmetrical and symmetrical
CH2 groups in their structures, 1726 cm-1 peaks caused by the C=0O groups in the
structure of both monomers, and 1290 cm-1 peaks caused by the C-O and C-C bonds
in the monomers, 1162 cm-1 peaks caused by symmetrical C-O-C bonds. These peaks

align with earlier scientific findings [90].

According to the scientific literature, oleuropein, like copolymers, produces vibration
peaks of symmetrical and asymmetrical CH, groups at 2922 cm™ and 2850 cm™,
respectively, as well as vibration peaks of the C=0 ester group at 1730 cm™ [91]. For
this reason, the peaks overlapped and no significant difference was observed.
Oleuropein's FTIR spectrum shows a wide band at 3360 cm™, which indicates O-H
stretching. The vibration signals for C-H stretching were seen at 2950 cm™ and 2917
cmL. The signals at 1698 cm™ and 1622 cm™ indicate the vibration of oleuropein’s two
carbonyl groups. The signals at 1517 cm™ for stretching and 1440 cm™ for bending
vibrations correspond to the functional groups C=C and O-H, respectively.
Furthermore, an O-H bending vibration signal was detected at 1376 cm™. Strong
stretching signals of C-O were found at 1256 cm™, 1192 cm™, 1158 cm™, 1068 cm™,
and 1036 cm™. Signals at 918 cm™ and 855 cm™ showed C-C bending vibrations.
Oleuropein has been reported to have FTIR values of 1440, 1575, and 1625 cm-1 [92].

For TC, the specific peaks identified were at 675-900 cm™ (oop C-H bending,
aromatic), 1011 cm™ (in-plane C-H bending), 1400-1500 cm™ (C-C stretching,
aromatic), 1605 cm™ (C=C), 1663 cm™ (0, B unsaturation in ketones), and several
peaks at 3030, 3052, and 3082 cm™ (C-H, aromatic) [85].
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Figure 4.2 : FT-IR spectra of (1) Olu, (2) PDL-VL, (3) PDL-VL/Olu microspheres,
(4) TC-loaded PDL-VL/Olu microsphes, (5) TC.

As a result, when looking at the FT-IR spectra results of TC-loaded PDL-VL/Olu
microspheres, it was concluded that there was a change in the height of the peaks and
therefore they were overlapped. No significant difference was observed. This result
supports the findings of FT-IR spectra indicating that Olu added to the microspheres
and TC was encapsulated in the microspheres.

4.3.3 DSC results of microspheres

DSC analysis was applied to observe the thermochemical changes in the PDL-VL

structure after the addition of Olu and TC. The DSC curves in Figure 4.3 demonstrate
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the melting temperatures of the samples. In the scientific literature, the Tm value of VL
homopolymers is 53°C [51], whereas the T value of PDL homopolymers is 97°C
[90]. If the Tr, data are examined in this way, the T values of the copolymer samples
fall between these levels, as predicted. The enthalpy values of PDL-VL powder, PDL-
VL/Olu and TC-loaded PDL-VL/Olu microspheres were calculated as 117.3 J/g, 85.2
J/g and 120.6 J/g, respectively, from the areas below the melting peaks. The measured
values are given in Table 4.3. It can be said that the Trm and enthalpy value increased
with loaded TC. Additionally, it was observed that the addition of Oleuropein reduced

the enthalpy value. However, it has increased the melting temperature.
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Figure 4.3 : Melting temperatures of samples: DSC second heating curves,
PDL,VL, PDL-VL/Olu, TC-loaded PDL-VL/Olu.

Table 4.3 : Tm and enthalpy values of PDL-VL, PDL-VL/Olu and TC-loaded PDL-
VL/Olu microspheres.

Tm(C)  AHm(J/Q)

PDL-VL 80.1 117.3
PDL-VL/Olu 80.5 85.2
TC-loaded PDL-VL/Olu 88.1 120.6

Scientific research revealed that oleuropein also had a crosslinking effect [93]. When
DSC data are combined with the current investigation, the rise in melting temperature
might be attributed to improved durability and thermal stability as a result of the

crosslinking action given by oleuropein. The addition of oleuropein resulted in a

49



decrease in melting enthalpy, and the literature indicates that additional substances
might reduce melting enthalpy and hence crystallinity [94, 95]. Furthermore, there was
no extra melting peak associated with oleuropein, indicating that it was well absorbed
and disseminated throughout the microspheres and amorphous structure [96]. In a
previous study, the melting temperature of commercial TC was observed to be 59°C
[85]. At the same time, in another scientific study, it was observed that the addition of
TC to the copolymer increased the melting temperature [97]. The same behavior was
observed in this study. Furthermore, since there was no extra melting peak associated
with transchalone as it can be observed from the DSC analysis, it can be concluded
that it was well absorbed and disseminated throughout the microspheres and
amorphous structure [96]. Additionally, based on scientific articles, it can be deduced

that transchalcon can be used as a thermal stabilizer [97].

4.3.4 TGA results of microspheres

TGA analyzes were applied in order to analyze the thermal degradation behavior of
TC-loaded PDL-VL/Olu and PDL-VL/Olu microspheres and compare with PDL-VL.
Thermal gravimetric analysis identifies melt-related processes. Weight loss occurs
through several mechanisms, including dehydration, sublimation, evaporation, and
reduction. Various elements, such as sample preparation, carrier size, furnace
atmosphere, pressure, humidity, and temperature mode, might impact thermal analysis
results and curve shapes [98]. If the TGA results shown in Figure 4.4 are evaluated,
PDL-VL showed a single step degradation at 417.4 °C which is the main degredation
temperature of the polymer, since there is no additional material. PDL-VL/Olu and
TC-loaded PDL-VL/Olu samples decompose in 3 steps except water/solvent
evaporation period. The loss of -2.7% is approximately the same for all 3 samples and
similar scientific research have shown that water evaporation causes a mass change in
the first step at these temperatures up to 100°C. [99]. It can be said that the last step is
the main degradation step of the polymer. In the TC-loaded PDL-VL/Olu microsphere,
a slight decrease was observed due to TC had lower decomposition peak [85]. The first
degradation step of the PDL-VL/Olu sample starts earlier than the TC-loaded PDL-
VL/Olu sample and occurs in a wider temperature range. However, it can be seen that
at this stage, a lower part of it undergoes decomposition. The second decomposition
step of this sample is also at a lower temperature, but the decomposed part is almost

the same. There may be overlap in the degradation temperatures of the transchalcone
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and oleuropein. Since the degradation temperature of the transchalcone is slightly
higher, it may have increased the degradation temperatures of Steps 1 and 2, especially
Step 1. According to the scientific investigations on oleuropein-doped zein nanofibers,
the degradation of oleuropein was evaluated at 180°C, when a significant percentage
of mass loss occurred [93]. Also commercial TC had decomposition peak at 227 °C,
respectively [85]. Based on these scientific results, the decrease in the second stage
degradation temperature following oleuropein addition is assumed to be attributable to
oleuropein's lower degradation temperature when compared to the neat sample.
According to Paulik and Erdey's scientific investigations [100], degradation happens
swiftly when the intensity is high, and this information indicates that quicker
degradation happened in the second stage due to the lower second step degradation
temperature with the addition of oleuropein. Finally, the polymer degradation
temperature of the neat sphere is higher than PDL-VL/Olu and TC-loaded PDL-
VL/Olu microspheres because it is undoped. From this it can be concluded that the
addition of additives reduces the decomposition temperature [101]. In addition, since
higher percentage degradations were observed in the 1st and 2nd steps in the drug-
loaded sample (since there is an additional drug additive to oleuropein), the
degradation percentage of the main polymer is lower (52%) compared to the PDL-

VL/Olu microspheres.
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Figure 4.4 : TGA and derivative of weight losses results; PDL-VL (black), PDL-
VL/Olu(red), TC-loaded PDL-VL/Olu (blue).
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4.3.5 XRD results of microspheres

The effect of TC loading on crystallinity and crystalline structures of microspheres
was investigated by XRD analysis. On the XRD analysis, PDL-VL copolymer, PDL-
VL/Olu and TC-loaded PDL-VL/Olu microspheres were examined as it can be seen
from Figure 4.5. X, values was calculated according to Equation 3.9 which is given

section 3.3.7 as 71.9, 50.3 and 41.3, respectively.
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Figure 4.5 : XRD measurement of : TC-loaded PDL-VL/Olu (blue), PDL-VL/Olu
(red), PDL-VL (black).
Both neat and TCH-loaded samples demonstrated two distinct diffraction peaks at 20
= 21.4° and 23.9° which were belonged to poly(pentadecalactone-co-valerolactone)
copolymer. As expected, the pure copolymer is polycrystalline, amorphism increases
with the addition of oleuropein and TC. The intensity value of the crystalline peaks
decreases and the spectrum becomes noisier. So crystallinity decreases. The crystalline
peaks are as expected, and all of them are observed at the same value since they are
crystalline polymers. Intensities of characteristic crystalline peaks were decreased
after TC loading and there was no TC peak indicating that drug incorporated within
the microspheres at amorphous state. Parallelly, degree of crystallinity (Xc) of drug-
loaded microspheres (~41.3%) was lower than PDL-VL/Olu microspheres (X¢ ~
50.3%) and PDL-VL copolymers (X¢ ~ 71.9%) which is consistent with DSC results.
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4.4 Antibacterial Activity of Microspheres

Antibacterial activities of PDL-VL, PDL-VL/Olu and TC-loaded PDL-VL/Olu
microspheres in 10° CFU/mL S. Aureus and E. coli cultures are shown in Figure 4.6.

These activities were calculated using Equation 3.5 [102].
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Figure 4.6 : Antibacterial activity(%) of PDL-VL, PDL-VL/Olu and TC-loaded
PDL-VL/Olu microspheres in 10° CFU S. aureus, E.coli cultures.

To compare the antibacterial capabilities of PDL-VL, PDL-VL/Olu, and TC-loaded
PDL-VL/Olu microspheres, one must first understand the taxonomic and

morphological features of the bacteria utilized in antibacterial experiments.

Staphylococcus aureus (S. Aureus), was first found in the 1880s. Since then, it has
been identified as a potentially pathogenic Gram-positive bacteria, causing mild skin
infections and post-operative wound infections [103]. S. Aureus, is a well-known
bacterial pathogen that causes both minor skin infections and serious, invasive
infections worldwide. It is a leading cause of pneumonia, respiratory tract infections,
surgical site, prosthetic joint, and cardiovascular infections, as well as nosocomial
bacterialemia. Moderately severe skin infections caused by S. aureus, such as
furuncles, abscesses, and wound infections, can cause substantial morbidity and
suffering, but are often not life-threatening. They pose a significant public health
burden due to their frequency (millions each year in the US) [104]. With the recent
rise of antibiotic-resistant strains such as penicillin, methicillin, and vancomycin
caused by diverse mutations, it has become increasingly pathogenic in nations such as

Europe, the United States, and Australia. [105]. Plant-based antimicrobial drugs are
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considered a significant benefit over synthetic antibiotics since they are biocompatible
and bacteria cannot build resistance to them [106]. Given the previously mentioned
advantages, plant-derived antibacterial compounds in microspheres are acknowledged
as a potent therapeutic strategy against bacteria such as S.aureus, which frequently
develops antibiotic resistance in academic studies [107]. Because of these
characteristics, S.aureus is another gram-positive bacterium chosen for the
antibacterial research of PDL-VL, PDL-VL/Olu and TC-loaded PDL-VL/Olu

microspheres.

Escherichia coli, often known as E. coli, is a gram-negative bacteria that may be
genetically altered both naturally and randomly. Sequenced E. coli genomes show
diverse sizes and genetic diversity across commensals and pathogens, demonstrating
a wide range within the bacterial species. These non-pathogenic bacteria can behave
as commensals and are found in the normal gut microbiota of humans and animals
[108]. E.coli, which possesses pathogenic subspecies, is responsible for the majority
of food poisoning because to the release of many entretoxins [109]. E.coli, like S.
aureus, are resistant to most antibiotics, including aminoglycosides and B-lactams
[110]. As previously stated, it was believed that herbal extracts with antibacterial
properties could also affect this pathogen due to its resistance to synthetic antibiotic
groups; therefore, PDL-VL, PDL-VL/Olu and TC-loaded PDL-VL/Olu microspheres

were included in the antibacterial tests alongside other bacterial species.

According to the sample codes specified in Table 4.2, actibacterial tests of the samples
were carried out. Antibacterial activity test on E. coli and S. aureus cells for PDL-VL
copolymer, PDL-VL/Olu microspheres containing 50 mg Olu and TC-loaded PDL-
VL/Olu microspheres containing 5 mg, 10 mg and 20 mg TC, respectively, has been
completed. Antibacterial activity (%) for E. coli and S. Aureus cells was calculated as
for A-1 sample 2.7 and 4.2; D-1 sample 6.7 and 8.0; D-2 sample 7.6 and 9.0; D-3
sample 10.4 and 18.8; D-4 sample 14.7 and 32.9. As can be seen in Figure 4.6, S.aureus
was more sensitive to oleuropein compared to E.coli species, and it was the species in

which the most antibacterial activity was observed.

When the antibacterial properties of PDL-VL, PDL-VL/Olu and TC-loaded PDL-
VL/Olu microspheres were examined in Figure 4.6, it was observed that the highest
antibacteriality occurred at sample D-4 which has 50 mg Olu and 20 mg TC for both

bacterial species. Due to its double lipid layer's antimicrobial resistance, E. Coli, a
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Gram-negative bacterium, is assumed to have the lowest antibacterial activity of
oleuropein [111]. Gram-positive Compared to E. coli, S. aureus shown less resistance
to oleuropein, which led to increased antibacterial activity. This is believed to be the
outcome of the taxonomic and morphological characteristics that are gram-positive.
[107, 112]. Additionally, according to the scientific experiments in the literature, The
compounds based on Chalcones were shown to have strong antibacterial properties
and to be easily obtained by using the Claisen-Schmidt condensation approach to
produce several skeletons of this group [113]. And in this experiment, it was observed
that as the TC ratio increased, the antibacterial activity on both cells increased. Based
on these findings, it was determined that PDL-VL/Olu and TC-loaded PDL-VL/Olu
microspheres had antibacterial qualities. As a consequence, these microspheres can be

employed to treat illnesses brought on by pathogens like S. aureus and E. coli.

4.5 In Vitro Cytotoxicity (WST) Test of Microspheres

In vitro cytotoxicity tests (WST) were performed by using the human breast cancer
cell (MCF-7) of microspheres loaded with oleuropein at 1:1 (wt%) with copolymer
concentrations also with TC 1:5 (wt%) with copolymer concentrations, where at
concentrations likely to show the highest cytotoxicity was observed. Figure 4.7 shows
the effects of microspheres with TC-loaded and Olu-contained concentrations.
Analyzes were performed with a positive control in the presence of a substance with
known toxic effects, and with a negative control in the presence of a substance that

was not a sample and was only cells.
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Figure 4.7 : Percentage cellular viability of MCF-7 breast cancer cells treated with
TC loaded and Olu added microspheres at 72 hour periods.
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According to the Figure 4.8 given above, cell viability (%) results were calculated as
for TC 1:5 (wt%) loaded PDL-VL/Olu microspheres 78+4.5, for 1:1 (wt%) PDL-
VL/Olu microspheres 90.7+3.5, for PDL-VL microspheres 94.4+2.2, for Control-
100+3.3 and for Control+ 6.0+2.1 by using Equation 3.6. After the 72 hours
incubation, it can be said that there is slightly decrease on cell viability in onder to
look at the sample of TC 1:5 (wt%) loaded PDL-VL/Olu comparing with others. In the
medium containing 500 ug/ml sample concentration of PDL-VL, PDL-VL/Olu and
TC-loaded PDL-VL microspheres at 72 hours, the cell viability was observed %94.4
for PDL-VL sample, %90.7 for PDL-VL/Olu sample and %78 for TC-loaded PDL-
VL sample while it was %6 for Control+ sample. It can be deduced from this that TC-
loaded microspheres can kill 22% of cells within 72 hours. As can be seen from this
experiment, these results show that, as a result of WST cytotoxicity analyzes of
microsphere samples, it leads to a reduction in the viability of human breast cancer
cell lines (MCF-7), and therefore it is effective and promising for human breast cancer
therapy.

4.6 pH Dependent Drug Release from Microspheres

The parameters of the release media have a substantial impact on the rate, quantity,
and mechanism of drug release. One of these qualities is pH, which was examined for

its implications on microsphere release.

In this work, two distinct pH values were used to imitate the circumstances of various
sections of the human body and to investigate the release behavior of different amount
of TC-loaded PDL-VL/Olu microspheres at pH 5.6 and 7.4 as it can be seen from
Figure 4.8. (pH 7.4: level of healthy human body, pH 5.6: tumor cell
microenvironment [114]). As mentioned before, microspheres containing Olu in
different ratios were tested and it was observed that the optimum ratio was 100%. For
this reason, this ratio was kept constant and drug release experiments were studied in

PDL-VL/Olu microspheres to which different amounts of TC were loaded.

Firstly, for pH 7.4, it was observed that 'initial burst release' occurred during the first
24 hours. Initial burst release was observed as 17.4+0.1% in 20 mg TC loaded PDL-
VL/Olu microspheres. In the other 2 samples, this rate is higher; 38.0+0.4% in the 5
mg TC loaded PDL-VL/Olu microsphere, and 41.7+0.2% in the 10 mg TC loaded
PDL-VL/Olu microsphere. It was observed that the release profiles of 3 different PDL-
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VL/Olu microspheres loaded with different amounts of TC were similar. The drug
release behavior first started with an initial burst release and then continued with a
gradual release. In the drug release experiments lasting 964 hours in total, it was
concluded that the highest release percentage was %85.9+0.5 in the 10 mg TC loaded
PDL-VL/Olu microsphere. The other two samples are as follows; %42.1+0.7 in 5 mg
TC loaded PDL-VL/Olu microsphere and %47.1£0.2 in 20 mg TC loaded PDL-
VL/Olu microsphere. From this, it can be deduced that in terms of drug release
behavior, the most optimum TC value for PDL-VL/Olu microspheres containing 50

mg Olu with this pH and 50 mg copolymer is 10 mg.
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Figure 4.8 : Cumulative TC release (%) in two different pH media (pH 5.6 and pH
7.4) with different amount of TC-loaded PDL-VL/Olu microspheres.
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Seconly, for pH 5.6, it was also observed that 'initial burst release' occurred during the
first 24 hours. However, this time initial burst release behavior was limited to %25 for
3 different samples which are in 5 mg, 10 mg and 20 mg TC-loaded PDL-VL/Olu
microspheres. Like for pH 7.4, the release profiles of 3 different PDL-VL/Olu
microspheres loaded with different amounts of TC were similar. The drug release
behavior first started with an initial burst release and then continued with a gradual
release. In the drug release experiments lasting 964 hours in total, it was concluded
that the highest release percentage was %91.2+0.3 in the 10 mg TC loaded PDL-
VL/Olu microsphere. The other two samples are as follows; %52.9+1.3 in 5 mg TC
loaded PDL-VL/Olu microsphere and %50.3+0.3 in 20 mg TC loaded PDL-VL/Olu
microsphere. According to this values, it can again be concluded that in terms of drug
release behavior, the most optimum TC value for PDL-VL/Olu microspheres

containing 50 mg Olu with this pH and 50 mg copolymer is 10 mg.

When drug release behaviors at two pH values are compared, it can be concluded that
the release percentages at pH 5.6 are higher than the release percentages at pH 7.4. It
was observed that 5 and 10 mg TC loaded PDL-VL/Olu microspheres showed a higher
burst release rate in pH 7.4 environment. It can be said that there is a more controlled
release for these samples in the pH 5.6 environment. As the pH of the release medium
was raised to neutral levels, cumulative release steadily reduced in order to compare
acidic results. In line with this finding, a prior investigation on a hydrophobic drug
found that reduced drug release in neutral or slightly basic media was due to drug
molecules concentrated on the surface of the microspheres being more stable [85, 115].
The porosity of microspheres is crucial in drug release evaluations. Specifically, high
porosity would result in an early burst release, whereas low porosity would result in
persistent drug release [115]. To clarify the mechanism behind the initial burst and lag
time, information on microsphere form and early release kinetics may be crucial. Drug
release must be continuously monitored in order to get an accurate release rate profile.
It can be seen from the previous study, drug release was monitored continuously by
using High Pressure Liquid Chromatography (HPLC). That analysis demonstrated that
the first burst was caused by a variety of causes. The first explosion has often been
ascribed to the drug's quick release from the microspheres' surface in earlier accounts.
But there is some ambiguity in the meaning of "surface drug." While some research

defined "surface drug" as a social drug, other findings were ambiguous. These results
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unequivocally demonstrated that the surface drug only contributed a portion of the first
burst, regardless of how it was defined (that is, as a superficial drug or as a drug at the
effective surface of microspheres) [116]. Novel drug delivery systems are a promising
option for medication development in the biomedical industry because of their quick
development time and affordable price. Targeted drug delivery systems, nanodrug
delivery systems, slow- and controlled-release drug delivery systems, etc. are

examples of new drug delivery technologies.

In order to reduce or eliminate the issues brought on by conventional medication
therapy, sustained-release drug carriers are a crucial kind of drug delivery system.
They also let pharmaceuticals operate more slowly in the blood, which is crucial for
drug therapy. In general, a system that allows a medication to gradually enter the
bloodstream to lower blood concentration and provide long-term continuous release
of the drug is referred to as a "sustained release drug carrier." Slow-release drugs
microspheres provide targeted therapy delivery at tumor locations while minimizing
side responses. As a result, sustained-release drugs microspheres are critical to
increasing the therapeutic efficacy of malignancy therapies. Sustained-release drug
microspheres, as a kind of sustained-release drug carrier, have broad development
prospects. There is optimism that the use of sustained-release medication microspheres
in tissue engineering will grow in the future, and that their usefulness will extend as
diverse fields advance [117]. For this purpose, microspheres showing controlled,
gradual and long-term release behavior in this study will also be beneficial for future

research.

4.7 Kinetic Modelling and Release Mechanism

The drug release profiles were fitted to two kinetic models which are Higuchi and
Korsmeyer-Peppas mathematical models to better understand the process of drug
release for each sample as it is described on the section 3.2.6. Figure 4.9 shows the
computed parameters for the fitted kinetic model.

To compare of both kinetic models, it can be seen that the Korsmeyer-Peppas kinetic
model had the higher correlation coefficient (R?> > 0.95). The Korsmeyer-Peppas
model was shown to have the greatest R? values (~0.98-0.99) for in vitro drug release
profiles. This model determines the type of diffusion based on the release exponent (n)

determined from the slope of the linearized equation (Equation (3.4)) [89].When drug
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release is regulated mostly by Fickian diffusion, the n value for spherical geometries
is less than 0.43 [118]. When the n value is between 0.43 and 0.85, the dominant
release mechanism is anomalous transport or non-Fickian diffusion, which combines
diffusion with polymer erosion. N values greater than 0.85 imply supercase-l1l
transport, which is regulated by polymer chain erosion [119]. All of the microsphere

formulations shown in the figure below have a n value less than 0.43.
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Figure 4.9 : Kinetic modelling and release mechanisms calculations in two different
pH media (pH 5.6 and pH 7.4) with different amount of TC-loaded PDL-VL/Olu
microspheres.

The computed n value revealed that TC release from all microsphere formulations was
regulated by Fickian diffusion, and polymer erosion had no influence on the release.
This data also shows that variations in the pH of the release media had no effect on the
microsphere formulations' primary release mechanism. In conclusion, the Korsmeyer-

Peppas model was found to be suitable for all samples and pH environments.
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5. CONCLUSSION AND RECOMMENDATIONS

There are three stages to this study. The initial stage involved lipase immobilization
on surface-modified RHA by physical adsorption. 3-APTES was utilized to add -NH>
groups to the surface of the silica-based substance RHA, resulting in surface alteration.
Following this process, the free form of CALB was immobilized by physical
adsorption, as previously described [11]. In the second stage, a ®-pentadecalactone-
co-d-valerolactone copolymer was produced enzymatically using the monomer ratios
from earlier research as a reference. The highest molecular weighted sample (Ms =
23722 g/mol) was obtained at 80°C and 24 hour reaction duration with 75% o-
pentadecalactone feed weight ratio and selected for microsphere formation. [37].
Therefore, in this work, ®-pentadecalactone-co-5-valerolactone is synthesized
utilizing these values. The sample was then determined to be employed in microsphere
manufacture. In the third stage, oleuropein and transchalcone loaded microspheres
were produced by O/W emulsion, and their chemical characterization, antibacterial
and cytotoxic properties, the loading efficiency and in vitro release behavior. were

investigated.

In the third stage of the study, oleuropein/transchalcone loaded PDL-VL microspheres
was tried to be produced via O/W emulsion method. In order to determine the highest
encapsulation efficiency and drug release behavior, combinations of 10, 20 and 40
percent TC, as well as 42.5, 75 and 100 percent Olu, in proportion to the copolymer
mass were examined. At the same time, microsphere productions without the addition
of TC or Olu and without both were also produced and examined. As can be seen in
Table 4.2, it was determined that microspheres produced at 100% Olu:PDL-VL ratio
and 20% TC:PDL-VL ratio (Sample D-3) had the highest encapsulation efficiency (%)
which it was 81.7+0.5 (%). In experiments with other combinations, it was observed
that the lowest encapsulation efficiency was 29.3+6.3 (%), and the second highest was
70.3+0.4 (%). It was observed that the encapsulation efficiency increased by increasing
the Olu ratio from 42.5% to 100%, and at the same time, it was observed that the 100%
Olu:PDL-VL ratio was kept constant and the TC:PDL-VL ratio increased the
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encapsulation efficiency during the transition from 10% to 20%. The mean particle
diameter was determined as 2.9+1.7 when TC and Olu were not present, and in the
presence of 20% TC by mass, the mean particle diameter values of the microspheres
increased suddenly and were seen as 8.5+4.5. On the contrary, when Olu was added
at 42.5% and 75% by mass, the mean particle diameter values were found to be 2.04+2.0
and 0.5+0.2, respectively. From here, it can be concluded that TC loading significantly
increases, and the addition of Olu also reduces the mean particle value. It has been
observed that at lower mean particle size values, the encapsulation efficiency is higher
and having a small particle size is a desired feature in microspheres. When Olu was
added and TC was loaded to the microspheres, it was observed that the mean particle
size value was lower comparing of they were added and loaded seperately. Zeta
potential values were negative as expected. In particular, it was observed that the
absolute Zeta potential value reached the highest level when 75% Olu by mass was
added and 20% TC was loaded. After microspheres are made, several characterization
analysis were applied such as SEM, DSC, TGA, FTIR and XRD in order to understand
thermal, mechanical and morphological properties of PDL-VL, PDL-VL/Olu and TC-
loaded PDL-VL/Olu microspheres.

DSC analysis was applied to observe the thermochemical changes of the copolymer
and microspheres samples. Melting temperatures and enthalpy values of PDL-VL,
PDL-VL/Olu and TC-loaded PDL-VL/Olu microspheres were examined according to
the previous scientific studies. The fact that no melting peak was observed in both
oleuropein and transchalcone samples indicates that PDL-VL/Olu and TC-loaded
PDL-VL/Olu microspheres are properly dispersed into the structure as stated in the
literature [96]. Additionally, based on scientific articles, it can be deduced that
transchalcon can be used as a thermal stabilizer [97]. TGA analyzes were applied in
order to analyze the thermal degradation behavior of TC-loaded PDL-VL/Olu and
PDL-VL/Olu microspheres and compare with PDL-VL. Weight loses and
decompositions were examined and explained according to the analysis obtained and
from the literature. FT-IR was used as a characterization method to observe the
chemical groups indicating the presence of Olu, TC, PDL-VL, PDL-VL/Olu and TC-
loaded PDL-VL/Olu microspheres. All the characteristic peaks were examined and
explained in the section 4.3.3. It was concluded that Olu was added to the microspheres

and TC was encapsulated in the microspheres. In addition to all other analyses, the
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influence of TC loading on crystallinity and crystalline structures of microspheres was
examined using XRD analysis. The X values were determined, and distinctive
crystalline peaks were investigated. The results were similar with those obtained from
the DSC. It can be seen from the SEM images that spherical geometry was found in

all microsphere formulations.

Antibacterial tests of PDL-VL, PDL-VL/Olu and TC-loaded PDL-VL/Olu
microspheres were performed on gram positive Staphylococcus aureus, and gram
negative Escherichia coli bacteria. Antibacterial activities (%) for all the samples were
determined. It was observed that Olu has increased the antibacterial activity and also
as the TC ratio increased, the antibacterial activity on both cells are increased. These
results led to the conclusion that PDL-VL/Olu and PDL-VL/Olu microspheres loaded
with TC have antibacterial properties. Consequently, diseases caused by pathogens

such as S. aureus and E. coli can be treated using these microspheres.

The human breast cancer cell (MCF-7) and microspheres loaded with oleuropein at
1:1 (wt%) with copolymer concentrations and TC at 1:5 (wt%) with copolymer
concentrations were used for in vitro cytotoxicity tests (WST), where the highest
cytotoxicity was observed at these concentrations. And this experiment shows that as
a result of WST cytotoxicity analyzes of microsphere samples, it leads to a reduction
in the viability of human breast cancer cell lines (MCF-7), and therefore it is effective

and promising for human breast cancer therapy.

In this study, pH dependent drug release experiments were performed with two pH
values which was 5.6 and 7.4 in order to see drug release behaviour of microspheres
produced with different environments. The microsphere formulations improved the
total cumulative release of TC, which reached 91.2 % in pH 5.6 media and 85.9 % in
pH 7.4 media. Comparing the drug release behaviors at two pH values, it can be seen
that the pH 5.6 release percentages are greater than the pH 7.4 release percentages. In
a pH 7.4 setting, it was shown that PDL-VL/Olu microspheres loaded with 5 and 10
mg of TC had a greater burst release rate. In the pH 5.6 condition, it might be claimed
that these samples leak more subtly. The behavior of microspheres' release was based
on pH; the more acidic the release medium, the greater the release. The higher
solubility of TC resulting from the production of flavylium cations in acidic
environments may be the reason of the increased TC release from the microspheres.

In all cases, TC release was carried out for up to 964 hours. Lastly, the release kinetics
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of the design points were investigated. When the release rate constants were assessed,
it was discovered that the release suited the Korsmeyer-Peppas kinetic model, which
had higher correlation coefficient (R? > 0.95) and the Korsmeyer-Peppas model was
found to be suitable for all samples and pH environments. The computed n value
revealed that TC release from all microsphere formulations was regulated by Fickian
diffusion, and polymer erosion had no influence on the release. This data also shows
that variations in the pH of the release media had no effect on the microsphere

formulations' primary release mechanism. (n < 0.43)

In summary, the aim of this research is to create a novel drug delivery system by
incorporating an antibacterial component into a bio-based polymeric framework.
Microspheres will be created by manufacturing a biocompatible, non-toxic, high
molecular weight copolymer with naturally immobilized enzymes that are compatible
with the environment and the human body. The addition of an antibacterial ingredient
to this product will allow for controlled drugs distribution adds durability to the
material.. Thus, the drug's negative effects will be considerably decreased, while its
therapeutic capabilities will be enhanced. The copolymer produced with a biocatalyst
will be combined with trans-chalcone and/or oleuropein for medicinal purposes.
Antibacterial and cytotoxicity tests showed that the microspheres were antibacterial
due to the properties of the Olu additive and that it reduced the viability of cells on
human breast cancer lines as a result of TC loading. TC-loaded PDL-VL/Olu
microspheres have been shown to be attractive candidates for biomedical applications
especially for human breast cancer therapy due to their high rates of drug release in
inflammatory parameters. Because of its antibacterial qualities, oleuropein has been
shown in the findings to be useful as a support for material durability and
antibacteriality in microspheres. The utilization of diverse chemical active compounds,
such as transchalcone and oleuropein in various types of carriers, has been shown to
produce benefits in a variety of medical research, including anticancer trials. After all
characterization analysis and drug release behaviour were obtained, it can be
concluded that the the results of this study point to a potential use for microspheres in
the long-term therapy of disease. And, undoubtedly, much more study will be required

to assess cytotoxicity, cell survival, and in vivo pharmacokinetics.
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APPENDIX A: Calibration Curves

Calibration Curve in Methanol
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Figure A.2 : Calibration curve of TC in PBS (pH 7.4).
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Calibration Curve in Acetate Buffer (pH 5.6)
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Figure A.3 : Calibration curve of TC in acetate buffer solution (pH 5.6).
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