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ABSTRACT

PREPARATION OF DRUG LOADED ALBUMIN NANOPARTICLES
IN WATER / IONIC LIQUIDS MICROEMULSION SYSTEMS

Nanoparticles (NPs) have been used in various applications such as
biotechnology, nanomedicine, and drug delivery systems. Many nanoparticle drug
delivery systems have been promoted for cancer treatment, and numerous materials have
been investigated to use as drug delivery agents to enhance the therapeutic efficiency and
safety of anticancer drugs. Albumin is a natural biopolymer and the most abundant protein
in blood plasma. Due to its versatile binding capacity of widespread therapeutical drugs,
albumin becomes an ideal material to obtain nanoparticles.

In this study, the ionic liquid (IL) based emulsification methods were investigated.
Instead of classical toxic and volatile solvents, using ILs in microemulsions,
environment-friendly media were received to synthesize bovine serum albumin (BSA)
NPs. In order to obtain BSA NPs, high-speed homogenizer processing was applied by
following crosslinker addition.

The IL microemulsions are a thermodynamically stable colloidal dispersion
containing spherical droplets (W/IL or IL/W) in submicron sizes that act as nanoreactors
for NP formation. Chlorambucil (CHL) was used as a model drug to investigate drug
loading and releasing kinetics of BSA NPs as a drug delivery candidate. Results showed
that chlorambucil loading capacities and release kinetics depended on the synthesized
medium such as anion-type of ILs and surfactants. CHL loaded to the BSA NPs
synthesized in hydrophilic IL BmimBFj in relatively higher amounts and released in the
same trend. In addition, the cell viability effect of CHL-loaded BSA NPs synthesized in
different types of ILs were investigated. The CHL-loaded BSA NPs synthesized in
BmimOTf and BmimPFs reduced the cancer cell viability more than the used same dose

of free CHL.



OZET

ILAC YUKLU ALBUMIN NANOPARCACIKLARININ SU/ITYONIK
SIVI MIKROEMULSIYON SISTEMLERINDE HAZIRLANMASI

Nanopargaciklar (NPs), biyoteknoloji, nanotip ve ilag tastyici sistemler gibi ¢esitli
uygulamalarda kullanilmaktadir. Ornegin, kanser tedavisi icin ¢esitli nanoparcacik ilag
tasima sistemleri gelistirilmis ve antikanser ilaglarin terapdtik verimliligi ve giivenli
uygulamalarin1 artirmak i¢in ila¢ tagima ajanlar1 olarak kullanmak iizere ¢ok sayida
malzeme arastirilmistir. Protein albiimin, kan plazmasindaki en bol bulunan proteindir.
Yaygin terapotik ilaglara c¢ok yonlii baglanabilme kapasitesinden dolayr albumin
nanopargcacik tiretmek i¢in ideal bir malzemedir.

Bu calismada iyonik sivi (IL) bazli emiilsifikasyon yontemleri arastirilmistir.
Bovine serum albumin (BSA) NP'larin1 sentezlemek i¢in klasik olarak kullanilan toksik
ve ugucu c¢oziiciiler yerine, mikroemiilsiyonlarda IL'lerin kullanildig1 ¢evre dostu bir
mediyum kullanilmigtir. BSA NP'leri elde etmek i¢in yiiksek hizli homojenizator ile
birlikte capraz-baglayici ilave edilmistir.

IL mikroemiilsiyonlari, NP olusumu i¢in nanoreaktdrler olarak islev géren mikron
alt1 boyutlarda kiiresel damlaciklar (W/IL veya IL/W) i¢eren termodinamik olarak kararli
kolloidal bir yapidir. Klorambusil (CHL), BSA NP’larin ila¢ tasima aday: olara, ilag
yiiklenme ve salinim kinetigini arastirmak i¢in model ilag olarak kullanilmistir. Sonuglar,
klorambusil yiiklenme kapasitelerinin ve salinim kinetiginin, sentezlendigi ortamdaki
IL’in anyon tipine ve yiizey aktif maddeye bagl oldugunu gostermistir. CHL, hidrofilik
IL, BmimBFjy'te sentezlenen BSA NP'larina nispeten daha ytliksek miktarlarda yiliklenmis
ve ayni egilimde salinim gereklestirmistir. Ek olarak, farkli tip IL’lerde sentezlenen CHL
yiklic BSA NP'larinin hiicre canliligina olan etkileri arastirilmis ve BmimOTf ve
BmimPFs'da sentezlenen BSA NP'lar1, ayn1 doz kullanilan serbest CHL'ya kars1 kanser

hiicrelerinin canliligin1 daha fazla diisiirmiistiir.
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CHAPTER 1

INTRODUCTION

1.1. Nanoparticle Based Drug Delivery Systems

Nanoparticle-based drug delivery systems are products of a relatively new
nanomedicine field, a discipline between medicine and nanotechnology. The advantages
of nanoparticles as a drug delivery system have been a significant advance on
fundamental properties of drugs such as diffusivity, solubility, half-life in the blood
circulatory system, and drug-releasing kinetics.! Nanoparticles can improve the solubility
and stability of encapsulated drugs. Thus, the neglected drug candidates in the past
because of inadequate pharmacokinetics can reconsider. Besides, nanoscale drug delivery
can transport a variety of therapeutics and diagnostics such as hydrophilic and
hydrophobic small molecules, peptides, proteins, nucleic acids, etc. In designing the
nanoparticles as drug carriers, the main objectives that regulate the system's efficiency
are surface properties, particle size distribution, adsorption, and release kinetics of

pharmaceuticals.?

Table 1.1. Marketed nano-systems for cancer treatment

Product name Drug Type of nanocarrier Company
C . . Gilead Science,
Daunoxome Daunorubicin citrate Liposome Cambridge, UK
) . ) Johnson and Johnson,
Doxil Doxorubicin HCI Liposome NJ. USA
.. i SopherionTherapeutics,
Myocet Doxorubicin Liposome NI, USA
. . Johnson and Johnson,
Caelyx Doxorubicin HCI Pegylated liposome NJ. USA
Transdrug Doxorubicin Poly(alkylcyan_oacrylate) B19All1ance,
nanoparticles Paris, France
Genexol-PM Paclitaxel Methoxy-PEG-polylacUde Samyang,
nanoparticles South Korea
Oncaspar Peoasparease PEG-asparaginase Enzon,
P gaspars nanoparticles NI, USA
Abraxane Paclitaxel Albumin-bound nanoparticles American Bioscience,

CA,USA




Various types of nanomaterial-based drugs have already been taking place for
pharmaceutical uses commercially. Some examples of commercial nano-systems
pharmaceuticals for cancer treatment are listed in table 1.1.

Nanoparticles can be synthesized from metals, ceramics, and polymers (synthetic
or natural-based) for pharmaceutical applications (Figure 1.1.). Polymeric particles have
been studied as nanocarriers of pharmaceutical molecules and genes.! The main
disadvantages of polymeric-based nanoparticles are relatively low drug loading capacities
and wider size distribution than metal and ceramic-based nanoparticles. Besides that,
polymeric nanoparticles can be obtained in a variation of sizes and morphology, which
allows sustaining localized drugs for more extended periods. Natural polymers, also
known as biopolymers, exhibit some extra advantages besides the typical advantages of
polymer-based nanoparticles, such as their inherited biocompatibility and
biodegradability, less immune response, and astonishing binding capacities for some

drugs. ?

Polymeric Inorganic Lipid-based
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Figure 1.1. Classes of NPs. Each class of nanoparticle (NP) features multiple subclasses,

with some of the most common ones were schematized here.*

In the literature, drug delivery systems have been developed to increase the
treatment efficiency of drugs. For example, in the study of Ahmed et al., the natural
biopolymers, alginate-chitosan NPs, were synthesized by the W/O nano-emulsification

method and coated with the drug rabeprazole.* They used nanoparticles to enhance the



bioactivity of the drug and by aiming to increase in efficiency of the treatment. Another
study indicated that natural polymer silk fibroin was used to obtain curcumin-loaded
nanoparticles to increase the anticancer efficiency of curcumin. First, the silk fibroin
proteins were stabilized in ionic liquids, and then nanoparticles were obtained by spray

drying method.’

1.2. Albumin As a Nanocarrier for Drug Delivery

Albumin is the most widespread protein in the blood plasma, and 60% of all
proteins in the blood comprise it. Albumin is highly soluble in water, and it is a small
globular protein with a weight of 67 kDa.

One of the main roles of albumin is to retain the intravascular colloid osmotic
pressure. As an inherent property, it carries hydrophobic molecules (such hormones and
as fatty acids), transports therapeutical agents, and neutralizes toxins. Hence, its versatile
binding capacity makes the albumin is a suitable candidate for drug delivery.®’

As a plasma protein, albumin is natural, versatile nanocarrier utilizing a high
binding capacity for hydrophobic and hydrophilic bioactive molecules, besides minimal
immunogenicity and toxicity, particularly in targeting local treatments.® Due to these
extraordinary capabilities, albumin has inspired scientists to develop albumin-based
nanocarriers.

Albumin can be isolated from various sources for biomedical applications, the
most common ones; Human Serum Albumin (HSA), Bovine Serum Albumin (BSA), rat
serum albumin (RAS), and ovalbumin (OVA). Similar to human-sourced one, BSA
(Figure 1.2.) is widely used for drug delivery due to its abundance, biocompatibility,
biodegradability, water-solubility, and low cost. Also, being homologous to human serum
albumin (76% homologous sequence), BSA becomes an excellent material for this
purpose.®’

BSA involves 583 amino acids within homologous I, II, III domains to each other
and the subdomains IIA and IIA (Sudlow's sites I and II) well-characterized binding

sites.’



Sudlow’s site |

Sudlow’s site Il

ibuprofen

Figure 1.2. Bovine serum albumin (BSA), the two major drug binding sites (Sudlow's
sites I and II) and the respective site-markers (warfarin, site I; ibuprofen, site
IT). Domains are color-coded (light blue, IA; purple, IB; green, I1A; blue, 1IB;
orange, IIIA; red, I1IB).'°

Several techniques can be used to fabricate albumin-based NPs. They can be
categorized as chemical and physical base techniques. The chemical based methods,
desolvation, emulsification, and self-assembly methods are the most common ones.!!
Within these techniques, the desolvation method is the most broadly used technique in
the formation of albumin NPs. In the desolvation methods, adding the coacervating agent
(usually ethanol, acetone, or acetonitrile) to the pH-adjusted albumin solution changes
the tertiary structure of albumin by increasing hydrophobicity and forming submicron
aggregates.'? '* The size distribution and uniformity of the synthesized nanoparticles can
be controlled by changing pH, ionic strength, albumin concentration, etc. The desolvation
method allows a designable, repeatable, and appropriate method to obtain albumin NPs.
The emulsification technique involves the emulsification of albumin solution in a
continuous lipophilic phase and solidification by chemical crosslinker or thermal
denaturation.!>!® The requirement to use organic solvents, purification steps to eliminate
the oily phase and surfactants, difficulty in controlling the albumin NPs size distribution

limit the emulsification method."!



1.3. Ionic Liquids (ILs)

Ionic liquids are a kind of salt that consists of an organic cation and polyatomic
inorganic anion. ILs are generally liquid at room temperature and are called molten salts.!”
The first molten salt, ethylammonium nitrate, was discovered a century ago in 1914 by
German chemist Walden.!® However, it was not counted as a widespread solvent in
chemical applications during the years. Organic chloroaluminates, accepted as the first
generation of ILs, were first mentioned in 1951 in the literature, and their properties were
investigated in detail for the next twenty years. In the '90s, air and water-stable ionic
liquids were obtained within the diversity of ions combinations. The science of ionic
liquids has proceeded following the days of their discovery. They have been marked by
exponential growth, especially in the last 30 years. Today, IL research is a genuinely
interdisciplinary field between physic, chemistry, biology, computational sciences, and
engineering applications. Moreover, the novel variability of the ions enables design
regarding desired applications.!*?° The most common cations and anions in IL research
are shown in Figure 1.3.

Ionic liquids can be classified as hydrophilic and hydrophobic, depending on the
solubility in an aqueous medium. Anion and cation variations determine the
intermolecular interactions of the ionic liquids."” As a consequence of this, ionic liquids
can be miscible or immiscible with water.?!

Ionic liquids can be brilliant for dissolving biopolymers and developing
biomaterials because of their designability by combining different anions and cations.
Green solvent features like non-volatility, inflammability, and recyclability make them

safe, easy to use, and environment-friendly solvent systems.
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Figure 1.3. The most common anions and cations in IL science: I: 1-alkyl-3
methylimidazolium ([C,mim]", C, stands for n-alkyl residues C,H,+/); II:
1,1-dialkylpyrrolidinium ([CC,pyr]"); Iz 1-alkylpyridinium ([C.py]");
IV: tetraalkylammonium ([N;x]"); V: tetraalkylphosphonium ([P;u]"); VI:
bis(trifluoromethanesulfonyl) amide (INTE2]); VII:
trifluoromethanesulfonate ([OTf]"); VIII: dicyanimide ([(CN).N]); IX:
tosylate ([OTos]"); X: alkylsulfates ([C,OSOs]).

In the last decades, ILs have been used to obtain films, scaffolds, membranes
fibers, and nanoparticles from biopolymers such as cellulose, starch silk fibroin, keratin,
xylan, chitosan, and heparin.'”**> Some superior features of ILs against classical solvents
are;

* Low surface tension advances to high nucleation rates.

* JLs are highly structured liquids due to their anionic and cationic
components, and they heighten the electronic and steric stabilization of
NPs. So, this prohibits particle growth by occurring negative and positive

charge shells 2 (Figure 1.4.).



* The choice of IL in the synthesis of NPs affects the water solubility and

the molecular affinity of the particles.
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Figure 1.4. Schematic of ion clusters surrounding nanoparticles. The ion clusters form a

protective electrical double layer. 2

1.4. Ionic Liquid Microemulsions

Ionic liquid microemulsions, similarly classical microemulsions, could be
obtained from two immiscible liquids (polar and nonpolar phase), stabilized by tertiary
surface-active substances. They are thermodynamically stable, translucent, and isotropic
systems and can be grouped into four categories as water-in-IL (W/IL), bicontinuous
(BC), IL-in-water (IL/W), and non-equilibrated phase (Figure 1.5.).24%¢

Surfactants, the stabilizing agents of a microemulsion, consist of two main
entities, a hydrophilic head group and a hydrophobic (lipophilic) tail group. The
hydrophilic and hydrophobic heads of the surfactants form soft aggregates in solvent (or
continuous phase), efficiently disperse the cores, and offer rooms for particle nucleation
while preventing aggregation of the obtained NPs. Reverse micelles, which behave as
nanoreactors for nanoparticle growth, form in the W/O region (or W/IL) of
microemulsions. Surfactants held continuous phase, nanocores, and formed nanoparticles

together by van der Waals and ionic forces.?
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Figure 1.5. Schematic representation of the microemulsion systems: (A) water/ionic

liquid (W/IL), (B) bicontinuous (BC), (C) ionic liquid/water (IL/W).?*

In the literature, IL microemulsions have been used to synthesize NPs. For
instance, Demirkurt et al. revealed a W/IL microemulsion system consisting of
BmimPFs/Tween 20/water microemulsion to synthesize BSA NPs, in ~200 nm size and
-11 mV surface charge, as an alternative classical organic volatile solvents method.'® In
another study, Zhou et al. reported 91 nm-sized starch NPs, synthesized through the W/IL
region of BmiPFe¢/TX-100/1-butanol/water microemulsion system. The starch
nanoparticles were tested as a drug carrier candidate, and entrapment efficiencies were
found in the range of 11.54 and 16.55% regarding obtained starch nanoparticle size

distribution.?’

1.5. Chlorambucil

Chlorambucil (4-[bis(chloroethyl)amino]benzenebutanoic acid) (Figure 1.6.) is
an alkylating antineoplastic drug used in blood cancer (leukemia), lymph cancer, and
Hodgkin lymphoma.?® Alkylating agents are used in many cancer treatments. As a result
of DNA alkylation, DNA replication is inhibited, and thus the proliferation of the
cancerous cell is stopped.

Chlorambucil (CHL) is a lipophilic anticancer drug, and it is insoluble in water
but soluble in DMSO (dimethyl sulfoxide), ethanol, methanol, and acetonitrile. The use
of CHL in clinical applications is limited because of its low solubility in water, chemical
instability, and severe side effects.?’ The developed nanoparticle drug delivery systems

can overcome these challenges.*°
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Figure 1.6. Chlorambucil structure

Chlorambucil could bind to albumin at a maximum of 2 sites.?! Saufi et al. show
that BSA interaction with CHL implies both hydrophobic interactions and hydrogen
bonds. Besides, subdomain III-A was identified as the preferred binding site for CHL in
this research.’

In addition, chlorambucil-containing albumin nanoparticles have been obtained in
recent years, and their drug transport and release properties have been studied.* In the
literature, the desolvation-ultrasonication method was used, and drug-loaded-albumin
nanoparticles were obtained by adding the chlorambucil and ethanol-containing egg yolk
lecithin to the water containing BSA. They found the entrapment efficiencies 65-86% to
their lipoprotein-mimic nanoparticles in their research.*> In another study, a
microemulsion system using a high-pressure homogenizer was used. A mixture of
chlorambucil, surfactant (E80), and soybean oil dissolved in DCM and water containing
BSA were mixed using a high-pressure homogenizer to get chlorambucil containing lipid-
albumin hybrid nanoparticles. In their developed lipid-BSA hybrid model nanoparticles,

entrapment efficiencies were found as 88-91%.3*

1.6. The Scope of the Thesis

Albumin nanoparticles are frequently used in drug delivery applications due to
their various flexibility. However, the known and applicable production methods, such as
desolvation and self-assembly, these techniques involve volatile, flammable, and toxic
organic solvents, which may cause undesired health and environmental problems. IL-
based methods offer safer and environment-friendly synthesis options. This study used

an IL-based microemulsion system by replacing the nonpolar phase with hydrophobic IL



BmimNTf, to obtain BSA NPs. The single-phase and multi-phase boundaries of
microemulsion were determined optically by water titration in defined IL/surfactant
ratios. Conductivity measurements identified water-in-BmimNTf>, bicontinuous, and
BmimNTf-in-water subregions. In addition, the region of microemulsion (surfactant/IL
ratio), surfactant, and co-surfactant effects on BSA NPs size distribution were
investigated.

Many drugs bear severe difficulties concerning insolubility, instability in
biological environments, inadequate uptake into cells and tissues, poor selectivity for
targets, and undesired side effects. Nanoparticles can be designed as drug delivery
systems to overwhelm many of these disadvantages.® ILs known as green solvents also
have a good solvating ability for a diversity of molecules. As an insoluble drug in an
aqueous medium, chlorambucil was chosen as a model drug for investigations. Drug
loading ad releasing capacities of BSA NPs synthesized in the hydrophilic ILs, BmimBF4
and BmimOTf{, and the hydrophobic ILs, BmimNTf;, and BmimPFs were investigated.
Due to the UV-active benzamine group of the chlorambucil, UV-Vis spectrometry was
used to determine unbound and released CHL molecules from the nanoparticles. Thus,
with the help of the UV-vis absorbance data, drug loading capacities and releasing
kinetics of BSA NPs were determined.

Cell cytotoxicity of chosen BSA NPs synthesized in BmimPFs and BmimOTf
systems were investigated in four cancer cell lines. This information was used to prove

the efficiency of drug delivery of BSA NPs.
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CHAPTER 2

MATERIALS AND METHODS

2.1. Materials

BSA (M.W.= 66.000 Da, lyophilized powder), [BMIM][BF4] (1-Butyl-3-
methylimidazolium tetrafluoroborate), [BMIM][PFs], (1-Butyl-3-methylimidazolium
hexafluorophosphate), [BMIM][NTTf:] (1-Butyl-3-methylimidazolium bis
(trifluoromethanesulfonyl)imide), [BMIM][OTT] (1-Butyl-3-methylimidazolium
trifluoromethanesulfonate) (Figure 2.1.), Triton™ X — 100, Tween™ 20, 1 — butanol,
Glutaraldehyde solution (Grade II, 25% in H>0), and absolute ethanol, methanol, 1-
propanol were purchased from Sigma — Aldrich. All chemicals and solvents were
analytical grade and used without any further purification processes. All aqueous

solutions were prepared in Milli-Q water. The pH of aqueous solutions was adjusted with

0.1 M NaOH using an OHAUS STARTER3100 pH meter.

11



BmimBF, SN NN

BmimPF,

BmimNTf, | NN N

, . _
BmimOTf ﬂ,\p_c,_h F %—s—o
— |

Figure 2.1. Ionic liquids and their chemical structures, which were investigated in the

scope of the thesis. BmimBF4:  1-Butyl-3-methylimidazolium

tetrafluoroborate, BmimPFe: 1-Butyl-3-methylimidazolium
hexafluorophosphate, BmimNTf: 1-Butyl-3-methylimidazolium
bis(trifluoromethanesulfonyl)imide, BmimOTf: 1-Butyl-3-

methylimidazolium trifluoromethanesulfonate.

2.2. Preparation of BSA NPs

2.2.1. Preparation of BSA NPs in Hydrophilic ILs BmimBF4 and
BmimOTf

3 g of BmimBF4, 90 mg of Triton X-100 (surfactant), and 30 mg of 1-butanol (co-
surfactant) were stirred 15 minutes in a vial at 1,200 rpm. Next, 12 mg BSA containing
240 pL BSA solution at pH=9 was added dropwise to the mixture. Finally, 60 pL 25%
(v/v) aqueous glutaraldehyde (crosslinker) solution was added to the total solution and

immediately stirred at 22,000 rpm for 3 minutes by homogenizer (IKA T18, TURRAX).
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By following that, the mixture was stirred for 15 minutes on a magnetic stirrer at 1,200
rpm to reach the thermodynamic equilibrium. After that, the suspension of nanoparticles
was centrifuged at 10,000 rpm for 15 minutes. The experimental procedure of BSA NP
synthesis was schematized in figure 2.2. The supernatant of the suspension was decanted
carefully, and 50% (v/v) ethanol-water mixture was added to the centrifuge tubes for the
resuspension process. Flocculated nanoparticle pellets were suspended with the help of
vortex for 2-3 minutes and sonic bath for 15-20 minutes. Nanoparticles were washed
twice with 50% (v/v) ethanol-water mixture and three times with ultra-pure water to
eliminate IL, surfactant, co-surfactant, unreacted BSA, and glutaraldehyde by the
repeating flocculation-suspension cycle. Within this procedure, BSA NPs formation yield
was found 71%. After all, nanoparticles were prepared for further characterization
analyses.

For BmimOT{/TX-100 system synthesis, 3 mg BmimOTf, 90 mg TX-100, and 30
mg 1-butanol were stirred 15 minutes in a vial at 1,200 rpm. Next, 15 mg BSA containing
480 uL BSA solution at pH=9 was added dropwise to the mixture. After then, 75 uL 25%
(v/v) aqueous glutaraldehyde (crosslinker) solution was added to the total solution and
immediately stirred at 15,000 rpm for 3 minutes by homogenizer (IKA T18, TURRAX)).
After that, the suspension of BSA NPs was stirred for 15 minutes. Purification steps were
followed like described in the BmimBF4 system. Within this procedure, BSA NPs

formation yield was found 72%.

High-Speed ”
Homogenizer Resuspend  Centrifuge

Surfactant
TX-100 or 'Twem 20 Crosslinker
- Glutaraldehyde
I
Tonic Liquid

Bm.l.mBF4 or Bm.l.mOTf ’b .\,\ fﬁ

gﬁg@“

Aqueous BSA Solution Magnetic Stirrer
At pH=9

Figure 2.2. Schematic representation of BSA NP synthesis procedure in hydrophilic ILs
(BmimBF4 and BmimOTY).
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2.2.2. Preparation of BSA Nanoparticles in Hydrophobic ILs BmimPFs
and BmimNTf,

BSA NPs were synthesized by using microemulsion cores of the W/IL system and
a high-speed homogenizer. Glutaraldehyde was used as a crosslinker.

1,125 mg BmimPFs and 1,250 mg TX-100 (surfactant) were mixed for 15 minutes
at 1,200 rpm. First, 10 mg BSA containing 125 pL BSA solution (pH=9) was added
dropwise to the mixture and stirred at the same speed for 90 minutes. Then, the high-
speed homogenizer was applied at 22,000 rpm for 3 minutes. Next, 45 puL 25% (v/v)
aqueous glutaraldehyde (crosslinker) solution was added to the solution to obtain stable
nanoparticles. The mixture was stirred overnight. To break the microemulsion,
approximately 4 mL methanol was added and stirred for 15 minutes at 1,200 rpm. Next,
the mixture was centrifuged at 1,200 rpm for 15 minutes. The supernatant of the
suspension was decanted carefully, and a 50% (v/v) ethanol-water mixture was added to
the centrifuge tubes for the resuspension process. Flocculated nanoparticle pellets were
suspended with the help of vortex for 2-3 minutes and bath sonicator for 15-20 minutes.
Nanoparticles were washed twice with 50% (v/v) ethanol-water mixture and three times
with ultra-pure water to eliminate IL, surfactant, unreacted BSA, and glutaraldehyde by
the repeating flocculation-suspension cycle. Within this procedure, BSA NPs formation
yield was found 72%. After all, nanoparticles were prepared for further characterization
analyses.

1,050 mg BmimNTf; and 1,800 mg TX-100 (surfactant) were mixed for 15
minutes at 1,200 rpm. First, 12 mg BSA containing 150 uLL. BSA solution (pH=9) was
added dropwise to the mixture and stirred at the same speed for 90 minutes. Then, the
homogenizer was applied at 22,000 rpm for 3 minutes. Next, 36 pL 25% (v/v) aqueous
glutaraldehyde (crosslinker) solution was added to the solution to get solidified
nanoparticles. The mixture was stirred overnight. To break the microemulsion,
approximately 5 mL methanol was added and stirred for 15 minutes at 1,200 rpm. Finally,
purification steps were followed as described for the BmimPFs system. Within this
procedure, BSA NPs formation yield was found 71%. The experimental procedure of

BSA NP synthesis in hydrophobic ILs were schematized in figure 2.3.
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Figure 2.3. Schematic representation of BSA NP synthesis procedure in hydrophobic
ILs (BmimPFs and BmimNT®).

2.2.3. Characterization of BSA NPs

The pellet of the nanoparticles was resuspended in 1.5 mL ultra-pure water (Milli-
Q). The NPs suspension was diluted 1,000 times for Scanning Electron Microscopy
(SEM) analysis. Diluted samples were suspended with the help of a sonicator bath for 20
minutes to prevent any aggregation of nanoparticles. Then, 10 pL nanoparticles
suspension were dropped on a 500 mm? aluminum foil and placed in a fume hood to dry
overnight. Samples were coated with gold before SEM analysis. Then, samples were
analyzed by FEI QUANTA 250 FEG equipped with Everhart-Thornley Detector (ETD),
collecting secondary electrons in 5 kV at the Center for Materials Research [ZTECH. The
size of the nanoparticles was determined by the scale bar o SEM images.

For size and zeta potential characterization, the pellet of the nanoparticles was
resuspended in 1.5 mL ultra-pure water (Milli-Q). The NPs suspension was diluted
approximately 1,000 times depending on the nanoparticle concentration. 1 mL of
nanoparticles suspension was analyzed by Malvern dynamic light scattering Nano-ZS

using disposable plastic cuvettes and suitable zeta charge cuvettes.

2.3. Drug Loading of Nanoparticles

Drug loading studies were adopted in two different methods. Firstly, the drug
chlorambucil was added during the synthesis of nanoparticles. Secondly, chlorambucil

was incubated with synthesized nanoparticles.
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Chlorambucil is soluble in DMSO-water. Therefore, two types of DMSO-water
mixtures were used, 1% and 15% (v/v) of DMSO.

2.3.1. BSA-CHL Solution

1 M CHL solution was prepared in DMSO and was used as a stock solution. The
stock solution was diluted regarding the BSA concentration and mol ratio (such as 1:1,
1:2, 1:3, or 1:4, BSA:CHL).

BSA was dissolved in water as described amounts in related parts. The pH of the
solution was adjusted to 9.0 by adding 0.1 M NaOH solution. Diluted CHL solutions were
added to the BSA solution under constant shaking to prevent BSA denaturation. (DMSO
content should be less than 3% (v/v) in the final BSA-CHL solution.)

2.3.2. Nanoparticle Synthesis with Chlorambucil in BmimBF,4 and
BmimOTTf systems

Similar methods of BSA NP synthesis (Part 2.2.1) with minor modifications were
applied for synthesizing CHL-loaded BSA NPs. DMSO was used to dissolve CHL in the
system at 1% (v/v). The CHL-BSA solution was used instead of the BSA solution in part
2.3.1.

3 g of BmimOTf, 90 mg of Triton X-100 (surfactant), 30 mg of 1-butanol (co-
surfactant), and 28 pL DMSO were stirred 15 minutes in a vial at 1,200 rpm. 15 mg BSA
containing 480 uL. BSA -CHL solution (2,7% (v/v) DMSO) and 75 pL 25% (wt.%)
glutaraldehyde were added dropwise to the mixture and immediately stirred at 15,000
rpm by homogenizer for 3 minutes. By following that, the mixture was stirred 15 minutes
more on a magnetic stirrer at 1,200 rpm to reach the thermodynamic equilibrium. (BSA
concentration was 0.8 x 10* M, and CHL concentrations were 0.8 x 10* M, 1.6 x 10* M,
2.4x10%M, and 3.2 x 10* M in the final mixture.)

3 g of BmimBF4, 90 mg of Triton X-100 (surfactant), 30 mg of 1-butanol (co-
surfactant), and 28 L. DMSO were stirred 15 minutes in a vial at 1,200 rpm. 12 mg BSA
containing 240 uL. BSA -CHL solution (2,7% (v/v) DMSO) and 60 pL 25% (wt.%)
glutaraldehyde were added dropwise to the mixture and immediately stirred at 22,000

rpm by homogenizer for 3 minutes. By following that, the mixture was stirred 15 minutes
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more on a magnetic stirrer at 1,200 rpm to reach the thermodynamic equilibrium. (BSA
concentration was 0.62 x 10* M, and CHL concentrations were 0.62 x 10* M, 1.24 x 10
M, 1.86 x 10* M, and 2.48 x 10* M in the final mixture.)

After all that, the suspension of nanoparticles was centrifuged at 10,000 rpm for
15 minutes. Then, supernatants were decanted to another tube and separated for UV-Vis
spectroscopy analysis to detect CHL quantity. Finally, the drug loaded BSA NP pellet

was saved for further investigations.

2.3.3. Nanoparticle Synthesis with Chlorambucil in BmimPFs and
BmimNTHf; systems

3 g BmimNTf/TX-100/water microemulsion was prepared in 35:60:5 wt.%
including 26 pL DMSO. 12 mg BSA in 150 pL water and CHL with various mol ratios
were prepared as described in part 2.3.1 and were added dropwise to the mixture. They
were mixed at 1,200 rpm on a magnetic stirrer for 90 minutes. By the flowing that, they
were stirred at 22,000 rpm for 2 minutes by a homogenizer. 36 L glutaraldehyde (25%
(v/v) in H>0O) was added, and the system was stirred overnight at 1,200 rpm. A 5.2 mL of
methanol was added to the system and precipitated nanoparticles were separated by
centrifuge at 10,000 rpm for 15 minutes. (BSA concentration was 0.7 x 10 M, and CHL
concentrations were 0.7 x 10% M, 1.4 x 10* M, 2.1 x 10 M, and 2.8 x 10* M in the final
mixture.)

2.5 g BmimPF¢/TX-100/water microemulsion was prepared in 45:50:5 wt.%
including 21.4 uL DMSO. 10 mg BSA in 125 pL water and CHL with various mol ratios
were prepared like in part 2.3.1 and added dropwise to the mixture. They were mixed at
1,200 rpm on a magnetic stirrer for 90 minutes. By the flowing that, they were stirred at
22,000 rpm for 2 minutes by a high-speed homogenizer. 45 puL glutaraldehyde (25% (v/v)
in H>O) was added, and the system was stirred overnight at 1,200 rpm. A 4.28 mL of
methanol was added to the system and precipitated nanoparticles were separated by
centrifuge at 10,000 rpm for 15 minutes. (BSA concentration was 0.7 x 10* M, and CHL
concentrations were 0.7 x 104 M, 1.4 x 10* M, 2.1 x 10* M, and 2.8 x 10* M in the final

mixture.)
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Supernatants were decanted to another tube and separated for UV-Vis
spectroscopy analysis to detect CHL quantity. Finally, the drug loaded BSA NP pellet

was saved for further investigations.

2.3.4. Drug Loading by Adsorption Method

BSA NPs, synthesized from different IL-Surfactant systems, were obtained as
described in parts 2.2.1 and 2.2.2. After all purification steps, BSA NPs were suspended
until getting a uniform blurry suspension in 1 mL ultrapure water with the help of a vortex
and bath sonicator. The determined amount of CHL was diluted from stock solution to 1
mL %30 (v/v) DMSO-water solution by regards to 1:2, 1:10, 1:15, 1:20, and 1:25
(BSA:CHL) mole ratios (BSA concentration was 3.2 x 10 M in final mixture). 1 mL of
BSA NP suspension and 1 mL of CHL solution were mixed and incubated for 24 hours
under continuous shaking. Next, the supernatants were separated for UV-Vis analysis to
determine the unbound CHL quantity.

The following formulas were used to calculate drug loading capacities and
entrapment efficiencies.

Drug Entrapment Initial drug amount—Drug amount in supernatant

0fs —
;L = x100 (1
Efflaency % Initial drug amount ( )
Drug 0 = Initial drug amount—Drug amount in supernatant x 100 (2)
Loading ° ~ Amount of BSA NP

2.3.5. Drug Releasing of CHL Loaded BSA NPs

In vitro drug release of CHL loaded BSA NPs was performed in phosphate buffer
(PB). (0.1 M, pH=7.4). Drug loaded BSA NPs were suspended in 800 uL ultrapure water
ad placed into Merck© Milipore Mini dialysis tube. The dialysis tube was placed at 37
°C in the 34 mL PB under 750 rpm constant stirring. 2 mL of samples were taken from
the PB in determined periods, and the samples were analyzed by UV-Vis spectrometer to

detect released CHL content.
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Quantitative CHL measurements were conducted by the calibration curve of
known concentrations of CHL in PB, which were analyzed by UV-Vis spectrometer
regarding absorbance intensities at 304 nm. The curve equation of the concentration
versus absorbance intensity of CHL is Y=0.00251 + 0.9789 x C, R?>=0.999, (Y: signal

magnitude, C: concertation).

2.3.6. In Vitro Studies and Cell Cytotoxicity

The cytotoxicity tests were tested by MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide, tetrazole) method. The cells were seeded to a 96-well plate
as 7000 cells/well and incubated 24 hours at 37.5 °C for adherence. For CHL dose testing,
0 (control), 10,20,40, 80, 160, and 320 uM CHL including DMEM (Dulbecco's Modified
Eagle Medium)-DMSO solution to be 1% (v/v) DMSO in the final medium concentration
were incubated 48 hours with prepared cell cultures. After that, cell mediums were
decanted, and 15 pL MTT (5 mg/mL) and 75 pL DMEM were added to each well, and
cells were incubated for 4 hours. The cell mediums were separated by the following, and
100 uL DMSO (as solubilization solution) was added to dissolve the purple formazan
crystals that occurred in the viable cells' mitochondria. Spectro-photometrical
absorbances were performed by Thermo Scientific™ Multiskan™ GO Microplate
Spectrophotometer at 570 nm. T-test was used to determine a significant difference

between the means of two groups.

2.3.7. Cell Uptake and Imaging

Huh7 cells were cultured at 37 °C in 5% CO2 in DMEM and 10% FBS. The
fluorescent  Dil  ((22)-2-[(E)-3-(3,3-dimethyl-1-octadecylindol-1-ium-2-yl)prop-2-
enylidene]-3,3-dimethyl-1-octadecylindole; perchlorate) dye was used to stain cell
membranes for confocal microscopy analysis. 500,000 cells were washed with PBS
(phosphate buffer saline) and incubated in 2.5 pL. Dil including 50 pLL PBS for 20 minutes
in a 37 °C incubator. The cells were washed once with FBS (fetal bovine serum), twice
with PBS, and resuspended in 5 mL DMEM. The cells were seeded as 50,000 cells/well
in 8-well chamber slides. The next day 0.1 mg/mL FITC-BSA NPs were added and

incubated 4 hours and 24 hours for cellular uptake tests. Cells were washed with PBS and
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fixed with 4% PFA (paraformaldehyde). Next, the cells were washed with PBS, and the
cell nuclei were stained with 4 pug/mL DAPI (diamidino-2-phenylindole) solution for 5
minutes. Finally, slides were mounted with 80% glycerol and were imaged with the Zeiss
LSM880 Confocal microscope using a 63% oil objective. Image processing was done with

FIJI software.

2.4. Phase Diagram

BmimNTf; and Tween 20 were mixed in various ratios (9:1, 8:2, 7:3, 6:4, 5:5, 4:6,
3:7, 2:8, and 1:9), and water was added systematically until getting a transparent single-
phase emulsion. Depending on the added water amount, phase boundaries of the emulsion
between single-phase and two-phase were determined. Conductivity measurements were
performed to determine IL/W, bicontinuous, and W/IL subregions. BmimNTf, and
Tween 20 were mixed in specific compositions (rates: 17:3, 9:1, and 19:1), and the
mixture was titrated by water systemically. After water addition to the mixture,
conductivities were measured by Thermo, Orion 3-star conductometer. Conductivity
increased directly in proportion to the water content regarding the subregion of the
microemulsion. Depending on the increasing rate of conductivity change, the subregions

were determined (Figure 3.2.).
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CHAPTER 3

RESULTS AND DISCUSSION

Ionic liquids can be miscible or immiscible in water as a consequence of anion
and cation types.?! The hydrophilic ILs, BmimBF4, and BmimOTf are readily miscible
with water, while hydrophobic ILs, BmimPFs, and BmimNTf; are immiscible. Synthesis
of BSA NPs in the systems of BmimBF4 and BmimPFs have been studied by our research
group.'>* In addition to these systems, we synthesized BSA NPs in the BmimOTf and
BminNTf; systems.

For hydrophilic ILs, a clear solution forms with the mixture of water. Even though
the solution of IL-water is macroscopically mixed, at the molecular level, water pools
occur because of micelle-like characteristics of BmimBF4.**>® On the other hand,
hydrophobic ILs are not dissolved in an aqueous solution and do not form a single phase.
Yet, surfactants are used as a ternary component to get a single-phase uniform mixture.

In the classical method of microemulsion formation, microemulsions consist of
oil phase, water phase, and surface-active molecules. In this method, the oil phase was

substituted with ILs.

3.1. Synthesis and Characterization of BSA NPs

3.1.1. Synthesis and Characterization of BSA NPs in the BmimOTf
System

BSA NPs were obtained in the hydrophilic BmimOTT IL system as described in
part 2.2.1. In addition, the purified BSA NPs were characterized by dynamic light
scattering (DLS) and scanning electron microscopy (SEM), as described in part 2.2.3.

According to the SEM images, nanoparticle morphology is dominantly spherical
and in the 175-250 nm size range. However, DLS results provided a broader particle size
distribution between 350 and 700 nm (Figure 3.1.). While SEM analysis was done by

using dried nanoparticles, DLS measurements were performed in a nanoparticle-water
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dispersion. The swelling of nanoparticles in an aqueous medium and measured

hydrodynamic radius can be the reason for obtaining larger results by DLS.
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Figure 3.1. Size distribution (A) and SEM images (B and C) of BSA NPs, which were
synthesized in the BmimOTf and TX-100 system (Scale bar is 1 um).

3.1.2. Synthesis and characterization of BSA NPs in the BmimNTf;
System

BmimNTf> ionic liquid was chosen as a model IL to investigate the
microemulsion system of hydrophobic ionic liquids on nanoparticle formation.
Microemulsions of BmimNTf> were used with two different surfactants: Tween 20 and
Triton X-100/1-butanol. BmimNTf;, Triton X-100/1-butanol, and water microemulsion
system was already studied.”* Ternary phase diagram of the BmimNTfy/Triton X-
100:BuOH/water system is shown in figure 3.2. In addition to TX-100/1-butanol
consisting microemulsion, Tween 20 ternary phase diagram was obtained. Here,
BmimNTf, / Tween-20 / water, ternary phase diagram, was determined in figure 3.3.

Phase boundaries and sub-region boundaries were plotted as described in part 2.4.

22



TX-100
TX-100:BuOH

multiphase system

L) Al L L)

L} 1 L T 1
Hz0 , 0.2 0.4 0.6 0.8 1 [BMIM][TE:N]

Figure 3.2. Phase diagram of aqueous BmimNTf, based ionic liquid microemulsion with
(red line) and without (blue line) the presence of 1-butanol. (BmimTH,N =
BmimNTf)*
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Figure 3.3. Phase diagram of BmimNTfz/Tween20/water microemulsion and
conductivity lines of 19:1, 9:1, and 8:2 (IL: surfactant), which were used

to define the subregions of the microemulsion.
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BmimNTf, / Tween 20 / water and BmimNTf, / TX-100:BuOH / water
microemulsion systems have water cores in the W/IL subregion. IL and surfactant ratios
were altered systematically by keeping water content constant to investigate the effects
of proportions of IL and surfactant quantities in the microemulsion system on the size
distribution and morphology of synthesized BSA NPs. The investigated ratios were

marked as red triangles in figure 3.3.
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Figure 3.4. Size distributions of BSA NPs which were synthesized by BmimNTf, IL
microemulsion systems in different surfactant ratios (W/IL subregion) of
BmimNTf,/Tween 20/water (A), and BmimNTf,/TX-100:BuOH/water (B) in

constant 5% (wt.%) water.

Microemulsion system regions of W/IL were investigated in constant water ratio
by altering surfactant and ionic liquid amounts. BSA NP particle size distribution
narrowed, and sizes of particles decreased while increasing the Tween 20 amount (Figure
3.4. (A)). Increasing Tween 20 surfactant amount stabilized the water cores in the
microemulsion system, and thermodynamic stability of microemulsion increased by the
same trend. While applying the high-speed homogenizer, the kinetic stability of the

microemulsion also increased. In this way, smaller nanoparticles could be solidified in a

A 0 200 400 600 800 1000 0 200 400 600 800 1000
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smaller core by crosslinker, and narrower size distribution could be obtained. SEM
images of synthesized BSA NPs in BmimNTf,/Tween 20/water and BmimNTf/TX-

100:BuOH/water systems were shown in figure 3.5.

Figure 3.5. SEM images of BSA NPs synthesized in BmimNTf2/Tween 20/water system
in 5:90:5 (wt.%) (A), 15:80:5 (wt.%) (B), and 35:60:5 (wt.%) (C), and
BmimNTf/TX-100:BuOH/water system in 5:90:5 (wt.%) (D), 15:80:5
(wt.%) (E), 25:70:5 (wt.%) (F) (Scale bar is 500 nm).

In contrast to Tween 20, Triton X-100 surfactant at high percentages caused larger
particle size and nonuniform size distributions (Figure 3.4. (B)). Within the increasing
TX-100 amount in microemulsion resulted in broader particle size distributions.
Oxyethylene (OE) groups of TX-100 and Tween 20 surfactants interact with positively
charged imidazolium ring of IL cation. Bmim" cation-n, m-m interactions, hydrogen
bonding, and van der Waals forces are crucial in these interactions.?* The hydrophilic-
lipophilic balance (HLB) is used in surfactant chemistry to describe the solubility of a
surfactant in water or a nonpolar phase. HLB of Tween 20 and TX-100 were reported as
16,7 and 13,5, respectively.***! Depending on these values, TX-100 molecules are less
hydrophilic than Tween 20 molecules. Accordingly, within the increasing amount of
Tween 20, the water cores of the microemulsion system can be stabilized by the
hydrophilic OE groups of Tween 20 more efficiently. The size distribution results were

consistent with reported BSA NP synthesis in the hydrophobic IL BmimPFs
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microemulsion system.*? Despite that, TX-100 amount in increasing trend resulted in
wider nanoparticle size distribution. NTf>™ anions have weaker interactions with Bmim"*
cation when compared to BmimPF¢ due to greater anion size, less charge density, and
weaker electrostatic forces.?* The occurred competition between H>O molecules and TX-
100 atoms forwarded to Bmim*-TX-100 interactions. As aresult, a decreasing interaction
between ion pairs of IL has occurred, and the increase in Triton X-100 amount in the
microemulsion system has resulted in a more viscous system and larger nanoparticle size
distribution. Furthermore, depending on the characteristics of surfactants, BSA NP size
distribution changed as a responsive trend. These results show that, with the help of the
designable content of IL and surfactants, the BSA NP size and uniformity can be altered.

In the presence of butanol as a co-surfactant in the microemulsion system, TX-
100 molecules interact with butanol. Thereby, the viscosity of the microemulsion
decreased, and IL mobility increased.?* Presence of co-surfactant, microemulsion system
become more stable. Besides the ratio of microemulsion components, also co-surfactants
and their interactions in microemulsions were investigated. Instead of 1-butanol, various
alcohol types; ethanol, propanol, and hexanol were used to formulate microemulsion by
direct replacement of 1-butanol in 35:60:5 (BmimNTf/TX-100:BuOH/water)
microemulsion system.

Within the addition of co-surfactants, the hydrophobicity of microemulsion
increased regarding the chain length of the co-surfactant for ethanol, propanol, and
butanol.** The increasing hydrophobicity within the increasing chain length of co-
surfactants may cause stricter co-surfactant-Bmim" cation interaction. However, when
hexanol was used as a co-surfactant, the size and size distribution of the BSA NPs
increased (Figure 3.6.). Thus, the longer chain of hexanol may interact with Bmim"
cations and induce a more viscous and rigid microemulsion structure that can be the

reason for larger water cores and more micron-sized particles.
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Figure 3.6. Size distributions obtained by DLS (left) and SEM images of BSA NPs
(right) which were synthesized by addition of different types of co-
surfactants; ethanol (A), propanol (B), butanol (C), and hexanol (D) in
BmimNTf/TX-100 system. (Scale bar is 1 um)

3.2. Drug Loading of BSA NPs

3.2.1. UV-Vis Spectrometry Analysis of Chlorambucil
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Figure 3.7. UV-Vis spectrum of 9,6 x 10° M CHL in 1% (v/v) DMSO aqueous solution.
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Chlorambucil is a UV-active drug because of m-n* and n-n* electron transitions
of the benzamine group of the molecule. 9,6 x 10° M chlorambucil in 1% (v/v)
DMSO:water solution sample was measured by UV-Vis spectrometer. The maximum
absorbance peaks (Amax) were found at 258 nm and 304 nm (Figure 3.7.).

Various concentrations of CHL in 1% (v/v) DMSO-water solution were measured
by UV-Vis spectrophotometer (Figure 3.8.). According to the results, CHL was not
completely dissolved over the 3,2 x 10* M in that solvent combination.

The amount of loaded chlorambucil on the BSA NPs was determined by
measuring the supernatant by UV-Vis spectroscopy. The drug loading was calculated by
subtracting the CHL amount in the supernatant from the initial CHL. Thus, the loaded
CHL amount in the BSA NPs pellet was determined by formulas 1 & 2 in part 2.3.4.
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Figure 3.8. (A) UV-Vis spectra of various concentrations of CHL in 1% (v/v) DMSO
aqueous solution. (B) Absorbance intensities of CHL in various
concentrations at 258 nm. (C) Absorbance intensities of CHL in various

concentrations at 304 nm.
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3.2.2. Characterization of CHL Loaded BSA NPs Synthesized in
BmimBF4/TX-100/Water System

Drug loading experiments were conducted in two methods. In the first method,
CHL was introduced during the synthesis of BSA NPs (Parts 2.3.2), and in the second
method, CLH and synthesized NPs were incubated (Part 2.3.4).

3.2.2.1. CHL Loaded BSA NP Synthesis by CHL Loaded BSA in
BmimBF4/TX-100/Water System

BmimBF4/TX-100/1-butanol 1% (v/v) DMSO and 8% water mixture was used as
a blank solution in the UV-Vis analysis (Figure 3.9.). Although chlorambucil has a
sharper signal at 258 nm, the mixture of BmimBF4/TX-100/1-butanol 1% (v/v) DMSO
and 8% water UV-Vis spectrum covers the region of the 200-300 nm wavelengths.
Therefore, the second Amax of the absorption at 304 nm was used to evaluate CHL

quantity.
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Figure 3.9. UV-Vis spectrum of BmimBF4+/TX-100 system (Blank sample).

Particular amounts of CHL including BmimBF4+/TX-100/1-butanol 1% (v/v)

DMSO and 8% water mixtures were prepared, and reference calibration curve was plotted
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by the intensities at 304 nm. BmimBF4/TX-100/1-butanol 1% (v/v) DMSO and 8% water

mixture was used as blank solution (Figure 3.10.).
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Figure 3.10. (A) UV-Vis spectra of the 0.62 x 10* M, 1.24 x 10* M, 1.86 x 10* M, and
2.48 x 10* M CHL including BmimBF4/TX-100/1-butanol 1% (v/v) DMSO
and 8% water mixtures. (B) The obtained calibration curve for CHL at 304

nm.

As described in part 2.3.2, 12 mg BSA is mixed with various amounts of CHL
(BSA:CHL ratios were 1:1, 1:2, 1:3, and 1:4) and introduced to the system. BSA
concentration on the final mixture was 0.62 x10“ M, and CHL concentrations were 0.62
x 104 M, 1.24 x 10* M, 1.86 x 10* M, and 2.48 x 10 M. After NP synthesis, the BSA
NP pellet was flocculated by centrifuge and then decanted supernatant was analyzed to
determine the free unbound CHL amount. The UV-Vis spectra of the supernatants are
shown in figure 3.11. These spectra were obtained by removing the spectrum of CHL-
free BmimBF4/TX-100/1-butanol 1% (v/v) DMSO and 8% water mixture from the UV-
Vis spectrum of CHL including supernatants. The higher ratios of CHL were not
investigated because of the solubility limit of CHL in 1% DMSO (v/v) water solution and
the denaturation risk of the BSA. In the literature, it has been shown that, maximum two

chlorambucil molecules bound to BSA protein.?!
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Figure 3.11. UV-Vis spectra of free-CHL remaining in the supernatants obtained by
flocculating CHL loaded BSA NPs synthesized by BmimBF4/TX-100:

BuOH/water system.

Drug entrapment efficiencies and drug loading capacities of synthesized BSA NPs
were calculated using formulas 1 and 2 in part 2.3.4 (Figure 3.12.). While BSA: CHL mol
ratio 1:1, drug entrapment efficiency was found 67%. The higher CHL ratios, 1:2, 1:3,
and 1:4, were 48%, 25%, and 11%, respectively. BSA NP synthesis yielded 71%. Drug
loading capacities were calculated as 0,44% (1:1), 0.64% (1:2), 0.49% (1:3) and 0.29%

(1:4).

BmimBF, / TX-100 system

100+ 0.8+

Entrapment Efficiency (%)

1:1 1= 1:3 1:4 Y 1:2 1:3 1:4
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Figure 3.12. CHL entrapment efficiencies (A) and loading capacities (B) of BSA NPs
obtained by BmimBF4/TX-100: BuOH/water system.
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3.2.2.2. CHL Loading to BSA NPs Synthesized in
BmimBF4/TX-100/Water system

BSA NPs were obtained as described in part 2.2.1, and CHL was loaded to the
particles as described in part 2.3.4. After purification steps, 4,26 mg BSA NPs were
dispersed in 1 mL ultrapure water with the help of vortex and sonic bath. Determined
amounts CHL solutions were prepared as to be 1:2, 1:10, 1:15, 1:20 and 1:25 (BSA:CHL)
ratio by dissolving in 1 mL 30% (v/v) DMSO aqueous solvent. Two solutions were
mixed, and BSA NPs and CHL solutions were incubated for 24 h under continuous
shaking. (The final concentration of BSA: 2.4 x 10~ M, final DMSO content: 15% (v/v)).
After the incubation period, the BSA NPs were separated from the suspension by
centrifugation, and the supernatant was analyzed to determine unbound CHL quantity by
UV-Vis spectrometer in the range of 200-500 nm.

Determined concentrations of CHL in 15% (v/v) DMSO and water solutions were
prepared, and these solutions were used to plot the calibration curve at 304 nm. The result
shows that 8.2 x10* M was out of the trend due to poor CHL solubility. Thus, 6.4 x 107

M CHL concentration was accepted as the upper limit for the calibration (Figure 3.13.).
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Figure 3.13. (A) UV-Vis spectra of 6.4 x 10° M, 3.2x 10*M, 4.8 x 10* M, 6.4 x 10™* M,
and 8.2 x 10* M CHL including 15% (v/v) DMSO-Water solutions. (B) The

calibration curve was obtained from absorbance signal of CHL at 304 nm.
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CHL entrapment efficiency and loading capacities were calculated with the help
of the calibration curve and formulas 1 and 2 in part 2.3.4. CHL entrapment efficiencies
of BSA NPs were found 73% for 1:2 BSA:CHL ratio, and =78% for the rest. The drug
loading capacities for 1:2, 1:10, 1:15, 1:20 and 1:25 were found as 0.7%, 3.6%, 5.3%,
6,5% and 8.1%, respectively (Figure 3.14.).
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Figure 3.14. (A) UV-Vis spectra of the supernatants obtained by centrifugation of CHL
incubated BSA NPs synthesized in BmimBF4/TX-100:BuOH/water system.

(B) Drug entrapment efficiencies and (C) drug loading capacities of BSA
NPs.
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3.2.3. Characterization of CHL Loaded BSA NPs Synthesized in
BmimPF¢/TX-100/Water System

Drug loading experiments were conducted in two methods. In the first method,
CHL was introduced during the synthesis of BSA NPs (Part 2.3.3), and in the second
method, CLH and synthesized NPs were incubated (Part 2.3.4).

3.2.3.1. CHL Loaded BSA NP Synthesis by CHL Loaded BSA in
BmimPF¢/TX-100/Water System

The BSA-CHL solution was prepared as described in part 2.3.1. Determined
amounts of CHL were incubated with BSA, and the DMSO content was kept constant as
2.8% (v/v) at each mol rate of BSA:CHL (1:1, 1:2, 1:3 and 1:4) in incubation solvent and
1% (v/v) in the final mixture. 2x methanol (4 mL) was introduced to the suspension to
precipitate the BSA NPs, and after centrifugation, supernatants were saved for UV-Vis
spectrometry analysis to detect unbound CHL quantity. Added MeOH was also included

in the blank BmimPF¢/TX-100/water (45:50:5 (wt.%)) 21.4 uL DMSO mixture (Figure
3.15.).
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Figure 3.15. UV-Vis Spectrum of BmimPFe¢/TX-100/water (45:50:5 wt.%) 1% (v/v)

DMSO. The mixture was measured in 1:2 (v/v) MeOH (Blank solution

curve).
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As a reference calibration curve, determined amounts of CHL including
BmimPFs/TX-100/water and 1:2 (v/v) MeOH mixtures were prepared, and UV-Vis
spectra were obtained by removing the spectrum of blank solution. The absorbance
intensities at 304 nm were used to plot the calibration curve of CHL in the concentrations

0of 22x 10°M, 4.4x 10° M, 6.6 x 10> M, and 8.8 x 10° M (Figure 3.16.).
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Figure 3.16. (A) UV-Vis spectra of 2.2 x 10° M, 4.4 x 10° M, 6.6 x 10° M, and
8.8 x 10° M CHL including BmimPF¢/TX-100/water and 1:2 (v/v) MeOH
mixtures which were obtained by removing the UV-Vis Spectrum of blank

solution. (B) The obtained calibration curve for CHL at 304 nm.

As described in part 2.3.3, the supernatant was analyzed in the UV-vis
spectrometer. With the help of this analysis, CHL entrapment efficiencies and loading
capacities were calculated with the help of the calibration curve and formulas 1 and 2 in
part 2.3.4. CHL entrapment efficiencies of BSA NPs were found 25% for 1:1 BSA:CHL
ratio and 23% for 1:2. For the 1:3 ratio reduced to 17% and reached the minimum, 12%
for the 1:4. The drug loading capacities were calculated by regarding of 72% formation
yield of BSA NP on that system, and were found as 0,16%, 0,30%, 0,35% and 0,30% for
1:1, 1:2, 1:3 and 1:4 ratios, respectively (Figure 3.17.).
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Figure 3.17. CHL entrapment efficiencies (A) and loading capacities (B) of BSA NPs
obtained by CHL-BSA incubation in 1:1, 1:2, 1:3, and 1:4 ratios and
synthesized in BmimPF¢/TX-100:BuOH/water system.

3.2.3.2. CHL Loading to BSA NPs Synthesized in
BmimPF¢/TX-100/Water System

BSA NPs were synthesized, and the obtained BSA NPs were incubated with CHL
(Part 2.3.4). Incubated BSA NPs were separated by centrifugation and were used for the
detection of unbound CHL quantity. Entrapment efficiencies and drug loading capacities
were calculated using formulas 1 and 2 in part 2.3.4. The calibration curve of CHL and
absorbance signals of supernatants at 304 nm were used to assess the CHL amount in the
supernatants.

Entrapment efficiencies of BSA NPs were found as 68%, 80%, 72% and 72% for
the 1:2, 1:10, 1:15 and 1:25 of the BSA:CHL ratios, respectively (Figure 3.18.). Loading
capacities were found as 0.06% for 1:2 (BSA:CHL), 3.8% for 1:10, 5.2% for 1:15 and
7.9% for 1:25.
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Figure 3.18. UV-Vis spectra of the supernatants obtained by centrifugation of CHL
incubated BSA NPs synthesized in BmimPF¢/TX-100/water system. (B)
CHL entrapment efficiencies and (C) drug loading capacities of BSA NPs.

3.2.4. Characterization of CHL Loaded BSA NPs Synthesized in
BmimOT{/TX-100/Water System

The same two methods were applied for BSA NPs in BmimOT{/TX-100/water
system. The experiments were conducted as described in part 2.3.2. However, due to the
broader UV-Vis absorption range of BmimOTf IL, the determination of the amount of
CHL method was incompatible with the UV-Vis spectroscopy analysis. UV-Vis spectrum
of BmimOT{/TX-100/water (Figure 3.19.) clearly shows that the absorption signal of
CHL is undetectable in the existence of the BmimOTT.
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Figure 3.19. (A) UV-Vis spectra of the mixture of BmimOTf and TX-100 (black line)
and the absorbance signal of desired CHL (red line). (B) UV-Vis spectrum
of BmimOTT (black line) and surfactant TX-100 (red line).

3.2.4.1. CHL Loading to BSA NPs Synthesized in
BmimOT{/TX-100/Water system

BSA NPs were synthesized like described in part 2.2.1, and CHL was loaded to
the BSA NPs (Part 2.3.4) by incubation with 1:2, 1:10, 1:15, and 1:25 (BSA:CHL mol
ratio) CHL. The calibration curve of CHL and the absorbance signals of supernatants at
304 nm were used to estimate the CHL amounts in the supernatants. Entrapment
efficiencies and drug loading capacities were calculated by formulas 1 and 2 in part 2.3.4.

Entrapment efficiencies were found as 9.2% for 1:2, 17.7% for 1:10, 26.1% for
1:15, 57.8% for 1:25 and, drug loading capacities were found as 0.08%, 0.8%, 1.75%,
6.2% for 1:2, 1:10, 1:15 and 1:25 BSA:CHL mol ratios, respectively (Figure 3.20.).
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Figure 3.20. (A) UV-Vis spectra of the supernatants obtained by centrifugation of CHL
incubated BSA NPs synthesized in BmimOT{/TX-100/water system. (B)
CHL entrapment efficiencies and (C) drug loading capacities of BSA NPs.

3.2.5. Characterization of CHL Loaded BSA NPs Synthesized in
BmimNTf,/TX-100/Water System

Drug loading experiments were conducted in two methods. In the first method,
CHL was introduced during the synthesis of BSA NPs (Part 2.3.3), and in the second
method, CLH and synthesized NPs were incubated (Part 2.3.4).
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3.2.5.1. BSA NP Synthesis by CHL Loaded BSA in
BmimNTf,/TX-100/Water System

The BSA-CHL solution was prepared as described in part 2.3.1. Determined
amounts of CHL were incubated with BSA, and the DMSO content was kept constant as
2.6% (v/v) at each mol rate of BSA:CHL (1:1, 1:2, 1:3 and 1:4) in incubation solvent and
1% (v/v) in the final mixture. 2x methanol (5.2 mL) was introduced to the suspension to
precipitate the BSA NPs, and after centrifugation, supernatants were saved for UV-Vis
spectrometry analysis to detect unbound CHL quantity. Added MeOH was also included
in the BmimNTf/TX-100/water (35:60:5 wt.%) 26 pL DMSO mixture (Figure 3.21.).

Intensity (a.u.)

BmimINTf, / TH-100 / water
System in Methanol 1:2 (v/v)

e
T T N T N T T T T 1
250 300 350 400 450 500

Wavelength (nm)

Figure 3.21. UV-Vis Spectrum of BmimNTf/TX-100/water (35:60:5 wt.%) 1% (v/v)
DMSO. The mixture was measured in 1:2 (v/v) MeOH. (Blank solution

curve)

As a reference calibration curve, determined amounts of CHL including
BmimNTf/TX-100/water and 1:2 (v/v) MeOH mixtures were prepared, and UV-Vis
spectra were obtained by removing the spectrum of blank solution. The absorbance
intensities at 304 nm were used to plot the calibration curve of CHL in the concentrations

0f 0.25x 10*M, 0.50 x 10* M, 0.75 x 10* M, and 1.00 x 10™* M (Figure 3.22.).
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Figure 3.22. UV-Vis spectrum of 0.25 x 10% M, 0.50 x 10* M, 0.75 x 10* M and 1.00 x
10* M CHL including BmimNT£/TX-100/water and 1:2 (v/v) MeOH
mixtures which were obtained by removing the UV-Vis Spectrum of blank
solution (right). The calibration curve was obtained from the absorbance

signal of CHL at 304 nm (left).

As described in part 2.3.4, the supernatant was analyzed by the UV-vis
spectrometer. Absorbance intensities of the samples at 304 nm were used to determine
drug amounts. CHL entrapment efficiencies and loading capacities were calculated with
the help of the calibration curve and formulas 1 and 2 in part 2.3.4. CHL entrapment
efficiencies of BSA NPs were found 0% for 1:1 BSA:CHL ratio, and 9.5% for 1:2, 28.9%
for 1:3 and 19.2 for 1:4 (Figure 3.23. B). The drug loading capacities were calculated by
regarding of 71% formation yield of BSA NP on that system and were found as 0%,
0,13%, 0,57% and 0,50% for 1:1, 1:2, 1:3 and 1:4 ratios, respectively (Figure 3.23. C).
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Figure 3.23. (A) UV-Vis spectra of the supernatants were obtained by centrifugation of
CHL incubated BSA NPs synthesized by BmimNTf,/TX-100/water system.

(B) CHL entrapment efficiencies and (C) drug loading capacities of BSA
NPs.

3.2.5.2. CHL Loading to BSA NPs Synthesized in
BmimNTf,/TX-100/Water system

BSA NPs were synthesized, and the obtained BSA NPs were incubated with CHL
(Part 2.3.4). Incubated BSA NPs were separated by centrifugation and were used for
assessment of unbound CHL quantity. Entrapment efficiencies and drug loading
capacities were calculated by the formula 1 and 2 in part 2.3.4. The calibration curve of

CHL and absorbance signal of supernatants (Figure 3.24. (A)) at 304 nm were used to

estimate the CHL amount in the supernatants.
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Entrapment efficiencies of BSA NPs were found as 5%, 51%, 74% and 76% for
the 1:2, 1:10, 1:15 and 1:25 of the BSA:CHL ratios (Figure 3.24.). Loading capacities
were found as 0.03% for 1:2 (BSA:CHL), 2.3% for 1:10, 5.2% for 1:15 and 8.4% for

1:25.
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Figure 3.24. UV-Vis spectra of the supernatants were obtained by centrifugation of CHL

incubated BSA NPs synthesized in BmimNTf,/TX-100/water system. (B)
CHL entrapment efficiencies and (C) drug loading capacities of BSA NPs.

The drug loading capacities and entrapment efficiencies of the BSA NPs

synthesized in four types of IL systems were schematized in figure 3.25. as a summary.
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Figure 3.25. Entrapment efficiencies (A) and drug loading capacities (B) of BSA NPs

which were synthesized in different IL systems (BmimBFa: black,

BmimPFs: red, BmimOTf{: green, and BmimNTf;: blue columns.) and

were obtained from BSA-CHL incubation (1:1, 1:2, 1:3, 1:4 BSA:CHL

mol ratio). Entrapment efficiencies (C) and drug loading capacities (D) of

BSA NPs incubation with CHL after synthesis (1:2, 1:10, 1:15, 1:25 are

BSA:CHL mol ratio).

3.3. Drug Releasing Experiments

3.3.1. Drug Releasing of BSA NPs

Drug release investigations were done as described in part 2.3.5. In the part of

drug loading 3.2, and the most efficient drug loading capacities were found at 1:25

(BSA:CHL) mol ratio of drug loaded BSA NPs after the synthesis. All drug releasing

experiments were conducted in the phosphate buffer medium and BSA NP trapped

dialysis tube. Firstly, drug loaded NP suspension was placed in a dialysis tube and, in the
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determined time periods, samples were taken from the PB and analyzed by UV-Vis
spectrometry. The released amounts were obtained from the calibration curve of

chlorambucil (Y=0.0251 +0.9789 x C, R?=0.9999).
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Figure 3.26. Cumulative percentages of CHL released from the BSA NPs which were
obtained in (A) BmimBF4/TX-100/water, (B) BmimPF¢/TX-100/water, (C)
BmimNTf/TX-100/water, and (D) BmimOT{f/TX-100/water systems in 0.1
M PB (pH=7.4, 37 °C) medium.

Cumulative releasing percentages of CHL, which were released from the BSA
NP, were investigated for 48 h. According to the time-dependent analysis of CHL
releasing from BmiBF4/TX-100/water sourced BSA NPs, in the first four hours, CHL was
released %15 of the total loaded drug very quickly. However, the drug release rate got
slower after that point, and at the end of the 48 h, 24% of the total loaded drug were
released (Figure 3.26. A). CHL loaded BSA NPs, which were obtained from
BmimPF¢/TX-100/water system, also showed a similar trend with BSA NPs from
BmimBF4/TX-100/water and released very quick in the first 4 hours (10%), at the end of
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the 48 h 12% of total CHL content was released (Figure 3.26. B). The other hydrophilic
IL BmimOTf based system BSA NPs released 21% of the loaded CHL content in the first
4 hours and 27% at the end of the 48 hours. The last IL system, BmimNTf; based
synthesized BSA NPs, released 5% of loaded CHL in the first 4 hours and 10% at the end
of the 48 hours.

Releasing trends of CHL in all BSA NP types, which were synthesized four
different kinds of ILs (BmimBFs, BmimPFs, BmimOT{, and BmimNTf) and TX-100,
exhibited similar kinetics. In the first 4 hours, CHL was released quickly, and releasing
rate went down after that.

In characteristics of ILs, a relatively higher amount of chlorambucil (20-25%) was
released from the hydrophilic ILs (BmimBF4 and BmimOTf) based BSA NP systems at
the end of 48 hours. On the other hand, CHL releasing percentages for hydrophobic ILs,
BmimPFs, and BmimNTf, were 10-12%, respectively.

The hydrophobic ILs (BmimBF; and BmimOTf) could not form exact
microemulsion cores. Nevertheless, the butyl groups of cations of Bmim" form micelle-
like structures.** These micelle-like structures enable the water pools to generate BSA
NPs.33373 On the other hand, hydrophobic ILs, BmimPFs, and BmimNTf,, form a
microemulsion system, and the water cores act as a nanoreactor to form BSA NPs.** As
a result of these two formation types, hydrophobic IL-based systems ensure a relatively
stable and strict form of BSA NPs than hydrophilic IL comparatively. Hydrophobic IL
systems contain higher amounts of surfactant (TX-100) to stabilize the W/IL region of
the microemulsion. The BSA NPs from those systems occur in hydrophobic
environments, and their surfaces were solidified by crosslinking under that hydrophilic-
lipophilic balance conditions. That could make the nanoparticles more hydrophobic. As
a hydrophobic drug, CHL, attached to the surface of BSA NP more strictly, and that
expected that releasing of CHL might be harder than the BSA NPs from the hydrophilic
IL based systems.

3.3.2. In vitro studies of CHL Loaded BSA NPs

Confocal microscopy was used to investigate the cellular uptake of BSA NPs,
which were synthesized in BmimBF4, BmimPFs, and BmimOTf based systems.

Fluorescein isothiocyanate (FITC) labeled BSA was used to obtain fluorescence active



BSA NPs without change synthesis methods. 0.1 mg/mL FITC-BSA NPs and Huh7 cells
(Human hepatoma carcinoma cell line) were incubated for 4 hours and 24 hours for

BmimPF¢ based system, as described in part 2.3.7. In figure 3.27., confocal microscopy

images show that the enclosed FITC-BSA NPs into the cells.

Figure 3.27. Huh7 cells which were incubated FITC-BSA NPs obtained in (A)
BmimOTf, (B) BmimBF4, (C) BmimPF¢ for 4 hours and (D) 24 hours
incubated FITC-BSA NPs from BmimPF¢ based system. The cell
membranes were stained by Dil (red), and the nuclei were stained by

DAPI (blue) (Scale bar is 20 pm).
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FITC-BSA NPs (green colors on images) obtained from the BmimOT{ system in
figure 3.27. (A) were exhibited the most efficiently enclosed nanoparticles depending on
confocal microscopy analysis. The BSA NPs located intracellular close to the nuclei in
four hours. FITC-BSA NPs obtained from BmimBF4 based system were also endocytosed
by the cells, but still dispersed nanoparticles could be seen in the cell medium in figure
3.27. (B). FITC-BSA NPs from BmimPFs based system were inadequately enclosed in
four hours (Figure3.27. (C)). However, the particles were predominantly enclosed in 24
hours of incubation (figure3.27. (D)). Four different types of cell line, MCF7 (human
breast cancer cell line), MeWo (Granular fibroblast, human melanoma cell line), Huh-7
(Human hepatoma carcinoma cell line), Hep3B (Human hepatoma cell lines), were used
to investigate the effects of CHL loaded BSA NPs which were synthesized in different
types of IL-surfactant systems on the cellular viability.

The CHL responses of the cells were also investigated. To understand the effect
of CHL on viabilities of the cells, CHL in DMSO solutions was prepared and was added
to the cell medium to obtain CHL content up to 320 uM in final concentration (Because
of the limited solution of CHL in water 1% DMSO (v/v) were kept constant for each
concentration). The procedure was explained in detail in part 2.3.6.

The concentration effects of bare CHL on cell viabilities are shown in figure 3.28.
Until 160 uM CHL, no significant necrosis effect of CHL was observed on viabilities.
However, Hep3B viability decreased to 50% in the existence of 320 uM CHL showed the
most dramatic necrosis rate at that concentration. Consequently, the T-test showed the
decrease in cell viability of the Huh-7 cell line at 320 uM CHL as a non-significant.
Additionally, the decreased viability of the MCF7 cell line at 160 uM CHL (to 90%) was
proved significant by the T-test and showed the most sensitive response to CHL in each
concentration. Therefore, Hep3B and MCF7 cell lines were used to investigate CHL-
loaded BSA NP effects.

The BSA NPs, synthesized from BmimPF¢TX-100/water system and
BmimOT{/TX-100/water system, were chosen to investigate the effects of CHL loaded
BSA NPs. However, because of the known toxic effects of BSA NPs from the
BmimBF4/TX-100/water system and the relatively larger aggregated particles of BSA
NPs from the BmimNTf,/TX-100/water system, these BSA NPs were not used in cellular
viability tests.
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Figure 3.28. Cell viabilities of incubated cell lines of MCF7 (black), MeWO (red), Huh-
7 (blue) and Hep3B (pink) with 10, 20, 40, 80, 160 and 320 uM CHL
(n=3).

CHL loaded and pure BSA NPs, synthesized in BmimPF¢/TX-100/water system,
were investigated to define their effects on cell viabilities of the MCF7 cell line at the end
of 48 hours and the results were shown in figure 3.29. (B). The pure BSA NPs decreased
the viabilities to 85-90% in 0.125, 1.25, and 0.50 mg/mL doses in cell medium. Cell
viabilities were decreased to 60% in the existence of CHL-loaded BSA NPs. Even though
T-tests did not demonstrate a statistical difference for 0.125 and 0.25 mg/mL CHL loaded
BSA NPs, 0.50 mg/mL dose of CHL loaded BSA NPs indicated a significant difference
over CHL free, pure BSA NPs.

CHL-loaded and pure BSA NPs, synthesized by BmimOT{/TX-100/water system,
were examined for their effects on MCF7 cell viabilities of cell line at the end of 48 hours
shown in figure 3.29. A. The pure BSA NPs decreased the viability to 70-80% in each
dose in the cell medium. Cell viabilities decreased to 40% in the existence of CHL-loaded
BSA NPs. Each dose (0.125, 0.25, and 0.50 g/mL) of CHL-loaded BSA NPs
demonstrated a significant effect on MCF7 cell viability against the pure BSA NPs.
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Figure 3.29. The effects of pure BSA NPs and CHL-loaded BSA NPs synthesized in
(A) BmimPFe/TX-100/water and BmimOT{/TX-100/water on MCF7

cancer cell line viability (n=3) (n.s.: not significant).

The Hep3B cell viability effects of CHL-loaded and pure BSA NPs, synthesized
in the BmimPFs/TX-100/water and the BmimOT{/TX-100/water systems, were shown in
figure 3.30. (A) and (B). The pure and CHL-loaded BSA NPs from BmimOT{/TX-
100/water system did not indicate a significant difference in studied 0.125, 0.25 mg/mL
doses. In contrast, 0.50 mg/mL dose of CHL-loaded BSA NPs demonstrated a notable
effect on viability against pure BSA NPs. While pure BSA NPs decreased the viability to
60%, CHL-loaded particles decreased the viability to 40%. On the other hand, pure and
CHL-loaded BSA NPs from BmimPFs/TX-100/water system did not significantly affect
Hep3B cell viability. In each condition, the cell viabilities decreased to 80%.

50



A

BSA NP (BmimOTf/TX-100 System) Il BSA NP (BmimPF¢/TX-100 System)

[ CHL Loaded BSA NP (BmimOT£/TX-100 System) I CHL Loaded BSA NP (BmimPF¢/TX-100 System)
n.s.

n.s. n.s. mM

00-

~ { —~ 100+

£ 2"

£ | £ 80+

3 S

‘< 60+ =

= s 604

S 404 S 40-

0 J 1)

[3a] (sa) .

&»‘:‘ 204 E 204

0 0

0.125 0.25 0.50 BSANP dose (mg/mL) 0.125 0.25 0.50 BSANP dose (mg/mL)
325 65 130 CHL Concentration (uM) 325 65 130 CHL Concentration (uM)

Figure 3.30. The effects of pure BSA NPs and CHL loaded BSA NPs, which were
synthesized by (A) BmimPF¢/Tween  20/water and (B)
BmimOT{/TX-100/water, on Hep3B cancer cell line viability (n=3) (n.s.:

not significant).

Due to the low solubility of CHL in water, it is difficult to cellular penetration,
which causes cell death in molecular form. Figure 3.28. showed that the free CHL did not
remarkably affect cancer cell viabilities in lower doses. However, MCF7 cancer cells
were more sensitive to the CHL than other cell lines. Furthermore, the maximum cell
death was observed on Hep3B at 320 uM CHL dose. Therefore, investigations were
conducted on MCF7 and Hep3B cell lines. In each case, delivering the drug (CHL) by
BSA NPs instead of pure CHL demonstrated better performance on the death of cancer
cells.

The CHL-loaded BSA NPs of the BmimOT{/TX-100/water system indicated
higher toxicity than BSA NPs of BmimPF¢/TX-100/water system for both cancer cell
lines. While the performance of CHL loaded BSA NPs from BmimOT{/TX-100/water
system submitted success for all studied doses for MCF7 cells, only 0.50 mg/mL dose
succeeded for Hep3b cell lines. The results of cell viability investigations of BSA NPs of
the BmimPF¢/TX-100/water system show that the BSA NPs effective only on the MCF7
cell line at 0.5 mg/L dose. Therefore, the performance of the CHL-loaded BSA NPs of
the BmimOT{f/TX-100/water system makes them a better candidate for drug delivery.

The drug-releasing trend (Figure 3.26.) might be the reason for the better
performance of CHL-Loaded BSA NPs of BmimOT{/TX-100/water system in cellular

investigations. Higher cell death ratios could cause by the higher amount of released CHL
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on that NPs. Despite that, CHL-loaded BSA NPs, synthesized in BmimPF¢/TX-100/water
system, released the CHL slower and in smaller quantities. These results explain that the
BSA NP of the BmimPFs/TX-100/water system does not significantly affect cell

viabilities.
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CHAPTER 4

CONCLUSION

Besides the known synthesis ways of BSA NPs, BSA NPs were synthesized and
optimized in ionic liquid microemulsion systems. Depending on the surfactant-ionic
liquid balance, nanoparticles could be obtained in different size distributions and
morphology. In addition, the type of the ionic liquid also modifies the properties of the
synthesized nanoparticles. In this study, ILs including different types of anions with a
common cation, Bmim", were used to understand their pharmacokinetic potentials on the
synthesis of BSA nanoparticles. The type of the used anions of ILs determined the drug
loading capacities and releasing dynamics of particles. The water cores of the
microemulsion were used as a reactor. The stability of these nanocores affects the size
distribution of nanoparticles, which has a crucial role in drug delivery systems. Altering
BmimNT{/TX-100 ratios systematically from 5:90 to 45:50 wt.% in constant 5 wt.%
water content decreased the obtained NP size distributions. On the other hand, changing
BmimNTf,/Tween 20 ratios from 5:90 to 55:40 wt.% increased the average size of formed
BSA NPs with a broader distribution. By changing the weight ratios of I[L/surfactant, BSA
NPs of average 200-250 nm with a size distribution between 60-400 nm were obtained.

The common pharmaceuticals face some physical and chemical difficulties, such
as solubility, diffusibility, non-selective distribution, in every treatment field. This study
showed that within the proper parameters, desired size and morphology, adjustable
toxicity, and effective drug carriers could be fabricated by using IL-based synthesis
methods. Approximately 8-6% CHL loading capacities were found for BSA NPs obtained
from BmimBF4, BmimPFs, BmimNTf, and BmimOTf based systems without significant
difference. While 20-25% of loaded CHL released from BSA NPs of hydrophilic
BmimOT{f and BmimBF, based systems, 10-12% CHL released from BSA NPs obtained
from hydrophobic BmimNTf; and BmimPFs based systems.

BSA NPs from the BmimOTf system exhibited enhanced cellular uptake
performance over BSA NPs from BmimPFs and BmimBFs. In four hours BSA NPs
obtained from BmimOTf system, NPs dominantly penetrated the cell membranes and

located close to the nuclei of the Huh7 cells. Agile drug releasing trend and cellular uptake
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ability of BSA NPs from the BmimOTf system may be reason of the improved
cytotoxicity effect on MCF7 and Hep3b cancer cell lines. Although free CHL decreased
the cell viability to ~90%, the same dose CHL loaded BSA NPs from the BmimOTf
system decreased the MCF7 cell viability to ~60% and Hep3b cell viability to ~40% in
0.5 mg/mL BSA NPs concentration.
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