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CHAPTER |
INTRODUCTION

1.1 Hybrid nanomaterial

Hybrid materials represent one of the most fabulous developments in
materials chemistry because they offer diverse combinations of various distinct
features in one single material. Their uniqueness has initiated an explosion ideas about
potential material and applications. The definition of the hybrid materials is that
inorganic components are bonded to organic moieties. The bond can be of various
types of interaction such as covalent, coordinative, ionic, H-bonding and van-der Waals
interactions (Figure 1.1). Therefore, the organic-inorganic hybrid nanomaterials basically
compose two functional building blocks, the inorganic part provided as the
architecture of the materials, and the organic part connecting special functionalities to

the whole materials..[1].
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Figure 1.1 Interactions of organic applied in hybrid materials.



1.2 Literature review of hybrid nanomaterial for drug delivery

In 2009, Zhao et al.[2] studied the glucose - triggered controlled release of
insulin and cyclic adenosine monophosphate using hybrid mesoporous silica
nanoparticles as the carrier. In the experiment, the labeled gluconic acid - modified
insulin proteins were decorated on the external surface of the silica particles while the
cyclic adenosine monophosphate was absorbed into the mesopores. The results
revealed that the loaded particles released both the gluconic acid and the cyclic
adenosine monophosphate out of the mesoporous hosts through the introduction of
monosaccharides such as glucose. In addition, the stimulation by the incorporation of
glucose was found to enhance the efficiency of the insulin secretion from the

pancreatic cells.

In 2012, Zhao et al.[3] succeeded in synthesizing the alginate/CaCO; hybrid
nanoparticles through the coprecipitation method in order to deliver the plasmid gene
(p53 plasmid) and the active drug (doxorubicin hydrochloride) to the Hela cells. The
particles exhibited high encapsulation efficiency of both drugs and plasmid. As the
result, the co-loaded particles showed the highest inhibition of Hela cell growth of
80%. The co-delivery of plasmid and drug showed higher cell growth inhibition activity

than the delivery of plasmid and drug alone using the same system.

In 2013, Chen et al.[4] fabricated the ultrafine 10 — 30 nm silver/polymer
(PDMAA) hybrid nanoparticles as an antibacterial agent by two synthesis routes,
template and in-situ formation methods. Both preparation methods were proved
successful in synthesizing the Ag/PDMAA hybrid nanoparticles. In particular, the in-situ
formation method was developed to be used in large - scale processes and to reduce
the uncontrollable factor including self-seeding nucleation of free Ag” in the solution
from the template of synthesis route. The results demonstrated that the in-situ
formation method yielded the nanoparticles of the similar size as those prepared via
the template route. Moreover, the method was convenient route to gather the
Ag/PDMAA  hybrid nanoparticles. The product showed the high antibacterial

performance.



1.3. The global statistic of cancer disease

Cancer is one of the major causes of death worldwide and it is rapidly becoming
a global problem. The geographical distribution of cancer, which is categorized by
organs inflicted, around the world is demonstrated below (Figure1.2). Generally, the
most influential risk factors of cancer include age, genetic mutants (chemicals, heredity,

irradiation etc.) drugs and alcoholism.

Males
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B Esophagus B Non-Hodgxin lymphoma No data

Figure 1.2 The distribution of common cancer around the world in male

Normally, the activity of anticancer agents depends on how the agents enter
the cancer cells. In certain pathways, the agents taken up are trapped in endosomes.
The agents are destroyed by acid and enzyme inside the endosome. As a result, the
efficiency of the anticancer agents is low. In order to avoid this situation and improve
the efficiency, one must strategize the scheme to provide the agents the escape route
from the entrapment in the endosome. The followings are a copious amount of

publications concerning this problem in drug delivery system.



1.4 Literature of application drug delivery system of cancer drugs

In 2007, Duan et al. [5] developed the cell-penetrating quantum dots (QDs)
with the features of multivalents and endosome-disrupting surface coating
(polyethlyeneimine). The quantum dots, which exhibited the luminescent property
and adopted the core — shell structure, were then encapsulated by hyper branched
copolymer ligand of polyethylene glycol (PEG) and polyethylenimine (PEI) through the
ligand exchange mechanism. The result displayed the high efficiency of cellular uptake
of polyethyleneimine - grafted polyethylene glycol (MW 14,100) quantum dots due to
the ability of the particles to escape from the endosome. The size of quantum dots

was reported around 21.8 nm.

In 2013, Lee et al.[6] developed the endo - lysosomal environmentally -
responsive photodynamic nanocarriers, encapsulating with the hydrophoblic drug
paclitaxel and the photosensitizer—-mediated ELB disruption feature for effective cancer
therapy. The self-assembled particles were formed by the interaction between
photosensitizer and the polypeptide amphiphilic copolymer (methoxy polyethylene
glycol-block-poly (B—benzyl—L—aspartic acid). The morphological characterisation
displayed the spherical shape with the size of around 100 nm. Furthermore, the
cellular uptake study revealed that these particles were capable of breaking through
the endosomal entrapment. Upon laser irradiation, the photosensitizer absorbed the
energy from the radiation to degrade the lipid membrane of endosome by lipid
oxidation, which implied the instability of the endosomal compartment when exposed
to the chemicals. Therefore, the role of the photosensitizer in the particles was to
enhance anticancer activity when combined with the cancer drug in Hela cell lines

and drug -resistant HCT-8 cell lines.

In 2013, Sankaranarayanan et al.[7] prepared the logic gate nanoparticles with
the aid of a newly synthesized random co-polymer platform. The polymeric
nanoparticles contained pH - responsive moieties and the B—aminoester backbone
moiety to provide the pH - triggered solubility. The study showed that the particles
were able to encapsulate the small hydrophobic drugs and proteins. When the pH of

the solution decreased and reached the endosomal level (pH=5), the particles



underwent the dramatic degradation because of fast hydrolysis reaction.
Consequently, this phenomenon led to the increase in the osmotic pressure inside the

endosome and the eventual release of the encapsulated chemicals to the cytoplasm.

In 2014, Wang et al. [8] was able to synthesize the pH-responsive polymeric
nanocarriers of the derivatives of uronic acid (pH responsive moieties)/cholesterol
succinate (hydrophobic moieties)-grafted pullulan. It was found that the particle
morphology was spherical and the average size was approximately 150 nm. Under
mildly acidic conditions at around 6.5, the particles were degraded and they
subsequently released the anticancer drug, doxorubicin. In addition, the cellular
uptake study investigated by the confocal microscopy demonstrated successful entry
of the particles into to the cells and the MTT assay also revealed the enhancement

of anticancer activity of the doxorubicin-encapsulating particles against MCF-7 cells.
1.5. Endocytosis pathway
1.5. Endocytosis pathway

Endocytosis [9] is the basic cellular uptake mechanism takes place at the cell
membrane. The important character of endocytic pathway is the distinct membrane
compartment that internalizes molecules from plasma membrane (early endosome).
These compartments (endosomes) can then mature into late endosomes and
lysosomes which increasing acidity and increasing presence of enzymes to degrade the

internalized materials.

Early endosome [10] is the first state of endocytic pathway. Early endosome
are frequently in the periphery of cell, and receive the most types of vesicles coming

from the cell surface. Approximate pH of early endosome is 6.5.

Late endosomes [11] can mature into lysosomes. Late endosome are usually
generated from early endosomes in endocytotic pathway, and phagosomes in the
phagocytic pathway. Late endosome compose many membrane vesicles and
characteristic proteins of lysosomes, including lysosomal membrane glycoproteins and

acid hydrolase. Approximate pH of late endosome is 5.5.



Lysosomes [12] are the last compartment of the endocytic pathway. They are
acidic part in the cell (approximately pH of 4.8). They are commonly considered as the
important hydrolytic compartment of the cell. They have the high concentration of
lysosomal membrane proteins and active lysosomal hydrolases. Lysosomes also use
more than 40 types of the hydrolytic enzymes from endoplasmic reticulum and Golgi

apparatus to degrade the internalized materials.
1.6 Zinc oxide nanoparticles

Zinc oxide is a white powder, water insoluble inorganic metal oxide, it has long
been industrially used by numerous manufacturers including. In the health care
industry; zinc oxide was added into the health care products to absorb UV radiation in
the range from UVA (400-320 nm) to UVB (320-290 nm). In addition, the material has
been declared non-toxic by FDA and is allowed to be used as a food and cosmetic
additive. Apart from that, zinc oxide is also widely used in the electronic industry as
the LED and the photocatalyst because of the wide direct band gap (3.37 eV or 375
nm at the room temperature) and large excitation energy (60 meV).

1.6.1 Crystal Structure of Zinc Oxide

The most stable structure of zinc oxide is the wurzite phase in which each
oxygen atom is surrounded by four zinc atoms in the tetrahedral environment as
shown in Figure 1.3. The physical properties of zinc oxide can be summarized in

Table 1.1.

Figure 1.3 Crystal structure of zinc oxide

(http://www.edn.com/Home/PrintView?contentltemld=4391796)


http://www.edn.com/Home/PrintView?contentItemId=4391796

Tablel.1 Physical properties of ZnO

Properties Zn0O

Lattic parameters at 300 K

- ap(nm) 0.32495

- co(nm 0.52069

-Co/ag 1.602(1.633)
Density (g/cm?) 5.606
Stable phase at 300 K Wurzite
Melting point (°C) 1975
Thermal conductivity (Wem™C™) 0.6,1-1.2

Linear expansion coefficient(°C)

ap: 6.5cm’ x 10

Co:3.0cm’ x 10

Static dielectric constant 8.656
Refractive index 2.008
Band gap (RT) 3.370 eV
Band gap (4K) 3.437 eV
Excitation binding energy (meV) 60
Electron effective mass 0.24
Electron Hall mobility at 300K 200
(cm?/Vs)

Hole effective mass 0.59
Hole hall mobility at 300 K (cm?/Vs) 5-50




1.6.2. Type of zinc oxide synthesis

Many publications were reported about the various kinds of routes of
zinc oxide synthesis such as mechanochemicals [13, 14], precipitation [15-17], sol-gel
method [18, 19], microemulsion method [19] and hydro/solvothermal methods [20,
21].

1.6.3 Hydro/Solvothermal synthesis

The hydro/solvothermal synthesis is a method that is employed to
prepare a number of metal oxides. For example, Fe,0s, Cu,O, and TiO, etc. In general,
this environmentally — friendly method often produces highly — crystalline and high —
purity products under the typical synthesis temperature ranging from 100 to 300 °C.
Normally, the mechanism of zinc oxide formation comprises two steps. The first step
involves the formation of hydroxide species (Figure 1.4A). The second step deals with

the dehydration of water to form oxide particles. (Figure 1.4B) [19].
ZnCl, + 2NaOH = Zn(OH), + 2NaCl (A)
Zn(OH), = ZnO + H,0 (B)

Figure 1.4 The equation display the zinc oxide formation.

1.6.4. Solubility of zinc oxide in acid solution

Normally, zinc oxide is insoluble in water (pH=7) and various organic
solvents. Zinc oxide is soluble in acid solution (pH of solution of lower than 4). The
solvation of zinc oxide nanoparticles in acid solution is described as that zinc oxide
can react with acid such as hydrochloric acid or sulfuric acid. The zinc ions in the
system can form complex with anion species (Cl"and SO4*) from the acid. The product

is the water soluble compounds (ZnCl, and ZnSQ,) [22, 23].
ZnO + HCl = ZnCl, +H,0 (A)
Zn0O + H,50,~ ZnSO, + H,O (B)

Figure 1.5 The equation display the zinc oxide react with acid.



1.7. Application of zinc oxide in drug delivery.

In 2010, Barick et al. [24] was successful in preparing 100 - 300 nm mesoporous
self-assembled zinc oxide nanoparticles using smaller 20 - 30 nm zinc oxide
nanoparticles as a precursor. The obtained particles were loaded with doxorubicin
anticancer drug and displayed the percentage of loading capability at 80% w/w. In
addition, the cytotoxicity of the doxorubicin — loaded nanoparticles have the inhibitory

effect on the cancer cell growth in HelLa cell lines.

In 2011, Muhammad et al. [25] was able to fabricate the well dispersed zinc
oxide nanoparticles with the average particle size of 3 nm in aqueous solution by the
ligand exchange method. This technique ensured the attachment of the amino group
(-NH,) on the surface of zinc oxide particles. In the experiment, the particles were
modified by folic acid as a targeting compound and the encapsulation of doxorubicin.
The observation indicated the better efficiency of the folic acid—-modified nanoparticles

over the non-modified counterpart.

In 2013, Zhang et al. [26] successfully prepared the zinc oxide hybrid
nanoparticles using the non-toxic polymer polyacrylamide as a protective shell
covering ZnO quantum dots (QDs). In vitro studies showed that after the
polyacrylamide had been degraded, the ZnO QD core rapidly responded to low pH
and was triggered to release DOX to destroy glioblastoma cells effectively

1.8. Anti-tumor activity of Znions in cancer cells

In 2002, Uzzo et al.[27] reported the potential of anticancer of zinc ions in PC-

3 cell line through inhibition of NF- KB. Zinc ions reduce the expression of c-JAP2 gene.

In 2013, Yanf et al.[28] reported the mechanism of program of cancer cell death
through apoptosis mechanism by zinc ions induction. The role of zinc ions have
influence on the level of Smad2 and PIA2 proteins in cytoplasm are increased. The
formation of Smad4/Smad2/PIAST architecture also is increased by the high of contents
Smad2 and PIA2 proteins. The Smad4/Smad2/PIAS1 complex displays strong interacted

at SBE1 and SBE3 region of p21""“Ploromotor. Since, the interaction of
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Smadd/Smad2/PIAS1 complex with p21"A"“P! s increased expression of p21 gene and

induction the cancer cell death by apoptosis.
1.9 Synergistic effect between zinc and tea polyphenol

In 2008, Sun et al. [29] conducted the study on the inhibition of cancer cell
growth in PC-3 cell lines and it was found that the zinc ion — EGCG hybrid particles
displayed the more pronounced synergistic effect of the anticancer activity with PC-3

cell lines than either EGCG or zinc ions alone.

In 2009, Yang et al. [30] reported that the Zn ion combined with EGCG could
stimulate the production of cytochrome C from mitochondria to cytosol for the
activation of caspase-9 enzyme. In addition, zinc ions could enhance the interaction

between mitochondria and EGCG in PC-3.
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1.10 Objective and scope of work

Objective

To synthesize the zinc oxide hybrid nanoparticles using 3 natural compounds

(tea polyphenols extract, curcumin and Ol-mangostin) as shape controller, through

hydrothermal synthesis.

Scope

The goal of this research can be concluded as follow:

1.

Synthesis of the zinc oxide hybrid nanoparticles from natural substances
including tea polyphenol extract (TP), curcumin (CM) and Ol-mangostin (MG)
through hydro/solvothermal synthesis.

Characterization of TP-ZnO, CM-ZnO and MG-ZnO hybrid nanoparticles.
Evaluation of the loading capacity of the anticancer drug on TP-ZnO.
Cytotoxic study of the TP-ZnO nanoparticles particles and the anticancer
drug-loaded particles in PC-3 cell line.

Cellular uptake study of TP-ZnO loaded nanoparticles.



CHAPTER Il
EXPERIMENTAL

2.1 Materials and Chemicals

Solvent used in extraction of tea extracts was purchased from RCl Labscan
(Bangkok, Thailand). Xanthone powder (£95% purity) extract was supplied by
Welltechnology Company (Bangkok, Thailand). Curcumin was purchased from Acros
Organic Company (Geel, Belgium) and, Oonlong tea leaves were purchased from Boon
Rawd Farm, Chiang Rai, Thailand. Zinc chloride salts for analysis, triethlylamine reagent
for synthesis, were supplied from Merck KGaA (Darmstadt, Geramany). Paclitaxel,
doxorubicin hydrochloride, caffeine, zinc oxide nanoparticles (size < 100 nm) were
purchased from Sigma-Aldrich ChemieGmbH (Steinheim, Germany). Epigallocatechin-3-
gallate, gallic acid, epicatechin were purchased from Chemieliva Pharmaceutical and

Chemical Company (Choqgjing, China).

UV-Visible absorption spectrum was taken at 190-800 nm using UV-Visible
spectrometer (OPTIZEN POP QX model, Korea) measuring in a quartz cell of 1 cm
pathlength. Infrared spectrum was obtained on germanium reflection element using a
Nicolet 6700 ATR-FT-IR spectrometer (Thermo Electron Corporation, Madison, WI, USA).
Fluorescent images were acquired on Confocal Laser Scanning Microscope (Fluoview,
FV10i-LIV, Tokyo, Japan). Size of particles was performed through scanning election
microscope (JEOL, JSM-7610, Tokyo, Japan) and transmission electron microscope
(JEOL JEM-2100, Tokyo, Japan). Functional group on the surface of particles was
worked on x-ray photoelectron spectroscopy (AXIS-ULTRA DLD, Shimadzu/Kratos,
Tokyo, Japan). Thermal analysis of particles was required thermo gravimetric analysis
(Netzsch STA 449 F1, Geramany) and differential calorimetric analysis (Netzsch DSC 204
Phoenix, Germany). The crystallinity of particles was determined by the x-ray diffraction

spectroscopic technique (Rigaku D/MAX-2200 Ultima-plus, Tokyo, Japan).
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2.1.1 Media culture and chemical reagent for cell culture and treatment

Ham's F-12 Medium, fetal bovine serum, 100 mM sodium pyruvate, and
HEPES (4-(2-hydroxyethyl)-1-piperazineethane sulfuric acid) (free acid 1 M solution
(238.3 ¢/1)) were obtained from Hyclone (Utah, USA). Antibiotic-antimytotic solution
were purchased from GIBCO BRL, Life Technologies Inc., NY, USA. 3-(4,5-Dimethyl-2-
thiazolyl)-2,5-diphenyl-2-tetrazolium bromide or MTT was purchased from Sigma-
Aldrich Chemical Co., St. Louis, MO, USA.

2.2 Preparation of tea polyphenol extract

Dried Oolong tea leaves (26 grams) were stirred with 300 ml of methanol at 55
°C. After 3 h, the mixture was cooled, filtered and evaporated under the reduced
pressure at 50 °C. The crude methanol extract was partitioned by shaking in separation
funnel with dichloromethane: methanol: water at the ratio 3:1:0.2 (v/v). The methanol
layer was evaporated under low pressure at 55 °C using rotary evaporator to obtain

tea polyphenol extract(5.04g).

Oolong tea leaves + methanol

Methanol layer Residue

Partition with dichloromethane

Metanol/water layer Dichloromethane layer

L Tea polyphenol extract (TP)

2.2.1 Quantification of each component in tea polyphenol extract by

HPLC (High Performance Liquid Chromatography)

The crude methanol extract was analyzed by reverse phase high

performance liquid chromatographic system (Water 1525 binary HPLC pump) coupled
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to an UV-visible light detector (Water 2489). The column of this experiment was C18
reverse phase column (100 x 4.6 mm i.d.), packed with Hypersil C18 (Thermo Fisher
Inc, Watham, Massachusetts, USA). The flow rate was set up at 0.7 ml/min and UV-
detector was performed at 270 nm. Injection volume was 22 ul. Sample was dissolved
in acetronitrile. The mobile phase composed the solution of formic acid 0.1% in Milli
Q water (Solvent A) and acetronitrile (Solvent B). The gradient elution started at 95%
solvent A and 5 % solvent B. Then, the content of solvent B was increased linearly to
15% within 14 min and maintained for 11 min. After that, the percentage of solvent B
was increased to 35% within 28 min, and to 85% within 12 min. At the end, the column
was re-equilibrated back to solvent B (95%) for 15 min before the next injection.

Analysis was carried out in triplicate.
2.2.2. Calibration curve

The method development was concentrated on establishing the linear
calibration curve for four components. The each standard solution containing gallic
acid (30 - 70 pg/ml), caffeine (150-800 pg/ml), epigallocatechin-3-gallate (120-500
ug/ml) and epicatechin-3-gallate (40-120 ug/ml) was prepared in acetronitrile.

2.3 Synthesis of tea polyphenol-zinc oxide nanoparticles (TP-ZnO)

Zinc chloride (873 mg) and tea polyphenol extract (27mg) were dissolved in
deionized water (50 mL), under vigorous stirring. Then, 1.25 M of sodium hydroxide
solution was slowly dropwised for adjusting pH of solution to 7.3. The mixture was
refluxed at 100 °C for 3 h. The solution was cooled and placed at the ambient
temperature for 3 days. The mixture was centrifuged (15000 rpm for 15 min), the
product was gathered and washed by deionized water. Finally, the pale yellow product

was redispersed and subjected to further characterization.
2.3.1 Optimization on the amount of tea polyphenol used

To study the effect from amount of tea polyphenol on the shape of
the obtained TP-zinc oxide nanoparticles, various amounts TP were studied (Table

2.1.).
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Table2.1 Weight ratio between tea polyphenol and zinc chloride.

Sample | Tea polyphenol (mg) Zinc chloride salts(mg) | Ratio TP:ZnCl,
1 9.25 873 1:95
2 18.5 873 1:47
3 27 873 1:32
a4 436.5 873 1:2
5 670 223 3:1
6 873 27 32:1

2.4 Synthesis of Curcumin-zinc oxide nanoparticles (CM-ZnO) and Ol-mangostin

-zinc oxide nanoparticles (MG-ZnO)

Zinc chloride (873 mg) and curcumin (27 mg) were dissolved in mixture of 50%
ethanol in deionized water under vigorous stirring. Then, triethylamine base was slowly
dropped into the mixture to adjust the pH of the mixture solution to 7.3. The mixture
was refluxed at 100 °C for 3 h. The solution was cooled and kept at the ambient
temperature for 3 days. The mixture was centrifuged (15000 rpm for 15 min), the
product (CM-ZnO) was gathered and washed by ethanol and deionized water. Finally,

the pale yellow product was redispersed and subjected to further characterization.

The Q-mangostin-zinc oxide nanoparticles (MG-ZnO) were synthesized similarly

except that curcumin was replaced with Ol-mangostin.
2.5 Loading of drugs on TP-ZnO nanoparticles

The doxorubicin and paclitaxel as two drugs were selected as model drug in

this experiment.

The TP-ZnO particles (2000 pg/ml) were blended with doxorubicin (200 pg/ml)
in water (total volume 1000 ul) and kept in dark for 24 h at room temperature. The
mixture was centrifuged (13500 rpm, 10 min). The percentage of encapsulation
efficiency eq. (1) and loading capacity eq. (2) was determined amount of unloaded
drug through supernatant by UV-Visible spectroscopy at maximum absorption

wavelength 230 nm by calibration curve of drus.
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Weight of Dox found in paritcles

%Encapsulation ef ficiency = X 100 eq.(1)

Weight of Initially used

Weight of Dox found in paritcles

%Loading = X 100 eq.(2)

Weight of Dox—loaded particles
The paclitaxel loading onto TP-ZnO was performed similarly except that

solution of doxorubicin in water replaced with 40% of ethanolic aqueous solution.
2.6 In Vitro antitumor assay

Paclitaxel loaded TP-ZnO, Doxorubicin loaded TP-ZnO, unloaded TP-ZnO, ZnO
nanoparticles, unloaded paclitaxel in 40% ethanol and doxorubicin were test with PC-

3 cells.
2.6.1 Cell culture

PC-3 human prostatic adenocarcinoma cell lines was obtained from
American Type Culture Collection (ATCC, RockVille, MD, USA). The PC-3 cells was
treated in F-12k Medium supplemented with 10% (v/v) fetal bovine serum and 100
U/ml penicillin, 100pg/ml streptomycin and 125 ng/ml amphotericin B, at 37 °C in
humidified atmosphere of 5% CO..

2.6.2 Cell viability assay

Cell viability was calculated by MTT assay with some modification.
Briefly, cell suspensions in completed medium were seeded at 1x10* cells in 96-well
plates (100pl/well) and incubated at 37 °C in humidified atmosphere of 5% CO,. After
24 h, additional medium (100ul) containing sample was added to each well, followed
by further incubation for 72 h. Then, the wells were replaced and incubated with fresh
medium containing of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT reagent) 0.5 mg/ml for 2 h at 37 °C. Finally, the media were removed and 100 pl
of DMSO was added to each well. The absorbance was measured at 550 nm in
microplate reader. Usually, the MTT reagent is yellow color with the maximum
absorption wavelength of 650 nm. The incubation of MTT with metabolically active
cells, MTT will be reduced into insoluble purple formazan dye crystals which absorbs

the light at 550 nm. The number of viable cells can be determined from the difference
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of absorbance at 550 nm. The experiments were performed in triplicate. The results

were reported as percent of viability.
2.7 Cellular uptake of loaded DOX-TP-ZnO

The uptake of DOX-TP-ZnO was investicated on PC-3 human prostatic
adenocarcinoma cells. The PC-3 cells were grown in F-12k medium, 10% (v/v) fetal
bovine serum and 100 U/ml penicillin, 100pg/ml streptomycin and 125 ng/ml
amphotericin B at 37°C in humidified atmosphere of 5% CO,.

The PC-3 cells (8x10* cell) were seeded into 8-well plate (Lab-Tek Il Chambered
Coverglass, SNUNC, NY, USA) in 200 pl/well with media culture and allowed to adhere
overnight. The 20 pl (2 ul/10,000 cell) of early endosome RFP (Molecular probes, Life
technologies, USA) were treated with PC-3 cell (8x10* cells/well) and incubation at 37
°C, 5% CO, for 16 h. Then, 75 ul of 2 uM of lysotracker deep red in 0.1 mM phosphate
buffer saline (Molecular probes, Life technologies, USA) and 3 ul of 30 uM zinquin ester
(Sigma-Aldrich Chemical Co., St. Louis, MO, USA.) solution in DMSO (as zinc ion tracking
agent) were added to each wells and incubation for 20 min. After that, cells were
treated with DOX-TP-ZnO (100 pl, 1000 ppm), and incubated at 37 °C in a CO, incubator
and monitored under confocal fluorescence microscope (Olympus, Fluoview, FV10i-
LIV). The excitation of zinquin, doxorubin, early endosome RFP and lysotracker deep
red were performed with laser 405, 473, 559, 635 nm, and emission spectra were
collected using the wavelength range on 450, 570, 584, and 658 nm, respectively. The
image data were analyzed through FV10-ASW software. Image indicating locations of

DOX-TP-ZnO was then constructed using the obtained resolved signal.



CHAPTER IlI
RESULTS AND DISCUSSION

The aim of this work is to synthesize tea polyphenol-zinc oxide hybrid
nanoparticles (TP-ZnO) as a carrier to deliver anti-cancer drug into PC-3 cancer cell
line. This work also illustrated hybrid zinc oxide nanoparticle platform with another

natural compounds, e.g., curcumin (CM-Zn0O) and Ol-mangostin (MG-ZnO).

Therefore, the work includes the preparation of TP-ZnO, CM-ZnO and MG-ZnO
hybrid nanoparticles, and cytotocixity evaluation and cellular uptake studies of the

obtained particles.

The work started with the extraction of tea polyphenol from the tea leaves.

The work, thus involves also the characterization of the obtained extract.

3.1 Quantification of each component in tea polyphenol extract by HPLC (High
Performance Liquid Chromatography)

The extraction of tea leaves gave us 3.375 g of the extract from 15 ¢ of dry tea
leaves. The HPLC analysis was used for the quantitation of contents in the obtained
tea polyphenol extract. The chromatogram showed four major peaks (Figure 3.1) at
retention times 2.6, 17.0, 24.6, 31.6 minutes, labeled as A, B, C and D in figure 3.1,
corresponded with the retention times of the standard gallic acid, caffeine,

epigallocatechin-3-gallate and epicatechin-3-gallate, respectively.
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Figure 3.1 Chromatogram of tea polyphenol extract (TP).
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Noted that the calibration curve was obtained by plotting peak area versus
concentration of each standard (gallic acid at 30 — 70 pg/ml, caffeine at 150-800 pg/ml,
epicgallocatechin-3-gallate at 120-500 pg/ml and epicatechin-3-gallate at 40-120
ug/ml, respectively). The correlation coefficients for all standard compounds were
greater than 0.99, suggesting good linearity for the calibration curves of the four
standard compounds. Table 3.1 shows the contents of the four major components in
crude methanol extract. EGCG was the major component (24.48% w/w), followed with
caffeine at 3.15% w/w, and then gallic acid and epicatechin-3-gallate at 1.89% w/w
and 0.45% w/w, respectively.

Table 3.1 Contents of the four major components in tea polyphenol extract.

Contents Retention time  Concentration of Content
(min) (%ow/w)
Gallic acid (GA) 2.6 0.45
Caffeine (C) 17.0 3.15
Epigallocatechin-3-gallate 24.6 24.48
(EGCG)
Epicatechin-3-gallate 31.6 1.89

(ECG)
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3.2 Synthesis of tea polyphenol-zinc oxide nanoparticles (TP-ZnO)

This study involves the synthesis of tea polyphenol-zinc oxide hybrid
nanoparticles by hydrothermal synthesis (Scheme 3.1). In the aqueous system, tea
polyphenol was first mixed with zinc ions (added as zinc chloride). When sodium
hydroxide was dropped, the mixture turned into slurry. After reflux, the mixture
appeared as milky pale brown suspension. We speculated that the complexation
between tea polyphenol and zinc hydroxide ions first occurred and followed with the

dehydration of zinc hydroxide into zinc oxide, resulting in TP-ZnO hybrid nanoparticles.

TP-ZnO nanoparticles

Scheme 3.1 Synthesis of TP-ZnO nanoparticles through hydrothermal synthesis by
nucleation of zinc oxide nucleus.

3.2.1 Optimization on the amount of tea polyphenol extract used

We studied the effects of the amount of tea polyphenol used in the
preparation of tea polyphenol-zinc oxide nanoparticles, on the morphology of the

obtained products.

The morphology of all products were characterized by scanning
electron microscopy (Table 3.2). It is obvious that the amount of TP influences
morphology of the product. The TP-ZnO spherical nanoparticles could be obtained at
the TP: ZnCl, ratio of 1:32 (w/w). Dried sizes of TP-ZnO nanoparticles obtained at this
material ratio, estimated from the SEM picture, was 16.46 £5.25 nm. When the weight
of tea polyphenol decreased to 1:47 (w/w), the size of the obtained particles increased
to 66 + 14.9 nm. Further decrease in the amount of tea polyphenol resulted in product
with no specific nanostructural morphology. On the contrary, when the amount of tea
polyphenol increased to 1:2 (polyphenol to ZnCl,, w/w), the product exhibited sheet

and plate-like structure. When the amount of tea polyphenol was further increased
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(3:1 and 32:1), no particular nano or microstructral morphology of the product could
be observed. We then concentrated our preparation on ratio of 1:32 (w/w) for further

experiments.

Table 3.2 SEM results of prepared tea polyphenol-zinc oxide nanoparticles (TP-ZnO)

Ratio TP:ZnCl, | Magnification SEM photograph
1 1:95 20,000x o
2 1.47 20,000x

3 1:32 50,000x

'y
100nm STREC
X 50,000 S| WD 6.7mm
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Ratio TP:ZnCl, | Magnification
1:2 20,000x
3:1 50,000x
32:1 10,000x

SEM photograph

SEl  15kV.
STREC

100nm STREC
SEM WD 6. 6mm

x10,000 1pm L !
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3.3 Synthesis of Curcumin-zinc oxide nanoparticles (CM-ZnO) and O-mangostin

-zinc oxide nanoparticles (MG-ZnO)

This study also involves the synthesis of curcumin-zinc oxide hybrid
nanoparticles by hydrothermal synthesis (Scheme 3.2). In the ethanolic solution
system, curcumin was first blended with zinc ions (added as zinc chloride). When
triethylamine was dropped, the mixture turned into slurry. After reflux, the mixture
appeared as milky yellowish suspension. We speculated that the complexation
between curcumin and zinc hydroxide ions first occurred and followed with the
dehydration of zinc hydroxide into zinc oxide, resulting in CM-ZnO hybrid

nanoparticles.

The Q-mangostin-zinc oxide nanoparticles (MG-ZnO) were synthesized similarly

except that curcumin was replaced with Ol-mangostin.
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Scheme 3.2 Synthesis of CM-ZnO and MG-ZnO nanoparticles through hydrothermal

synthesis by the nucleation of zinc oxide nucleus
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3.4 Morphology of all products

The morphology of all products were characterized through scanning electron
microscopy (Figure 3.2) and transmission electron microscopy (Figure 3.3). It is clear

that the type of natural product used influences morphology of the product.

As shown above that the dried sizes of TP-ZnO nanoparticles obtained at this
material ratio, estimated from the SEM picture, was 16.5 +5.3 nm (Figure 3.20), in
contrast, the nanostructural morphology of MG-ZnO was the square prism (TEM
images, Figure 3.3 A). The size and dimension of dried product was performed by SEM
(Figure 3.2A) and TEM (Figure 3.3A) images and the product architecture as shown Figure
3.4A. The CM-ZnO nanoparticles exhibited the hexagonal rod shape. The size and
dimension of CM-ZnO was performed by SEM (Figure 3.2B) and TEM (Figure 3.3B)
images. The size and dimension of CM-ZnO display the product architecture as shown

in the Figure 3.4B.

The organic compounds in each of nanoparticles were extracted by solvent
extraction, and quantified through UV-Visible spectroscopy with the aid of
corresponding calibration curve. Concentration ranges and wavelength used for the
analysis of each natural organic materials were as followed: tea polyphenol ()\maX =
270 nm) 1-10 pg/ml curcumin (A= 425 nm) 1-10 pg/ml and O-Mangostin (A = 202

nm) 2 — 50 pg/ml.

Table 3.2 shows the amount of each organic matter in the particles. The TP-
ZnO nanoparticles contain the highest organic matter (tea polyphenol) in the particles
at 0.97+0.018 %w/w, followed with the Q-mangostin (MG) in MG-ZnO nanoparticles at
0.74 + 0.027 %w/w and curcumin in CM-ZnO nanoparticles at 0.066 + 0.011 %w/w.
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Figure 3.2 SEM results of (A) O-Mangostin-zinc oxide (MG-Zn0), (B) Curcumin-zinc
oxide (CM-Zn0O) and (C) Tea polyphenol zinc oxide (TP-ZnO) nanoparticles.

Figure 3.3 TEM micrographs of (A) Mangostin-zinc oxide (MG-ZnO), (B) Curcumin-zinc
oxide (CM-ZnO) and (C) Tea polyphenol zinc oxide (TP-ZnO) nanoparticles.

343:02 65.8£8.5nm
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378:54 nm\A —

115.4£22.3 nm
Figure 3.4 The dimension and of each product (A) Mangostin-zinc oxide (MG-ZnO), (B)
Curcumin-zinc oxide (CM-ZnO) and (C) Tea polyphenol zinc oxide (TP-ZnO)

nanoparticles.
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Table 3.3 The amount of organic matter in each nanoparticles

Particles Natural Amount of organic materials
compounds (Yow/w)

TP-ZnO Tea polyphenol 0.97 £ 0.018

CM-ZnO Curcumin 0.066 + 0.011

MG-ZnO Ol-mangostin 0.74 + 0.027
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3.5 Crystal structure analysis

The crystallographic structures of all products were determined using X-ray
powder diffraction (XRD) analysis. The XRD patterns of all products (TP-ZnO (red line),
MG-ZnO (blue line) and CM-ZnO (green line)) indicated standard zinc oxide crystal
structure (black line). As the results, the the ZnO crystal structure in the TP-ZnO

nanospheres, MG-ZnO square prism and CM-ZnO hexagonal prism were confirmed.

— Standard ZnO crystal

p——TP-ZnO

—MG-ZnO

——CM-ZnO
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Figure 3.5 X-ray diffraction patterns of TP-ZnO (red line), MG-ZnO (blue line), CM-
Zn0O (green line) and standard ZnO crystal (black line).
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3.6 Chemicals interaction of organic matters with zinc oxide in the nanoparticles

The existing of organic matters in TP-ZnO, CM-ZnO and MG-ZnO hybrid
nanoparticles were confirmed by FT-IR and UV-spectroscopy. The FT-IR spectrum of
TP-ZnO nanoparticles (Figure 3.6, red line) showed C=C stretching at approximately
1588.48 cm™! (benzene ring of tea polyphenol), O-H stretching at 1384.02 cm™ (hydroxyl
group from tea polyphenol) and C-O stretching at 1043.24 cm™. The wavenumber of
tea polyphenol in particles exhibited the IR absorption peaks at the lower frequency
than free tea polyphenols (Figure 3.5, blue line). Since, zinc oxide was electron
deficient, therefore, the electron rich substructures of the tea polyphenol, e.g., C=C
(1604.71 cm™), -OH (1450.21 cm™) and C-O (1140 cm™) could donate electron to zinc
oxide. The complexation of these electron rich functional groups to the electron
deficient ZnO resulted in the weakening of those original bonds, therefore, their

vibrational frequencies were shifted to lower numbers.

The FT-IR spectra of MG-ZnO (Figure 3.7, red line) nanoparticles showed the
C=C stretching at approximately 1529.86 cm(benzene ring or allylic group from Q-
mangostin), -OH stretching at 1216.78 cm™ (hydroxyl group from @-mangostin) and C-
O stretching at 952.91 cm™.

The FT-IR spectra of CM-ZnO (Figure 3.8, red line) nanoparticles showed the
C=C stretching at approximately 1591.92 cm™ (benzene ring from curcumin) and C-O

stretching at 1034.34 cm™.

The wavenumber of Q-mangostin and curcumin in particles exhibited the IR
absorption peaks at the lower frequency than free Ol-mangostin (Figure 3.7, light blue
line) and curcumin (Figure 3.8, green line). Usually, the zinc oxide nanoparticles display
the electron deficient, the electron rich group such as the C=C (1606.83 cm™), -OH
(1276 cm™) from O-mangostin and C=C (1622.56 cm™) and C-O (1019.65 cm™) could
donate to zinc oxide. Thus, the complexation of the electron rich functional groups to
the electron deficient ZnO resulted in the weakening of those original bonds, therefore,

their vibrational frequencies were shifted to lower numbers.
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In addition, the FT-IR of the mixture between zinc oxide and each natural
compound (tea polyphenol (TP), curcumin (CM), and Ol-mangostin(M@G)) exhibited the
same IR signals (Figure 3.9) of all natural compounds as with free natural compounds.
Since, the result display non-interaction of natural compound with zinc oxide
nanoparticles. We conclude that the hybrid zinc oxide nanoparticles cannot be

fabricated from blending of natural compounds with zinc oxide nanoparticles.
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Figure 3.6 FT-IR spectra of TP-ZnO nanoparticles (red line), tea polyphenol extract

(blue line) and zinc oxide crystal standard (purple line).
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Figure 3.8 FT-IR spectra of CM-ZnO nanoparticles (red line), curcumin (green line) and

zinc oxide crystal standard (purple line).
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3.7 The organic matters inside zinc oxide nanoparticles

UV spectroscopic analysis was performed to identify the natural compound in
the particles. The experiments were performed by each particle was solvated in the
acidic aqueous solution. The TP-ZnO nanoparticles was solvated in the acidic aqueous
solution. The turbidity of suspension TP-ZnO nanoparticles gradually decrease and
turn to clear solution at pH=4.5. The mixture was investigated the uv-absorption peak

of tea polyphenol extract.

The CM-ZnO and MG-ZnO nanoparticles were dissolved in the acid solution.
AWl mixture were extracted by organic solvent such as ethyl acetate. The UV
spectroscopy were used to detect the UV characteristic absorption wavelength of

natural compounds in particles as shown in the UV absorption spectrum.

Maximum wavelength of the tea polyphenol from TP-ZnO nanoparticles (Figure
3.9, blue line) was blue-shifted from these of the corresponding original materials. The
blue-shift phenomenon implied less conjugation in both compounds structure
resulting from the metal (electron deficiency group) complex with conjugation of

carbon (electron donating group).

The maximum wavelength of curcumin extract from CM-ZnO nanoparticles
(Figure 3.10, green line) exhibited the UV absorption peak at 405 nm. The characteristic
of UV absorption of free curcumin (Figure 3.10, yellow line) could not be observed in
UV-Vis spectra. Thus, curcumin from CM-ZnO displays the transformation of chemical
structure of curcumin from CM-ZnO nanoparticles. We speculated that curcumin in

CM-ZnO does not existing the same structure of free curcumin.

The O-mangostin extract from MG-ZnO nanoparticles (Figure 3.11, red line)
showed the UV-visible absorption spectrum at 202, 246, 262 and 318 nm. This
spectrum of the extract exhibited the same wavelength with free Ol-mangostin. Thus,

this result could conclude existing of Q-mangostin in the MG-ZnO nanoparticles.
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3.8 Interactions between the natural compounds (tea polyphenol, curcumin

and @-mangostin) and the ZnO crystals within the hybrid nanoparticles.

The interaction of the organic molecules (tea polyphenol, curcumin and O-
mangostin) and the ZnO crystals in the obtained hybrid nanoparticles was also
investigated by thermal gravimetric analysis (TGA) (Figures 3.12-3.14) and differential
scanning calorimetric analysis (DSC) (Figures 3.15-3.17). In the TGA thermograms, the
usual characteristic weight loss (TG) peaks of the organic matters (tea polyphenol at
177°C, curcumin at 174 °C, and Ql-mangostin at 189°C) could not be observed in
particles. Instead, the weight loss peaks at 201.7°C, 231.1°C and 395.6°C from TP-ZnO,
CM-ZnO and MG-ZnO nanoparticles, were observed. Since these peaks were not
observed in the ZnO standard thermogram, we speculated that they belonged to the
organic matters within the particles. This shift of the weight loss from 177°C, 174°C and
189°C of the free natural compounds to 201.7°C, 231.1°C and 395.6°C after being
incorporated within the TP-ZnO, CM-ZnO and MG-ZnO nanoparticles, indicated strong

interaction between the organic matters and the zinc oxide crystals.
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Figure 3.13 Thermo gravimetric curves (TG) and Differential themo gravimetric (DTG)
curves of free tea polyphenol (red line), TP-ZnO (purple line) and standard zinc oxide

(pale blue line).
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The usual characteristic endothermic absorption peak of each natural organic
compounds (tea polyphenol at 111.7 °C, curcumin at 178 °C and O-mangostin at 172.9
°C) could not be observed in the particles. Instead, the melting peaks at 160.1°C, and
177.7°C, were observed for TP-ZnO, CM-ZnO, respectively, and 179.6°C and 185.6°C
for MG-ZnO nanoparticles. Since, the endothermic peaks of zinc oxide standards were
observed at 262.5°C. We speculated that these unknown absorption peaks belonged
to the organic matters within the particles after being incorporated within the TP-ZnO,
CM-ZnO and MG-ZnO nanoparticles, indicated strong interaction between organic
matter and zinc oxide crystals
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Figure 3.16 Differential scanning calorimetric thermaograms of tea polyphenol(blue
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3.9 Functional group on surface of all particles (TP-ZnO, CM-ZnO and MG-ZnO

nanoparticles)

The functional groups on surface of all particles were identified by x-ray
photoelectron spectroscopy. The photoelectrons are ejected from different electronic
level of each atom. The usual XPS spectrum is a plot of intensity versus binding energy.
The binding energy peak indicates where the photoelectron was emitted. Thus, the

chemicals bonding of each functional groups exhibited the specific binding energy.

The deconvoluted C1s XPS spectra of TP-ZnO (Figure 3.19, row A) nanoparticles
showed the four binding energies peaks at 281.1 eV, 282.3 eV, 283.5 eV and 286.1 eV,
corresponding to C-Zn, C-C sp’, C-C sp” and C=C, respectively. The deconvoluted O1s
XPS spectrum of TP-ZnO exhibited the binding energy at 527.5eV (O-Zn), 527.9 eV
(O=C-O-Zn from carboxyl group) and 529.1 (C-O, OH). The C1S XPS spectra of CM-ZnO
(Figure 3.11, row B) showed three peaks at binding energy of 281.9 eV (C-C sp”), 282.9
eV (C-C sp?) and 285.3 eV (C-O). Two oxygen species at binding energy peaks in Ols
XPS spectra of 526.7 eV (O-Zn) and 528.0 eV (C-O-Zn) were observed for CM-ZnO. The
four binding energy peaks of Cls spectra at 281.2 eV (C-Zn), 281.7 eV(C-C sp?), 283.1
eV (C-C sp®) and 285.1 eV (C-0) were observed for MG-ZnO (Figure 3.11, row C). The
binding energy at 527.3 eV (O-Zn), 528.7 eV(C-O-Zn), 529.1 eV (C-O, OH) and 530.1 eV
(C=0) were observed in O1s spectra of the MG-ZnO particles.

As the results, all three particles contained the hydrophillic functional group
such as —=OH (hydroxyl group) and carbonyl groups at their surfaces. This makes them
water dispersible. In addition, the existence of C=C on the surface also allows for the
TT-TC interaction. This helps explaining the loading of paclitaxel onto the particles. The

hydroxyl functionality also allow for future modification of the materials.
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Figure3.20 XPS spectra of TP-ZnO nanoparticles (row A), CM-ZnO nanoparticles (row

B) and MG-ZnO nanoparticles (row C).
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3.10 Loading of drugs on TP-ZnO nanoparticles

Centrifugation of the mixture of particles allowed separation of the unloaded
doxorubicin and paclitaxel from the particles. The percentage of encapsulation
efficiency (%EE) of the encapsulation process and loading capacity of the particles
were analyzed by quantifying the unloaded doxorubin and paclitaxel by UV-Visible
spectroscopy (Table. 3.3). The process of loaded doxorubicin and paclitaxel on the TP-
ZnO nanoparticles gave the percentage of encapsulation efficiency at 74.91 + 1.59 and
71.42 + 1.74. The loading capability of both loaded nanoparticles exhibited 6.97 + 0.13
and 6.67 + 0.15 for loaded doxorubicin and paclitaxel TP-ZnO nanoparticles,

respectively.

Table 3.4 Encapsulation efficiency and loading capacity of doxorubicin and paclitaxel

on the TP-ZnO nanoparticles.

%EE %loading
Doxorubicin Paclitaxel Doxorubicin Paclitaxel
TP-ZnO 7491 +159 7142+ 174 697 +0.13 6.67 £ 0.15

nanoparticles
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3.11 Interaction of the cancer drug with TP-ZnO nanoparticles

When doxorubicin and paclitaxel were incubated with TP-ZnO nanoparicles,
the drug could be loaded onto the particles at the loading content of 6.97 + 0.13%w/w
with the loading efficiency of 74.91 + 1.59 %w/w from the loading of doxorubicin and
the loading content of paclitaxel at 6.67 + 0.15 %w/w with the loading efficiency of
71.42 + 1.74%w/w. These numbers were obtained from the quantitation of unloaded

of drug through uv-visible spectroscopic method.

The chemical interaction of the loaded doxorubin on the particles were
proofed by FT-IR spectroscopy (Figure 3.20). The interaction of doxorubicin with TP-
Zn0O particles was evidenced through the disappearance of the C=0 stretching peak
(1721.21 cm™) of doxorubicin in the FTIR of product. In addition, shifting of the C=C
stretching of the doxorubicin from 1579.61 cm™ in the free drug to 1571.99 cm™ in the
complex was also observed (Figure 3.6). We speculated very strong interaction through
the carbonyl of doxorubicin with ZnO crystal, probably a very good coordination

interaction.

The paclitaxel loaded TP-ZnO nanoparticles also showed good interaction
between the loaded drug and the particle through FT-IR spectra (Figure 3.21). The
interaction was evidenced through the shifting of C=C stretching from 1645.57 cm™ to
1635.42 cm’™. This indicated that the C=C functionality in paclitaxel, was responsible

for the interaction with the particles.
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3.12 pH responsive dissolution test using turbidity measurement

The turbidity of all products was performed by the modified Hach method [31].
The Hach method is EPA-approved turbidity measurement method. The measurement
was performed to quantify the transmission of red light (630nm) through the tested

sample.

All zinc oxide sample suspensions exhibit strong opaque appearance (pH = 7,
Figure 3.22). The opacity of all product suspensions decreased with decreasing pH.
Clear solution was observed at pH=4.5 (Figure 3.22). The TP-ZnO (purple line, Figure
3.23), EGCG-ZnO (yellow line, Figure 3.23), CM-ZnO (red line, Figure 3.23) and MG-ZnO
(green line) suspensions (pH=7) display low transmission of red light. This indicated pH

responsive dissolution of all hybrid ZnO nanoparticles.

The drug-loaded nanoparticles (Figure 3.24-25), the TP-ZnO-DOX as doxorubicin
loaded TP-ZnO (gray line, Figure 3.24), and TP-ZnO-TX as the paclitaxel loaded TP-ZnO
nanoparticles (red line, Figure 3.25) and the unloaded TP-ZnO particles were compared
for their acid responsiveness. It was found that paclitaxel can help delaying the
dissolution of the particles during the decrease of the pH. We speculated that the
hydrophobic drug loading on the particles can protect the particle from water
solvation. Thus the acid disintegration of the hydrophobic drug-loaded particles is
delay.
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pH=7.0

Figure 3.23 Physical appearance of particles at pH=7 (left side) and pH=4.5 (right side).
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Figure 3.24 Light transmission through ZnO(blue line), TP-ZnO(purple line), EGCG-
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3.13 Cytotoxicity test with cancer cells

3.13.1 Cytotoxicity test of ZnO, TP-ZnO, EGCG-ZnO nanoparticles, tea

polyphenol extract and epigallocatechin-3-gallate free compound.

The ZnO (Figure 3.22, blue column), TP-ZnO(Figure 3.22, purple
column), EGCG-ZnO (Figure 3.24, purple column) nanoparticles and free compounds
(tea polyphenol extract(TP) and EGCG) were tested on the PC-3 cell at 1x10” cell in 96
well plates. The MTT assay was selected to study the anti-tumor of all products. The
MTT assay is designed to quantify cell viability of PC-3 cells. The various concentrations
of ZnO, TP-ZnO, EGCG-ZnO (3.1-50 pg/ml) nanoparticles incubated with PC-3 cell with

incubation time at 72h.

The ZnO (Figure 3.22, blue column) nanoparticles begin the inhibition
of cell viability of PC-3 cell at 12.5 ug/ml at 80% cell viability. The TP-ZnO (Figure 3.22,
purple column) nanoparticles could inhibit the PC-3 cells survive at the concentration
of TP-ZnO particles at 6.25 pg/ml (concentration of ZnO = 6.19 pg/ml and TP = 0.0606
ug/ml), display the 80% cell viability. The EGCG-ZnO (Figure 3.24, purple column)
nanoparticles showed the inhibition cell survive at concentration of particles 12.5
ug/ml (concentration of ZnO =12.39 pg/ml and EGCG = 0.11 pg/ml). When the
concentration of particles (ZnO, TP-ZnO and EGCG-ZnO nanoparticles increased, the
cytotoxicity of all particles products showed high cytotoxicity because the cell
viabilities less than 30%. In contrast, the free forms of EGCG (Figure 3.22, green column,
0.0303-0.485 pg/ml) and tea polyphenol extract (Figure 3.24, green column 0.0275-0.44
ug/ml) at the same concentration in particles showed the low cytotoxicity because

cell viability were more than 80%.
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3.13.2 Cytotoxicity test of paclitaxel loaded TP-ZnO (TP-ZnO-TX) and
doxorubicin TP-ZnO (TP-ZnO-DOX).

The cytotoxicity of drug loaded particles also used MTT assay to study
toxicity. The various concentration of drugs loaded particles (3.125-50 ug/ml) were

incubated with PC-3 for 72h.

At the same concentration of particles, the both of drugs loaded
particles exhibited lower cytotoxicity with PC-3 than unloaded drug particles. Because,
we suggested the particles uptake mechanism to cell through the endocytosis
pathway. The particles could make endosome burst by the particles dissolve in acidic
aqueous solution inside endosome/lysosome. The osmotic pressure inside the
endosome increased the endosome could burst to release chemicals out to cytosol.
Thus, the results implied that the both of drugs could reduce the endosome burst and
showed the low cytotoxicity by the prevention of the particles interact with acidic
aqueous solution. Thus, the both of drugs loading could not display the synergistic

effect. The investigation of type of drugs for loading on particles still be interested.

As mentioned earlier that the rationale here is that the nanoparticles
might be able to get into PC-3 through endocytosis pathway to burst the endosome
and to release the substances out. Thus, we verified that the particles could get into

the PC-3 cells by endocytosis mechanism.
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Figure 3.27 Cell viability of PC-3 cancer cell with zinc oxide crystal standard (ZnO,
blue column), paclitaxel (TX, red column), tea polyphenol extract (TP, green

column), TP-ZnO nanoparticles (purple column) and paclitaxel loaded TP-ZnO (TP-
ZnO-TX, light blue column).

6_7Zn0O, DOX, TP, TP-ZnO, TP-ZnO-DOX

=]
n

m Zn0O

m DOX

TP-ZnO
B TP-ZnO-DOX

%Viability
R 8 o 8

o

3.125 6.25 12.5 25 50 Zn0
0.0303 0.0606 0.1213 0.2425 0485 TP
0.3125 0.625 1.25 25 5 DOX

Concentration (ug/ml)

Figure 3.28 Cell viability of PC-3 cancer cell with zinc oxide crystal standard (ZnO,
blue column), doxorubicin (DOX, red column), tea polyphenol extract (TP, green

column), TP-ZnO nanoparticles (purple column) and doxorubicin loaded TP-ZnO (TP-

ZnO-DOX, light blue column).
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column), EGCG-ZnO nanoparticles (purple column) and paclitaxel loaded EGCG-ZnO
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Figure 3.30 Cell viability of PC-3 cancer cell with zinc oxide crystal standard (ZnO,

blue column), doxorubicin (DOX, red column), epigallocatechin-3-gallate (EGCG,

green column), EGCG-ZnO nanoparticles (purple column) and doxorubicin loaded

EGCG-ZnO nanoparticles (EGCG-ZnO-TX, light blue column).
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3.14 Cellular uptake of loaded DOX-TP-ZnO

The cellular uptake of DOX-loaded TP-ZnO into PC-3 cell line was monitored
using the laser confocal scanning microscopy (CLSM) by detection of the fluorescence
of Zn** probe, zinquin at excitation wavelength of 405 nm and emission wavelength
of 450 nm. The doxorubicin as the model drug display the fluorescent image at 570
nm (excitation wavelength at 473 nm). The endosome and lysosome compartments
were tracked by early endosome specific dye and lysotracter deep red at excitation
559 nm and 635 nm, and emission at 570 nm for fluorescence from endosome and
658 nm from fluorescence of lysosome. The DOX-loaded TP-ZnO nanoparticles were
incubated with PC-3 cells at the cell density of 8x10* cells per well for 8 h at the final
of DOX-loaded TP-ZnO concentration of 150 pg/ml (concentration of DOX of 100 ppm
and concentration of TP-ZnO of 1000 ppm).
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Figure 3.31 The complexation of zinc ions with zinquin ethyl ester

The CLSM images of control PC-3 cells (Figure 3.20) at 0 h (untreated cells)
showed no fluorescence signal. When the time elapse, the florescence signal of Zn?*
ions gradually increased. Since, this situation appear through the particles solvation in
the acid condition in acid compartments (endosome or lysosome). The cellular uptake
of DOX-loaded TP-ZnO nanoparticles was clearly observed by fluorescent signals of
Zn** complex with zinquin dye and doxorubicin on the particles. The colocalization of
endosome (pH=6.0-5.5), Zn** ions and doxorubicin fluorescent signals (Figure 3.28,
arrow A) display the loaded nanoparticles had ability to enter into cells. As the results,
we speculated from the fluorescent evidences that the mechanism of the cellular

uptake of this loaded drug nanoparticles as endocytosis pathway. The releasing
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mechanism of this particles was explained by the particles response with pH inside the

endosome/lysosome compartments.
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Figure 3.32 The confocal fluorescent picture: Zn®* ions probs (first column),
doxorubicin (second column), early endosome (third column), lysosome (fourth

column), bright field (fifth column) and merge image (sixth column)
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Zn ions Prob Drug Early Endosome lysosome

Figure 3.33 The confocal fluorescent focus single cell images: Zn**ions prob (First

column), doxorubicin (second column), early endosome (third column) and lysosome

(fouth column).



CHAPTER IV
CONCLUSION

The result of tea polyphenol extract was extracted from Oonlong tea leaves.
The major component in the extract was epigallocatechin-3-gallate at 24.48% w/w.
We have successfully fabricated the polyphenol-zinc oxide hybrid nanoparticles. The
weight ratio of tea polyphenol extract per zinc chloride at 1:32 and 1:16 exhibited
spherical morphology and particles size at 16 and 66 nm, respectively. At high and low
concentration of tea polyphenol, the nanostructural product cannot form at spherical
architecture. The hybrid curcumin-zinc oxide nanoparticles display the as hexagonal
rod architecture (Figure 4.1B).The hybrid Ol-mangostin-zinc oxide exhibit square prism
shape (Figured.1 A). In addition, the drug loaded TP-ZnO nanoparticles showed that
the low cytotoxicity than unloaded drug TP-ZnO nanoparticles. The cellular uptake
study of doxorubicin loaded TP-ZnO nanoparticles showed that the particles could be
taken up into PC-3 cancer cells through endocytosis mechanism. The particles also
display the pH triggered particles that make the endosome burst and release the
substance to cytosol. It is possible these particles could apply as anticancer agents.
The particles also handle the drug into cell and release to cytosol. We evaluate anti
cancer activity only TP-ZnO nanoparticles, not CM-ZnO and MG-ZnO, because, the two
later were fabricated from our curiosity and it could induce the zinc oxide
nanoparticles formation. We speculate the anti-acne application for MG-ZnO
nanoparticles and sun screen application for CM-ZnO nanoparticles. These should be

determine in the future.

34392 nm H
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Figure 4.1 The dimension and of each product (A) Mangostin-zinc oxide (MG-ZnO), (B)
Curcumin-zinc oxide (CM-Zn0O) and (C) Tea polyphenol zinc oxide (TP-ZnO)
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APPENDIX A

Calculation of %encapsulation efficiency and loading content of drug loaded

on the particles

Calibration curve of doxorubicin

Calibration curve of Dox

1.8000 -
1.6000 - y =0.0211x+ 0.0272

1.4000 - R? = 0.9998
1.2000 |

1.0000
0.8000 -
0.6000 -
0.4000 |
0.2000 -

0.0000 T T T 1
0] 20 40 60 80

Concentration of Dox (ppm)

Absorbance

Figure A-1 Calibration curve of doxorubicin at 230.nm
By plotting a graph between absorbance and concentration of doxorubicin
solution, a linear relationship was obtained and for calculation of concentration of

doxorubicin.
From the equation of calibration curve;
Y=0.0211x+0.0272 (1)

The amount of doxorubicin at the outside of particles was calculated by

equation (1)
0.272=0.0211x+0.0272
X=11.60 ppm = 11.60 pg/ml = 0.01160 mg/ml

In final volume of 1000 pl had doxorubicin of (0.01160mg/ml x 1ml) = 0.01160

ms

Weight of loaded doxorubicin = 0.05 - 0.0116 = 0.0384 mg



Weight of Dox found in paritcles

%Encapsulation ef ficiency =
% p ff Y Weight of Initially used

= (0.0384/0.05) x 100

= 76.8%

Weight of Dox found in paritcles

X 100 (2)

%Loading =
0 g Weight of Dox—loaded particles

= (0.0384/(0.05+0.5)x100

= 6.98%
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x 100
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Calibration curve of paclitaxel

Calibration curve of paclitaxel

1.800
1.600 y =0.026x + 0.081 m
1.400 RZ=0.993
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Figure A-2 Calibration curve of paclitaxel at 220.nm
By plotting a graph between absorbance and concentration of paclitaxel
solution, a linear relationship was obtained and for calculation of concentration of

paclitaxel.

The amount of paclitaxel at the outside of particles was calculated by equation

2)
Y=0.026x + 0.081 (2)
From the equation of calibration curve;

The amount of paclitaxel at the outside of particles was calculated by equation

(2)
0.821=0.026x+0.0272
X=30.54 ppm = 30.53 pg/ml = 0.03053mg/ml
In final volume of 1000 pl had paclitaxel of (0.03053mg/ml x 1ml) = 0.03053mg

Weight of loaded doxorubicin = 0.1 — 0.03053 = 0.06947mg

Weight of paclitaxel found in paritcles x

%Encapsulation ef ficiency =
% p ff y Weight of Initially used

100
= (0.06947/0.1) x 100



%Loading =

= 69.47%

Weight of paclitaxel found in paritcles

Weight of paclitaxel—loaded particles
= (0.06947/(0.1+1)x100

= 6.32%

X 100 (2)
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APPENDIX B

1. Chemical and culture medium preparation

1.1 Isotonic Phosphate Buffer Saline pH 7.4

NaCl 8.00 g
KCl 0.20 g
KH,PO4 0.20 g
Na,HPO, 1.44 ¢

Dissolve NaCl, KCl, KH,PO, and Na,HPO, with distilled water then adjust

volume to 1000 ml with distilled water and the pH is measured by pH meter.
1.2. Preparation of MTT solution

Prepare a 12mM stock solution (5 mg/ml (10x)) by 50 mg of MTT reagent
was dissolved in 10 ml of PBS. The solution was stirred until completely dissolved and
mixed together. The obtained stock solution was sterilized through a 0.5 um filter and

transferred into aliquot tubes. The stock was stored at 4 °C until used.
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