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CHAPTER |
INTRODUCTION

1.1 Introduction

Transdermal delivery has many important advantages such as protects the active
compound from gastric enzymes, easy, painless and avoids the hepatic first-pass effect.
The composed of skin is epidermis, dermis and hypodermis. The dermis was essential
for transdermal delivery of therapeutic agents because its blood vessels and lymphatic
gland composited. The pathways through of skin can be classified as intercellular
routes, intracellular routes and appendage routes (Figurel).[1] However, the
transdermal delivery system was showed limited of skin penetration ability because
only a small of drug molecules and high solubility can be through skin. The previous
research, nanoparticles technology with small size can be enhanced the permeability

of drug molecules through epidermis to dermis.

The properties of gold nanoparticles (AuNPs) such as chemical, physical, optical,
and electronic can be applied to various fields, which provided in pharmaceutical
applications as drug delivery systems. The AuNPs can controlled of a wide range of
sizes from 1 nm to 200 nm. Moreover, The AuNPs can be easily modified with
controlled dispersal including as an ease of functionality target tissue specificity and
non-toxic of Au (lll) metal. Thus, AuNPs have a great potential to be used as a drug
delivery system for efficient drug transport into different cell types. The size of AuNPs
determine the optical property in UV absorbance and the red wine color. However,
the step to synthesis of AuNPs via chemical and physical method involved difficult
approaches to expensive and toxic from reducing agent that are not suitable for drug
delivery applications. Consequently, the biopolymer was another choice for synthesis
of gold nanoparticles that its non-toxic for reducing and stabilizing agents and low cost.
One of biopolymer is carrageenan that its many application in the industry such as
pharmaceutical, food and cosmetic industry. In the last decade, the carrageenan has

been investigated as a carrier for controlled drug release. Previous studies indicate that



biopolymer used as reducing agent for synthesis of AuNPs. Therefore, we have
modification positive charge on k-c backbone that anionic biopolymer for synthesis
AuNPs (q188-k-c@AuNPs). The k-c and its derivatives were reducing agent and

stabilizing agent without toxic reagent. The q188-k-c@AuNPs in order to increase

electrostatic interaction with cell membrane. Hence, the synthesized of q188-k-c-

@AUNPs can be enhance permeation of Pur to transdermal delivery systems.[2]
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Figure 1 Structure and pathways through of skin.

The carrageenan is a biopolymer occurring anionic sulfated linear polysaccharides
extracted from marine red algae. According to the literature investigate, mainly of
carrageenan can be classified in 3 types (Figure 2.) that kappa-carrageenan (k-c),
lambda-carrageenan (A-c) and lota-carrageenan (1-c) depend on the amount and
position of sulfated group cause to difference properties. The k-c is mainly used as
supporting materials for controlled drug delivery system, food and cosmetic industry

as gelling, thickening and stabilizing agent due to its biocompatibility, biodegradability



and non-toxicity [3]. Moreover, the k-c was interested in transdermal delivery system
because k-c can permeation to skin via ionic interactions and non-toxic. Therefore, the

K-C can be used enhance as permeation to transdermal delivery system.

(K-c) kappa carrageenan

OH
D-galactose-4-sulphate  3,6-anhydro-D-galactose

(V) lota Carrageenan

3
D-galactose-4-sulphate  3,6-anhydro-D-galactose-2-sulphate

(A) Lambda Carrageenan

%9 o osof
e R (&/O Q (O *
oH 0sc®

3
D-galactose-d-sulphate ~ D-galactose-2,6-disulphate

Figure 2 The structure of 3 types of carrageenan [4]

Puerarin (Pur) (Figure 3) is herbal medicine that it can inflammatory response.
Additionally, Pur has been reported to be increases insulin sensitivity and protects

pancreatic islets. [6]



Figure 3 Structure of puerarin (Pur)

Thus, the objective of this work is to synthesize g188-k-c@Pur@AuNPs for
enhance transdermal delivery based on the size of gold nanoparticles and high

solubility.

1.2 Scope of this research

The scope of this research was carried out by stepwise methodology as follows:

® The preparation of «k-c derivatives (q188-k-c) using ql88 by various
concentration of 188 such as 10, 25, 50 and 75 9%(v/v) of 188 and
characterization of q188-k-c by 'H NMR. Then, the synthesized of q188-k-c
derivatives was confirmed soluble by Solubility test.

® The synthesis of gold nanoparticles used as a reducing and stabilizing of gq188-
K-c derivatives. The characterization was confirmed of gq188-k-C@AuNPs by UV-
vis, TEM, EDX, Zeta potential and DLS.

® The preparation and preliminary cytotoxic study of Pur load on q188-x-c-
@AUNPs derivatives (q188-k-c-@Pur@AuNPs) for evaluation of biological.
The study the cytotoxicity of q188-k-c@Pur@AuNPs with CLS (oral cancers),
Chago-K1 (lung carcinoma), KATO Il (stomach carcinoma), RAW 264.7

(inflammatory) and normal cell (Wi-38) by MTT assay.



In vitro drug permeation of ql188-k-c@Pur@AuNPs was studied through
cellulose membrane as a barrier in phosphate buffered saline pH 7.4 at 37+1°C
using by Franz’s cell method. The q188-k-c-@Pur@AuNPs permeation was
investigates by ICP-OES and UV-vis.



1.3 The objectives of research

The objective of this work is follow (Figure 4):
® To modified of k-c with 188 for enhance solubility of K-C.
® The synthesized of q188-k-c used as prepare AuNPs for enhance transdermal
delivery base on size particles.
® The synthesized of gq188-k-c@AuNPs used as prepare q188-k-c@Pur@AuNPs for

evaluation of biological activity by MTT assay

@ Positive charge of q188 @ negative charge of K-¢
@ Puerarin/Drug ~ K-c/Biopolymer

Figure 4 Schematic of synthesis AuNPs: (A) q188-k-c derivatives, (B) The synthesized of
q188-k-c@AuNPs, (C) The synthesized of q188-k-c@Pur@AuNPs.



CHAPTER |l

THEORY AND LITERATURE REVIEWS

2.1 Inflammation

Inflammation is process to response of tissues to toxic substances or injured tissue
showed in Figure 5. The physical symptoms of inflammation can be observed from
swelling, redness, heat, pain and loss of function of tissue. The intermediate of
inflammation is responded was leukotrienes, bradykinin, interleukins and substance
with oxygen molecules (Reactive Oxygen Species; ROS) produced by white blood cells
(neutrophils) that important role in the destruction of pathogens. So, the physical injury
and the spread of injury was protected tissue by inflammation, which two types of

inflammation was acute and chronic inflammation [7].

The acute inflammation response to intermediates instantly. It will stimulate some
substance to prevent occurring harmful, the expansion of the blood vessels, increasing
the flow of blood in the injured tissue which related to increasing of white blood cells,
increasing the expression of adhesion molecules on endothelial cells [8]. After that,
the white blood cells swallow bacteria or antigen. The ROS and proteases enzyme are
released. These may cause more damaged tissue [9]. The effect of these processes in
the production of chemical mediators of inflammation and lead to more inflammation,
too. This cytokine is response for regulation of white blood cells or inhibited the
response of the immune system, which have protected inflammation. The
inflammation is eliminated by white blood cells that will move to the area of injury

and apoptosis.

The chronic inflammation can occur for a long time. The changing nature of the

inflammatory cell types by region. Examples of diseases caused by chronic
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inflammation include rheumatoid arthritis, asthma and inflammatory bowel disease

and many other diseases associated with inflammation (atherosclerosis, autoimmune

diseases, Alzheimer's disease, cancer, trauma, ischemia, diabetes, etc.) [10, 11], which
need to treated with antibiotics in the steroids group. However, there are side effects
to the patient. Furthermore, the antibiotics in nonsteroidal anti-inflammatory drugs
(NSIADs) group is commonly used to cure the disease but there are side effects to the

stomach. Pur were interested in the study of biolosgical activities.

Complement: mediators of inflammation,
elimination of microbes

factors and kininogens:

mediators of inflammation

@ Elsevier Kumar et al: Robbins Basic Pathology Be - www.studentconsult.com

Figure 5 Inflammation is a fundamental process for human survival.
2.2 The gold nanoparticles (AUNPs)
In the recent, the nanoparticles technology used as prepare drug delivery because
its non-toxic carriers for drug delivery application. The sized of AuNPs used as a
determination the optical property by UV absorbance (Figure 6, 7) and investigate from

red-wine color of colloid solution. [12] The AuNPs were shown red-wine color because
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of localized surface plasmon resonance (LSPR) band around 520 nm in the visible

region.

absorbance

3
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Figure 6 The spectra of AuNPs in different sizes.

2.3 Localized Surface Plasmon Resonance (LSPR)

LSPR is an optical property for nanoparticles which demonstrated of the
interaction of the electron cloud in AuNPs with electric field of ligsht of resonant
frequency. The Figure 7 were shown interaction of light wave which alternating electric
field and affective electrons in AuNPs. As a result of the absorption of resonant light
are free electrons of gold exhibit a collective coherent oscillation around the
nanoparticle surface. This coherent oscillation induced as a result of the absorption of
light in resonance with the incident light. Spherical of AuNPs with 5 to 80 nm size have

extinction band around 520 nm in the visible region and give red-wine color.
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Electric field

Metal sphere

Electron cloud

Figure 7 Schematic were shown of a LSPS of spherical AuNPs.

2.4 Aggregation of gold Nanoparticles (AuNPs)

The theories of colloidal stability can be explaining aggregation be heavier of
AuNPs. The colloid stability theory, the AuNPs can be combine with itself by effect of
van der Waals attraction and electrostatic repulsion. The theory of colloid stability is
to mention them in the term of interaction energy as showed in equation (1)

The aggregation behavior of AuNPs can be explained by theories of colloidal
stability. The colloid stability can be provided by DLVO theory. In this theory, the
aggregation of AuNPs have include the effect of van der Waals attraction and
electrostatic repulsion. The easier representation of this theory is to mention them in

the term of interaction energy.

Et = [Ea + Er] (1)

where Et is the total interaction energy that it should be the positive value if the
total energy in negative value will be aggregate of particles. Ea is the van der Waals
attraction energy that its negative value. Er is the electrostatic repulsion potential

energy.
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The size of AuNPs is also an important parameter for drug delivery and
conjugates in blood circulation. Previous studies indicate that 10 nm of AuNPs can
circulate in blood more than 24 hours in animals, but other sizes of AuNPs remain for
a shorter time. In addition to stability in blood, the size of AuNPs is also strongly
associated with cytotoxicity and aggregation in blood cells (Figure 8). According to
Jungshan Chang have studied triphenylphosphine coated AuNPs at a size of 1.4 nm
display the most cytotoxicity by inducing cell necrosis on tissue fibroblasts, epithelial
cells, macrophages, and melanoma cells as compared to larger AuNPs. Moreover, the
tissue specificity and the biodistribution of AuNPs are decided by the cell surface
properties, underlining the ratio of endocytosis and exocytotic activity among cells.
However, the relatively larger sizes of AuNPs at diameters of 50 nm or 200 nm exhibit

non-toxicity with animals.

TR

Conjugated Tumor cells
nanogold particle
Normal tissue

Figure 8 The accumulation of circulating gold nanoparticle conjugates at tumor sites

by the enhanced permeability and retention effect.


https://www.sciencedirect.com/science/article/pii/S1878331714001430#!
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The studies found that effect of size AuUNPs as used to drug delivery systems follow:

In 2002, Hickey et al. [13] studied antibiotics, dexamethasone with AuNPs can

reduce tissue inflammation from organ medical implantation.

In 2011, Franca et al. [14] reported that the AuNPs were low toxicity (0.005 EU
/ml) and found that the particles do not cause the release of cytokines in white blood

cells as well.

In 2013, Chen et al. [15] the size of AuNPs with 21 nm can be inhibit the
expression of TNF-a in fat tissue of mice after intraperitoneal injection. It is shown that

AuNPs has the anti-inflammatory activity.

In 2013, Sumbayev et al. [16] explained AuNPs was directly connected with IL-

1B inhibitors that its inflammation.
2.5 kappa-carrageenan (k-c)

The kappa- carrageenan (k-c) is one of the most abundant natural occurring
polysaccharide extracted from marine red algae. It is mainly used in the food and
cosmetic industry as gelling, thickening and stabilizing agent due to its biocompatibility,
biodegradability and non-toxicity. The use of k-c as supporting materials for controlled
drug delivery system has also received considerable attention. Moreover, the k-c was
good materials, its shown that k-c can permeation to skin via ionic interactions and

non-toxic. Therefore, the k-c can be used to transdermal delivery system.

The Kk-c is not electrostatically attracted to the anionic surfaces of skin and low
solubility because of their inherent anionic charge. In contrast, the functionalization of
K-C with cationic charge can improve its binding to keratinized surfaces of skin and
enhance solubility.[17]In previously reports, the cationic groups linked to starch and
cellulose derivatives were employed in industries concerned with medical products

and cosmetics.
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The cationic modification of polysaccharides by the cationization with 2,3-
epoxypropyl trimethylammonium chloride (EPTC), which can be obtained but an
unstable and toxic reagent. However, the use of low toxic reagent such as 3-chloro-2-
hydroxypropyl trimethylammonium chloride (q188) was introduced. The 188 was
successfully quaternized on backbone of k-c. In recently, the modified of x-c with

cationic charge from q188 can improve its binding to keratinized surfaces of skin.
2.6 Transdermal delivery

The skin is an important barrier to controlled drug delivery. Transdermal delivery
system is the results of sophisticated procedures, which technology prevailed over a
well-known pharmacolosgical component, resulting in the development of the system
in a short time. Such development progressed through three stages, or generations,
aimed at improving delivery and absorption, reducing patch size and making it easier
to use. Furthermore, the therapeutic benefits of transdermal drug delivery systems are

an important issue in the development of any drug products.

The advantages of transdermal delivery are:

Adaptability to drugs with a short half-life.

- Avoidance of variation in gastrointestinal absorption.

- By pass of the hepatic first pass metabolism.

- Good patient compliance.

- Production of sustained and constant plasma concentrations of drugs

- Reduction in repeated dosing intervals.

- Reduction of potential adverse side effects.

- Removal of transdermal drug delivery systems provokes an immediate
decrease of drug plasma levels.

- Substitute for oral or parenteral administration in certain clinical situation.



16

- Suitable for drugs which produce a therapeutic response at very low plasma
concentrations.

2.7 The mucoadhesive interaction.

Mucus is a complex viscous adherent secretion which is synthesized by specialized
goblet cells. There is composed of water and mucins which are glycoprotein of
exceptionally high molecular weight. Moreover, pendant sialic acid and sulfate groups
located on the glycoprotein molecules result in mucin behaving as an anionic
polyelectrolyte at neutral pH. For adhesion to occur, molecule must bond across the
interface. These bonds can arise by ionic interactions, van der Waals forces, covalent

bonds, hydrogen bonds, and hydrophobic interactions.

Mucoadhesion is a complex process and numerous theories have been presented
to explain the mechanisms involved. These theories include mechanical-interlocking,

electrostatic, diffusion-interpenetration, adsorption and fracture processes.
2.8 Franz’s cell apparatus

Franz’s cell (Figure.9) are used for in vitro study to quantify the release rate of
drugs from topical preparation. In these systems, skin membranes or synthetic
membranes may be used as barriers to the flow of drug and vehicle to simulate the
biological system. The typical of Franz’s cell has two chambers, one on each side of
the test diffusion membrane. A temperature- controlled solution is placed in one
chamber and a receptor solution in the others. Drug permeation may be determined
by periodic sampling and assay of the drug content in the receptor solution. The
Franz’s cell is the most widely used apparatus to determine the drug release profile
from the topical drug products because of the reliability and reproducibility. The test
sample is placed in the donor phase, which was separated from the receptor phase

by a semipermeable membrane. The suitable receptor medium is suggested to
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increase the drug solubility for detection of drug release by the UV-visible spectroscopy

or high-pressure liquid chromatography (HPLC)

AIR

DONOR COMPARTMENT
(cell cap)

TRANSDERMAL SYSTEM

SAMPLING PORT

WATER OUT ——— RECEPTOR COMPARTMENT

(cell body)

—— WATER JACKET

37°C WATER IN
STIRRING BAR

Figure 9 The components of Franz’s cell [18]

2.9 Swelling Controlled Release

The swelling of the carrier increases the aqueous solvent content within the
polymer matrix, enabling the drug to diffuse through the swollen network into the
external environment. Most of materials used are based on hydrogel. The swelling can
be triggered by a change in the environment surrounding such as pH, temperature and

ionic strength (figure. 10)
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(A) (®

Figure 10 Schematic presentation of swelling as a preparation for controlled drug

release.

Swelling ratio = [WS‘;XN] (2)
sol fraction = [W%YM] (3)

Here, Wi, Ws, and Wd represent the weight of dried hydrogel composites after cross
linking, the weight of hydrogel composites after swelling in PBS, and the weight of dried
hydrogel composites after swelling, respectively. The swelling ratio is defined as the
fractional increase in the weight of the hydrogel due to water absorption. The sol
fraction represents the fraction of the polymer following a crosslinking reaction that is
not part of a cross-linked network. A decrease in sol fraction over time reflects polymer

loss and characterizes the extent of hydrogel degradation.
2.10 Nitric oxide (NO) determination

Nitric oxide (NO) is a free radical species that is intricately involved with the
innate immune response [19]. NO is synthesized by nitric oxide synthase (NOS) from L-
arginine using NADPH and molecular oxygen in various animal cells and tissues., is a
free radical and an intercellular messenger produced by a variety of mammalian cells.

NO shows cytotoxicity and tissue damage, whereas nanomolar concentrations of NO
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produced by constitutive forms of NOS are essential to maintain normal cellular
functions. NO is involved in various biological processes including inflammation and
immunoregulation. Therefore, inhibition of NO production by iNOS may have potential

therapeutic value when related to inflammation and septic shock [20].
2.11 MTT Assay

MTT assay is a colorimetric assay for evaluating cell metabolic activity. NAD(P)H-
dependent cellular oxidoreductase enzymes may indicate the number of viable cells.
These enzymes are ability of reducing the yellow [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, MTT tetrazole dye to its insoluble [(E,2)-5-(4,5-
dimethylthiazol-2-yl)-1,3-diphenylformazan, formazan], which has a purple color in
living cells. A solubilization solution (usually dimethyl sulfoxide, DMSO) is added to
dissolve the insoluble purple formazan production into a colored solution. The

mechanism of MTT to blue formazan product were shown Figure 11.

The absorbance of this colored solution can be quantified by measuring at a certain
wavelength (usually 540 nm) by a spectrophotometer. The degree of light absorption

depends on the solvent.

v 4 &

+
N"N\ s CHs NADH NAD N-N H\<S CH5
j N,,N+~<\ I N [ N I
N Mitochondrial N CH
CHs Reductase 3
The yellow tetrazole dye - MTT The purple Formazan

Figure 11 Mitochondrial reduction of MTT to blue formazan product.
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CHAPTER Il
EXPERIMENTAL

3.1 Materials and chemicals

3.1.1 Polymer

® kappa-carrageenan (k-c), food grade, 500 — 1,000 kDa, Deacetylation 95 %, Lot
No.405301, (Union Chemical 1986, Thailand)

3.1.2 Model drug
® Puerarin (Pur) was used in this study purchased from Xi’an Natural Field Bio-
Technique Co., Ltd., China

3.1.3 Solvents and chemical

® Acetone, AR grade: Merck, Germany

® 3-chloro-2-hydroxypropyl trimethyl ammonium chloride, AR grade: Merck,

Germany.
® Deuterium oxide (D,0) for NMR, 99.9 atom % D: Merck, Germany.
® Dimethyl sulfoxide (DMSO), AR grade: Merck, Germany.

® 3-chloro-2-hydroxypropyl trimethyl ammonium chloride (q188), AR grade: TCI

Chemicals, Tokyo.
® di-Sodium hydrogen phosphate (Na,HPO,), AR grade: Merck, Germany.
® FEthanol absolute (EtOH), AR grade: Merck, Germany.
® (old pellet 99.99%: Thailand’s Gold Trader Association
® Hydrochloric acid fuming 37% (HCL), AR grade: Merck, Germany.

® Hydrogen tetrachloroaurate 10,000 ppm (HAUCly): Homemade form gold

99.99%

® Nitric acid 65% (HNOs), AR grade: Merck, Germany.
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® Potassium chloride (KCl), AR grade: Merck, Germany.

® Potassium dihydrogen phosphate (KH,PO,), AR grade: Merck, Germany.
3.1.4 Cell culture apparatus

® 96-well plates: Corning Incorporated, USA

® (Centrifuge: Thermo Fisher Scientific Inc., USA

® (Counting slide: Boeco, Germany

® Dropper: Isolab, Germany

® [orceps: Thermo Fisher Scientific Inc., USA

® |ncubator: Thermo Fisher Scientific Inc., USA

® | amina air flow hood: Cambridge, USA

® Microscope: Nikon, Japan

® Micropipette: Thermo Fisher Scientific Inc., USA

® Multichannel pipette: Thermo Fisher Scientific Inc., USA

® Rubber bulb: Isolab, Germany

® \ortex: Schott, Germany

® Tube: Eppendorf, Malaysia

3.1.5 Cell line

® Murine Macrophage Leukemia cancer cell (RAW 264.7): Cells line Service,
Germany
3.1.6 Media and Enzyme for cell line
® Dulbecco’s modified medium (DMEM): Sigma-Aldrich Chemistry Inc., USA
® Fetal Calf Serum (FCS): Sigma-Aldrich Chemistry Inc., USA
® Griess reagent (modified): Sigma-Aldrich Chemistry, USA
® |ipopolysaccharide (LPS): Sigma-Aldrich Chemistry, USA

® Trypsin: Thermo Fisher Scientific Inc., USA



3.1.7 MTT assay materials and Apparatus

® 3-(4 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT): Thermo

Fisher Scientific Inc., USA

® Microplate reader spectrophotometer: Thermo Fisher Scientific Inc., USA

® Normal saline solution (NSS): Sigma-Aldrich Chemistry, USA

3.2 Instruments

Table 1 Instruments list

Instruments Manufacture

Autopipette Fisher Scientific Inc., USA
Beaker Isolab, Germany

Dialysis bag Membrane Filtration Products, USA

Fourier-transform Infrared
Spectroscopy (FT-IR)

Hot air oven

Hot plate

Magnetic stirrer:
Laboratory fume hood
nuclear Magnetic Resonance (NMR)
NMR tube
Pipette
Thermometer:

Vortex

ICP-OES

Thermo, Finland

Memmert, Germany
Becthai Bangkok Equipment & Chemical,
Thailand
Brand, Germany
Asian chemicals & engineering, Thailand
Bruker, Belgium
Schott duran, Denmark
Witeg, Germany
Brannan, England
Schott, Germany

Thermo Scientific, iCAP 6500 ICP-OES
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3.3 Analytical Instrument
3.3.1 Proton nuclear magnetic resonance spectroscopy ("H NMR)

The '"H-NMR spectra were measured on a Varian Mercury plus spectrometer at
400 MHz. All chemical shifts (8) were reported in part per million (ppm) relative to the
residual proton in solvents. Coupling constants (J) were reported in Hertz (Hz). The 'H-

NMR data were processed with the MestReNova software.
3.3.2 Fourier transformed infrared spectroscopy (FT-IR, ATR mode)

FT-IR spectra were record on Nicolet 6700 FT-IR spectrophotometer in the
region from 400 to 4000 cm™ at a resolution of 4 cm™* (32 averaged scans). FT-IR is a
method of measuring infrared absorption and emission spectra. The spectral features
are reported in unite of wavenumber (cm™!). FT-IR information was assessed with the

OMNIC software.
3.3.3 Dynamic light scattering (DLS)

The particle size and the size distribution of AuUNPs suspension were recorded
by using a dynamic light scattering (DLS) particle size analyzer. The particle size analysis

was performed after synthesis for 1 h.
3.3.4 Ultraviolet-Visible (UV-vis) spectroscopy

The UV-vis spectra were recorded by using an Agilent 8453E UV-vis
spectrophotometer (Agilent Technologies). The absorbance spectra were recorded in
triplication. The wavelength was recorded in the range of 200-800 nm. The instrument

was equipped with a quartz cell with a pathlength of 1 cm.
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3.3.5 Transmission Electrons Microscope (TEM)

The TEM images were obtained on a transmission electron microscope (JEM-
2100) operated at 120 kV and equipped with an energy dispersive X-Ray spectroscopy.

TEM samples were prepared by dropping an aqueous solution onto copper grids.
3.3.6 Energy Dispersive X-ray Spectrometry (EDX)

The analytical technique used for the elemental analysis or chemical
characterization of a sample. Scanning was performed under high vacuum and a

voltage of 20 kV.
3.3.7 Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

The mass fractions of gold element were analyzed using inductively coupled
plasma optical emission spectrometry (ICP-OES, iCAP 6500 ICP-OES, Thermo Scientific)

and were calculated the gold concentration by using calibration curve of gold element.
3.3.8 Zeta-potential analysis

The surface charge of k-c, q188-k-c derivatives was determined by zeta-potential

on a Malvern zeta-potential analyzer (Malvern instrument Ltd, Zetasizer version 7.01).
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3.4 The experimental methods
The experimental methods are divided into 3 parts as follow:

Part I: Modified and characterization of k-c with g188 which various concentration of

q18s.

Part Il: The preparation and characterization of q188-k-c and its derivatives used as

reducing and stabilizer agent for synthesis of AuNPs.

Part lll: The Preparation and preliminary were cytotoxic studied of Pur load on g188-

K-C@AUNPs derivatives for evaluation of biological activity.

The experimental methods section is divided into 3 parts as shown in Figure 12.
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Part I: The preparation and characterization of ql88-K-c.

Anionic of K-C q188-K-C derivatives

Part Il: The synthesis of q188-k-c @AuNPs used ql88-K-c derivatives as a reducing

and stabilizer agent.

HAUCL, solution

v

Effect of q188-K-c@AuNPs synthesis
§188-K-c derivatives concentrations
q188-K-c@AuNPs

Al A
alll > e ..—,-"r"'h‘ (%
A P Y/
d m.e%ﬁ@é_

q188-K-c derivatives

Part lll: Biological studies.

In vitro cytotoxicity
- Normal cells

- Inflammatory cells

© 20
Dl {-g’-q Drug loaded q188-k-c

s © -
S

Synthesis: g188-K-c derivatives concentrations
q188-K-c@Pur@AuNPs

q188-K-c@AuNPs

Figure 12 The schematic of methods and materials in experimental procedures are

divided into Il parts.
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Part I: Modified and characterization of k-c with q188 which various concentration

of q188.

3.4.1 The development of k-c and its derivatives

Take the first step, the anionic k-c was corrected to provide positive charge
from the q188 of the k-c increases (Figure 13). The positive charge of k-c derivatives
(g188-k-c) used as stabilizer and enhancer permeation to cell membrane because its

derivatives can be increases electrostatic interactions with negative charged of cell

membranes.
e
® NaOH c
Cl—CH CH N(CH ) ——— = H C——CHN(CH )

o

OH
o CP
CH?“"CHN(CH ),

({')
CHN(CH )
NaOH, 80°C, 1 h

K-C ql188-k-C

Figure 13 Schematic representation of k-c and q188-k-c derivatives.

3.4.1.1 The synthesis of quaternization kappa-carrageenan (q188-k-c)

The initial synthesis of q188-«k-c, 1 ¢ powdered k-c was dissolved in 1000 mL
deionized water and stirred at 70°C to observe the clear solution. Next step, 0.1 mM
NaOH and 188 solution were added and continued the reaction at 7 0 C. The
concentration of k-c, q188, temperature and reaction time were varied as Table 2. The
proposed mechanism of quaternization q188-k-c was shown in Figure 13. The product
was recovered through precipitations and washed with ethanol-water (80:20) at three
time. After that, the precipitate of q188-k-c was dialyzed (molecular weight cutoff of

6000-8000 Da) against distilled water at room temperature for one week and oven-
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dried at 40°C overnight. Their product was q188-k-c derivatives and characterized by
'H NMR and FT-IR analysis.

Table 2 The concentration of 188 were varied as q188-k-c derivatives

k-c (Y%ow/v) q188 (%v/v)
0.1 10
0.5 25
1 50
3 75

3.4.1.2 The calculation of degree of quaternization (%DQ)

Their product was q188-k-c derivatives to characterized by 'H NMR. 'H NMR
spectra of k-c, q188 and ql188-k-c in D,O were recorded on a Varian Mercury plus
spectrometer (400 MHz). The %DQ of gq188 on k-c backbone were evaluated comparing

the ratio of integral peak using as equation (4)

0 I(He— Hg)
/DQ [I(Hl —H7) 9] “@

Where, / (H) and %DQ were intrigation of proton and degree of quaternization

of k-c derivatives, respectively.

3.4.1.3 The confirmation of k-c and its derivatives
The FT-IR were on record on FT-IR Nicolet 6700 in the region from 400 to 4000

cm' wavenumber range at a resolution of 4 cm™ (32 averaged scans).



29

Part Il: The preparation and characterization of q188-k-c and its derivatives used

as reducing and stabilizer agent for synthesis of AuNPs.

3.4.2 The synthesis and characterization of q188-k-c@AuNPs

3.4.2.1 Synthesis of q188-k-c@AuNPs

In a typical experiment, q188-k-c @AuNPs was prepared by reducing HAuCl, in
the presence of 10-75% (v/v) q188-k-c in an aqueous solution. Briefly, the synthesized
of q188-k-c 1 mL was added with 1mM HAuCl, solution under vigorous magnetic stirring
for 1h. at 70°C. The color change was occurred from colorless to wine-red colored
suspension that confirmed the formation of q188-k-c @AuNPs. The resulting wine-red

solution was stored at 4 °C before use.
3.4.2.2 Characterization of q188-k-c@AuNPs as a confirmed

The absorbance was measured at wavelength range of 400-700 nm on UV-

visible spectrophotometer

Part lll: The Preparation and preliminary were cytotoxic studied of Pur load on

q188-k-c@AuNPs derivatives for evaluation of biological activity.

3.4.3 Preparation of q188-k-c@Pur@AuNPs derivatives and q188-k-c@Pur@AuNPs

derivatives as an evaluation of biological activity.

3.4.3.1 The synthesis of q188-k-c@Pur@AuNPs

The initial synthesis of q188-k-c@Pur@AuNPs was carried out in a mixture
containing at 200 ppm of Pur with q188-k-c@AuNPs, 0.1 mL of 0.1 M NaOH and the
volume was made up to 5 mL by adding the appropriate amount of deionized water.

The tube was placed at magnetic stirrer and stirred to ensure the completed mixing at
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80°C for 15 min. After that, solution was centrifuge precipitate were of obtain. The

suspension was analyst using UV-vis spectrophotometer.

3.4.3.2 Characterization of q188-k-c@Pur@AuNPs as a confirmed

"H NMR spectra with compared of synthesized q188-k-c and q188-k-c@AuNPs

were record in D,O on a 400 MHz NMR spectrometer.

UV-vis spectrum of q188-k-c@Pur@AuNPs were record were recorded in

triplicate. The working range was 200-800 nm.
3.4.4 Anti-inflammatory activity
3.4.4.1 Cell culture

The murine macrophages RAW 264.7 cells were grown in DMEM medium
supplemented with 10% (v/v) of fetal bovine serum (FBS). Cultured cell lines were
incubated in humidified atmosphere of 5% CO, at 37°C and then it was sub-cultured

by trypsin enzyme every three days (72 h).
3.4.4.2 Calibration curve of nitrite standard

The stock solution of 0.69 mg/mL sodium nitrite (NaNO,) dissolved in deionized
water (D). Then, the concentrations of nitrite performed 10 serial dilutions (0, 0.5, 1, 2,
5, 10, 20, 40, 60 and 80 uM) in triplicate down the 96-well plate (100 pL/well). Added
100 pL of Griess reagent and incubated at room temperature for 15 min (dark

condition). Absorbance was measured at 540 nm on ELISA reader.

3.4.4.3 NO determination

Briefly, the RAW 264.7 cells were incubated in 96-well plates at a density of
1.44x10° cells/well (8x10° cells/mL) at 180 uL of Dulbecco’s modified Eagle’s medium
(DMEM) for 24 h. After pre-incubation of RAW 264.7 cells, the DMEM medium was
removed 10 plL and replaced with fresh medium containing various concentrations of

compound (0-100 pM) and then were incubated with 2 ug/mL of LPS for stimulated
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NO production for 24 h. The 100 pL of supernatant was added in new 96-wells plates
and mixed with 100 pL of Griess reagent in plates. Subsequently, the mixture was
incubated at room temperature for 15 min at the dark condition. The absorbance was
measured at 540 nm on ELISA reader. Fresh culture medium was used as a blank in
every experiment. The NO inhibitory activity can be calculated the concentration of

nitrite by comparison to calibration curve of sodium nitrite standard [21].

3.4.4.4 Cytotoxicity by MTT assay

The MTT colorimetric method was measured according to the procedure
modified by Yang et al. [21]. Briefly, the murine macrophages RAW 264.7 cells were
incubated in 96-well plates at a density of 5x10° cells/well for 24 h. Thus, 20 pL of
treated medium was removed and added with various concentrations of treat
compounds (0-100 uM) for 2 days. After that, the medium was incubated with 10 pL
of MTT (5 mg/mL) for 4 h. at 37°C. Hence, the supernatants were removed, the dark
violet crystals were dissolved in 150 uL of DMSO and absorbance was measured at
540 nm on ELISA reader. The percentage of dead cells was determined relative to the
control group. The data that were collected for triplicates and calculated as following

equation (5, 6);

% Cell viabili Absorbance of treated cell 100 (5)
0 L€l viability = Absorbance of untreated cell 8

% Cytotoxicity =100-percentage of cell viability (6)

3.4.4.5 Determination of the anti-inflammatory

The value of absorbance (ODsg,) was obtained for calculation. The medical effect, or

nhibiti ; . Absorbance of treated cell -
nihibition fate = &~ Absorbance of untreated cell
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3.4.5 Swelling Controlled Release

The solubility of k-c and g188-k-c in phosphate buffer (PBS) solution pH 7.4 at
room temperature was calculated. For synthesized of k-c and q188-«k-c samples, 100
mg of samples were suspended in 10 mL PBS pH 7.4 and stirred at 25°C for 24 h. The
undissolved solids were collected by gravity filtration, which washed in acetone and
dried at 40°C under vacuum overnight. The solubility of x-c and q188-k-c was

calculated by using the following Equation (2,3).[22]
3.4.6 In vitro study of drug permeation through cellulose membrane

The release of q188-k-c@Pur@AuNPs permeation study was performed using
Franz diffusion cell. Cellulose membrane with pore size of 0.45 pm was fitted into
place between the donor and receptor chambers. The upper donor chamber was filled
with 12 mL of Pur loaded q188-k-c@AuNPs derivatives. The diameter of the Franz’s
cell was 1.5 cm corresponding to an effectively permeable area of 1.77 cm®. The
receptor chambers contained 12 mL of acetate buffer pH 7.4 as the receptor fluid. The
receptor phase was stirred at 500 rpm during the study and the temperature was
maintained at 37 + 1 °C by circulating water through a jacket surrounding the cell body
throughout the experiment. 500 microliter of receptor fluid was withdrawn at 0.5, 1, 2,
3,4,5and 6 h. Fresh buffer was replaced after each collection. The release of Pur was
analyzed using UV- visible spectroscopy at 250 nm and calculated the Pur
concentration with reference calibration curve. To study release of AuNPs can be
analyzed using ICP-OES and calculated the AuNPs concentration with reference
calibration curve. Each test was carried out in triplicate and the mean of three

observations was reported.



CHAPTER IV
RESULTS AND DISCUSSION

Part I: Modified and characterization of k-c with 188 which various concentration of
q188.

4.1 The synthesis of quaternization of q188-k-c and characterizations

4.1.1 'H NMR analysis

(K-c) kappa carrageenan

e
0,59 OH o
O -
O ™)eoeeeeee *
P o 0 0
OH o

D-galactose-d-sulphate  3,6-anhydro-D-galactose

Figure 14 Structure of Kappa-carrageenan (k-c)

The structure of k-c was shown in Figure. 14, which 'H NMR spectrum of k-c
shown in Figure.15a. The spectra of q188, 10, 25, 50 and 75% (v/v) q188-k-c were
shown in Figure.15b, 15c, 15d,15f, respectively. The samples were dissolve in D,0,

which appeared at 4.75 ppm.

The "H NMR spectrum of k-c (Figure. 15a) showed the H1-H6 and H7 protons in
D-galactose-4-sulphate at 3.50-4.00 and 5.25 ppm, respectively. The "H NMR spectrum
of q188 was shown in Figure 15b, which revealed that Hd protons in alcohol (R-OH)
and Ha-Hc protons in methylene (-CH,-) at 4.45 and 3.50-3.75 ppm, respectively.

Moreover, Specific protons of He-Hg protons in 3° amine (R;N) appeared at 3.15 ppm

The 'H NMR spectrum of quaternized k-c was shown in figure 15c-15f. The

presence of q188 on the k-c back bone was confirmed by the appearance of signal at
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3.15 ppm, which corresponded to the methyl groups linked to the quaternary nitrogen
in the substituent of q188. [23, 24] Further, 'H NMR analysis indicated the % DQ of
quaternized as 10, 25, 50 and 75 %(v/v) q188-k-c to be 1.20, 2.1, 2.12. and 2.12% DQ,

respectively.

Thus, we may be selected 25% (v/v) q188-k-c concentration because of its
shows highs of %DQ. That can be concluded success that to the quaternization of x-

c by 25% (v/v) q188.

The 'H NMR spectra of q188-k-c were observed the Ha-Hg protons of q188 on
K-C back bone as shown in Figure 16c-16f. showed the Specific peaks of q188 at 3.15
ppm appeared and k-c at 3.50-4.00 and 5.25 ppm appeared [25]. Furthermore, the DS,

as calculated from eq (4) using integration areas from 'H NMR spectra was 2.1%DQ



35

D,O
H1-H6 .
050 oy
W o
a) H7 N, L N
0N
o OH
AP

He-Hg
e
a c ®/CH3
b N f
b) Y\E\CH
Ha-Hc OH CH 3
Hd d
_J
Cle@\H'* Ofl2
H1-Hé f’b( N
5 d 5
C) 059 . 0 CH o
H7 4 5.0 [
Hd He-Hg " 1=0-Xmr; L0 g 0-- *
o OH
H1-Hé
He-Hg
d)
H7
Hd
\ —
He-Hg
H1-H6
e)
—_—b
Hd L
He-Hg
H1-Hé
‘____LJ UA\)
65 60 55 S0 45 40 35 30 25 20 15 10 05
ppm

Figure 15 "H NMR spectra

of (a) k-c, (b) q188, (c-f) 10, 25, 50, 75 % (v/v) q188-k-C

used as various concentrations, respectively



4.2 Swelling Controlled Release
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(A)

Figure 16 Presentation of swelling controlled release[2]

4.2.1 The solubility of k-c and q188-k-c with PBS for pH 7.4

The Modified of 10, 25, 50 and 75% (v/v) q188-k-c can be increase solubility

because of its 11.4+0.04, 43.7+0.01, 69.0+0.02 and 69.3+0.01% solubility, respectively

to higher than that unmodified of k-c which presented 7.24+2.85% solubility. Thus, A

high concentration of q188 can be promote solubility.

Table 3 The solubility studied of synthesize of q188-k-c with difference

concentration of 188

Concentrations of 188 (% v/v)

Solubility (%)

K-C

10

25

50

75

7.24+2.85

11.4+0.04

43.7+0.01

69.0+0.02

69.3+0.01
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4.3 Zeta-potential analysis
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Figure 17 Zeta-potential analysis of (a) k-c and (b) gq188-k-c derivatives as a modified

to charge.

We measured the zeta-potential of k-c and g188-k-c as shown in Figure.17,
which studied of the effect positive charge from g188 on k-c backbone. the Zeta-
potential value of k-c and q188-k-c were -14+3.46 and -8.05+3.81 mV, respectively.
This increase of zeta-potential value is probably due to the positive charge of 188
and suggests that quaternization 188 can be enhanced positives charge onto xk-c
backbone. The positive charge can be increase interaction with negative charge of skin.
Thus, to enhanced positive charge of q188-k-c can be increase electrostatic interaction

with cell membrane for transdermal delivery systems.
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Part Il: The preparation and characterization of q188-k-c and its derivatives used

as reducing and stabilizer agent for synthesis of AuNPs.

4.4 The synthesis of gq188-k-c@AuNPs

The efficient and rapid synthesis for controlling the morphology, shape and size
distribution of suitable q188-k-c@AuNPs derivatives under optimal condition (ImM
HAuCl, solution, 25%(v/v) q188-k-c at 70°C for 1h,, pH 7) for anti-inflammatory drug
and cancer drug delivery systems were characterized by UV-vis, TEM, Zeta potential
and EDS. In this research, q188-k-c@AuNPs was successfully reduction of HAuCl, with

25% (v/v) q188-k-c as stabilizing and reducing.[26].
4.4.1 Ultraviolet-visible (UV-vis) spectroscopy

In the present study, we interested to use the reducing and stabilizing nature
of biopolymer, q188-k-c for the synthesis of gold nanoparticles as shown in Figure.18.
The different colors of AUNPs were different morphologies appear. Hence, AUNPs were
monitored with the color change and UV-vis spectroscopy. In addition, the effects of
ql88-k-c concentrations as a reducing and stabilizing agent that studied based on
ability to control the morphology and size of AuNPs. Thus, g188-k-c was stabilized
gold nanoparticles (q188-k-c@AuNPs) allowed the attachment of a large number of

small molecules which will exclusively target the inflammatory cells and cancer cells.

The initial synthesis of AuNPs was carried out in a synthesis containing q188-k-
¢, kK-¢ mixed NaOH and distilled water. The synthesis of k-c was added 188 with
various concentration of gq188. Then, HAuCl, was added into the mixture in hot water.
The color change was occurred from colorless to red colored suspension. The

absorbance was measured on UV-visible spectrophotometer.
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Figure 18 The absorption spectra of q188-k-c@AuNPs were measured at wavelength
range of 200-700 nm on microtiter plate reader; (A) pure k-c, (B) solution of HAUCl,, (C)
1% (w/v) k-c with HAUCl, solution, (D) 10% (v/v) q188-k-c@AuNPs, (E) 25% (v/v) q188-

K-C@AUNPs, (F) 50% (v/v) q188-k-c@AuNPs and (G) 75% (v/v) q188-k-c@AuNPs

The UV-vis spectra showed the absorption peaks in Figure.18. We synthesized
AuNPs using various concentration of 188 from 10 %(v/v) to 75%(v/v) with 1%(w/v)
K-C for reduced and stabilized of 1 mM HAuCl, solution. The q188-k-c@AuNPs at 25%
(v/v) q188-kx-c, was the optimum condition with the maximum absorption that higher
than other conditions and wavelength average is 530 nm and finally, the color of
solution turned to red (showed in Figure.18E and Figure.18F). The spectra25% (v/v) and
50% (v/v) ql188-k-c have a strong absorption feature at 530 nm due to the

characteristic surface plasmon resonance of AuNPs [27]. Thus, the condition 25% (v/v)
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and 50% (v/v) q188-k-c used as a reducer and stabilizer of AuNPs, which studied on

aggregation of AuNPs.

4.4.2 Aggregation of gold Nanoparticles (AuNPs)

The different colors from red-wine to violet color were shown aggregation of

AUNPs because of SPR effect.

The synthesized of 25% (v/v) q188-k-c@AuNPs and 50% (v/v) q188-k-c@AuNPs

were keep 25% (v/v) q188-k-c@AuNPs and 50% (v/v) g188-k-c@AuNPs at room

temperature for a week. The aggregation was observed by UV-vis spectrophotometer

that showed in Figure 19.
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Figure 19 The absorption spectra of q188-k-c@AuNPs were measured at wavelength

range of 400-800 nm on microtiter plate reader; (A) 25% (v/v) q188-k-c@AuNPs, (B) 50%

(v/v) q188-k-c@AUNPs.
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The synthesized 50% (v/v) q188-k-c was shown aggregation. Thus, 25% (v/v)

q188-k-c condition was the optimum condition that its high stability. [27]

4.4.2 FT-IR spectroscopy (ATR mode) analysis

a)

Transmittance (%T)

1685 14901048

3350
!

4000 3500 3000 2500 2000 1500 1000
Wavenumber (cm'l}

Figure 20 FT-IR spectra of (a) k-c, (b) q188, (c) 25% (v/v) q188-k-c used as various

concentrations.

The Kk-c, q188 and q188-k-c derivatives were characterized by FT-IR analysis.
FT-IR spectrum of k-c, q188 and q188-k-c are shown in Figure. 20. The FT-IR spectra of

the unmodified k-c and modified of k-c on back bone were shown in Figure.20a. and
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Figure 20c, respectively. The spectrum of the k-c without as a quaternization of q188

1

(Figure. 20a) showed a strong broad band at 3309 cm™, which corresponded to the

O-H stretching. The presence of two signals at 867 and 927 cm™ ' was assigned to R-
O- S- stretching vibration of galactose residue. The characteristic k-c peak belonging
to the R-0O-S0; stretching of the D-galactose-4-sulfate residue was observed at 1002
and 1344 cm™. The FT-IR spectrum of q188 in Figure. 20b reveals that the broad band
at 3360 cm™! was of an O-H stretching. The band at 1570 cm™ was assigned to the -
CH; stretching. The band at 1450 cm™ was due to the N-C stretching adsorption band.
After quaternization of k-c (q188-k-c), the FT-IR spectrum of q188-k-c (Figure. 20c)
showed a peak shift at 1048 and 1376 cm ™! corresponding to the R—-O-S- stretching
vibration of galactose residue, a band shift at 1490 cm™ ! that N-C stretching in the
methyl groups, and band to shift at 934 and 980 cm™' that was assigned to the
asymmetric stretching of R—O-S0O; of the D- galactose-d-sulfate residue of k-c. Thus,
the results demonstrated that, confirm of q188-k-c derivatives was successfully

quaternized on k-c back bone.

4.4.3 Dynamic light scattering (DLS)

In this work studied in control of average particles size and narrow size
distribution that important to use nanoparticles in many applications. The size
distributions of g188-k-c@AuNPs can observed by DLS. In the absence of g188-x-

c@AuUNPs shown in table 4
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Table 4 The size distribution of gq188-k-c@AuNPs derivatives and q188-k-

c@Pur@AuNPs.
Compound Size (hm)
q188-k-c@AuNPs 100
q188-k-c@Pur@AuNPs 170

The TEM images recorded from as synthesized AuNPs (Figure 21) revealed that
the nanoparticles were well dispersed with a narrow size distribution and an average
size of 15 nm (Figure 21a-d). The morphology of q188-k-c@AuNPs was the spherical
shape. In subsequent experiments, Therefore, q188-k-c@AuNPs was drug carrier as a

prepare of drug loading.
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Figure 21 The morphology of gq188-k-c@AuNPs a) the particle size of q188-k-c@AuNPs
from histogram, b-d) the sphere and particle sized of q188-k-c@AuNPs.
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4.4.5 Energy Dispersive X-ray Spectrometry (EDX)

The spot profile EDX spectrum and TEM image recorded from the AuNPs are
shown in Figure. 22. The EDX profile was shown a strong gold signal along with weak
oxyegen and strong carbon peaks, which may have originated from the biomolecules
that were bound to the surface of the AuNPs. The TEM image was shown the spherical

shape of AuNPs and an average size of 15 nm.

c Au

5
keV
Figure 22 Characterization of the gold nanoparticles formed by the reaction of 25%

(v/v) q188-k-c@AuNP: Spot profile EDX spectrum.
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Part lll: The Preparation and preliminary were cytotoxic studied of Pur load on

q188-k-c@AuNPs derivatives for evaluation of biological activity.

4.5 The synthesis of q188-k-c@Pur@AuNPs

4.5.1 FT-IR spectroscopy (ATR mode)

In 25% (v/v) q188-k-c@AuNPs, the characteristic absorption peaks at 1450 cm™
was due to the N-C stretching absorption band. After quaternization of k-c (q188-k-c),
the FT-IR spectrum of q188-k-c (Figure. 23a) showed a peak shift at 1048 and 1376
cm™! corresponding to the R-O=S stretching vibration of galactose residue, a band shift
at 1490 cm™! that N-C stretching in the methyl groups, and band to shift at 934 and
980 cm™! that was assigned to the asymmetric stretching of R-O-SOs; of the D-

galactose-4-sulfate residue of k-c.

In pure puerarin (Figure.23b), the characteristic absorption peaks at 3331 cm™
due to O-H stretching of sugar, 2750 cm™! due to symmetric stretching vibration of —
CHs. 1603 cm™, an absorption band at 1650 and 1515 cm™ due to stretching vibration

from —-COOH stretching and —CO stretching in aromatic of sugar, respectively. [28].

The FT-IR spectra of 25% (v/v) ql188-k-c@Pur@AuNPs (Figure 23C). was
displayed an absorption band at 1273 and 1059 cm™' corresponding to the R-0O-S
stretching vibration of galactose residue, an absorption band shift at 1517 cm™! that
N-C stretching in the methyl groups, and band to shift at 937 and 985 cm ™' that was
assigned to the asymmetric stretching of R-O-SO; of the D-galactose-4-sulfate residue
of k-c, an absorption band at 1670 and 1650 cm™ due to stretching vibration from —
COOH stretching and -CO stretching from sugar of puerarin, respectively. Thus, the
results demonstrated that confirmed of puerarin was successfully synthesis on 25%

(v/v) q188-k-c@AuNPs derivatives.
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Figure 23 FT-IR spectra of: (a) 25% (v/v) q188-k-c@AuNPs, (b) Puerarin and 25% (v/v)

q188-k-c@Pur@AuNPs.
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4.6 Biological activities of q188-k-c@Pur@AuNPs with cancer and inflammatory cell

line.

4.6.1 Cytotoxicity study of q188-k-c@Pur@AuNPs

To study enhanced cytotoxicity and intracellular uptake, we studied anti-cancer
and anti-inflammatory activities of gq188-k-c@Pur@AuNPs as bio-nanocarriers and as an
active targeted nanocarriers. The firstly study to evaluate their cytotoxicity of q188-«-
c@Pur@AuNPs using MTT assay against human cancer cell, human inflammatory cell
and normal cell such as KATO Il (stomach carcinoma), Chago-K1 (lung carcinoma), SW
620 (colon carcinoma), CLS (oral cancers) and RAW 264.7 (inflammatory cell) and

normal cell (Wi-38).

The platform of Pur, q188-k-c@AuNPs, q188-k-c@Pur@AuNPs and diclofenac
were showed different cytotoxic activities in each cancer cells. Among these, q188-k-
c@Pur@AuNPs exhibited high cytotoxic activity against CLS with ICs, of 5.06+0.05 more
sensitive than Pur alone and diclofenac with ICsy of 50.91+0.05 and 5.66+1.84,

respectively (Table 5).

Table 5 In vitro cytotoxic of compound against CLS, SW 620, Chago-K1, KATO Il and

RAW 26.7.
Cytotoxic (IC , M)
50
Compounds
CLS SW 620 Chago-K1 KATO Il RAW 264.7
Pur 50.91+0.05 56.45+0.05 56.44+0.63 26.29+0.05 36.35+1.10

ql88-k-c@AuNPs  26.09+0.15 5.26+1.66 5.39+1.18 6.66+0.03  3.93+2.53
ql88-k-c
5.06+0.05 3.33+0.04 2.24+1.07  26.29+0.05 2.69+0.76
@Pur@AuNPs

Diclofenac 566+1.84 12.61+0.01 33.72+13.98 25.53+0.05 0.38+0.05
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4.7 In vitro study of synthesize of q188-k-c@Pur@AuNPs permeation through

cellulose membrane by Franz’s cell diffusion method

In vitro study of ql188-k-c@Pur@AuNPs permeation to cellulose acetate
membrane by Franz’s cell diffusion method was carried out in phosphate buffer saline
(PBS) pH 7.4 for 37+1°C. The in vitro release profiles of amount of Pur and Au’
permeation from q188-k-c@Pur@AuNPs compare with k-c@Pur@AuNPs and x-c@
AuNPs per unit area were investigated for 6 hours which a characterization by
Ultraviolet-visible spectroscopy (UV-vis spectroscopy) and Inductively Coupled Plasma

Optical Emission Spectrometry (ICP-OES).

The permeation of Pur and Au’ from each compound was calculated in term
of mean cumulative amount of permeated Pur and Au’ across a unit area of membrane
with time which cumulative amount of permeated through a unit area of membrane

(Qp) can be expressed using equation (7) as followed:

_ CLCxVB
T AM

Qp )

Here, CLC is concentration (pg/ml) of Pur and AU’ across a unit area of

membrane, VB is volume of PBS (mL) and AM is area of cellulose acetate membrane.
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Figure 24 Cumulative release of Au® from q188-k-c@Pur@AuNPs compare with q188-

K-C@AUNPs and k-c@AuNPs permeating through one area division of cellulose

membrane with different times.

The cumulative release profiles of Au® from q188-k-c@Pur@AuNPs, q188-k-

Cc@AuUNPs and k-c@AuNPs were shown increased continuously with time (Table 6 and

Figure 25). Accordingly, the permeation behaviors of Au® from q188-k-c@Pur@AuNPs,

q188-k-c@AuNPs and k-c@AuNPs were exhibited linear relationship from the straight-

line portion of curve which slope of the linear correlation between cumulative amount

of drug (Qp) and time as flux of Au® (ug/cm?.h) was shown in Figure. 24 and Table 9.
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Table 6 Flux relation of Au®in q188-k-c@Pur@AuNPs compare with q188-k-c@AuNPs

and k-c@AuNPs permeating through one area division of cellulose membrane and

times.

Time (hour)

Flux (ug/cm2.h.)

q188-k-c@Pur@AuNPs  q188-k-c@AuNPs K-C@AUNPs

0.5 3.04 a.67 1.09

1 4.58 6.08 2.90

2 8.42 10.68 4.33

3 13.53 16.81 6.85

4 19.40 21.53 8.76

5 24.18 27.93 10.61

6 29.48 32.28 12.66
Total (%) 52.1 60.40 23.7
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Flux relation of Au® and Pur were calculated from an according standard curve
showed in Figure. 28.

30

ql88-K-c@Pur@AulNPs @ K-c@Pur@AulPs @ Pur

| R

Cumulative release (pug/cm?)

05 15 25 35 a5 55 6.5

Time (hour)

Figure 25 Cumulative release of Pur in q188-k-c@Pur@AuNPs compare with
K-c@Pur@AuNPs and Pur permeating through one area division of cellulose membrane

with different times.

The cumulative release profiles of Pur within the obtained q188-k-c
@Pur@AuNPs compare with k-c@Pur@AuNPs and pure of Pur were shown increased
continuously with time (Table 7 and Figure 25). Accordingly, the permeation behaviors
of Pur from ql88-k-c@Pur@AuNPs and x-c@Pur@AuNPs were exhibited linear
relationship from the straight-line portion of curve which slope of the linear correlation
between cumulative amount of drug (Qp) and time as flux of Au® (ug/cm?.h) was shown

in Table 10.
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Table 7 Flux relation of Pur in q188-k-c@Pur@AuNPs compare with k-c@Pur@AuNPs

and pure of Pur permeating through one area division of cellulose membrane and

times.

Time (hour)

Flux (ug/cm2.h.)

q188-k-c@Pur@AuNPs  q188-k-c@AuNPs K-C@AUNPs

0.5 2.52 1.99 1.14

1 4.44q 3.01 1.55

2 8.55 491 3.02

3 13.07 6.06 63.22

4 18.44 7.54 4.13

5 21.87 9.52 4.89

6 26.18 10.79 5.94
Total (%) 48 21.9 11.9
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The permeating fluxes were presented high value of Pur and Au’ in q188-k-
c@Pur@AuNPs than k-c@Pur@AuNPs and alone Pur, that the synthesized of q188-k-

C@AuUNPs can be enhance transdermal delivery showed in Table 8.

Table 8 %Flux relation of each compound was permeating through one area division

of cellulose membrane.

%Flux (ug/cm?2.h.)

Compound
Pur Au°

q188-k-c@Pur@AuNPs? - 52

q188-k-c@AuNPs® - 60

K-C@AUNPs® - 24
q188-k-c@Pur@AuNPs” 48 -
K-C@Pur@AuNPs” 22 -
Pur® 12 -

Compound?®: %Flux relation from ICP-OES.

Compound®: %Flux relation from UV-vis.
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CHAPTER V
CONCLUSION

In conclusion, the nanoparticles for drug carriers have been used to improve

insolubility of drug and enhance permeation thought cell membrane

The modified of k-c was successfully achieved via quaternization process. 'H
NMR analysis indicated the %DQ of 25% (v/v) q188-k-c to be 21%. Also explores was
solubility with pH 7.4 buffer, the synthesized of 25% (v/v) q188-k-c 43.7+0.01%
solubility and high stable more than that unmodified which presented 11 +0. 03
%solubility. The preparation AuNPs used as reducing and stabilizing of gq188-k-c (q188-
K-C@AUNPs) which showed sphere of shape and sized at 15 nm and 100 nm by TEM
and DLS characterized, respectively. The q188-k-c@Pur@AuNPs derivatives used as to
preparation by load on q188-k-c@AuNPs derivative that showed size at 25 nm and 170
nm by TEM and DLS characterized, respectively. The preliminary study of cytotoxicity
was non-cytotoxic to human normal cells (Wi-38) and enhanced activities of q188-k-
c@Pur@AuNPs against CLS cell with ICsy 5.06+0.05 uM that than alone Pur. In vitro
study was drug permeation through cellulose membrane by Franz’ cell diffusion that
permeating fluxes were presented high value of ql188-k-c@Pur@AuNPs than x-
c@Pur@AuNPs and alone Pur which confirm enhance transdermal delivery by ICP-OES

and UV-vis spectrophotometer.

Thus, the synthesized of q188-k-c@Pur@AuNPs was high solubility, non-toxic
with normal cell and increase activities with CLS cell which can be used as enhance

permeation for transdermal delivery
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APPENDIX (A)

In vitro study of drug permeation through cellulose membrane, presented of

concentrations as Au’ by ICP-OES.

40
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Figure 26 Flux relation between amounts of g188-k-c@Pur@AuNPs, q188-k-c@AuNPs
and k-c@AuNPs permeating through one area division of cellulose membrane and

times.

Table 9 Flux relation between amounts of q188-k-c@Pur@AuNPs, q188-k-c@AuNPs

and k-c@AuNPs permeating through one area division of cellulose membrane and

times.

Carrier Linear relationship r2 Flux (pg/cm2.hr)
188-k-c@Pur@AuNPs y = 5.2019x + 1.1642 0.9964 5.20
q188-k-c@AUNPs y = 4.9049x - 0.4039 0.9954 4.90

y=2.0931x + 0.24 0.9981 2.09

K-C¢ @AUNPs
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APPENDIX (B)

In vitro study of drug permeation through cellulose membrane, presented of

concentrations as Pur by UV-vis analysis.
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Figure 27 Flux relation between amounts of q188-k-c@Pur@AuNPs, k-c@Pur@AuNPs

and Pur permeating through one area division of cellulose membrane and times.

Table 10 Flux relation between amounts of q188-k-c@Pur@AuNPs, k-c@Pur@AuNPs

and Pur permeating through one area division of cellulose membrane and times.

Carrier Linear relationship r2 Flux (ug/cm2.hr)

188-K-C@PUT@AUNPs y = 4.3713x + 0.1561 0.9981 43713

C@PUAUNPS y = 1.5822x + 1.4006 0.9959 4.9049

Pur y = 0.8344x + 0.8488 0.9817 0.8344
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Figure 28 Calibration Curve of Au® from Franz’s cell method by ICP-OES.
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Figure 29 Calibration Curve of puerarin from Franz’s cell method by UV-vis.
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