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Figure 5-9. Schematic of ligand modification of chitosan films via the avidin-biotin
linker.

Figure 5-10. Avidin-rhodamine fluorescence. (A) Biotinylated and (B) control chitosan
films.
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Figure 5-11. The effect of biotin concentration on the biotinylation efficiency of chitosan
films.

600 -
500 -
400 i
300 t

200 -+ { E

100 A

Biotin concentration
(nmol/cm?)

0 T T T T T T T T 1
3 4 5 6 7 8 9 10 11 12

pH of Biotinylation Solution

Figure 5-12. The effect of pH on the biotinylation efficiency of chitosan films.
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Figure 5-13. Chitosan films showing HEPM cell adhesion. (A) Initially (after 4 h) and
(B) at confluence (after 5-day incubation). The arrows point to attached
cells.

Figure 5-14. Chitosan films showing HEK293 cell adhesion. (A) Initially (after 4 h) and
(B) at confluence (after 5-day incubation).
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Figure 5-15. The effect of the chitosan grades on the cellular viability of HEK293 cells
inoculated on chitosan films. Chitosan films were fabricated from high
molecular weight and high degree of deacetylation (HM-HD), medium
molecular weight and high degree of deacetylation (MM-HD), low
molecular weight and high degree of deacetylation (LM-HD), medium
molecular weight and medium degree of deacetylation (MM-MD) and
medium molecular weight and low degree of deacetylation (MM-LD)
chitosans.
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Figure 5-16. The effect of the percentage of glutaraldehyde cross-linking on the cellular
viability of HEK293 cells inoculated on chitosan films. Films were made of
high molecular weight and high degree of deacetylation (HM-HD), medium
molecular weight and high degree of deacetylation (MM-HD) and medium
molecular weight and medium degree of deacetylation (MM-MD)
chitosans.
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Figure 5-17. The effect of glutaraldehyde cross-linking and the subsequent quenching of
the reaction using ethanolamine (EA), glycine (Gly) or Tris
(tris(hydroxymethyl)aminomethane) on the viability of HEK293 cells on
chitosan films.
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Figure 5-18. The effects of RGD and PEG ligand modification on HEK293 cell adhesion
measured by the MTT assay. Biotinylation percentage was used as a
measure of the degree of ligand attachment.
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Figure 5-19. The effect of RGD and PEG ligand modification on HEPM cell adhesion,
measured by the MTT assay. Biotinylation percentage was used as a
measure of the degree of ligand attachment.
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CHAPTER 6
CONCLUSIONS AND FUTURE PERSPECTIVE

6.1 Conclusions

This research focused on modifying and optimizing chitosan for applications in
gene delivery, enzyme immobilization and tissue engineering. Firstly, polyelectrolyte
complexes (PECs) made of chitosan with different polyanions, especially dextran sulfate,
were studied for gene delivery purposes. It was found that chitosan PECs resulted in
spherical nano-sized particles and were able to condense plasmid DNA (pDNA)
effectively. In addition, these particles were able to protect DNA from degradation by
DNase I. Physicochemical properties of particles, such as particle sizes and charges, as
well as gene and drug delivery properties, such as transfection efficiencies, were largely
dependent on chitosan’s molecular weight and degree of deacetylation, type of
polyanions, chitosan to polyanion weight ratio and chitosan to pDNA charge ratio.
Inclusion of dextran sulfate into chitosan particles resulted in superior particle stability
and high exogenous protein expression, compared to using other polyanions. These
formulations were tested as DNA vaccine delivery vehicles and were found to effectively
induce the immune response when combined with antigens and immune-adjuvants.

Optimized chitosan nanoparticulate formulations using dextran sulfate were
modified further with two ligands, polyethylene glycol (PEG) and G;;GRGDS peptide
sequence (RGD), through avidin-biotin linkers. It was found that this method was
successful in immobilizing these ligands on the surface of chitosan nanoparticles or
within the particles. The first step in this technique was to biotinylate chitosan and the
studied ligands using N-hydroxysuccinimide chemistry, utilizing the free primary amine
groups of the deacetylated chitosans. Biotinylation reaction was studied thoroughly using
different pH buffers and at different concentrations of chitosan and biotinylation agents.

It was found that the biotin conjugation reaction was dependent on all these factors, in
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addition to the degree of deacetylation of chitosan and the physical status of chitosan
during cross-linking (suspended, dissolved or solid). After biotinylating chitosan
efficiently, avidin was added, followed by the addition of the biotinylated ligands. PEG
and RGD served as model ligands on chitosan chains, with the possibility of adding
various types of ligands based on the needed applications. In this study, RGD unique
property of enhancing the cellular uptake of particulate systems was utilized for chitosan
particles used for gene delivery and the degree of gene expression after introducing
chitosan nanoparticles into HEK293 cells was detected. PEG was used to enhance the
stability of chitosan nanoparticles and to reduce protein adsorption. Indeed, it was found
that chitosan vectors modified with RGD or PEG exhibited improved transfection
capabilities, with transduced protein expression as high as the positive control,
polyethylene amine (PEI). Surface immobilization of ligands was feasible and
significantly more efficient compared to immobilization of ligands along all chitosan
chains before particle formation.

Modification of chitosan via avidin linkers was implemented further in enzyme
immobilization. Trypsin was used as a model enzyme to be immobilized on both chitosan
films and particles. Trypsin itself has a number of industrial, research and biomedical
applications and immobilizing it is essential for the practical use of this enzyme.
Biotinylation of the enzyme was efficiently accomplished by the same mechanism as
biotinylation of chitosan. Formulations of chitosan nanoparticle were optimized to yield
stable and consistent particles. Particle stabilization was achieved through chemical
cross-linking with glutaraldehyde. Trypsin activity was measured using casein as a
substrate and it was found that immobilization via avidin-biotin mechanism is an efficient
method that retain the enzymatic activity. Moreover, it was found that immobilized
trypsin on chitosan supports improved the enzymatic resistance to pH changes and high

temperature denaturation.
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Chitosan has been proposed as a tissue engineering material for its
biodegradability and biocompatibility. In this study, chitosan films were fabricated
through dry-casting method and the films were cross-linked with glutaraldehyde to
increase their stability and reduce their degradation. Cytotoxicity of glutaraldehyde was
minimized with the neutralization of surface aldehyde using amine containing buffers
such as glycine. This was followed by surface engineering of chitosan films using RGD,
to enhance cell adhesion, or PEG, to repel cells from chitosan surfaces, via the same
mechanism discussed above. It was found that these ligands effectively modulated the
cellular adhesion and growth on chitosan films in ligand-concentration dependent manner
and that this method of ligand immobilization is suitable for surface engineering of
chitosan films and scaffolds.

These results shows that chitosan has a great potential in a variety of biomedical
applications and that chitosan’s physicochemical and mechanical properties utilized in
fabricating particles and films can be modulated for specific purposes. In addition,
chitosan, having both amine and hydroxyl groups, can be modified with various ligands.
We found that adding ligands to chitosan for different purposes can be easily done in
mild conditions using avidin-biotin interaction. Moreover, avidin provides multiple

binding sites for one or more types of biotinylated ligands to be attached concurrently.

6.2 Future perspectives

Chitosan nanoparticles prepared with dextran sulfate showed great potential for
gene and protein delivery, especially for DNA vaccines. Also, RGD and PEG modified
nanoparticles yielded considerably high in vitro transfection. These vehicles need further
evaluation for their pharmacokinetics, pharmacodynamic and transgene expression in
vivo. Also, the selection of route of administration of these particles should be addressed,

especially pulmonary and nasal routes.
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Specific labeling of enzymes with biotin to produce site-specific immobilization
on avidin bridged novel biotinylated chitosan nanoparticles should be tested. Enzyme
oriented immobilization can be done through preparing enzymes with biotin using
expressed protein ligation (EPL), also named intein-mediated protein ligation, which
represents an excellent tool with which to introduce chemical modifications selectively.
260262 Ay example of a model enzyme to be immobilized on chitosan surfaces is human
aldo/keto reductase (AKR1A1), an ideal enzyme for biosensor applications.**>2%

Current work in tissue engineering is focused on two-dimensional chitosan
substrates. Future work will aim to prepare and test three-dimensional porous scaffolds
prepared from chitosan by freeze-extraction and freeze-gelation methods.””’ Different
ligands, such as growth factors and cell adhesion moieties, will be used to modify
chitosan through the developed avidin-biotin mechanism. In addition, chitosan scaffolds
will be synthesized using a novel method which utilizes the success in the biotinylation of
chitosan and the fabrication of plasmid DNA loaded chitosan particles. Upon exposure to
avidin, the biotinylated chitosan particles are expected to crosslink forming an

268,269 .
7 Future studies are

interconnected network that can be the basis of in situ scaffolds.
needed to be done to determine the efficiency of chitosan films to support the

differentiation of the preosteoblasts, that include performing alkaline phosphatase (ALP)
specific assay, studying 1,25 (OH,) D3 stimulated osteocalcin production and measuring

mRNA steady-state expression for bone-related genes.?’**"!
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APPENDIX

A.1 Degree of deacetylation of chitosan

As discussed previously, heterogeneous chitosan reacetylation was carried out
using acetic anhydride. For the theoretical stoichiometric calculation of the required
amount of acetic anhydride, the total number of moles of chitosan monomers was

calculated using the following equation:

Sample weight = 162 X DD XZ + 203 x(1—-DD) X Z

In which DD is the degree of deacetylation of the starting material to be
reacetylated, Z is the number of moles of chitosan monomers, 203 Da is the molecular
weight of the acetylated monomers calculated by subtracting the molecular weights of a
hydroxyl group and a hydrogen atom (removed due to polymerization) from that of
N-acetyl glucosamine (221-17-1) and 162 Da is the molecular weight of the deacetylated
monomers calculated by subtracting the molecular weights of a hydroxyl group and a
hydrogen atom from the molecular weight of glucosamine (179-17-1).

After obtaining Z, the following equations were applied to find the needed volume

of acetic anhydride:

Required moles of acetic anhydride = (original DD — target DD) X Z
Required volume of acetic anhydride = 102.09 X Z + 1.0825

Where 102.09 is the molecular weight of acetic anhydride and 1.0825 g/ml is its
density.

The same calculations above were used for finding the molarity of protonable

nitrogen-containing repeating units in chitosan as following:

Molecular weight per glucosamine unit = 1/(DD X Z)

In order to find the degree of deacetylation of chitosan, many analytical methods
have been used,'® such as UV-spectroscopy,”’>*” first derivative UV-spectroscopy

(1DUVS),'® colloidal titration,””* linear potentiometric titration,””> X-ray powder
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diffraction,”’ enzymatic determination,”’” infrared spectroscopy (IR),””® near infrared

spectroscopy,”’” nuclear magnetic resonance,”™ ninhydrin test”®! and circular
dichroism.**

IDUVS shows an enhanced ability to detect minor spectral features by plotting
the first derivative of absorbance versus wavelengths, especially in the presence of
interfering peaks that are broader by at least a factor of two than the analyte peaks.*®
This technique has been used quantitatively for analyzing the obstruction of chitosan’s
peaks by the overlapping peaks of the solvent (acetic acid).”®* 1DUVS provides simple,
convenient, rapid, precise and non-destructive determination of the acetyl content of

chitin/chitosan with minimal interference from protein contamination.'**'*?

The theory
behind 1DUVS is explained below.
In case of having two substances which absorb in the same spectral region, such

as acetic acid and the acetylated units of chitosan monomers, and assuming that the

absorbance is additive and each follows Beer’s Law:

A=¢ebC
A=A, +A4,
P=P10"

Where 4 is the absorbance, ¢ is the absorptivity in units of liter mole™ cm™, b is
the path length in cm, C is the molar concentration, P is the radiant power of the
transmitted unabsorbed radiation that emerges from the absorbing medium at x=b and P,
is the radiant power at X=0.

Taking the first derivative relative to 4 , the wavelength in nm;

d—P=10*Aﬁ—2.3033)10*A bcx(ﬁj +bC (ﬁj
di dA i), "\da),

If P, does not vary much with 4 in the spectral region of interest, dP,/dA can be

neglected. In addition, if the molar absorptivity of one component, such as gy, varies
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slightly in the spectral region under investigation, bC,(de/d4), can be neglected as well,

which results in the following equation:

4P _ 5 303pc [ 2
di \da),

This leads to:

iy (de
di i),

Therefore, there is a direct relationship between first derivative of the absorbance
and molar concentration.

To measure the degree of deacetylation of chitosan, first derivative calibration
curves of N-acetylglucosamine (NAG, Sigma®, MO) dissolved in 0.01 M acetic at
concentrations of 0.0125, .0.025, 0.050 and 0.075 mg/ml were plotted. In addition, a plot
of three different concentrations (0.01, 0.02 and 0.03 M) of acetic acid was constructed to
find the zero crossing point (ZCP), which is the point where the three concentrations
intersect in the first derivative absorption spectrum. The height (H) was calculated by
calculating the vertical distance between ZCP and the corresponding points of the
chitosan’s first derivative spectra. ZCP was used as a reference point since at ZCP the
effect of acetic acid on the absorbance of chitosan is expected to be minimal. Plotting H
versus NAG concentrations resulted in a linear relation which was used to calculate the
concentrations of NAG units in the chitosan samples. The number of moles of NAG units
can then be easily obtained and used in the following equation to obtain the DD of the
sample;

W —203xM
162

Where M is the calculated number of moles of NAG monomers in the chitosan

DD = (100 ~M/(M + )) x 100%

sample, W is the weight of chitosan sample, 203 Da is the molecular weight of NAG
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monomers in chitosan polymer and 162 Da is the molecular weight of glucosamine
monomers in chitosan polymer.

Figure A-1 shows an example of the UV spectra of acetic acid solutions and
N-acetylglucosamine standards. When converting acetic acid curves into their IDUV
spectra (Figure A-2), the ZCP was found to be at 203 nm. The heights (H) were
calculated from the distance between the ZCP to the corresponding N-acetylglucosamine
standard 1DUV spectra (Figure A-3) and the standard curve of N-acetylglucosamine
concentration vs. H was plotted (Figure A-4). Similar approach was followed for all
chitosan samples and the degrees of deacetylation were calculated according to the

equations above.

A.2 Molecular weight of chitosan

Viscosity average molecular weights of different chitosan grades were calculated
from intrinsic viscosities, which were determined using Ostwald 100 viscometer (Fisher
Scientific, PA). Chitosans were dissolved in 0.25 mM acetate buffer at range of diluted
concentrations (0.05-0.3 g/dl) and 7 ml of each of these solutions were pipetted into the
viscometer and left to equilibrate in a 25°C water bath. Polymer solutions inside the
viscometer were sucked up using vacuum until the meniscus troughs reached the upper
marked line, after which solutions were left to move down freely under the influence of
gravity until they reached the lower marked line. The time intervals for the added
solutions to move between the two marks were recorded in triplicate. The following

equations were utilized:

t
Relative viscosity (,) = — = -

Specific viscosity (1,,) = N7 _ n, -1
n

0
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Inherent viscosity (n,) = lni
c

Reduced viscosity (n,,,) = Ty
c

Intrinsic viscosities were obtained from the y-intercept of the concentration vs.
reduced viscosity plots.

Viscosity average molecular weights were calculated using
Mark—Houwink—Sakurada equation:
[n] = KMy

Where [7] is the intrinsic viscosity, K and a are experimentally determined
constants for each specific system and M, is the viscosity-average molecular weight. For
chitosan dissolved in 0.25 mM acetate buffer at 25°C, K=1.4 x 10* and a = 0.83.""*

Average viscosity molecular weights of chitosans dissolved in 0.25 mM acetate
buffers were determined using Ostwald viscometer at 25°C. Figures A-5 to A-8 show
reduced viscosities (14, left y-axis) and (In n)/C (right y-axis) vs. concentration for
MM-HD, HM-HD, LM-HD and MM-MD chitosans. Figures A-9, 10, 11 and 12 show the
reduced viscosity curves for LM-MD chitosans oxidatively fragmented at 1%, 1.5%, 2%

and 4% sodium nitrite w/w ratios, respectively.

A.3 Zeta potential theory

Zeta potential is the potential that exists at the boundaries of the outer diffuse
layer surrounding charged particles. Zeta potential is important since it plays a major role
in the stability of colloidal systems. If suspended particles have large negative or positive
zeta potential values, they tend to repel each other, minimizing flocculation. Generally,
particles which have zeta potential greater than +30mV or less than -30 mV are
considered stable.

The Zetasizer Nano ZS particle analyzer calculates zeta potential by determining

the electrophoretic mobility and then applying Henry’s equation.



266

_ 2ezf(Ka)
= T

Where z is the zeta potential, U, is electrophoretic mobility, ¢ is dielectric

e

constant, # is viscosity and f(Ka) is Henry’s function.

Electrophoretic mobility, the velocity of a particle in an electrical field, depends
on the strength of the applied electrics field or voltage gradient, the dielectric constant of
the medium, the viscosity of the medium and the zeta potential. The electrophoretic
mobility is obtained by performing an electrophoresis experiment on samples and then

measuring the velocity of the particles using laser Doppler velocimetry (LDV).

A .4 Particle size theory

Biodistribution studies demonstrated that the particle size and route of
administration exhibit great effect on the localization site of injected nano and micro-
sized particles.”® Particle sizes of the drug carrier systems are considered the basis of
passive drug targeting and also determine the first-order distribution. Carrier systems
larger than 400 nm in diameter are exposed to nonspecific scavenging by the
reticuloendothelial systems (RES), which reduces the circulation time in the bloodstream
and usually leads to inefficient delivery of therapeutic agents.”® In contrast, carriers with
particle sizes of less than 200 nm have a relatively long circulation time and therefore are
used for targeted drug delivery. When particles are smaller than 10 nm, renal filtration
becomes the dominant mechanism of clearance, causing a reduction in circulation
time.**

The Zetasizer Nano ZS particle analyzer performs size measurements using a
process called dynamic light scattering (DLS). DLS, also known as photon correlation
spectroscopy (PCS) or quasi elastic light scattering (QELS), utilizes the Brownian motion
to calculate the sizes of particles. This is done by illuminating the particles with a laser

and analyzing the intensity fluctuations in the scattered lights at the same spot within
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nano- to micro-seconds using a correlator. The relationship between the size of a particle
and its speed due to Brownian motion is defined in the Stokes-Einstein equation. Larger
particles move slowly, and consequently the intensity of the speckle pattern will also
fluctuate slowly. With smaller particles, the intensity of the speckle pattern will fluctuate
quickly since these particles move quickly. Special algorithms are used to extract the
decay rates from which size distributions are produced.'”***” DLS has been used in
literature as the method of choice to measure the size of chitosan-DNA complexes123 and

it was found to be complimentary to microscopic methods such as AFM.**®

A.5 Ethidium bromide competition binding assay

Since fluorometry is considered the most sensitive detection technique, it has been

28 BEthidium bromide,

utilized widely for detecting the concentration of nucleic acids.
PicoGreen®, SYBR Green I and Hoechst 33258 are examples of fluorophores that have
been used in this field. Ethidium bromide (EtBr, Figure A-13), a widely used dye in gel
electrophoresis staining, intercalates preferentially with double stranded DNA molecules
(dsDNA). Although EtBr is toxic and mutagenic,289 but when it is handled with caution
and its assay is optimized, it can detect DNA with high degree of sensitivity and low limit
of detection in a high throughput screening.'®>**

Intercalation of EtBr within the DNA double strands in the competition binding
assay (also called ethidium bromide exclusion assay) increases the fluorescence quantum
yield of the dye. Upon DNA compaction, EtBr is expelled from the DNA-EtBr complex,
causing a decrease in the fluorescence signal. Conversely, destabilization of the DNA
condensates is expected to cause a recovery of the fluorescence signal.””' The
complexation of DNA with chitosan was studied by recording the fluorescence obtained
with the fluorescent probe EtBr (Sigma®, MO) in 96 well flat bottom polypropylene cell

culture plates (Corning™ Costar”, MA) using SpectraMax® M5 multi-mode microplate

reader (Molecular Devices, CA). EtBr (stock solution of 0.05 mg/ml) was added to each
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well at different dye/DNA ratios and was mixed with DNA solutions. Various
concentrations of EtBr and DNA were studied. The excitation wavelength was 519 nm
and the emission spectra from 580 to 630 nm were recorded. The maximum fluorescence
intensity within the wavelengths of 580-630 nm was obtained from each spectrum and
the fluorescence intensities were normalized relative to the fluorescence signals of DNA-
EtBr, without subtracting the background fluorescence. Results from 3 independent
experiments were averaged.”’

In order to validate the ethidium bromide exclusion assay for chitosan systems,
different parameters were adjusted. First, the fluorescence intensities at increasing
concentrations of EtBr (corresponding to decreasing w/w ratio of DNA/EtBr) and fixed
concentrations of DNA were studied (Figure A-14). It was found that fluorescence
intensities are linearly proportional to the concentration of EtBr at low concentrations of
EtBr. At higher concentrations of EtBr, the fluorescence intensity’s curve reached a
plateau, followed by a decline. Figure A-15 shows the linear relation between EtBr
concentrations up to 0.01 mg/ml at fixed DNA concentrations vs. relative fluorescence
intensities at maximum wave length. This range represents DNA/EtBr ratios of 2 to 40
(r* = 0.9979). Therefore, lower DNA/EtBr ratios were selected for better DNA detection.

This was followed by studying the fluorescence intensities of DNA-EtBr complex
at three fixed concentrations of EtBr; 0.5, 2.5 and 5.0 pg/ml. Figure A-16 shows DNA-
EtBr curve at EtBr concentration of 0.5 pg/ml. It was noticed that for the three studied
EtBr concentrations, DNA-EtBr calibration curve changes slope at DNA concentration of
~ 0.02 mg/ml. The lowest concentration of EtBr (0.5 pg/ml) has shown the best r* value
at lower DNA concentrations, but it failed to give acceptable detection at higher DNA
concentrations (Figures A-17 and A-18, respectively). In comparison, the highest EtBr
concentration (5.0 pg/ml) showed better detection at higher DNA concentrations (Figure
A-21) and did not show satisfactory detection at low concentrations of DNA

(Figure A-22). Therefore, EtBr concentrations of 2.5 pg/ml was selected for detecting



269

chitosan ability to compact with DNA since it showed optimum detection results

regarding linearity and limit of detection of DNA as shown in Figures A-19 and A-20.

A.6 The MTT assay

Tetrazolium salts are large group of heterocyclic organic compounds that change
to highly colored and insoluble formazan salts upon reduction.'™’
MTT (3-[4,5- dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) is a
monotetrazolium salt that is widely used to detect the biological redox systems and
viability of cells as indication of cellular proliferation and cytotoxicity of different

. 1 187,188
materials.'®”

MTT measures the activity of living cells mainly via mitochondrial
dehydrogenases, which are supported by NADH-linked mitochondrial substrates, such as
malate, glutamate or pyruvate (Figure A-23). Mitochondrial dehydrogenases of viable
cells cleave the tetrazolium ring of MTT, yielding purple formazan crystals which are
insoluble in aqueous solutions. The exocytosis of the intracellular formazan-containing
vesicles gives rise to needle-like formazan crystals at the cell surface, which can be
solubilized and measured spectrophotometrically.'®” An increase or decrease in cell
number results in a concomitant change in the amount of formazan formed, indicating the

degree of cytotoxicity caused by the test materials. MTT assay is simple, accurate and

yields reproducible results.

A.7 The HABA/avidin assay

4-Hydroxyazobenzene-2-carboxylic acid (HABA) is a dye that binds weakly to
strept(avidin). When bound to strept(avidin), HABA dye loses its planarity and exists in
twisted conformer along the N-N bond, which is a hydrazone tautomer and changes color
from orange to red. HABA and biotin share common binding sites in strept(avidin).
However, HABA is easily displaced by biotin because of the stronger affinity of the latter
to avidin, and hence, the orange color is restored. This enables the spectrophotometric

measurement of biotin levels by detecting the decrease in absorbance at 500 nm as a
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result of the release of the dye.”**** Additionally, HABA can be used to quantify avidin
activity. Figures A-24 and A-25 show the standard calibration curves of avidin and

biotin, respectively.

A.8 Figures and Tables

Absorbance (AU)
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Wavelength gvm}

Figure A-1. UV absorbance of 0.01 0.02 0.03 M acetic acid and 0.0125, 0.025, 0.050
and 0.075 M NAG standards (g, f, e, d, c, b and a, respectively).
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Figure A-2. UV first derivative spectrum showing the zero crossing point (ZCP) of 0.01
0.02 0.03 M acetic acid (a, b and c, respectively).
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Figure A-3. UV first derivative spectrum of 0.01 0.02 0.03 M acetic acid solutions (a, b
and c, respectively), and 0.0125, 0.025, 0.050 and 0.075 M
N-acetylglucosamine standards (d, e, f and g, respectively).
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Figure A-4. N-acetyl glucosamine calibration curve showing the height (H), the absolute
distance between acetic acid and first derivative curves, versus N-acetyl
glucosamine concentration.

enred A(Innrel)/C

5.0 - - 50
y=2.2547x + 1.9661
12 = 0.9997
40 )
3.0 - 3.0

Nred 4
(In I']rel)lc A

20 - —_— L 2.0

=-0.3863x + 2.0509
1.0 1 r?=0.9974 r 1.0

0.0 0.0

0.00 0.20 0.40 0.60 0.80 1.00
Concentration (g/dL)

Figure A-5. Reduced viscosity (1red, left y-axis) and (In 1,)/C (right y-axis) vs.
concentration of MM-HD chitosan.
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Figure A-6. Reduced viscosity (14, left y-axis) and (In 1)/C (right y-axis) vs.
concentration of HM-HD chitosan.

¢nred A(innrel)/C

30 - 30
y=0.9115x + 14891

251 2= 0.9991 25

2.0 - 20
- <
; Q
215 r15 "3
£

10 1 y=-0.2796x + 1.4986 | 1.0

= 0.9969
05 1 - 05
0.0 ; ; ; ; 0.0
0.00 0.20 0.40 0.60 0.80 1.00

Concentration (g/dL)

Figure A-7. Reduced viscosity (1red, left y-axis) and (In 1,)/C (right y-axis) vs.
concentration of LM-HD chitosan.
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Figure A-8. Reduced viscosity (14, left y-axis) and (In 1)/C (right y-axis) vs.
concentration of MM-MD chitosan.
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Figure A-9. Reduced viscosity (1red, left y-axis) and (In 1,)/C (right y-axis) vs.
concentration of LM-HD OF1% chitosan.
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Figure A-10. Reduced viscosity (14, left y-axis) and (In n)/C (right y-axis) vs.

concentration of LM-HD OF1.5% chitosan.
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Figure A-11. Reduced viscosity (1red, left y-axis) and (In 1,)/C (right y-axis) vs.

concentration of LM-HD OF2% chitosan.
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Figure A-12. Reduced viscosity (14, left y-axis) and (In 1)/C (right y-axis) vs.
concentration of LM-HD OF4% chitosan.
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Figure A-13. Molecular structure of ethidium bromide (EtBr).
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Figure A-14. The effect of ethidium bromide concentration on the relative fluorescence at
maximum wave length. DNA concentration was 20.0 pg/ml.
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Figure A-15. Linear regression of ethidium bromide concentration vs. relative
fluorescence at maximum wave length. DNA concentration was
20.0 pg/ml.
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