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ABSTRACT

Statistical figures outline the five-year survival rate for all cancers
diagnosed between 1996 and 2002 as 66%, which depicts a marked rise from the
51% that survived in 1975-19771. However, cancer still remains the second
leading cause of death in the United States, following heart disease. An American
Cancer Society report estimated that in 2007, there will be over 1.4 million new
cancer cases and over half a million cancer deaths in the United States!. Although
significant oncology drug discoveries have been made during the past 30 years,
conventional chemotherapeutic agents exhibit poor specificity in reaching the
tumor site and are often restricted by toxicity factors. The lack of a uniform
biodistribution leads to harmful side-effects to healthy tissues and the need for
administration of a larger than necessary drug dosage with a higher repetitive
rate so as to elicit a satisfactory pharmacological response.

Wide interest in cancer nanotherapy has led to the development of
nanoparticle based “smart drugs” that have not only improved pharmacological
and therapeutic properties of anticancer drugs, but also offer a less invasive
alternative enhancing the patient’s life expectancy and quality of life as well.
Dendrimers, due to their unique architecture and macromolecular characteristics
are currently used extensively in research of nanoparticles for targeted and
controlled drug delivery. The research objective was to design, synthesize and



characterize a novel nanoparticle based “PAINT-BRUSH” like multi-hydroxyl
capped poly (ethylene glycol) (PEG) conjugate using the dendron - bishomotris
that may have a potential use in targeted cancer nanotherapy.

Characterization of the conjugates suggested that the synthesis was
successful; resulting in the formation of nanoparticle “PAINT-BRUSH”
conjugates. It was also found that these conjugates remain stable under normal
physiological conditions but would activate in response to an acidic pH (a
characteristic trait of target cancer cells) so as to release the anticancer drug. The
research also presents the relative cell viability of the human epithelial carcinoma
cell line (HeLa S3) with respect to in-vitro characterization of the conjugate to
determine its suitability as a drug delivery vector. The study demonstrated that
bishomotris was cytotoxic in nature evidently due to the interaction of positively
charged amine group with the surface of HeLa cells. It was also evident that
surface modification by PEGylation has led to a distinct reduction in toxicity
levels thus laying foundations for further research to realize a promising new

scaffold for cancer nanotherapy.
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CHAPTER I

INTRODUCTION

The five-year survival rate for all cancers diagnosed between 1996 and
2002 was 66%, which is a marked rise from the 51% that survived in 1975-1977
[1]. However, cancer still remains the second leading cause of death in the
United States, following heart disease. It's been estimated that around 1,444,920
new cases of cancer were diagnosed in 2007 and another 559, 560 Americans died
of cancer as well [1]. The National Institutes of Health had estimated the overall
costs of cancer treatment in 2006 to be at $206.3 billion, even with a declining
death rate [1]. Although significant oncology drug discoveries have been made
during the past 30 years, conventional chemotherapeutic agents exhibit poor
specificity in reaching the tumor site and are often restricted by toxicity factors
that may limit the dosage rates as well. The lack of uniform bio-distribution leads
to harmful side-effects to the healthy tissues and the need for administration of a
larger than necessary drug dosage with a higher repetitive rate designed to elicit

a satisfactory pharmacological response.



Since Ehrlich proposed the idea of the “magic bullet” in 1906, where
concept of targeting a drug to a desired region in a controlled fashion was
outlined [2], research in drug delivery has witnessed exponential progress. The
focus is on developing controlled /targeted drug delivery systems that may act as
a more efficient and less toxic mode of treatment. Thus, a wide array of drug
delivery systems has been designed and explored over the years. Polymeric drug
delivery systems based on synthetic and natural polymers have attracted
attention and established themselves as pharmaceutical excipients in drug
formulations [3]. The past decade has witnessed the rise of polymeric drug-
delivery systems in oncology, especially with advent of biocompatible and
biodegradable polymeric implants. The ability of polymers, both natural and
synthetic in origin, to alter favorably the biological properties of the conjugated
drugs attributes positively to the increasing interest in designing and developing
polymer conjugates in drug-delivery [4-9]. These conjugates have been found to

be extremely useful for the following reasons:

1) An increase in half-life in the circulatory system, increase in solubility of the

conjugated drug and most importantly a reduced level of toxicity [10]



2) Polymeric conjugates with their high molecular weight exhibit enhanced
accumulation in tumor tissues in contrast to normal tissues. This property is
referred to as the enhanced permeation and retention effect (EPR) effect [11].

Among biodegradable polymeric implants, noteworthy examples
include Zoladex ® (www.zoladex.net) and Lupron Depot® (www.lupron.com)
that are capable of releasing agonists of the luteinizing hormone-releasing
hormone (LHRH) and are commonly used for treatment of prostrate and other
hormone-dependant cancers [12]. Another example of a biodegradable polymeric
implant used post-surgery is the Gliadel ®Wafer (www.gliadel.com) that
provides local delivery of chemotherapy to treat brain cancer [13]. Thus, it would
be appropriate to introduce the term “polymer therapeutics” at this point [14]
which refers to polymers that incorporate therapeutic agents.

Wide interest in using nanotechnology for cancer therapy has led to the
development of nanoparticle based “smart drugs” that have not only improved
pharmacological and therapeutic properties of anticancer drugs, but also offer a
less invasive alternative for enhancing the patient’s life expectancy and quality
of life. These nanoscale drug delivery systems are capable of releasing
chemotherapeutic agents directly inside the tumor cells by readily interacting
with biomolecules on surface of the targeted cell and within them noninvasively
[15]. With a size range varying from 10-100 nm, nanoparticles offer more surface

area and a host array of functional groups that can be linked to therapeutic
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agents, including tumor-targeting ligands such as monoclonal antibodies, and
also optical, radio isotopic, or magnetic diagnostic agents. Organic and inorganic
dendrimers, due to their unique architecture and well defined macromolecular
characteristics have emerged as widely promising nanoparticles for drug-
delivery. These are synthetic molecules characterized by a highly branched,
spherical, monodispersed macromolecular structure that offers a high level of
control over shape, size, branching length, and surface functionality [16, 17].
Thus, it is possible to design drug delivery systems based on tunable
architectures and molecular weights so as to optimize tumor accumulation.

This research primarily focuses on bishomotris, a dendritic building
block for a higher generation Newkome-type polyamide dendrimer [18] and the
aim is to investigate the nature of bishomotris as a suitable drug carrier. The
research goal includes synthesis of a novel conjugate with a model drug, 4-
phenylbutyric acid; cytotoxicity studies of the modified carrier and an analysis of
the conjugate’s release characteristics. The research aims in laying a solid
foundation for developing a complete multiple carrier system by exploiting the
fact that macromolecules have been traditionally employed as suitable drug
carriers due to their selective accumulation in malignant tissues compared to the
healthy tissues by passive/active targeting, hence bypassing any undesirable

side effects generated by a free drug.



1.1 Objectives of the study

The primary objective of this study is to design, synthesize and
characterize a novel nanoparticle based drug carrier system based on
bishomotris, which may have a potential use as a safer drug delivery system and
produce more effective pharmaceutical effect than conventional
chemotherapeutics. The attempt is to prove that synthesis of a PEGylated
bishomotris “PAINT-BRUSH” conjugate is possible as a drug delivery scaffold.
Further objectives include a comparative analysis of the in-vitro release profiles
in normal physiological pH and acidic pH (a characteristic trait of cancer cells)
and biocompatibility studies on the scaffold in an attempt to confirm that the
novel conjugate can be used for biological applications. To achieve these primary

objectives, the following studies shall be performed.

1) Design, synthesis and characterization of the PEGylated bishomotris “PAINT-
BRUSH” conjugate using 4-phenylbutyric acid as a model anticancer agent.
Characterization results of the compound synthesized would validate the

structure of the conjugate envisioned.

2) Release studies: To measure and quantify drug release from the conjugate due
to hydrolytic degradation of the ester linkages between the carrier and the model

drug molecule in normal physiological buffer (7.4) and acidic buffer (5.5).
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3) In-vitro cytotoxicity studies: To compare the biocompatibility properties of the
dendron and its PEGylated form.
Based on the above-mentioned objectives, the following hypotheses were framed

for this work.

1.2 Hypotheses

Research Hypothesis 1: The PEGylated bishomotris “PAINT-BRUSH” conjugate can
be synthesized using 4-phenylbutyric acid as a model anticancer agent for controlled and

targeted drug delivery applications.

It is hypothesized that a PEGylated bishomotris “PAINT-BRUSH”
conjugate can be synthesized using 4-phenylbutyric acid as a model anticancer
drug. The conjugate synthesized thus, would act as a platform for controlled and
targeted drug delivery applications. The first phase of the synthesis involves the
PEGylation of the dendron bishomotris where the amine group would be
masked completely. The second phase involves the conjugation of the model
drug, 4-phe with PEGylated bishomotris through its hydroxyl groups thus

forming ester linkages between the PEGylated carrier and the model drug.

Research Hypothesis 2: A sustained release rate can be obtained at physiological
conditions; while a remarkable burst release shall be induced in an acidic condition that

simulates a tumor environment using the synthesized conjugate.
6



It is hypothesized that by coupling the drug to the PEGylated dendron a
controlled release profile shall be attained at physiological pH 7.4 while a burst
release shall be induced at pH 5.5 which corresponds to endosomal pH within

the cell due to hydrolytic degradation of the ester linkage.

Null Hypothesis 1 (Hio). There is no significant difference in cell viability between

bishomotris and PEGylated bishomotris.

There is no statistically significant difference in cell viability for samples

treated with bishomotris and PEGylated bishomotris.

Alternate Hypothesis 1 (Hzia): There is a significant difference in cell viability between

bishomotris and PEGylated bishomotris.

There exists a statistically significant difference in cell viability for

samples treated with bishomotris and PEGylated bishomotris.

Null Hypothesis 2 (Hno): There is no significant difference in cell viability in a dose-

response study of the PEGylated bishomotris.

There is no statistically significant difference in cell viability for samples
treated with variant concentrations of PEGylated bishomotris for different

incubation periods.



Null Hypothesis 2 (Hua). There is a significant difference in cell viability in a dose-

response study of the PEGylated bishomotris.

There exists a statistically significant difference in cell viability for
samples treated with variant concentrations of PEGylated bishomotris for

different incubation periods.



CHAPTER I

SIGNIFICANCE AND BACKGROUND OF STUDY

In view of all existing applications in nanotechnology, its medical
application i.e. nanomedicine holds enormous potential in drug delivery to
improve life expectancy and quality of life of the patient. The past three decades
have witnessed evolution of formulations that control rate and period of drug
delivery (time-release medications). The advent in knowledge of the human
body and discovery of bioactive molecules and gene therapies has led to an
explosion of new and potential treatments [19]. Yet obstacles like lack of
cancer/tumor target specificity, lack of an effective delivery system both at
cellular and intracellular level, lack of an efficient predictive preclinical model,
and the gradual development of drug resistance have hindered the very progress
of developing effective treatment modalities. Hence, researchers are currently
focused on overcoming obstacles that prevent them from optimizing

mechanisms that can deliver these treatments in the most effective manner.



2.1 Drug Delivery - Targeted and Controlled

Drug delivery, in essence refers to delivery of a pharmaceutical
compound to humans or animals. As outlined earlier, efforts are on to develop -
1) targeted drug delivery in which drug is only active in the targeted area of the
body (for example, in cancerous tissues) thus, bypassing harmful side-effects that
cause damage to healthy tissues and 2) controlled drug delivery (sustained
release formulations) in which the drug is released over a period of time in a
controlled manner from a formulation. Targeted drug delivery can be achieved
by exploiting the fact that a typical malignant tissue is characterized by an
amplified expression of certain proteins or receptors. For instance, the surface of
colorectal and various forms of lung and ovarian cancer are characterized by the
presence of a carcinoembryonic antigen [20]. Drug targeting can thus be achieved
by functionalizing the parent drug with structural moieties such as specific
ligands (antibodies, peptides, nucleic acid aptamers, carbohydrates, and small
molecules) that would lead to signal based preferential accumulation of the
therapeutic agent at the target tissue.

The underlying advantage of a controlled drug delivery system can be
understood from the figure below (Figure 2.1) [21]. The figure depicts change in
concentration of drug in blood plasma as a function of time in a conventional
drug delivery system following the administration of a single dose of therapeutic

agent. On administering the first dose, there occurs a sudden rise of drug
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concentration levels in blood plasma, which reaches the maximum peak value;
and then undergoes an exponential decay when the drug metabolizes and gets
eliminated from the body. The cycle continues in a similar fashion for subsequent
doses. The drug concentration cycles can also be mapped onto a therapeutic
window of activity, called the therapeutic index which is defined as a prescribed
set of concentration limits for the drug to be effective. If the level of drug
concentration goes above the maximum prescribed limit, the effect can be toxic in
nature; while a level below would render it ineffective. Any attempt to limit the
dosage rate to a single administration and to maintain the drug concentration
above the minimum effective limit would only propel the blood plasma
concentrations into the toxic region since this can be made possible only by
increasing the dose-size. The alternative then is to administer safe doses at
periodic intervals so as to ensure optimum drug levels in the blood plasma
which is in fact inconvenient and not at all advisable from the patient’s safety

point of view.

11
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Figure 2.1 Drug level profiles achieved by conventional (A) and controlled

release (B) drug delivery systems [21]

The lack of uniform bio-distribution of drugs leads to harmful side-
effects to healthy tissues and the need for administration of a larger than
necessary drug dosage with a higher repetitive rate so as to elicit a satisfactory
pharmacological response. Thus, it is imperative that researchers develop a
combination of targeted drug delivery and controlled-release technologies in
order to safely shepherd drugs through specific areas of the body; for instance, a
healthy bone or tissue that might be adversely affected. The objective is to
provide a highly efficient and less harmful solution to overcome limitations that
exist in conventional chemotherapy. Research at an interdisciplinary level
between polymer chemistry and biomedical sciences has evolved a new class of
chemotherapeutic agents termed polymer therapeutics. Polymer therapeutics

refers to polymers incorporated with therapeutic agents. These therapeutic

12



agents can be in the form of polymeric drugs, polymeric micelles to which the
drug is bound covalently or as components of water-soluble polymer-drug

conjugates.

2.2 Polymer Therapeutics

Polymer therapeutics uses design principles based on advanced polymer
chemistry and molecular level precision engineering along with knowledge of
pathophysiology of normal and diseased tissues to help realize a full therapeutic
potential. The importance and feasibility of using polymer therapeutics has been
widely demonstrated by initial polymer-drug conjugation and characterization
studies carried out by Ringsdorf [22], Shen and Ryser [23], Chu with coworkers
[24] and Blair and Ghose with collaborators [25]. They also demonstrated
conjugate retention in serum, its endocytotic cell entry, elevated intracellular
levels of the conjugate, and the cytotoxicity nature as well. Langer stated that
polymeric drug delivery systems are expected to (i) maintain constant drug
levels in a therapeutically desirable range, (ii) reduce potentially harmful side
effects (iii) decrease amount of drug needed (iv) facilitate easy administration of
the drug for pharmaceuticals with short in vivo half-lives (e.g., proteins and
peptides) and finally (v) provide a less invasive method of dosing and an

improved patient compliance in accordance with the prescribed drug regimen

13



[26]. Thus, polymer therapeutics undoubtedly play an important role in
optimizing an effective drug delivery system.

The emergence of these polymer-drug conjugates is an extension of
Ringsdorf’s vision for an ideal drug delivery system (Figure 2.2) which is based
on the covalent link between the drug and a polymeric backbone through a

physiologically labile bond.

Polymer backbone (biodegradable or biostable)

SOLUBILIZER )|( TRANSPORT
SYSTEM
DRUG

Figure 2.2 Ringsdorf’s model drug delivery system [27]

The model is characterized by the presence of a solubilizer, polymer-
drug covalent linker, and a biocompatible polymeric carrier (transport system)
[28]. The solubilizer may be a functional group that imparts high solubility to the
entire system. Thus, drug conjugation to a water-soluble polymer system
restricts cellular uptake to the endocytic pathway, making way for tumor-specific
targeting of low-molecular weight anti-cancer agents. Simultaneously, polymer-

drug conjugation improves the therapeutic index of a toxic drug and reduces the
14



necessity for repeated high doses. Also a decreased clearance rate is observed
giving rise to an increased circulation time for the conjugate to arrive and
accumulate at the target. In addition, a solubilizer would also enable
solubilization of hydrophobic drugs, thus enhancing the possibility of an
intravenous administration of the system which is more convenient than

conventional chemotherapy.

Intrasenous
adminiztration
of conjugate

Decreaszed
exposure of
notmnal tissues
due to
retention
inthe
hloodztream

E flectz an
endothelial c2lls
and vascular
permeakility

Immunogimulation
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clearsnce of
fo  conjugsteddurg  |Polymer kG Drug

Figure 2.3 Mechanism of action of polymer-drug conjugates [29]
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The mechanism of action of polymer-drug conjugates is as outlined in
figure 2.3. The polymer-drug linker is typically a covalent linkage created as a
result of attachment of drug molecule to the polymeric carrier. The linkage has
assumed different forms such as ester [30], carbonate [30], amide [31], malonate
[32], or disulfide [33] linkers ever since Ringsdorf proposed his model. Apart
from these, pH-sensitive cis-aconityl, hydrazone and acetal linkages have also
been used [34]. The linker can act as a site-specific/rate specific release
mechanism. In other words, it would act as a bioresponsive system that remains
stable during transportation to the tumor and would commence drug release at
an optimum rate once ingested within tumor cells by cell mediated endocytosis
or enhanced permeability and retention effect (explained in section 2.3) when
they get hydrolyzed due to acidic pH (6.5-4.0) within endosomes and lysosomes.
The targeting moiety, e.g. an antibody, is a protein that directs the entire
conjugate to the targeted site based on its affinity towards the amplified
expression of proteins or receptors characteristic to cancer/tumor cells.
Antibodies or immunoglobulins are proteins found in blood or other body fluids
of vertebrates used by the immune system to identify and neutralize foreign
bodies such as bacteria and viruses. The polymeric carrier that forms the
structural framework of the entire system is the last component of Ringsdorf’s
ideal drug delivery system [29]. A specific water-soluble polymer is selected and

designed to be the bioactive agent. Since the focus is to facilitate drug, protein or
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gene delivery selection of a suitable polymer carrier is a critical factor in
designing an effective delivery system. The molecular mass and physico-
chemical properties of the carrier act as drivers governing biodistribution,
elimination and metabolism of a complete conjugate. Other factors to be kept in
mind while selecting a carrier is its non-toxicity and non-immunogenic
properties. A wide range of polymeric carriers including Poly (ethylene glycol)
(PEG) [35, 36], polyglutamicacid (PGA) [37, 38] and N-(2-
hydroxypropylmethacrylamide) (HPMA) [39, 40] copolymers is being

investigated currently for use as a suitable carrier.

2.3 Cancer Nanotherapy

Targeted cancer nanotherapy offers a potentially safe and effective mode
of treatment for patients. It enhances quality of life and life-expectancy rates as
well. The advantage of using nanotechnology in tumor targeting can be outlined
by the fact that a typical human cell size spans in the range of 10-20pm and cell
organelles range from a few nanometers to a few hundred nanometers in
diameter. This provides a solid platform for nanosized delivery vehicles to
readily interact with characteristic proteins and receptors present on target cell
surface in a noninvasive manner. At the same time, the devices ensure that

surrounding normal cells are left intact.
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Generally, a chemotherapeutic agent is combined with a natural or
synthetic polymer of nanoscale dimensions in such a way that the agent is
completely encompassed within the polymer system. Subsequently release takes
place in a predetermined manner leading to what is known as a controlled-
release mechanism. The polymer system works by releasing drugs as a result of
modifications it undergoes in response to tumor characteristics such as acidic pH
and high temperature [41]. These nanosized delivery systems are novel entities
that resort to chemical conjugation rather than entrapping or solubilizing drug
molecules in conventional chemotherapeutics. On nanotechnology levels in
polymer therapeutics the primary objective would be to design and develop
better defined polymer structures rather than a heterogeneous, random-coiled
polymeric carrier. Hence, researchers are presently focused on developing
delivery systems of nanoscale dimensions (5-100) nm that are capable of
targeting and controlling release rate of anti-cancer drugs directly inside the
tumor cells.

Thus, use of nanoparticles as a potential targeted/controlled drug
delivery system offer significant advantages such as the ability to target specific
locations in the body, the reduction of drug quantity needed to attain a particular
concentration in target vicinity, a reduced dosage rate, and finally a reduced
drug concentration at the non-targeted sites (e.g. Abraxane, a recent FDA

approved albumin nanoparticle based drug delivery system to treat breast, lung,
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ovarian, and neck cancers) [42]. Nanoparticles offer vast surface areas with
multiple sites possessing functional groups that can be manipulated and
correspondingly linked to therapeutic agents and tumor-targeting ligands such
as monoclonal antibodies. The programmed nanoparticles can be used to target
tumor antigens (biomarkers) and tumor vasculature with high affinity and
specificity as well. In essence, two primary targeting schemes could be outlined
for nanoscale drug delivery vehicles, passive targeting and active targeting

schemes.

2.3.1 Passive Targeting

The passive targeting scheme generally takes advantage of a tumor
tissue’s permeability. With a diffusion-limited size of about 2mm?3 [43, 44], tumor
tissues would remain at this size until angiogenesis initiates so as to grant access
to an increased rate of blood circulation [45]. Further the tumor site develops
into a leaky, defective architecture with an impaired lymphatic drainage as a
result of rapid vascularization to permit more blood flow to the fast growing
cancerous tissues. The enhanced permeability and retention (EPR) effect comes
into play in this context. EPR is basically the property by which molecules of
variant sizes, typically liposomes or macromolecular drugs, tend to accumulate
in tumor cells more than they do in normal tissues. Presence of vascular

endothelial growth factor (VEGF) in solid tumors stimulates the production of
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blood vessels so as to facilitate rapid growth of tumor cells. Generally, tumor
cells aggregate in sizes as small as 150-200pm and depend on blood circulation
carried out by the newly developed vasculature for their nutritional and oxygen
supply needs. The newly formed tumor vessels have a leaky, defective
architecture characterized by the lack of smooth muscle layer, innervations with
wider lumen and impaired functional receptors for angiotensin II. They also
possess a line of poorly aligned defective endothelial cells along with an
ineffective lymphatic drainage system. These contribute to abnormal molecular
and fluid transport dynamics that lead to rapid accumulation of macromolecular
drugs within the cells [46]. To ensure proper passive targeting by the EPR
scheme, it is essential to control size and surface properties of drug delivery
nanoparticles. This is to prevent any uptake by the reticuloendothelial system
(RES), a part of the immune system where phagocytic macrophages may get rid
of the nano-conjugates without permitting a proper effective action [47]. For
effective delivery, it is important that circulation times and target specificity
should be maximized. Hence, the optimum diameter should be less than100 nm
and surface should be preferably hydrophilic in nature. The hydrophilic nature
of the surface would prevent the particle from getting adsorbed onto plasma
proteins. This can be achieved by coating the surface with PEG tails or

poloxamines, polysaccharides and poloxamers etc [48, 49].
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An alternative passive targeting scheme is employing a tumor-activated
prodrug therapy where characteristics unique to tumor environment play a vital
role in ensuring proper delivery. The anticancer agent is conjugated to a
polymeric carrier through a characteristic spacer or linker which remains inactive
until it reaches the target [50]. This is followed by subsequent hydrolysis or
degradation of the spacer or linker by the acidic pH, high temperature or cancer-
specific enzymes at the tumor site as a result of which the nanoparticle releases
the drug [51, 52]. Direct local delivery of anticancer agents to tumors is yet
another passive targeting scheme where the drug can be excluded from systemic
circulation. The process however is highly invasive and painful as it involves
injections or surgical procedures. Passive tumor targeting’s primary limitation is
its failure to achieve an optimum level of drug concentration at the tumor site.

This results in low therapeutic efficacy and elicits undesirable side effects as well

[53].

2.3.2 Active Targeting

Active targeting is usually achieved by conjugating a targeting moiety to
the nanoparticle so as to provide a preferential accumulation at the tumor site
(organs, individual cancer cells, intracellular organelles etc.) The approach is
primarily based on specific interactions such as antibody-antigen and ligand-

receptor. The amplified expression of antigens or receptors in numerous cancer
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cells leads to a characteristic affinity as a result of which the entire conjugate is
ingested within the targeted cell via receptor-mediated endocytosis [54]. For
instance, the large number of folate receptors present on the surface of various
cancers, including breast, lung malignancies, brain, ovary, and kidney often
organize themselves in clusters and bind preferably to the targeting ligand
attached to the nanoparticulate carrier. Studies using surface plasma resonance
have revealed that folate-conjugated PEGylated cyanoacrylate nanoparticles
possess ten-fold higher affinity for folate receptors than free folate [55]. Confocal
microscopy studies have also demonstrated selective uptake and endocytosis of
folate-conjugated nanoparticles by tumor cells bearing folate receptors [49, 55].
Engineered antibody based tumor-targeting is still in its infancy but holds real
potential for an effective targeting system. Subsequent release of anticancer
agents takes place either due to the action of lysosomal enzymes that come into
play once the cells ingest the nanoparticles or due to hydrolysis of the spacer or
linkers that hold the agents to the carrier molecule. The active targeting
mechanism acts an alternative route for overcoming multiple drug resistance
(MDR) a major challenge in chemotherapy where overexpression of the plasma
membrane P-glycoprotein (Pgp) acts as an efflux pump to throw positively
charged anticancer drugs out of the cell [56, 57]. For instance, studies have been
performed with regards to doxorubicin to develop poly (cyanoacrylate)

nanoparticles to overcome multiple drug resistance [58]. Doxorubicin, a widely
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used DNA-interacting chemotherapeutic agent, is highly resisted by many tumor
cells and is a Pgp substrate as well. Adsorption of these doxorubicin loaded
cyanoacrylate nanoparticles onto the plasma membrane, and subsequent release
of the drug, would lead to saturation of Pgp with positively charged
doxorubicin. Subsequent neutralization of these positive charges takes place by
negatively charged degradation products of the polymer i.e. poly (cyanoacrylate)
nanoparticles that form an ion pair [58]. This enhances the diffusion of the drug
across the plasma membrane. Another way of overcoming the MDR effect is to
selectively kill resistant tumor cells. The approach here as explained by
Blagosklonny, et al. [59] is based on a temporary increase in resistance of
sensitive cells to certain drugs by using protectors that act as pharmacological
inhibitors of cell death. For instance, vinblastine, an anticancer drug that acts as
substrate for a protein encoded by the human gene ABCC2 appears to contribute
to drug resistance in normal mammalian cells. Thus by increasing the resistance
in sensitive cells that do not posses active drug efflux pumps, the MDR cells
pump out the protectors. This paves the way for chemotherapeutic agents to act
on unprotected MDR cells while leaving protected sensitive cells untouched. The
strategy of selective killing can be implemented in treating aggressive and
resistant cancers while abolishing simultaneously dose-limiting side-effects of

chemotherapy [60].
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2.4 Dendrimers

Dendrimers, an emerging class of drug encapsulating nanoparticles
(NPs) have found wide attraction as an option to deliver antitumor drugs due to
their unique architecture and well defined macromolecular characteristics.
Extensive reviews have been carried out regarding the pharmaceutical and
biomedical applications of dendrimers [61-64]. These are synthetic molecules,
characterized by a highly branched, spherical, monodispersed macromolecular
structure with an average diameter of 1.5-14.5 nm making it an ideal platform for
controlled/targeted drug delivery. Early synthesis of dendrimers was pioneered

by Tomalia [65] and Newkome [66] in the 1980s.
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Figure 2.4 a Typical Dendrimer and a Dendron
(Adapted with permission from Oleg Lukin; email id:olukin@ccmsi.us)
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The dendrimer consists of an initiator core with highly branched layers
of repeating units possessing multiple active terminal groups that can be
functionalized with the drugs that need to be delivered. A typical dendron
molecule is a building block towards a fully grown dendrimer (Figure 2.4). The
advantage a dendrimer offers over traditional linear polymers is high level of
control over its shape, size, branching length, and surface functionality. These
NPs offer multiple sites for covalent attachment of therapeutic agents with a
suitable spacer, targeting ligands and water-solubilizers as well depicting the
complete agreement with Ringsdorf’s vision of an ideal drug delivery system.
Thus, it is possible to design drug delivery systems based on tunable
architectures and molecular weights so as to optimize tumor accumulation and
treatment. One of the most widely used commercially available dendrimers in
biological research is the Starburst polyamidoamine (PAMAM) dendrimers
manufactured by Dendritech (Midland, MI, USA). PAMAM dendrimers are built
by polyamide branches with tertiary amines as focal points. Another
commercially available dendrimer is the “Poly (Propylene Imine)”; the PPI
dendrimers with propyl amine spacer moieties and primary amines as end
groups. The interior of PPl dendrimers are characterized by the presence of

numerous tertiary tris-propylene amines [67].
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Despite the promise dendrimers have shown as drug carriers; further in
vitro and in vivo evaluations are necessary to study the biocompatibility,
cytotoxicity and biodistribution of dendrimers and dendrimer based delivery
systems. Roberts et al. [68] found that PAMAM toxicity is dose and generation
dependent in vitro. His results demonstrated that low generation dendrimers
were not as toxic as compared to the higher ones. Malik et al. [69] found that
cationic dendrimers characterized by the presence of amine end groups caused
haemolysis and cytotoxicity. The toxicity effect is attributed to cell membrane
disruption caused through initial adhesion by electrostatic attraction to the cell
surface groups which are negatively charged followed by formation of a hole or
endocytosis that caused the cell to lyse [70]. Although the exact mechanism of
plasma membrane destabilization has not been elucidated in detail the
cytotoxicity profile of cationic dendrimers seem to be governed to a great extent
by the primary amine surface groups, e.g. melamine based dendrimers
characterized by amine surface groups have in vitro toxicity identical to amino
PPI and PAMAM dendrimers [71]. Malik et al. stated that unsuitable dendrimers
such as cationic PAMAM dendrimers may be used biologically as long as the
surface was characterized by presence of anionic or neutral groups. Amino
terminated G4-PAMAM dendrimers were shown to be more toxic towards

muscle cells compared to cationic liposomes and proteins. Studies also
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demonstrated that lysis of neuroblastoma cells occurred following one-week of
exposure to amino-terminated PAMAM and PPI dendrimers [72].

One way to combat this issue of cytotoxicity is to encapsulate or
“quench” the charged surface amines with another functional group that would
shield the basic nitrogen atoms from interacting with the surroundings [73]. It
has been shown that a dendrimer’s cytotoxicity is highly dependent on the
degree of substitution on the surface amine. Hence, primary amines are more
toxic in nature as compared to secondary and tertiary alkyl amines. In a highly
substituted amine, the positive charge on the nitrogen atom is shielded from
interacting with its surroundings by the alkyl substituents that have a larger size
compared to the hydrogen atoms present on a primary amine [74, 75]. In
addition, presence of anionic surface groups promote non-adhesion to negatively
charged cell membranes thus diminishing lysis to a great extent. Studies have
also demonstrated that dendrimers with hydroxyl surface functionalities show
less cytotoxicity when compared with those with carboxy-terminated groups
[76]. A prominent way of quenching the charged surface amine is the
introduction of uncharged PEG chain on the dendrimer surface. One reason that
can be attributed to the inertness imparted may be due to the ability of PEG to
uphold a sufficient hydration of the surface along with charge neutrality and also

suppressing hydrophobic or ionic interactions with cell membrane [77].
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The research here involves the use of a dendritic building block
bishomotris, for a higher generation Newkome-type polyamide dendrimer as a
polymeric carrier. The primary advantage of using such a dendrimer apart from
being highly soluble in water is the presence of anionic functionalities which
makes it potentially less cytotoxic as compared with PAMAM dendrimers. The
other major advantage is, it is characterized by the presence of a single primary
amine group that can be shielded completely by alkyl substitution. The research
here involves the use of a poly (ethyleneglycol) (PEG) tail as the substituent. In
addition, PEG is also used as a solubilizer and the presence of a biofissionable
ester linkage acts as the vital polymer-drug linker for the novel system. Ester
hydrolysis or degradation takes place in an acidic environment which is a
characteristic feature of tumor sites. As a result of hydrolysis, subsequent release
of the drug molecule also takes place [78]. PEG is a highly favored entity in drug
delivery applications because of the wide array of biological traits it possess
including non-toxicity and non-immunogenicity. PEG being highly soluble in
water imparts solubility to hydrophobic drugs. The one another advantage of
using PEG in the conjugate is the ease of manipulation of its hydroxyl end group
in various ways so as to facilitate the covalent attachment of different molecules
or targeting ligands to it. Since it is absolutely essential that an increased in vivo
circulation time should exist in targeted drug delivery compared to conventional

dosing, attachment of a PEG tail to the carrier would shield the entire conjugate
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from being cleared by the reticuloendothelial system’s phagocytic cells and from
a rapid renal clearance rate as well. Finally, the PEGylated carrier is conjugated
with a model anticancer drug 4-phenylbutyirc acid so as to form a complete
“PAINT-BRUSH” conjugate (Figure 2.5). 4-phenylbutyric acid (Figure 2.6) is
selected as the model anticancer drug since its structure is in complete agreement
with the antitumor agent chlorambucil (Figure 2.7) with the exception that the
nitrogen mustard group vital to inhibit DNA proliferation in cancerous cells is

absent.
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Figure 2.5 The “PAINT-BRUSH” Conjugate
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The uniqueness in the “PAINT-BRUSH” model envisioned lies in the
fact that the structure can be exploited in more than one way to develop novel
hybrids that may have the ability to carry antibody; enzymes or even additional
PEO/PEG linkages that may serve to the system’s biocompatibility, along with
its purpose as a targeted drug delivery system for malignancies. Thus, the
research aims in laying a solid foundation for the development of a complete
multiple carrier system by exploiting the fact that macromolecules have been
traditionally employed as suitable drug carriers due to their selective
accumulation in malignant tissues compared to the healthy tissues by

passive/active targeting, thus bypassing harmful side-effects.
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CHAPTER III
SYNTHESIS AND CHARACTERIZATION OF NOVEL NANOPARTICLE
“PAINT-BRUSH” LIKE MULTI-HYDROXYL CAPPED -

POLY (ETHYLENE GLYCOL) CONJUGATES

3.1 Introduction

Ongoing efforts among drug delivery researchers worldwide to enhance
the therapeutic efficacy of chemotherapeutic agents have led to a significant
thrust to explore dendrimers as a potential drug delivery scaffold. A dendrimer
with an initiator core is generally composed of multiple branching layers with
numerous sites for the covalent attachment of chemotherapeutic agents with a
suitable spacer, targeting ligands and water-solubilizers thus confirming
Ringsdorf’s vision of an ideal drug delivery system (Figure 2.2). A dendron
molecule is a building block towards a fully grown dendrimer (Figure 2.4).

Our primary research hypothesis involves the use of a dendron
bishomotris, for a higher generation Newkome-type polyamide dendrimer as a
polymeric carrier. The dendron characterized by hydroxyl surface functionalities

also possess a single primary amine group that can be shielded completely by the
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use e of a poly (ethyleneglycol) (PEG) tail as the substituent which also acts as a
solubilizer. The formation of a biofissionable ester linkage as a result of
conjugation with a model anticancer drug 4 phenylbutyric acid to the dendron’s
hydroxyl functionalities acts as the vital polymer-drug linker that may undergo
hydrolysis or degradation in an acidic environment (a characteristic feature of
tumor sites) so as to facilitate the subsequent release of the drug molecule as well
[78]. 4-phenylbutyric acid (Figure 2.6) is selected as the model anticancer drug
since its structure is in complete agreement with the antitumor agent
chlorambucil (Figure 2.7) with the exception that the nitrogen mustard group
vital to inhibit DNA proliferation in cancerous cells is absent. Apart from
providing an increased in-vivo circulation half life, PEG also facilitates the ease of
manipulation of its hydroxyl end group for the attachment of targeting ligands.
Thus, the pegylated carrier is conjugated with the model anticancer drug so as to
form a complete “PAINT-BRUSH” conjugate (Figure 2.5).

The vision is to utilize this novel dendrimer based nanodevice in cancer
nanotherapy. In this chapter, we describe the synthesis and structural

characterization of these novel devices.
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3.2 Materials and Methods
Details pertaining to materials required for synthesis of novel “PAINT-
BRUSH” conjugates are disclosed herewith. The corresponding schematic

procedures involved are also discussed.

3.2.1 Materials

Methoxy poly (ethylene glycol) (mPEG) (MW=2000), p-nitrophenyl
chloroformate (4-NPC), triethylamine (TEA), acetonitrile, bishomotris
(MW=205.29), dicyclohexylcarbodiimide (DCC), dimethylaminopyridine (4-
DMAP), phenylbutyric acid (4-phe) (MW=164.2), and all solvents including
diethyl ether, dimethyl sulfoxide (DMSO), dimethylformamide (DMEF),
dichloromethane (DCM), hexane and phosphate buffered saline (PBS (10x; pH
74 & pH 5.5) were purchased from Sigma-Aldrich (St. Louis, MO) and used

directly without further purification.
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3.2.2 Synthesis of “PAINT-BRUSH” conjugate
The initial part of this study involves the design and synthesis of

PEGylated bishomotris “PAINT-BRUSH” conjugate using 4-phenylbutyirc acid
as a model anticancer agent. The synthesis of the “PAINT-BRUSH” conjugate
involves three phases -

- Preparation of activated methoxy poly (ethylene glycol) (mPEG: M.W= 2000)

- Preparation of pegylated bishomotris

- Conjugation of PEGylated bishomotris with model anticancer drug 4-

phenylbutyric acid (4-phe)

3.2.2.1 Preparation of activated mPEG-2000

Activated mPEG-2000s were obtained by using the procedure described
elsewhere [79]. 1.8 g of mPEG 2000 (0.9 mmol) was dissolved in acetonitrile (12.5
ml) and 0.5 ml triethylamine (TEA). This was added drop wise to a solution of 4-
nitrophenylchloroformate (0.36 g) in 25 ml of acetonitrile. The mixture was
continuously stirred for the first 3 hours at 5°C and then for 24 hours at room
temperature. The by-product triethylamine-HCL salt was removed overnight by
crystallization from a saturated solution of acetonitrile at a low temperature. The
residual 4-NPC was removed by washing the saturated solution with diethyl

ether. Activated mPEGS or mPEG p-nitrophenylcarbonate was recovered by
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evaporation under reduced pressure. The formation of activated mPEGS was

confirmed by TH NMR analysis.
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Scheme 3.2.2.1 Synthesis of activated mPEG 2000

3.2.2.2 Preparation of PEGylated bishomotris

PEGylation of bishomotris was carried out as described in Hu Yang et al.
2004 [79]. A solution of 0.226 g bishomotris (1.1 mmol) in 10ml of dimethyl
sulfoxide (DMSO) was prepared and to this were added 1mmol of activated
mPEGs. The solution was stirred for 72 hours at room temperature and was
evaporated to dryness by rotary evaporation. Purification was carried out by
column chromatography method using a silica-gel packed column with a
mixture of dichloromethane and hexane solvents as eluent (1: 3). Structure

confirmation was validated by TH NMR characterization.
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Scheme 3.2.2.2 Synthesis of PEGylated bishomotris

3.2.2.3 Conjugation of PEGylated bishomotris with model drug 4-phenylbutyric
acid (4-phe)

To a stirred solution of 2.2 g of PEGylated bishomotris (1 mmol) in 10 ml
dimethylformamide (DMF), 0.64 g DCC (3.1 mmol) and a pinch of DMAP were
added. The mixture was stirred for 10 minutes following which 0.5 g of 4-Phe
(3.1 mmol) was added and the solution was continuously stirred for 48 hours at
room temperature. The DCC wurea byproducts formed were removed by
reprecipitation from a mixture of hexane-dichloromethane solvents, followed by
filtration. The filtrate obtained was evaporated to dryness by rotary evaporation
so as to obtain the final product. The final product was purified by column
chromatography method using a silica-gel packed column with a mixture of
dichloromethane and hexane solvents as eluent (1: 3). Structure confirmation of

the paint-brush conjugate was validated by TH NMR characterization.
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Scheme 3.2.2.3 Synthesis of “PAINT-BRUSH” conjugates
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3.3 Chemical Characterization

The products derived at each phase during the synthesis of “PAINT-
BRUSH” conjugates were characterized by recording their corresponding 'H-
NMR spectra on the Varian Gemini 300 MHz spectrometer with the solvent
proton signal as the standard. The solvent used in NMR characterization was
Chloroform-d (CDCls, 99.8%) which was obtained from Cambridge Isotope
Laboratories, Inc. 5mg of each sample was dissolved in deuterated solvent before

measurement. The chemical shift of CDCls is 7.26 ppm.

The typical chemical shifts for 1) 4-NPC (Figure 3.1): 'TH-NMR (300 MHz,
CDCls): 6 8.35 and 7.46 ppm (characteristic doublets) - 2) Activated mPEG
(Figure 3.2): TH-NMR (300 MHz, CDCls): 6 8.29 and 7.37 (shift in doublets); 3.64
ppm (PEG-CHz-); 3.37 ppm (PEG-OCHs) - 3) PEGylated bishomotris (Figure 3.3):
TH-NMR (300 MHz, CDCl): 6 6.97 ppm (-NH-); 3.64 ppm (PEG-CH>-); 3.37 ppm
(PEG-OCHg); 2.64 ppm, 2.17 ppm, 1.43 ppm (-CHz- in BH) - 4) The “Paint-Brush”
Conjugate (Figure 3.4): TH-NMR (300 MHz, CDCls): 6 7.28 ppm, 7.23 ppm & 7.19
ppm (-CsHs); 6.69 ppm (-NH-); 3.72-4.12 ppm (-CH2-O-CO); 3.64 ppm (PEG-CH>-

); 3.38 ppm (PEG-OCHas); 3.24 ppm, 1.57 ppm, 1.25 ppm (-CHz- in BH)
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NMR of 4-Nitrophenyl Chloroformate (4-NPQC)

(7

=535

1 dkek
=33

?: akb
| #):N\@ 5
-
CPJ’JL“Ci

CDClg 7.26 ppm
CHARACTERISTIC DOUBLETS: 7.46 ppm & 8.35 ppm

=15

— 34

Figure 3.1 A 300 MHz "H NMR spectrum of 4-nitrophenyl chloroformate (CDCls

7.26 ppm; doublets at 7.46 ppm & 8.35 ppm)
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NMR of Activated mPEG2000 (4-nitrophenyl carbonate-mPEQG)
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Figure 3.2 A 300 MHz TH NMR spectrum of activated PEG2000 (4-nitrophenyl
carbonate PEG) (PEG-OCHs: 3.37 ppm; PEG-CHz: 3.64 ppm; CDCls: 7.26 ppm;

doublets shift to 7.37 & 8.29 ppm)
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NMR of PEGylated bishomotris
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Figure 3.3 A 300 MHz 'H NMR spectrum of PEGylated bishomotris (-CH in BH:
1.43-2.64 ppm; PEG-OCHs: 3.37 ppm; PEG-CHz: 3.64 ppm; -NH: 6.97 ppm;

CDCls: 7.26 ppm)
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NMR of the “Paint-Brush” Conjugate
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Figure 3.4 A 300 MHz H NMR spectrum of the “PAINT-BRUSH” conjugate (-
CH: in BH: 1.25-3.24 ppm; PEG-OCHs: 3.38 ppm; PEG-CH2: 3.64 ppm; (-CH2-O-
CO): 3.72 ppm-4.12 ppm; -NH: 6.69 ppm; Benzene: 7.19 ppm, 7.23 ppm & 7.28

ppm; CDCls: 7.26 ppm)
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3.4 Results and Discussion
Details pertaining to synthesis and structural characterization of “PAINT-
BRUSH” polymeric structures are discussed herewith.

The study here is primarily focused on creating an ester linkage between
the polymeric carrier and the model drug molecule. For this purpose, carboxylate
functionality of the model drug is utilized to attach to the hydroxyl
functionalities present in the modified polymeric carrier molecule (MPEG-
bishomotris conjugate). Such an ester is obtained readily by reaction of the free
carboxylic acid of the model drug with the hydroxyl groups of the PEGylated
bishomotris conjugate under standard DCC coupling conditions. As outlined
earlier, 4-phenyl butyric acid was selected as the model drug for this coupling.
The attachment reaction was carried out in dichloromethane using DMAP as
catalyst. The final “PAINT-BRUSH” structure of the conjugate was confirmed by
1H NMR.

The completeness of the coupling reaction between the PEGylated
bishomotris conjugate and the model drug, 4-phenylbutyric acid can be observed
clearly from figure 3.4. The expansion of the spectra depicts the appearance of
new peaks at 7.19 ppm, 7.23 ppm and 7.28 ppm that pertain to methylene
protons of benzyl rings associated with the model drug molecule. A set of peaks
formed between 3.72 ppm and 4.12 ppm corresponds to protons associated with

newly formed ester linkages between the model drug molecule’s carboxylate
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group and PEGylated-bishmotris’s hydroxyl functionalities. The peak’s low
intensity could be attributed to the dominance of the intensity of the signal
formed corresponding to methylene protons of the long mPEG chain of
molecular weight 2000. Thus, it can be seen that the respective NMR spectral
recordings attained at each phase are in complete agreement with the proposed

structure of the “PAINT-BRUSH” conjugate.

TH NMR Characterization

H NMR is highly essential in the monitoring of the transformations of
the various functional groups. Figure 3.1 shows the proton spectra of 4-NPC
starting material which can be identified by the presence of characteristic doublet
peaks at 7.46 and 8. 35ppm. Figure 3.2 shows the proton spectra of 4-nitrophenyl
carbonate-PEG, the formation of which can be identified and validated by the
shift of the doublet peaks to 7.37 and 8.29ppm. The large peak at 3.64ppm is due
to methylene protons from the mPEG chain. The peak at 3.37ppm pertains to
methyl protons associated with methoxy group in mPEG. Figure 3.3 shows the
proton spectra of PEGylated bishomotris. It can be seen that characteristic
doublets for 4-nitrophenyl carbonate-PEG disappear completely following
coupling of bishomotris with mPEG. A new peak is formed at 6.97ppm
representing the newly derived -NH linkage between mPEG and bishomotris.

Also, a new set of peaks appear between 1.43-2.64ppm that correspond to
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methylene protons from bishomotris. The remaining peaks seen in the previous
recorded spectra still stand depicting the presence of mPEG in the newly formed
mPEG-bishomotris conjugate. The completeness of the coupling reaction
between mPEG-bishomotris conjugate and the model drug, 4-phenylbutyric acid
can be observed clearly from figure 3.4. The expansion of the spectra depicts the
appearance of new peaks at 7.19, 7.23 and 7.28ppm that pertain to methylene
protons of benzyl rings associated with the model drug molecule. Peaks formed
between 3.72-4.12 ppm correspond to protons associated with newly formed
ester linkages between the model drug molecule’s carboxylate group and
PEGylated-bishmotris’s hydroxyl functionalities. The peak’s low intensity could
be attributed to the dominance of the intensity of the signal formed
corresponding to methylene protons of the long mPEG chain of molecular
weight 2000. Thus, it can be seen that the respective NMR spectral recordings
attained at each phase are in complete agreement with the proposed structure of

the “PAINT-BRUSH” conjugate.

3.5 Conclusion
In this chapter, we have successfully demonstrated the synthesis of
PEGylated bishomotris “PAINT-BRUSH” conjugates using 4-phenylbutyric acid

as a model anticancer drug. We, thereby accept our research hypothesis 1. The
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conjugate synthesized thus, would act as a platform for controlled and targeted

drug delivery applications.
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CHAPTER IV

pH-CONTROLLED ACTIVATION OF NOVEL NANOPARTICLE
“PAINT-BRUSH” POLYMERIC CONJUGATES AS ANTICANCER

NANOMEDICINES

4.1 Introduction

The concept of drug delivery refers to an optimum delivery of a
pharmaceutical compound to humans or animals. Its evolution into formulations
that control rate and period of release (time-release medications) has been on an
increase during the last few decades. Current focus is to develop a combination
of targeted and controlled drug delivery systems which would activate drug
release in the targeted area of the body (for example, in cancerous tissues) so as
to bypass all harmful side-effects that cause damage to healthy tissues and to
maintain drug concentration levels in the blood plasma well within permissible

limits.
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Dendrimer based nano-scaled drug delivery systems are of wide
interest to cancer nanotechnologists as an option to deliver antitumor drugs on
account of their unique architecture and well defined macromolecular
characteristics. The high level of control over its shape, size, branching length,
and surface functionality offers it a significant advantage over traditional linear
polymers. Dendrimers offer vast surface areas with multiple surface
functionalities that may be programmed accordingly with therapeutic agents and
tumor-targeting ligands so as to target tumor antigens (biomarkers) and tumor
vasculature with high affinity and specificity.

In accordance with Ringsdorf’s vision for an ideal drug delivery system
(Figure 2.2) dendrimer- drug conjugates posses a physiologically labile bond that
may be an ester [30], carbonate [30], amide [31], malonate [32], or disulfide [33]
bond. The linker can act as a bioresponsive system that shall remain stable
during transportation to the tumor and would take advantage of the
characteristic acidic pH (6.5-4.0) within endosomal and lysosomal vesicles
following receptor mediated endocytosis of conjugates to undergo hydrolysis
thus initiating drug release at an optimum rate

Here, we describe and compare the release profiles of a novel
nanoparticle “PAINT-BRUSH” polymeric conjugate (Figure 2.5) in which a
model anticancer drug 4-phenylbutyirc acid (Figure 2.6) is conjugated via simple

ester bonds with the PEGylated derivative of bishomotris, a dendritic building
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block for a higher generation Newkome-type polyamide dendrimer that may
have a potential application as a cancer drug carrier. We hypothesize that
coupling the drug to the PEGylated dendron a controlled release profile shall be
attained at physiological pH 7.4 while a burst release shall be induced at pH 5.5
which corresponds to the endosomal pH within cancer cells due to hydrolytic
degradation of the ester linkage. While the ester linkage is expected to undergo
hydrolysis at a controlled rate to release 4-phe in normal pH (7.4), we expect
activation to occur promoting rapid hydrolysis on exposure to an acidic pH (5.

5), that corresponds to the endosomal pH within tumor cells.

4.2 Materials and Methods
Details for synthesizing the novel “PAINT-BRUSH” conjugates are as

earlier in Chapter III. The corresponding in vitro drug release studies are here.

4.2.1 Materials

Methoxy poly (ethylene glycol) (mPEG) (MW=2000), p-nitrophenyl
chloroformate  (4-NPC), triethylamine (TEA), acetonitrile, bishomotris
(MW=205.29), dicyclohexylcarbodiimide (DCC), dimethylaminopyridine (4-
DMAP), phenylbutyric acid (4-phe) (MW=164.2), and all solvents including
diethyl ether, dimethyl sulfoxide (DMSO), dimethylformamide (DMF),
dichloromethane (DCM), hexane and phosphate buffered saline (PBS (10x; pH
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74 & pH 5.5) were purchased from Sigma-Aldrich (St. Louis, MO) and used

directly without further purification.

4.2.2 In vitro release study

The drug-loaded conjugates at a concentration of 3 mg/mL were
transferred into two closed containers; one filled with 0.1M PBS buffer of pH 7.4
and the other containing 0.1M PBS buffer of pH 5.5. The entire system in turn
was placed in an incubator maintained at 37°C. At each pre-determined interval,
3 ml of drug release medium was taken out from the bulk solution and analyzed
by a Hewlett Packard 8453 UV-Visible spectrophotometer at 227nm (detection
wavelength of 4-phe at pH 7.4) and 212 nm (detection wavelength of 4-phe at pH
5.5) so as to measure the concentration of drug released. Three replicates were
run at predetermined time intervals. Since the rate of ester hydrolysis in these
conjugates was unknown, care was taken to ensure that all conjugated drug
molecules were accounted for. Hence, the drug release medium was put back

immediately into the bulk solution after measurement.

4.3 Results and Discussion

Details pertaining to synthesis and structural characterization of “PAINT-
BRUSH” polymeric structures were discussed in the previous chapter. A
comprehensive study of the in vitro drug release follows herewith.
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In-vitro release studies were carried out in pH 7.4 and pH 5.5 PBS
medium at 37°C. The amount of model drug released in the bulk solution was
analyzed at 227nm (detection wavelength of 4-phe at pH 7.4) and 212 nm
(detection wavelength of 4-phe at pH 5.5) using a Hewlett Packard 8453 UV-
Visible spectrophotometer at pre-determined time intervals. Release profile
obtained (Figure 4.1) as a result of hydrolysis of “PAINT-BRUSH” conjugates in
pH 7.4 PBS medium indicated drug release in a sustained manner, i.e. only 40 %
of the conjugated drug molecules were released at the end of 40 hours.
Hydrolysis study of “PAINT-BRUSH” conjugates in pH 5.5 PBS medium
indicated a 10 % release of drug molecules within 10 minutes. This could be
attributed to the burst effect in acidic media. Thus, 100 % of the model drug was
released in less than 2 hours. The rate of drug release in acidic buffer (5.5ug/min)

was definitely higher than the rate in normal physiological buffer (0.017pg/min).
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RELEASE PROFILES
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Figure 4.1 In vitro hydrolysis of “PAINT-BRUSH” conjugates in PBS at 37°C

The fact that a polymer-drug linker is expected to remain stable during
transport to the tumor, but would release drug at an optimum rate on arrival
within tumor cells forms one of the primary rationale for anticancer activity of
nanoscaled polymer drug conjugates. The drug molecules may be released from
the polymer carrier due to lysosomal enzymatic hydrolysis or due to hydrolysis
of acid-labile bonds such as an ester or hydrazone linker. Under optimum
conditions, the conjugate is expected to remain stable during its circulation in the
blood (pH 7.4). The “PAINT-BRUSH” conjugates are based on pH-labile

polymeric systems containing ester linked model drug entities that undergo
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hydrolysis variably in response to pH of the buffer solutions. The breakage of
bonds that link drug molecules to the PEGylated carrier may be attributed to
ester hydrolysis that easily occurs in acid environment reverting back to the
primary carrier with hydroxyl groups.

The release profiles as shown in the figure above depict the
susceptibility of “PAINT-BRUSH” conjugates to hydrolysis post incubation in
buffers of pH 7.4 and 5.5 respectively. The results uphold the fact that rate of
drug release can indeed be controlled to an extent due to the presence of an acid-
labile bond such as an ester linker and a PEG polymeric chain conjugated along
with it which would also enhance the conjugates in-vivo circulation time. The
results corroborate our hypothesis on stability of the linkage with respect to pH.
Thus, polymeric “PAINT-BRUSH” conjugates tend to remain stable or release
drugs at a controlled rate under normal physiological conditions but would be
activated to release at a higher rate when exposed to acidic conditions (pH~5.5);
a characteristic trait of cancer cells.

Further study will be required to synthesize “PAINT-BRUSH”
conjugates that limit the amount of drug release to less than 5% under normal
physiological conditions and to increase it further under acidic conditions. This
may be achieved synthesizing the next generation dendrimers using bishomotris
and conjugating a higher molecular weight polymeric carrier such as PEG to the

entire system.
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4.4 Conclusions

In this chapter, we have described the release properties of novel
nanoscaled polymeric “PAINT-BRUSH” conjugates that may have a potential
application as a drug delivery scaffold in cancer nanotherapy. Hydrolytic studies
demonstrate that the novel conjugates are relatively stable at normal
physiological pH (pH of blood~7.4), but are activated to release drug molecules
at a rapid rate under acidic conditions (pH~5.5) simulating endosomal and

lysosomal environment within tumor cells which confirms our initial hypothesis.
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CHAPTER V

THE EFFECT OF SURFACE MODIFICATION ON CYTOTOXICITY OF
NANOPARTICLE “PAINT-BRUSH” LIKE MULTI-HYDROXYL CAPPED

POLYETHYLENE GLYCOL CONJUGATES

5.1 Introduction

The past decade has witnessed an increasing focus on cancer
nanotherapy, which offers a potentially safe and effective mode of treatment for
patients. The fact that a typical human cell size spans 10-20um in diameter and
cell organelles range from a few nanometers to a few hundred nanometers in
diameter uphold the advantage of using nanotechnology in tumor targeting.
Thus nanosized drug delivery vehicles readily interact with characteristic
proteins and receptors present on target cell surface and within them in a
noninvasive manner leaving the surrounding normal cells intact.

Apart from functionalizing nanoparticles with targeting ligands,
selection of an appropriate nanocarrier that can act as a drug delivery scaffold is

also vital. Liposomes made of amphiphilic unilamellar/multilamellar
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membranes of natural or synthetic lipids are widely used to encapsulate drug
molecules, both hydrophobic and hydrophilic in nature. Doxil, the doxorubicin-
encapsulated liposome that targets a wide range of cancers including Kaposi's
sarcoma and ovarian cancer was the first liposomal drug carrier to gain the FDA
approval in 1995. Despite the fact that liposomal carriers were a major clinical
success, they are limited by suboptimal stability and short half-life on the basis of
the drug release profiles in vivo [80]. The drawback associated with liposomes
may be overcome by using dendrimer based nano-scaled drug delivery systems.
Extensive reviews have been carried out regarding the pharmaceutical and
biomedical applications of dendrimers [61-64].

In spite of dendrimers showing promise as drug carriers, further in vitro
and in vivo evaluations are necessary to study the biocompatibility, cytotoxicity
and biodistribution of these nanosized delivery systems. Malik et al. [69] found
that cationic dendrimers characterized by the presence of amine end groups
caused haemolysis and cytotoxicity. This could be overcome as long as the
surface was characterized by presence of anionic or neutral groups such as PEG
that promote non-adhesion to negatively charged cell membranes thus
diminishing haemolysis to a great extent.

Our interest is to use bishomotris (BH), a dendritic building block for a
higher generation Newkome-type polyamide dendrimer that may have a

potential application as a cancer drug carrier. The primary advantage of using
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such a dendrimer apart from being highly soluble in water is the presence of
hydroxyl surface functionalities which makes it potentially less cytotoxic. It is
also characterized by the presence of a single primary amine group that can be
shielded completely by PEGylation. In this preliminary study, cytotoxicity of the
polymeric carrier (bishomotris - BH) and its modified form (PEGylated
bishomotris - PEG-BH) at variant concentrations for different incubation periods
was evaluated. We hypothesize that there is a significant difference in cell
viability between BH and PEG-BH and also at different doses of the modified
polymer. The primary intent is to observe the effect of modified bishomotris on
HelLa cells and to ascertain that cancer cells are killed primarily by the drug and
not due to the modified carrier. The human epithelial cervical cancer cell line
(HeLa S3) was cultured for the in-vitro characterization of bishomotris and

PEGylated bishomotris.

5.2 Materials and Methods

Details of materials and methods pertaining to synthesis of surface
modified nano-conjugates are as earlier in Chapter III. The corresponding in vitro
characterization studies of these novel conjugates for various incubation periods

are here.
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5.2.1 Materials

Human epithelial cervical cancer cell lines (HeLa S3) were purchased
from ATCC. 10% HAMS F-12K media purchased from SIGMA® was
supplemented with 10mM HEPES, 10% fetal bovine serum (ATLANTA
biologicals®) and 1% HyQ antibiotic/antimycotic solution (100x HyQ
antibiotic/antimycotic solution from HyClone : 10,000 U/mL PenicillinG, 10,000
png/mL Streptomycin and 25 pg/mL Amphotericin). LIVE/DEAD® cell vitality
assay kit was purchased from Molecular Probes (Invitrogen detection

technologies).

5.2.2 Cell Culture & In-Vitro Characterization

The HeLa S3 cells were cultured in 10% HAMS F-12K media
supplemented with 10mM HEPES, 10% fetal bovine serum (FBS) and 1% HyQ
antibiotic/antimycotic at 37°C, in a humidified, 5% CO; atmosphere in a NAPCO
Model 6500 Water Jacketed CO: incubator. Cells were then passaged twice a
week. Cell passages were restricted to 7 in order to retain the original
morphologic and phenotypic characteristics of the cells. Further, the HelLa S3
cells were seeded at 20,000 cells per well in 24 well plates and cultured to

subconfluence in complete medium at 37°C, in a humidified, 5% CO2 atmosphere
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in a NAPCO Model 6500 Water Jacketed CO, incubator for 48 hours. The
medium in each well was then aspirated and subject to the following treatment.
While wells designated as the positive control were treated with hydrogen
peroxide, the negative control wells were treated with fresh growth medium
containing no polymer. The remaining wells were treated with three different
concentrations (1 mg/mL, 2 mg/mL and 3 mg/mL) of bishomotris, PEGylated
bishomotris (PEG-BH) and PEG alone. There were 3 replicates for each condition.
Each 24-well cell culture plate was then subjected to four incubation time-periods
(6 hour, 12 hour, 24 hour and 36 hour) with polymers at 37°C in a humidified 5%
COz atmosphere.

Post incubation cell viability assessment was carried out by staining the
cells with the LIVE/DEAD® cell vitality assay kit. The two-color fluorescence
assay distinguishes metabolically active cells from injured and dead cells. The
fluorescence microscope used for observing the stained cells at a total
magnification of 100x was the Zeiss Axiovert 200 Microscope (Carl Zeiss Inc,
Thornwood NY). The camera used to capture the fluorescent images was a Zeiss
AxioCam HRm (Carl Zeiss Inc). The stained cell culture samples were viewed
under phase contrast light, FITC (fluorescein isothiocyanate) filtered light (ex.
488 nm: blue; em. 520 nm: green) and rhodamine red filtered light (ex. 540 nm:
green; em. 565 nm: red). The assay is based on the reduction of Ci2 resazurin to

red-fluorescent Ci2 resosurfin in metabolically active cells and the uptake of cell-
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impermeable, green-fluorescent nucleic acid stain, SYTOX Green dye, in cells
with compromised plasma membranes. Thus, while dead cells would emit green
fluorescence, the healthy, metabolically active cells emit mostly red fluorescence.

The injured cells of lower metabolic activity emit a reduced red fluorescence.

5.2.3 Statistical Analysis

Statistical evaluation of data expressed as means was performed by a
three-way analysis of variance (3-way ANOVA) based on General Linear Model
(GLM) followed by Tukey’s test for pair wise comparison of subgroups.
Differences among means were considered statistically significant at a P value of

<0.05.

5.3 Results & Discussion

Cytotoxicity of bishomotris and the effect of PEG on cytotoxicity
reduction of bishomotris are discussed below.

In-vitro efficacy of the dendron and its PEGylated form was determined
by performing toxicity experiments in vitro with human epithelial cervical
carcinoma cells (HeLa S3). Variant concentrations (Img/mL, 2mg/mL and
3mg/mL) of all polymers were incubated for 6 h, 12 h, 24 h and 36 h with HelLa
S3 cells. It was clearly evident that PEG-BH demonstrated a reduced level of

cytotoxicity as compared to BH.
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Observation with regards to cytotoxicity of BH characterized by
presence of an amine group was expected since extensive studies pertaining to
toxicity of cationic dendrimers have already been documented. The cell viability
versus the polymer concentrations at different incubation periods are shown in
Figures 5.1 and 5.2. A significant three way interaction among time, polymer and
concentration was observed as a result of statistical evaluation of cell viability
measurements which were significantly different for BH and PEG-BH. Cell
viability was significantly higher for all groups of PEG-BH than that of BH with
P=0.0001.

On the basis of a two way interaction between time and concentration,
the results of cell viability obtained (Figure 5.3) on exposure to unmodified
bishomotris (BH) exhibited significant cytotoxicity towards HelLa cells at higher
concentrations for 12 h, 24 h, and 36 h (P=0.0001). Morphological changes in cell
structure induced by lysis occurred at 36 h for 3mg/mL since they lacked a
definite membrane and depicted a burst appearance as well (Figure 5.9 A). In
contrast BH treatment showed no morphological changes up to a concentration
of 2 mg/mL. A marked decrease in the cytotoxicity was observed when cells
were exposed to PEG-BH conjugates. The low viability of the tested cells seen
after 6 h incubation may be attributed to the cells being shocked by the polymers
when they were first added. However, high viability was achieved after longer

incubation when the cells appeared to have adapted to the polymers. This was
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evident in the 12 h and 24 h viability measurements. The difference in

cytotoxicity was more distinct for higher concentrations of BH and PEG-BH.
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Figure 5.1 Cell Viability by PEG, bishomotris (BH) and surface modified
bishomotris (PEG-BH) at 6 and 12 h (n=3)
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Figure 5.2 Cell Viability by PEG, bishomotris (BH) and surface modified
bishomotris (PEG-BH) at 24 & 36 hours (n=3)
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Figure 5.4 Effect of PEG-BH on viability of HeLa cells at 6, 12, 24 and 36 h.

Dose increase from left to right: 1, 2 and 3 mg/mL (n=3)

On basis of dose-response and time-course plots (Figures 5.3 and 5.4),
the effect of BH and surface modified BH on cell viability could be analyzed.
Fluorescence images of stained HeLa cells were obtained post incubation and
representative images are shown in Figures 5.5, 5.6, 5.7, 5.8 and 5.9 for respective
concentrations and time-periods. HeLa cells treated with PEG alone emitted a
higher rate of red fluorescence thus asserting once again its biocompatibility. In
contrast, HeLa cells treated with various concentrations of BH and PEG-BH

displayed a marked difference in the emission of red and green fluorescence thus
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confirming that there was indeed an effect of polymer surface modification on
the cytotoxicity of bishomotris alone.

The results of cell viability obtained on exposure to surface modified
bishomotris (PEG-BH) were not significantly different on account of a two way
interaction between time and concentration. Statistical evaluation depicted
differences in cell viability as insignificant for all three concentrations at 12 h, 24
h and 36 h. Though cell viability measurements for all three concentrations at 12
h was significantly higher than that at 6 h (Img/mL : P=0.0086; 2mg/mL :
P=0.0001; 3mg/mL : P=0.0001), there existed no significant differences when
compared with groups at 24 h and 36 h. It was also evident that cell viability
measurements for all concentrations at 24 h was significantly higher than that at
6 h (Img/mL : P=0.0273; 2mg/mL : P=0.0001; 3mg/mL : P=0.0001) and there
were no significant differences when compared with groups at 36 h. While no
significant difference existed in cell viability for all three concentrations at 36h;
cell viability was significantly higher than that at 6 h for the concentration at
3mg/mL (P=0.0184). Thus, a significant difference in cell viability does not exist
due to differences in concentration and exposure time as well.

A major limitation associated with LIVE/DEAD® cell vitality assay kit is
the unaccounted estimate of dead cells that may get removed while aspirating
the treatment media post incubation before we commence the staining

procedure. The estimate may further be affected due to wash-out with 1x PBS
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before we add the dyes to the cell suspension. Although consideration of this
estimate would affect the cell viability data obtained, the overall trend would
remain unchanged. One way of overcoming this handicap is to obtain an
estimate of the total count in each well before the treatment media is removed
and use this count to normalize the data obtained from the fluorescent image of
the stained cells. One another way is to normalize the observed cell viability data
with the control cell viability. Data normalization for cell number makes results
more comparable well-to-well and day-to-day. In addition, bioluminescence and
plate counting (other methods to assess viability) may also be used as reference
procedures.

Hence, PEGylation of bishomotris resulted in higher viability as
compared to unmodified bishomotris when applied to HeLa cells for 12 h, 24 h
and 36 h incubation periods. PEG, apart from being a highly water soluble
polymer is less toxic in nature and highly biocompatible and hence, is widely
accepted for use in drug formulations. Studies have shown that PEG-coated
carriers demonstrate a reduced uptake by liver and also possess a prolonged
circulation half-life in the bloodstream when compared with non-PEG coated
carriers. The toxicity effect of bishomotris may be attributed to cell membrane
disruption caused through initial adhesion by electrostatic attraction of the
amine group to the cell surface groups which is negatively charged, followed by

formation of a hole or endocytosis that caused the cell wall to lyse. Thus,
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introducing PEG would encapsulate or “quench” the charged surface and
promote non-adhesion to negatively charged cell membranes thus diminishing
cell lysis to a great extent. Another reason that can be attributed to the inertness
imparted may be due to the ability of PEG to uphold a sufficient hydration of the
surface along with charge neutrality and also suppressing hydrophobic or ionic

interactions with cell membrane [77].
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(A)

(B)

Figure 5.5 Fluorescence images of HeLa cells treated with growth media alone

(negative control) - (A), Hydrogen Peroxide (H20O: - positive control) - (B)
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(A)

(B)

Figure 5.6 12 h fluorescence images of HeLa cells treated with BH (Img/mL) -
(A), PEG-BH (Img/mL) - (B)
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(A)

(B)

Figure 5.7 12 h fluorescence images of HeLa cells treated with BH (3mg/mL) -
(A), PEG-BH (3mg/mL) - (B)



(B)

Figure 5.8 36 h fluorescence Images of HeLa cells treated with BH (1Img/mL) -
(A), PEG-BH (Img/mL) - (B)
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(A)

(B)

Figure 5.9 36 h fluorescence Images of HeLa cells treated with BH (3mg/mL) -

(A), PEG-BH (3mg/mL) - (B)



5.4 Conclusions

In this chapter, PEG-BH “Paint-Brush” polymers were studied as a
potential cancer drug delivery scaffold. The results obtained have vital
implications for the fact these nanocarriers may have a potential application as
parental drug carriers. The study demonstrated that bishomotris was cytotoxic in
nature due to the interaction of positively charged amine group with the HelLa
cells. It was also evident that surface modification by PEGylation has led to a
distinct reduction in toxicity levels thus laying foundations for further research
to realize a promising new scaffold for cancer nanotherapy. Future work shall

focus on the application of these novel polymers as carriers of anticancer drugs.
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CHAPTER VI

CONCLUSIONS AND FUTURE WORK

Cascade dendritic molecules and polymers are attractive because of their
versatile iterative stepwise synthesis that comprises of amide formation followed
by surface polarity reversal via reduction or facile hydrolysis so as to yield the
desired polyalcohol or polyacid at each generation. Thus, the synthesis provides
excellent control of surface functionality. This makes it possible to conjugate
selectively several different moieties like drug molecules, solubilizing groups
and targeting ligands on the same dendritic molecule. The modus operandi is to
take advantage of this versatility of surface chemistry so as to design and
synthesize a novel drug delivery system exploiting surface functionalities for
attachment of model drugs and solubilizing groups as well. Since most drugs are
hydrophobic in nature, especially when their hydrophilic functional groups are
used to conjugate with polymeric carriers, the attachment of solubilizing groups
like PEG would definitely render an increase in its solubility. The reason why
PEG was selected as the solubilizer in this research is PEG, apart from being a

highly water soluble polymer it is less toxic in nature and highly biocompatible
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and hence, is widely accepted for use in drug formulations. Studies have shown
that PEG-coated carriers demonstrate a reduced uptake by liver and also possess
a prolonged circulation half-life in the bloodstream when compared with non-
PEG coated carriers.

Our primary research hypothesis stated that a PEGylated Bishomotris
“PAINT-BRUSH” conjugate can be synthesized using 4-phenylbutyric acid as a
model anticancer drug. To test this hypothesis, structural validation was
performed by NMR characterization, which depicted successful synthesis of the

conjugate accepting research hypothesis 1.

Research Hypothesis 2 stated that by coupling the drug to the
PEGylated dendron a controlled release profile shall be attained at physiological
pH 7.4 while a remarkable burst of release shall be induced at pH 5.5 which
corresponds to the endosomal pH within cancer cells due to hydrolytic
degradation of the ester linkage. Hence, having accepted our primary research
hypothesis, the next step was to monitor in-vitro release of the model drug
molecule by the conjugate in a normal and an acidic PBS buffer, maintained at
37°C so as to simulate and validate the conjugate’s stability in normal
physiological conditions, while it breaks down to initiate drug release in an
acidic environment, which is a characteristic trait of tumor sites. In-vitro release

profiles depicted a controlled drug release for more than 80 h in physiological
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buffer while a 100% drug release was observed in less than 2 h in an acidic buffer

thus enabling us to accept research hypothesis 2.

Our null hypothesis 1 (Hio) stated that there is no significant difference
in cell viability for samples treated with bishomotris and PEGylated bishomotris.
To test this hypothesis, we used an in vitro cell culture study performed on
human epithelial carcinoma cells (HeLa cells) where cytotoxicity of the
polymeric carrier (bishomotris - BH) and its modified form (PEGylated
bishomotris - PEG-BH) at various concentrations (1 mg/mL, 2 mg/mL and 3
mg/mL) for different incubation periods (6 h, 12 h, 24 h and 36 h) was evaluated.
The primary intent was to observe the effect of modified bishomotris on HeLa
cells and to ascertain that cancer cells are killed primarily by the drug and not
due to the modified carrier. Statistical analysis on live/dead cell counts indicated
a significant difference in cell viability confirming our justification of proposing
the use of modified bishomotris for drug delivery applications. Thus, we fail to

accept our null hypothesis 1(H10) and thereby reject it.

Finally we test our null hypothesis 2 (Hmo) which stated that there is no
significant difference in cell viability for samples treated with various
concentrations (1 mg/mL, 2 mg/mL and 3 mg/mL) of PEGylated bishomotris
for different incubation periods (6 h, 12 h, 24 h and 36 h). The results of cell

viability obtained on exposure to surface modified bishomotris (PEG-BH) were
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not significantly different on account of a two way interaction between time and
concentration. Thus, a significant difference in cell viability does not exist due to
differences in dosage rate and exposure time as well. Hence, we fail to reject our

null hypothesis 2 (Hno) and thereby accept it.

The outcome of the cell culture study did indicate the safety of using this
newly created nanoparticle system within biological systems. The presence of a
PEG tail on bishomotris definitely brought about a reduction in toxicity level
associated with bishomotris alone which is no doubt encouraging and provides
further motivation in proceeding to the next level of this research. Although the
model study did demonstrate encouraging results, we should also point out that
these are just preliminary results since further optimization of the “PAINT-

BRUSH” conjugate is required.

Future work shall focus on the synthesis and structural characterization
of a higher generation conjugate with increased surface functionalities wherein
the original anti-cancer drug, chlorambucil shall be conjugated along with
targeting ligands and moieties. The 15t Generation “PAINT-BRUSH” may be thus
exploited in more than one way to develop novel hybrids that would carry
antibodies, enzymes or even additional PEG linkages that may enhance the
system’s biocompatibility alongwith its purpose as a targeted drug delivery

system for malignancies. Further study will be required to synthesize conjugates
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that limit the amount of drug release to less than 5% under normal physiological
conditions and to increase it further under acidic conditions. This may be
achieved synthesizing the next generation dendrimers using bishomotris and
conjugating a higher molecular weight polymeric carrier such as PEG to the
entire system. Further in-vitro characterization study is required to optimize the
dosage rate for targeting before proceeding to animal model experiments so as to

determine the conjugate’s effectiveness.
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APPENDIX A

STATISTICAL ANALYSIS

Al.  Statistical analysis of cell viability measurements using 3 Way ANOVA
with MINITAB version 15

General Linear Model: CELL VIABILITY versus TIME, POLY, CONC

Factor Type Levels Values

TIME fixed 4 6, 12, 24, 36
POLY fixed 3 BH, PEG, PEG-BH
CONC fixed 3 1, 2, 3

Analysis of Variance for CELL VIABILITY, using Adjusted SS for Tests

Source DF Seqg SS Adj SS Adj MS F P
TIME 3 2593.7 2593.7 864.6 200.95 0.000
POLY 2 19827.6 19827.6 9913.8 2304.31 0.000
CONC 2 3030.4 3030.4 1515.2 352.19 0.000
TIME*POLY 6 2506.3 2506.3 417.7 97.09 0.000
TIME*CONC 6 1528.3 1528.3 254.7 59.20 0.000
POLY*CONC 4 3442.1 3442.1 860.5 200.02 0.000
TIME*POLY*CONC 12 2892.6 2892.6 241.0 56.03 0.000
Error 72 309.8 309.8 4.3

Total 107 36130.7

S = 2.07420 R-Sq = 99.14% R-Sq(adj) = 98.73%

Unusual Observations for CELL VIABILITY

CELL
Obs VIABILITY Fit SE Fit Residual St Resid
1 87.0169 83.3363 1.1975 3.6807 2.17 R
2 78.0943 83.3363 1.1975 -5.2419 -3.10 R
5 78.7048 82.5595 1.1975 -3.8547 -2.28 R
36 90.7792 94.5425 1.1975 -3.7632 -2.22 R
71 47.1071 50.6242 1.1975 -3.5171 -2.08 R
76 89.3354 85.2969 1.1975 4.0385 2.38 R
77 81.3459 85.2969 1.1975 -3.9510 -2.33 R

R denotes an observation with a large standardized residual.
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Tukey Simultaneous Tests
Response Variable CELL VIABILITY
All Pairwise Comparisons among Levels of TIME

TIME = 6 subtracted from:

Difference SE of Adjusted
TIME of Means Difference T-Value P-Value
12 10.5450 0.5645 18.679 0.0000
24 7.8996 0.5645 13.993 0.0000
36 -0.7667 0.5645 -1.358 0.5295

TIME = 12 subtracted from:

Difference SE of Adjusted
TIME of Means Difference T-Value P-Value
24 -2.65 0.5645 -4.69 0.0001
36 -11.31 0.5645 -20.04 0.0000

TIME = 24 subtracted from:

Difference SE of Adjusted
TIME of Means Difference T-Value P-Value
36 -8.666 0.5645 -15.35 0.0000

Tukey Simultaneous Tests

Response Variable CELL VIABILITY

All Pairwise Comparisons among Levels of POLY
POLY = BH subtracted from:

Difference SE of Adjusted
POLY of Means Difference T-Value P-Value
PEG 32.07 0.4889 65.59 0.0000
PEG-BH 23.44 0.4889 47.95 0.0000

POLY = PEG subtracted from:

Difference SE of Adjusted
POLY of Means Difference T-Value P-Value
PEG-BH -8.625 0.4889 -17.64 0.0000

Tukey Simultaneous Tests

Response Variable CELL VIABILITY

All Pairwise Comparisons among Levels of CONC
CONC = 1 subtracted from:

Difference SE of Adjusted
CONC of Means Difference T-Value P-Value
2 -5.40 0.4889 -11.04 0.0000
3 -12.92 0.4889 -26.42 0.0000

CONC = 2 subtracted from:

Difference SE of Adjusted
CONC of Means Difference T-Value P-Value
3 -7.518 0.4889 -15.38 0.0000
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Tukey Simultaneous Tests
Response Variable CELL VIABILITY

All Pairwise Comparisons among Levels of TIME*POLY

TIME = 6
POLY = BH subtracted from:

Difference SE of

TIME POLY of Means Difference
6 PEG 20.22 0.9778

6 PEG-BH 14.24 0.9778

12 BH 6.67 0.9778
12 PEG 34.17 0.9778
12 PEG-BH 25.27 0.9778
24 BH 1.80 0.9778
24 PEG 32.98 0.9778
24 PEG-BH 23.38 0.9778
36 BH -18.85 0.9778
36 PEG 30.52 0.9778
36 PEG-BH 20.49 0.9778

TIME = 6
POLY = PEG subtracted from:

Difference SE of

TIME POLY of Means Difference
6 PEG-BH -5.98 0.9778
12 BH -13.56 0.9778
12 PEG 13.94 0.9778
12 PEG-BH 5.05 0.9778
24 BH -18.42 0.9778
24 PEG 12.76 0.9778
24 PEG-BH 3.16 0.9778
36 BH -39.07 0.9778
36 PEG 10.30 0.9778
36 PEG-BH 0.27 0.9778

TIME = 6
POLY = PEG-BH subtracted from:

Difference SE of
TIME POLY of Means Difference
12 BH -7.58 0.9778
12 PEG 19.92 0.9778
12 PEG-BH 11.03 0.9778
24 BH -12.44 0.9778
24 PEG 18.74 0.9778
24 PEG-BH 9.14 0.9778
36 BH -33.09 0.9778
36 PEG 16.28 0.9778
36 PEG-BH 6.25 0.9778

T-Value
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.9778
.9778
.9778
.9778

SE of
rence
9778
.9778
.9778
.9778
.9778
.9778
.9778

SE of
rence
9778
.9778
.9778
.9778
.9778
.9778

SE of
rence
9778
.9778
.9778
.9778
.9778

SE of
rence
.9778
.9778

T-Value

28.
19.
-4.
26.
.10
-26.

24.

14.

17

12
03
97
92

09
40
14

T-Value

-9.
-33.
-1.
-11.
-54.
-3.
-13.

10
10
21
03
22
73
98

T-Value

-24

.00
7.
-1.
-45.
5.
-4.

89
93
12
37
88

T-Value

31.
22.
-21.
29.
19.

89
07
12
37
12

T-Value

-9.
-53.

93

82
01

Adjusted
P-Value

0.
.0000
.0003
.0000
.0000
.0000
.0000
.0000

[oNoNeoNoNeNoNe]

0000

Adjusted
P-Value

0.
.0000
.9866
.0000
.0000
.0182
.0000

[eNeoNeoNoNeNe)

0000

Adjusted
P-Value

0.
.0000
L7352
.0000
.0001
.0004

[eNeoNeNoNe]

0000

Adjusted
P-Value

0.
.0000
.0000
.0000
.0000

[eNeoNeNe)

0000

Adjusted
P-Value

0.
0.

0000
0000



36 PEG -2.46 0.9778
36 PEG-BH -12.49 0.9778
TIME = 24
POLY = PEG-BH subtracted from:
Difference SE of
TIME POLY of Means Difference
36 BH -42.23 0.9778
36 PEG 7.14 0.9778
36 PEG-BH -2.89 0.9778
TIME = 36
POLY = BH subtracted from:
Difference SE of
TIME POLY of Means Difference
36 PEG 49.37 0.9778
36 PEG-BH 39.34 0.9778
TIME = 36
POLY = PEG subtracted from:
Difference SE of
TIME POLY of Means Difference
36 PEG-BH -10.02 0.9778

Tukey Simultaneous Tests

Response Variable CELL VIABILITY
All Pairwise Comparisons among Levels of TIME*CONC

0.

0.

TIME = 6
CONC = 1 subtracted from:
Difference
TIME CONC of Means Diffe
6 2 -3.35
6 3 -6.13 0
12 1 11.45 0
12 2 6.77 0
12 3 3.94 0
24 1 9.69 0
24 2 4.93 0
24 3 -0.40 0
36 1 8.32 0
36 2 -0.48 0
36 3 -19.62 0
TIME = 6
CONC = 2 subtracted from:
Difference
TIME CONC of Means Diffe
6 3 -2.78
12 1 14.80
12 2 10.12
12 3 7.29

0
0.
0

SE of
rence
9778
.9778
.9778
.9778
.9778
.9778
.9778
.9778
.9778
.9778
.9778

SE of
rence
9778
.9778
9778
.9778

-2.52
-12.77

T-Value
-43.19
7.30
-2.95

T-Value
50.49
40.24

T-Value
-10.25

T-Value
.43
.27
.71
.92
.03
.91
.04
.41
.51
.50
.06

T-Value
-2.85
15.13
10.35

7.45

94

0.3448
0.0000

Adjusted
P-Value
0.0000
0.0000
0.1452

Adjusted
P-Value
0.0000
0.0000

Adjusted
P-Value
0.0000

Adjusted
P-Value
0.0439
.0000
.0000
.0000
.0072
.0000
.0002
.0000
.0000
.0000
.0000

O ORFr OOO0OOOoOOo

Adjusted
P-Value
0.1832
0.0000
0.0000
0.0000



24 1 13.04 0.9778
24 2 8.28 0.9778
24 3 2.95 0.9778
36 1 11.67 0.9778
36 2 2.87 0.9778
36 3 -16.27 0.9778
TIME = 6
CONC = 3 subtracted from:
Difference SE of
TIME CONC of Means Difference
12 1 17.58 0.9778
12 2 12.90 0.9778
12 3 10.07 0.9778
24 1 15.83 0.9778
24 2 11.006 0.9778
24 3 5.73 0.9778
36 1 14.45 0.9778
36 2 5.65 0.9778
36 3 -13.48 0.9778
TIME = 12
CONC = 1 subtracted from:
Difference SE of
TIME CONC of Means Difference
12 2 -4.68 0.9778
12 3 -7.51 0.9778
24 1 -1.75 0.9778
24 2 -6.52 0.9778
24 3 -11.85 0.9778
36 1 -3.13 0.9778
36 2 -11.93 0.9778
36 3 -31.06 0.9778
TIME = 12
CONC = 2 subtracted from:
Difference SE of
TIME CONC of Means Difference
12 3 -2.83 0.9778
24 1 2.93 0.9778
24 2 -1.84 0.9778
24 3 -7.17 0.9778
36 1 1.55 0.9778
36 2 -7.25 0.9778
36 3 -26.38 0.9778
TIME = 12
CONC = 3 subtracted from:
Difference SE of
TIME CONC of Means Difference
24 1 5.75 0.9778
24 2 0.99 0.9778
24 3 -4.34 0.9778

13.34

11.93

-16.64

T-Value
17.98
13.19
10.30
16.19
11.31

14.78

-13.79

T-Value
-4.79
-7.68
-1.79

-12.12

-3.20
-12.20
-31.77

T-Value
-2.89

-7.33

=7.42
-26.98

T-Value
5.89
1.01

-4.44

95

[eNeoNeoNoNeNe)

.0000
.0000
.1259
.0000
.1525
.0000

Adjusted
P-Value

0.
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

[oNoNeoNoNeoNoNoNe]

0000

Adjusted
P-Value

0.
.0000
.8157
.0000
.0000
.0796
.0000
.0000

leNeoNeoNoNoNeNe)

0005

Adjusted
P-Value

0.
.1323
.7656
.0000
.9089
.0000
.0000

[eNeoNeoNoNeNe)

1657

Adjusted
P-Value

0.
0.
0.

0000
9970
0018



36 1 4.38 0.9778 4.48 0.0016

36 2 -4.42 0.9778 -4.52 0.0014
36 3 -23.55 0.9778 -24.09 0.0000
TIME = 24

CONC = 1 subtracted from:

Difference SE of Adjusted
TIME CONC of Means Difference T-Value P-Value
24 2 -4.77 0.9778 -4.88 0.0004
24 3 -10.10 0.9778 -10.33 0.0000
36 1 -1.38 0.9778 -1.41 0.9583
36 2 -10.18 0.9778 -10.41 0.0000
36 3 -29.31 0.9778 -29.97 0.0000
TIME = 24
CONC = 2 subtracted from:

Difference SE of Adjusted
TIME CONC of Means Difference T-Value P-Value
24 3 -5.33 0.9778 -5.45 0.0001
36 1 3.39 0.9778 3.47 0.0390
36 2 -5.41 0.9778 -5.53 0.0001
36 3 -24.54 0.9778 -25.10 0.0000
TIME = 24

CONC = 3 subtracted from:

Difference SE of Adjusted
TIME CONC of Means Difference T-Value P-Value
36 1 8.72 0.9778 8.92 0.0000
36 2 -0.08 0.9778 -0.08 1.0000
36 3 -19.21 0.9778 -19.65 0.0000

TIME = 36
CONC = 1 subtracted from:

Difference SE of Adjusted
TIME CONC of Means Difference T-Value P-Value
36 2 -8.80 0.9778 -9.00 0.0000
36 3 -27.93 0.9778 -28.57 0.0000

TIME = 36
CONC = 2 subtracted from:

Difference SE of Adjusted
TIME CONC of Means Difference T-Value P-Value
36 3 -19.13 0.9778 -19.57 0.0000

Tukey Simultaneous Tests

Response Variable CELL VIABILITY

All Pairwise Comparisons among Levels of POLY*CONC
POLY = BH

CONC = 1 subtracted from:
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Difference SE of Adjusted

POLY CONC of Means Difference T-Value P-Value
BH 2 -12.11 0.8468 -14.30 0.0000
BH 3 -32.15 0.8468 -37.97 0.0000
PEG 1 18.58 0.8468 21.94 0.0000
PEG 2 17.41 0.8468 20.56 0.0000
PEG 3 15.96 0.8468 18.84 0.0000
PEG-BH 1 10.99 0.8468 12.98 0.0000
PEG-BH 2 8.07 0.8468 9.53 0.0000
PEG-BH 3 7.01 0.8468 8.28 0.0000
POLY = BH
CONC = 2 subtracted from:

Difference SE of Adjusted
POLY CONC of Means Difference T-Value P-Value
BH 3 -20.05 0.8468 -23.68 0.0000
PEG 1 30.69 0.8468 36.24 0.0000
PEG 2 29.51 0.8468 34.85 0.0000
PEG 3 28.06 0.8468 33.14 0.0000
PEG-BH 1 23.09 0.8468 27.27 0.0000
PEG-BH 2 20.17 0.8468 23.82 0.0000
PEG-BH 3 19.12 0.8468 22.58 0.0000
POLY = BH
CONC = 3 subtracted from:

Difference SE of Adjusted
POLY CONC of Means Difference T-Value P-Value
PEG 1 50.73 0.8468 59.91 0.0000
PEG 2 49.56 0.8468 58.53 0.0000
PEG 3 48.11 0.8468 56.81 0.0000
PEG-BH 1 43.14 0.8468 50.95 0.0000
PEG-BH 2 40.22 0.8468 47.50 0.0000
PEG-BH 3 39.17 0.8468 46.25 0.0000
POLY = PEG
CONC = 1 subtracted from:

Difference SE of Adjusted
POLY CONC of Means Difference T-Value P-Value
PEG 2 -1.17 0.8468 -1.38 0.9005
PEG 3 -2.62 0.8468 -3.10 0.0648
PEG-BH 1 -7.59 0.8468 -8.96 0.0000
PEG-BH 2 -10.51 0.8468 -12.42 0.0000
PEG-BH 3 -11.57 0.8468 -13.66 0.0000
POLY = PEG
CONC = 2 subtracted from:

Difference SE of Adjusted
POLY CONC of Means Difference T-Value P-Value
PEG 3 -1.45 0.8468 -1.72 0.7348
PEG-BH 1 -6.42 0.8468 -7.58 0.0000
PEG-BH 2 -9.34 0.8468 -11.03 0.0000
PEG-BH 3 -10.39 0.8468 -12.27 0.0000
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POLY = PEG

CONC = 3 subtracted from:

Difference SE of
POLY CONC of Means Difference
PEG-BH 1 -4.967 0.8468
PEG-BH 2 -7.889 0.8468
PEG-BH 3 -8.941 0.8468
POLY = PEG-BH
CONC = 1 subtracted from:

Difference SE of
POLY CONC of Means Difference
PEG-BH 2 -2.922 0.8468
PEG-BH 3 -3.974 0.8468
POLY = PEG-BH
CONC = 2 subtracted from:

Difference SE of

POLY CONC
PEG-BH 3

of Means Difference

-1.052

Tukey Simultaneous Tests
Response Variable CELL VIABILITY
All Pairwise Comparisons among Levels of TIME*POLY*CONC

TIME = 6
POLY = BH
CONC =1

TIME POLY

6 BH
6 BH
6 PEG
6 PEG
6 PEG
6 PEG-BH
6 PEG-BH
6 PEG-BH
12 BH
12 BH
12 BH
12 PEG
12 PEG
12 PEG
12 PEG-BH
12 PEG-BH
12 PEG-BH
24 BH
24 BH
24 BH
24 PEG
24 PEG
24 PEG
24 PEG-BH

subtracted from:

Difference
CONC of Means
2 -4.43
3 -9.38
1 16.63
2 15.85
3 14.38
1 13.51
2 8.67
3 6.74
1 12.11
2 0.31
3 -6.23
1 31.13
2 29.72
3 27.84
1 21.25
2 20.41
3 20.35
1 9.43
2 -1.75
3 -16.08
1 29.16
2 28.08
3 27.91
1 20.64

0.8468

S
Differ

1.

PR RPRRRPRRPRPRRRRRPRPRERRRERRPRPRRERRRR

Adjusted

T-Value P-Value
-5.87 0.0000
-9.32 0.0000
-10.56 0.0000
Adjusted

T-Value P-Value
-3.451 0.0248
-4.693 0.0004
Adjusted

T-Value P-Value
-1.242 0.9440

E of
ence
694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

98

T-Va

-2.
-5.
9.

0.
-3.
18.
17.
l6.
12.
12.

12

5.
-1.
-9.
17.
l6.
16.
12.

9
8
7.
5
3
7

lue
62
54
82
.36
.49
98
.12
.98
.15
18
68
38
55
44
55
05
.02
57
03
50
22
58
48
19

Adjusted
P-Value

0.
.0003
.0001
.0001
.0001
.0001
.0013
.0533
.0001
.0000
.1210
.0001
.0001
.0001
.0001
.0001
.0001
.0003
.0000
.0001
.0001
.0001
.0001
.0001

O OO OO OO ODODO0ODODOOHrHOO0OO0OOOoOoOo

7653



24
24
36
36
36
36
36
36
36
36
36

TIME =
POLY
CONC =

TIME
6

oy OY O O O

[e)}

12
12
12
12
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

6
BH

18.59
17.11

-12.33
-66.70
27.63
26.20
23.92
18.78
14.82
14.08

WNEFE WNhNE WNDE WN

2 subtracted from:

POLY
BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

Difference
CONC of Means
3 -4.95
1 21.06
2 20.28
3 18.81
1 17.94
2 13.10
3 11.17
1 16.54
2 4.74
3 -1.80
1 35.56
2 34.15
3 32.27
1 25.68
2 24.84
3 24.78
1 13.86
2 2.68
3 -11.65
1 33.59
2 32.51
3 32.34
1 25.07
2 23.02
3 21.54
1 13.12
2 -7.90
3 -62.28
1 32.06
2 30.63
3 28.35
1 23.21
2 19.25
3 18.51

PR RPRRRRPRRPR R RRP R

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRPRRPRPRPRPRRRRPRRRRRRRERPRPRERERRRRERERRRRERRE

694

99

10.
10.
.13
.28
-39.
16.
15.
14.
11.
.75
.31

-7

98
10

39
31
47
13
09

T-Value

-2.
12.
11.
11.
10.
7.
6.
9.
2.
.06
21.
20.
19.
15.
14.
.63
8.
1.
-6.
19.
19.
19.
.80
13.
12.
7.
-4.
-36.
18.
18.
16.
13.
11.
10.

-1

14

14

92
44
98
11
59
74
60
77
80

00
17
05
16
67

18
58
88
83
20
09

59
72
74
66
77
93
09
74
70
36
93

O OO OO0 OoooOo

.0001
.0001
.0012
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.6365
.0000
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.9997
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0062
.0001
.0001
.0001
.0001
.0001
.0001
.0001

O OO OO ODODODODODODODODODODODIODODODODODODOOHOOOOOOoOoOo
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TIME = 6
POLY BH
CONC = 3 subtracted from:

Difference
TIME POLY CONC of Means
6 PEG 1 26.01
6 PEG 2 25.23
6 PEG 3 23.75
6 PEG-BH 1 22.89
6 PEG-BH 2 18.05
6 PEG-BH 3 16.12
12 BH 1 21.49
12 BH 2 9.69
12 BH 3 3.15
12 PEG 1 40.51
12 PEG 2 39.10
12 PEG 3 37.21
12 PEG-BH 1 30.62
12 PEG-BH 2 29.79
12 PEG-BH 3 29.73
24 BH 1 18.80
24 BH 2 7.63
24 BH 3 -6.71
24 PEG 1 38.53
24 PEG 2 37.46
24 PEG 3 37.28
24 PEG-BH 1 30.01
24 PEG-BH 2 27.97
24 PEG-BH 3 26.48
36 BH 1 18.06
36 BH 2 -2.95
36 BH 3 -57.33
36 PEG 1 37.00
36 PEG 2 35.58
36 PEG 3 33.30
36 PEG-BH 1 28.16
36 PEG-BH 2 24.19
36 PEG-BH 3 23.46
TIME = 6
POLY = PEG
CONC = 1 subtracted from:
Difference
TIME POLY CONC of Means
6 PEG 2 -0.78
6 PEG 3 -2.25
6 PEG-BH 1 -3.12
6 PEG-BH 2 -7.96
6 PEG-BH 3 -9.89
12 BH 1 -4.52
12 BH 2 -16.32
12 BH 3 -22.86
12 PEG 1 14.50
12 PEG 2 13.09
12 PEG 3 11.21
12 PEG-BH 1 4.62
12 PEG-BH 2 3.78
12 PEG-BH 3 3.72

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRPRPRPRPRPRRRRPRRPRRRRRPRPRRRRRERERRRRRERRRERR

694

SE of
Difference

1

PR RRRPRRPRRPRRRRPR PR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

100

T-Value

15.
14.
14.
13.
10.

9.
12.

5.

1.
23.
23.
21.
18.
17.
17.
11.

4

-3.
22.
22.
22.
17.
16.
15.
10.
-1.
-33.
21.

21

19.
16.
14.
13.

36
90
03
52
66
52
69
72
86
92
09
97
08
59
55
10
.50
96
75
12
02
72
51
64
67
74
85
85
.01
66
63
29
85

T-Value

-0

-1.
-1.
-4.
-5.
-2.
-9.
-13.
8.

NN DN oY I

.46
33
84
70
84
67
64
50
56
.73
.62
.73
.23
.20

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001
.0002
.9952
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0106
.0568
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.9983
.0001
.0001
.0001
.0001
.0001
.0001
.0001

[eNeoNeoNeoNolNololeNololololNoloNolololNololololeololololNolelNelNololelNe]

0001

Adjusted
P-Value

1

OO O OO0 OOOOo o

.0000
.0000
.9958
.0055
.0001
L7289
.0001
.0001
.0001
.0001
.0001
.6898
.9447
.9540



24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
6
6
6
6

12

12

12

12

12

12

12

12

12

24

24

24

24

24

24

24

24

24

36

36

36

36

36

36

36

36

36

BH 1 -7.20
BH 2 -18.38
BH 3 -32.71
PEG 1 12.52
PEG 2 11.45
PEG 3 11.28
PEG-BH 1 4.01
PEG-BH 2 1.96
PEG-BH 3 0.48
BH 1 -7.94
BH 2 -28.96
BH 3 -83.34
PEG 1 11.00
PEG 2 9.57
PEG 3 7.29
PEG-BH 1 2.15
PEG-BH 2 -1.81
PEG-BH 3 -2.55
6
PEG
2 subtracted from:

Difference
POLY CONC of Means
PEG 3 -1.48
PEG-BH 1 -2.34
PEG-BH 2 -7.18
PEG-BH 3 -9.11
BH 1 -3.74
BH 2 -15.54
BH 3 -22.08
PEG 1 15.28
PEG 2 13.87
PEG 3 11.98
PEG-BH 1 5.39
PEG-BH 2 4.56
PEG-BH 3 4.50
BH 1 -6.43
BH 2 -17.60
BH 3 -31.94
PEG 1 13.30
PEG 2 12.23
PEG 3 12.05
PEG-BH 1 4.78
PEG-BH 2 2.74
PEG-BH 3 1.25
BH 1 -7.17
BH 2 -28.18
BH 3 -82.56
PEG 1 11.77
PEG 2 10.35
PEG 3 8.07
PEG-BH 1 2.93
PEG-BH 2 -1.04
PEG-BH 3 -1.77

PR RPRRRRPRRRRRRRRRRR PR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRRPRPRPRPRRRRPRRRRRRRRRRRRRRRERERRE

694

101

.25
.85
.32
.40
.76
.66
.37
.16
.28
.69
.10
.21
.49
.65
.31
.27
.07
.51

T-Value

.87
.38
.24
.38
.21
.18
.04
.02
.19
.08
.18
.69
.65
.79
.39
.86
.85
.22
.12
.83
.62
.74
.23
.64
.75
.95
11
.76
.73
.61
.05

ORFRP P OO0 EFEF OOOOOOOoOo

.0237
.0001
.0001
.0001
.0001
.0001
.8987
.0000
.0000
.0057
.0001
.0001
.0001
.0002
.0201
.0000
.0000
.9999

Adjusted
P-Value

1.
.0000
.0245
.0005
.9502
.0001
.0001
.0001
.0001
.0001
.3565
L7145
.7394
.0893
.0001
.0001
.0001
.0001
.0001
.6165
.999¢6
.0000
.0252
.0001
.0001
.0001
.0001
.0044
.9985
.0000
.0000

PP OOOOOOORrR OO0OOO0OO0OO0ODO0ODO0OO0OO0OO0DO0OO0OO0OO0O0O0oOooLr

0000



TIME
POLY
CONC

TIME
6
6
6

12

12

12

12

12

12

12

12

12

24

24

24

24

24

24

24

24

24

36

36

36

36

36

36

36

36

36

TIME
POLY
CONC

TIME
6
6

12

12

12

12

12

12

12

12

12

24

24

24

24

24

24

6
PEG

3 subtracted from:

POLY
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

6

PEG-BH

Difference
CONC of Means
1 -0.86
2 -5.71
3 -7.64
1 -2.27
2 -14.07
3 -20.61
1 16.75
2 15.35
3 13.46
1 6.87
2 6.03
3 5.97
1 -4.95
2 -16.13
3 -30.46
1 14.78
2 13.70
3 13.53
1 6.26
2 4.21
3 2.73
1 -5.69
2 -26.71
3 -81.08
1 13.25
2 11.82
3 9.54
1 4.40
2 0.44
3 -0.30

1 subtracted from:

POLY
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG

Difference
CONC of Means
2 -4.84
3 -6.77
1 -1.40
2 -13.20
3 -19.74
1 17.62
2 16.21
3 14.32
1 7.73
2 6.90
3 6.84
1 -4.09
2 -15.26
3 -29.59
1 15.04
2 14.57
3 14.40

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRRPRRPRPRPRRRRPRPRERRRRPRRERRRRRERRRRERRE

694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRRPRRPRRRRRPRRRRERE

694

102

T-Value

-0.
-3.
-4.
.34

-8.
-12.
.89
.06
.95
.06
.56
.53
.92
.52
.99
.73
.09
.99
.70
.49
.61
.36
77
.88
.82
.98
.64
.60
.26
.18

-1

51
37
51

31
17

T-Value

-2.
-4.
-0.
.80
-11.
10.
9.
8.
4.
.07
4.
-2.
-9.
-17.
9.
8.
8.

-7

4

86
00
83

66
40
57
46
57

04
41
01
47
24
60
50

Adjusted
P-Value

1.
.2469
.0104
.0000
.0001
.0001
.0001
.0001
.0001
.0430
.1605
.1748
.5429
.0001
.0001
.0001
.0001
.0001
L1152
.8412
.9996
.2519
.0001
.0001
.0001
.0001
.0002
L7757
.0000
.0000

PP OOOOOOOO0OO0ODODODOO0ODO0ODO0ODO0OO0OO0ODO0O0OOO0OOoroo

0000

Adjusted
P-Value

0.
.0508
.0000
.0001
.0001
.0001
.0001
.0001
.0086
.0409
.0454
.8789
.0001
.0001
.0001
.0001
.0001

OO O OO ODOOOOO0OOoorro

5905



24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
6
12
12
12
12
12
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
12
12
12
12
12

PEG-BH 1 7.13
PEG-BH 2 5.08
PEG-BH 3 3.59
BH 1 -4.83
BH 2 -25.84
BH 3 -80.22
PEG 1 14.11
PEG 2 12.69
PEG 3 10.41
PEG-BH 1 5.27
PEG-BH 2 1.30
PEG-BH 3 0.57
6
PEG-BH
2 subtracted from:
Difference
POLY CONC of Means
PEG-BH 3 -1.93
BH 1 3.44
BH 2 -8.36
BH 3 -14.90
PEG 1 22.46
PEG 2 21.05
PEG 3 19.17
PEG-BH 1 12.58
PEG-BH 2 11.74
PEG-BH 3 11.08
BH 1 0.76
BH 2 -10.42
BH 3 -24.75
PEG 1 20.49
PEG 2 19.41
PEG 3 19.24
PEG-BH 1 11.97
PEG-BH 2 9.92
PEG-BH 3 8.44
BH 1 0.02
BH 2 -21.00
BH 3 -75.38
PEG 1 18.96
PEG 2 17.53
PEG 3 15.25
PEG-BH 1 10.11
PEG-BH 2 6.15
PEG-BH 3 5.41
6
PEG-BH
3 subtracted from:
Difference
POLY CONC of Means
BH 1 5.37
BH 2 -6.43
BH 3 -12.97
PEG 1 24.39
PEG 2 22.98

PR RPRRRRPRRPRRRRP PR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RRRPRPRPRRPRPRRERRRPRPRRERRPRPRRRRRRERR

694

SE of
Difference

1.
.694
.694
.694
.694

e e e

694

103

.21
.00
.12
.85
.26
.37
.33
.49
.15
11
77
.34

T-Value

-1.
.03
.94
.80
.26
.43
.32
.43
.93
.90
.45
.15
.61
.10
.46
.36
.07
.86
.98
.01
.40
.51
.19
.35
.01
.97
.63
.20

14

T-Value

.17
.80
.66
.40
.57

PR OOOOOOOOOOoOo

.0273
.4864
.9693
.5976
.0001
.0001
.0001
.0001
.0001
.4065
.0000
.0000

Adjusted
P-Value

1.
.9826
.0024
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0000
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0021
.0000
.0001
.0001
.0001
.0001
.0001
.0001
.1363
.3493

OO O OO OO OHFHHOODODODODO0ODODOHHOOOOOOOoOoOo

0000

Adjusted
P-Value

0.
.0884
.0001
.0001
.0001

[eoNeNeNe]

3663



12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY

CONC =

TIME
12
12
12
12
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

PEG 3 21.09
PEG-BH 1 14.50
PEG-BH 2 13.67
PEG-BH 3 13.61
BH 1 2.69
BH 2 -8.49
BH 3 -22.82
PEG 1 22.41
PEG 2 21.34
PEG 3 21.17
PEG-BH 1 13.90
PEG-BH 2 11.85
PEG-BH 3 10.37
BH 1 1.94
BH 2 -19.07
BH 3 -73.45
PEG 1 20.89
PEG 2 19.46
PEG 3 17.18
PEG-BH 1 12.04
PEG-BH 2 8.07
PEG-BH 3 7.34
12
BH

1 subtracted from:

Difference
POLY CONC of Means
BH 2 -11.80
BH 3 -18.34
PEG 1 19.02
PEG 2 17.01
PEG 3 15.73
PEG-BH 1 9.14
PEG-BH 2 8.30
PEG-BH 3 8.24
BH 1 -2.68
BH 2 -13.86
BH 3 -28.19
PEG 1 17.05
PEG 2 15.97
PEG 3 15.80
PEG-BH 1 8.53
PEG-BH 2 6.48
PEG-BH 3 5.00
BH 1 -3.42
BH 2 -24.44
BH 3 -78.81
PEG 1 15.52
PEG 2 14.09
PEG 3 11.81
PEG-BH 1 6.67
PEG-BH 2 2.71
PEG-BH 3 1.97

PR RRRRPRPRPRRRRPRPRRERRRRRRERRRR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRPRPRPRPRRRRRRRERRRPRRRERRPRRRERRPPE

694

104

.46
.56
.07
.03
.59
.01
.48
.23
.60
.50
.21
.00
.12
.15
.26
.37
.33
.49
.14
L11
77
.33

T-Value

= P W o

.97
.83
.23
.40
.29
.40
.90
.87
.58
.18
.65
.07
.43
.33
.04
.83
.95
.02
.43
.54
.16
.32
.98
.94
.60
.16

O OO OO ODOOHOODOOOOOOOOoOOooOo

.0001
.0001
.0001
.0001
.9997
.0018
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0000
.0001
.0001
.0001
.0001
.0001
.0001
.0043
.0184

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0005
.0027
.0031
.9997
.0001
.0001
.0001
.0001
.0001
.0017
.0818
.5214
.9837
.0001
.0001
.0001
.0001
.0001
.0602
.999¢6
.0000

H O OOOOODOODOODO0ODODOOODO0O0OOOOoooOo

0001



TIME
POLY
CONC

TIME
12
12
12
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
12
12
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36

12
BH
2 subtracted from:

Difference
POLY CONC of Means
BH 3 -6.54
PEG 1 30.82
PEG 2 29.41
PEG 3 27.53
PEG-BH 1 20.94
PEG-BH 2 20.10
PEG-BH 3 20.04
BH 1 9.12
BH 2 -2.06
BH 3 -16.39
PEG 1 28.85
PEG 2 27.77
PEG 3 27.60
PEG-BH 1 20.33
PEG-BH 2 18.28
PEG-BH 3 16.80
BH 1 8.38
BH 2 -12.64
BH 3 -67.01
PEG 1 27.32
PEG 2 25.89
PEG 3 23.61
PEG-BH 1 18.47
PEG-BH 2 14.51
PEG-BH 3 13.77

12

BH

3 subtracted from:

Difference
POLY CONC of Means
PEG 1 37.36
PEG 2 35.95
PEG 3 34.07
PEG-BH 1 27.47
PEG-BH 2 26.64
PEG-BH 3 26.58
BH 1 15.66
BH 2 4.48
BH 3 -9.85
PEG 1 35.38
PEG 2 34.31
PEG 3 34.14
PEG-BH 1 26.87
PEG-BH 2 24.82
PEG-BH 3 23.34
BH 1 14.91
BH 2 -6.10
BH 3 -60.48
PEG 1 33.86
PEG 2 32.43
PEG 3 30.15
PEG-BH 1 25.01

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRPRPRRPRRERRRPRPRRERERRPRRRERRPRRRERERE

694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RRRRPRRPRRRRRRERRRRRERERPPE

694

105

T-Value

-3.
18.
17.
16.
12.
11.
11.
.38
-1.
.68
.03
l6.
16.
12.
10.
.92
.95

=7.
-39.

l6.

15.

13.

10.
.57
.13

17

86
20
37
25
36
87
83

22

40
30
00
79

46
57
13
29
94
91

T-Value

22.
21.
20.
l6.
15.
15.
.24
.64
-5.
20.
20.
20.
15.
14.
13.
.81

-3.
-35.

19.

19.
.80
14.

17

23
11
22
73
69

82
89
26
16
86
66
78

60
71
99
15

77

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001
.0005
.0000
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0023
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001

OO O OO O ODODODODODODODODOOH OOOOOOoOo

0748

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001
.7460
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.1460
.0001
.0001
.0001
.0001
.0001

oNeoNeoleoleNoNolNoNeolololNololNoNoNoNo oo NoNo)

0001



36
36

TIME
POLY
CONC

TIME
12
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
12
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36

PEG-BH
PEG-BH

12
PEG

2 21.05
3 20.31

1 subtracted from:

POLY
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

12
PEG

Difference
CONC of Means
2 -1.41
3 -3.29
1 -9.88
2 -10.72
3 -10.78
1 -21.70
2 -32.88
3 -47.21
1 -1.97
2 -3.05
3 -3.22
1 -10.49
2 -12.54
3 -14.02
1 -22.44
2 -43.46
3 -97.84
1 -3.50
2 -4.93
3 -7.21
1 -12.35
2 -16.31
3 -17.05

2 subtracted from:

POLY
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH

Difference
CONC of Means
3 -1.89
1 -8.48
2 -9.31
3 -9.37
1 -20.30
2 -31.47
3 -45.81
1 -0.57
2 -1.064
3 -1.82
1 -9.09
2 -11.13
3 -12.62
1 -21.04
2 -42.05
3 -96.43
1 -2.10
2 -3.52
3 -5.80
1 -10.94

1
1

.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RRRPRPRPRPRRRRPRRPRRPRRERRRRRERERRRER

694

SE of
Difference

1

PR RPRRRPRRPRPRRRRPRRPRRRRRPRRRR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

106

12
11

.43
.99

T-Value

-0.
-1.
-5.
-6.
-6.
-12.
-19.
-27.
-1.
-1.
-1.
-6.

-7

-8.
-13.
-25.
-57.

-2.

=2

-4.
=7.
-9.
-10.

83
94
84
33
37
81
41
88
17
80
90
19
.40
28
25
66
77
07
.91
26
29
63
07

T-Value

-1.
-5.
-5.
-5.
-11.
-18.

=27

-0.
-0.
-1.
-5.
-6.

-7

-12.
-24.
-56.
-1.
-2.
-3.

-6

11
01
50
54
98
58
.05
34
97
07
36
57
.45
42
83
94
24
08
43
.46

0.
0.

0001
0001

Adjusted
P-Value

1.
.9905
.0001
.0001
.0001
.0001
.0001
.0001
.0000
L9971
.9931
.0001
.0001
.0001
.0001
.0001
.0001
.9779
.5523
.0235
.0001
.0001
.0001

OO O OO ODODOODODODOOOHFrHrHOOOOOoOoOo

0000

Adjusted
P-Value

1

OO O OO0 PP OOOOOOo

.0000
.0019
.0004
.0003
.0001
.0001
.0001
.0000
.0000
.0000
.0005
.0001
.0001
.0001
.0001
.0001
.0000
.9761
L2191
.0001



36
36

TIME
POLY
CONC

TIME
12
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
12
12
24
24
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

PEG-BH
PEG-BH

12
PEG

2 -14.91
3 -15.64

3 subtracted from:

POLY
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

12

PEG-BH

Difference
CONC of Means
1 -6.59
2 -7.43
3 -7.49
1 -18.41
2 -29.59
3 -43.92
1 1.32
2 0.24
3 0.07
1 -7.20
2 -9.25
3 -10.73
1 -19.15
2 -40.16
3 -94.54
1 -0.21
2 -1.064
3 -3.91
1 -9.06
2 -13.02
3 -13.76

1 subtracted from:

POLY
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

Difference
CONC of Means
2 -0.84
3 -0.90
1 -11.82
2 -23.00
3 -37.33
1 7.91
2 6.83
3 6.66
1 -0.61
2 -2.66
3 -4.14
1 -12.56
2 -33.57
3 -87.95
1 6.38
2 4.95
3 2.68
1 -2.47
2 -6.43
3 -7.16

1
1

.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RRRPRPRPRPRRRRPRRPRRERRRRRRERERR

694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRPRRPRPRRRRPRRPRRRRRPRRRR

694

107

-8.
-9.

80
24

T-Value

.89
.38
.42
.87
.47
.93
.78
.14
.04
.25
.46
.34
.31
.72
.82
.12
.97
.31
.35
.69
.12

T-Value

.49
.53
.98
.58
.04
.67
.03
.93
.36
.57
.44
.42
.82
.93
77
.93
.58
.46
.80
.23

0.
0.

0001
0001

Adjusted
P-Value

0.
.0156
.0139
.0001
.0001
.0001
.0000
.0000
.0000
.0239
.0004
.0001
.0001
.0001
.0001
.0000
.0000
L9197
.0006
.0001
.0001

OO O0OORFRPRPFPOOO0OO0OO0OOFHRFPERFEOOOOOo

0686

Adjusted
P-Value

1.
.0000
.0001
.0001
.0001
.0061
.0457
.0610
.0000
.9998
.8639
.0001
.0001
.0001
.0958
.5410
.9997
.9999
.0889
.0254

oNeolNeoleoNeolNolNololNeNoNol oo NoNoNoNol

0000



TIME = 12
POLY = PEG
CONC = 2
TIME POLY
12 PEG-
24 BH
24 BH
24 BH
24 PEG
24 PEG
24 PEG
24 PEG-
24 PEG-
24 PEG-
36 BH
36 BH
36 BH
36 PEG
36 PEG
36 PEG
36 PEG-
36 PEG-
36 PEG-
TIME = 12
POLY = PEG
CONC = 3
TIME POLY
24 BH
24 BH
24 BH
24 PEG
24 PEG
24 PEG
24 PEG-
24 PEG-
24 PEG-
36 BH
36 BH
36 BH
36 PEG
36 PEG
36 PEG
36 PEG-
36 PEG-
36 PEG-
TIME = 24
POLY = BH
CONC = 1
TIME POLY
24 BH
24 BH

-BH
subtracted from:

Difference

BH

C

3

1

2

3

1

2

3
BH 1
BH 2
BH 3
1

2

3

1

2

3

BH 1
2

3

BH
BH

-1

-BH
subtracted from:

of Means
-0.
-10.
-22.
-36.
8.

7.

7.

0.

-1.
-3.
-11.
-32.
-87.
7.

5.

3.

.63
-5.
-6.

06
98
16
49
74
67
50
23
82
30
72
74
12
22
79
51

59
33

Difference

=22

C

1

2

3

1

2

3
BH 1
BH 2
BH 3
1

2

3

1

2

3

1

2

3

BH
BH
BH

subtracted from:

of Means

-10.
.10
-36.
.81
.73
.56
.29
.76
.24
.66
.68
.05
.28
.85
.57
.57
.53
.27

92

43

Difference
CONC of Means
2 -11.18
3 -25.51

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRPRRRPRRRRRRRERRPRRR

694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RPRRRRPRPRRRRRRRERERRP R

694

SE of
Difference

1
1

.694
.694

108

T-Value
.04
.48
.08
.55
5.16
4.53
4.43
0.13
.07
.95
.92
.33
.44
4.26
3.42
2.07
.96
.30
.74

T-Value
.45
.05
.51
5.20
4.56
4.46
0.17
.04
.91
.89
.29
.40
4.30
3.46
2.11
.93
.27
.70

T-Value
-6.60
-15.06

Adjusted
P-Value

1.
.0001
.0001
.0001
.0011
.0098
.0136
.0000
.0000
.9901
.0001
.0001
.0001
.0231
L2225
L9771
.0000
.2838
.1038

OO PR OO0, FPFOOOOOoOOo

0000

Adjusted
P-Value

0.
.0001
.0001
.0010
.0087
.0121
.0000
.0000
.9925
.0001
.0001
.0001
.0206
.2054
.9715
.0000
.3049
L1139

OO FPF OO0 O0OOOORFrrRFEPOOOOOo

0001

Adjusted
P-Value

0.
0.

0001
0001



24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
24
24
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
24
24
24
24
24
24
36
36
36
36
36
36
36
36

PEG 1 19.73
PEG 2 18.65
PEG 3 18.48
PEG-BH 1 11.21
PEG-BH 2 9.16
PEG-BH 3 7.68
BH 1 -0.74
BH 2 -21.76
BH 3 -76.13
PEG 1 18.20
PEG 2 16.77
PEG 3 14.49
PEG-BH 1 9.35
PEG-BH 2 5.39
PEG-BH 3 4.65
24

BH

2 subtracted from:

Difference
POLY CONC of Means
BH 3 -14.33
PEG 1 30.91
PEG 2 29.83
PEG 3 29.66
PEG-BH 1 22.39
PEG-BH 2 20.34
PEG-BH 3 18.86
BH 1 10.44
BH 2 -10.58
BH 3 -64.96
PEG 1 29.38
PEG 2 27.95
PEG 3 25.67
PEG-BH 1 20.53
PEG-BH 2 16.57
PEG-BH 3 15.83

24

BH

3 subtracted from:

Difference
POLY CONC of Means
PEG 1 45.24
PEG 2 44 .16
PEG 3 43.99
PEG-BH 1 36.72
PEG-BH 2 34.67
PEG-BH 3 33.19
BH 1 24.77
BH 2 3.75
BH 3 -50.62
PEG 1 43.71
PEG 2 42.28
PEG 3 40.00
PEG-BH 1 34.86
PEG-BH 2 30.90

PR RRPRPRRPRRRRRRRR PR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RRRPRPRRRRRPRRRRP R

694

SE of
Difference

1

PR RRRPRRPRRPRRRRPR PR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
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N W o1 o

.65
.01
.91
.62
.41
.53
.44
.85
.95
.75
.90
.56
.52
.18
.75

T-Value

-8.
18.
17.
17.
13.
.01
11.
.16
-6.
-38.
17.
16.
15.
12.
.78
.35

12

46
25
61
51
22

13

25
35
35
50
16
12

T-Value

26.
26.
25.
21.
20.
19.
.62
.22
-29.
25.
24.
23.
20.
18.

14

71
08
97
68
47
60

89
81
97
62
58
24

OO O OO0 OOH OOOOoOOoOOo

.0001
.0001
.0001
.0001
.0005
.0096
.0000
.0001
.0001
.0001
.0001
.0001
.0003
.3578
L6737

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001
.0001

OO O OO OOOOOO0OOooo

0001

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001
.9489
.0001
.0001
.0001
.0001
.0001
.0001

O OO OO0 OOoooOo

0001



36

TIME =

POLY
CONC

TIME
24
24
24
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY

CONC =

TIME
24
24
24
24
36
36
36
36

36
36
36
36

TIME =

POLY
CONC

TIME
24
24
24
36
36
36
36
36
36

PEG-BH

24
PEG

3 30.16

1 subtracted from:

POLY
PEG
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

24
PEG

Difference
CONC of Means
2 -1.08
3 -1.25
1 -8.52
2 -10.56
3 -12.05
1 -20.47
2 -41.48
3 -95.86
1 -1.53
2 -2.95
3 -5.23
1 -10.38
2 -14.34
3 -15.07

2 subtracted from:

POLY
PEG
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

24
PEG

Difference
CONC of Means
3 -0.17
1 -7.44
2 -9.49
3 -10.97
1 -19.39
2 -40.41
3 -94.78
1 -0.45
2 -1.88
3 -4.16
1 -9.30
2 -13.26
3 -14.00

3 subtracted from:

POLY
PEG-BH
PEG-BH
PEG-BH
BH

BH

BH

PEG
PEG
PEG

Difference
CONC of Means
1 -7.27
2 -9.32
3 -10.80
1 -19.22
2 -40.24
3 -94.61
1 -0.28
2 -1.71
3 -3.99

1

.694

SE of
Difference

1

PR RRRPRPRRRRRRERR

.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PRRRRRPRRRBE PP

694

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694
.694

PR R RR R

694
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17.

81

T-Value

.64
.74
.03
.24
L11
.09
.49
.60
.90
.74
.09
.13
.47
.90

T-Value

.10
.39
.60
.48
.45
.86
.97
.27
11
.45
.49
.83
.27

T-Value

-4.
-5.
-6.
-11.
-23.
-55.
.17
.01
-2.

-1

29
50
38
35
76
87

35

0.

0001

Adjusted
P-Value

1

OO OO0 OO0OO0OO0O0o o

.0000
.0000
.0018
.0001
.0001
.0001
.0001
.0001
.0000
.9983
.4202
.0001
.0001
.0001

Adjusted
P-Value

1.
.0152
.0003
.0001
.0001
.0001
.0001
.0000
.0000
.8583
.0004
.0001
.0001

OO OORFrRPrRPFPOOOOooOo

0000

Adjusted
P-Value

0.
.0003
.0001
.0001
.0001
.0001
.0000
.0000
.9038

O R OOOOoOo

0209



36
36
36

TIME
POLY
CONC

TIME
24
24
36
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
24
36
36
36
36
36
36
36
36

TIME =

POLY
CONC

TIME
36
36
36
36
36
36
36
36
36

PEG-BH 1 -9.13
PEG-BH 2 -13.09
PEG-BH 3 -13.83
= 24
= PEG-BH
= 1 subtracted from:
Difference
POLY CONC of Means
PEG-BH 2 -2.05
PEG-BH 3 -3.53
BH 1 -11.95
BH 2 -32.97
BH 3 -87.34
PEG 1 6.99
PEG 2 5.56
PEG 3 3.28
PEG-BH 1 -1.86
PEG-BH 2 -5.82
PEG-BH 3 -6.56
= 24
= PEG-BH
= 2 subtracted from:
Difference
POLY CONC of Means
PEG-BH 3 -1.48
BH 1 -9.91
BH 2 -30.92
BH 3 -85.30
PEG 1 9.04
PEG 2 7.601
PEG 3 5.33
PEG-BH 1 0.19
PEG-BH 2 -3.77
PEG-BH 3 -4.51
24
= PEG-BH
= 3 subtracted from:
Difference
POLY CONC of Means
BH 1 -8.42
BH 2 -29.44
BH 3 -83.81
PEG 1 10.52
PEG 2 9.09
PEG 3 6.81
PEG-BH 1 1.67
PEG-BH 2 -2.29
PEG-BH 3 -3.03

1.694
1.694
1.694

SE of
Difference

1.694
.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RRRRPRRP R R

SE of
Difference

1.694
.694
.694
.694
.694
.694
.694
.694
.694
.694

PR RR PR RERR

SE of
Difference

1.694
.694
.694
.694
.694
.694
.694
.694
.694

PR R RR PR
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-5.
=7.
-8.

39
73
16

T-Value

.21
.08
.06
.47
.57
.13
.28
.94
.10
.44
.87

T-Value

.88
.85
.26
.36
.34
.49
.15
.11
.23
.66

T-Value

.97
.38
.49
.21
.37
.02
.99
.35
.79

0.0005
0.0001
0.0001

Adjusted
P-Value
1.0000
.9755
.0001
.0001
.0001
.0348
.2946
.9909
.0000
.2136
.0725

OO OOO0OO0O0ooOo

Adjusted
P-Value
1.0000
.0001
.0001
.0001
.0006
.0110
.3806
.0000
.9456
.7336

OO OO0OOoO0oOoOo

Adjusted
P-Value
0.0021
.0001
.0001
.0001
.0005
.0472
.0000
.0000
.9974

O P OOOoOOoOo



TIME
POLY
CONC

TIME
36
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
36
36
36
36
36
36
36

TIME
POLY
CONC

TIME
36
36

36
36
36

TIME
POLY
CONC

TIME
36
36
36
36
36

TIME =

POLY
CONC

= 36
= BH

= 1 subtracted from:

POLY
BH

BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

= 36
= BH

POLY
BH

PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

= 36
= BH

Difference

-21
-75

17

WN R WNDRE WO

2 subtracted from:

18.

15.
10.
6.
5.

ONC of Means

.01
.39
94
.51
24
09
13
40

Difference
ONC of Means

-54

C

3

1 39.
2 38.
3 36.
1 31.
2 27.
3 26.

= 3 subtracted from:

POLY
PEG
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

= 36
= PEG

.38
96
53
25
11
14
41

Difference
ONC of Means

C

1 94.
2 92.
3 90.
1 85.
2 81.
3 80.

= 1 subtracted from:

POLY
PEG
PEG
PEG-BH
PEG-BH
PEG-BH

36
= PEG

33
91
63
49
52
79

Difference

-1
-3
-8
-12
-13

wWNEFE WO

= 2 subtracted from:

ONC of Means

.43
.71
.85
.81
.55

SE of
Difference

1.
.694
.694
.694
.694
.694
.694
.694

el el el

694

SE of
Difference

1

il e e

.694
.694
.694
.694
.694
.694
.694

SE of
Difference

1.
.694
.694
.694
.694
.694

il

694

SE of
Difference

1.
.694
.694
.694
.694

PR

694
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T-Va

-12.
-44.
11.
10.
9.

T-Va

-32.
23.
22.
21.
18.
l6.
15.

T-Va

55.
54.
53.
50.
48.
47.

T-Va
-0.
-2.
-5.
-7
-7.

5
3.
3

lue
41
52
18
34
00
.96
62
.19

lue
11
59
75
40
37
03
59

lue
70
86
51
48
14
70

lue
843
188
225

.564

999

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.1395
.3554

O O O OO oo

0001

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001
.0001

O O OO oo

0001

Adjusted
P-Value

0.
.0001
.0001
.0001
.0001
.0001

O O O oo

0001

Adjusted
P-Value

1.
.9558
.0009
.0001
.0001
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TIME
36
36
36
36

TIME
POLY
CONC

TIME
36
36
36

TIME
POLY
CONC

TIME
36
36

TIME
POLY
CONC

TIME
36

Difference

POLY CONC of Means
PEG 3 -2.28
PEG-BH 1 -7.42
PEG-BH 2 -11.38
PEG-BH 3 -12.12
= 36
= PEG

3 subtracted from:

Difference
POLY CONC of Means
PEG-BH 1 -5.142
PEG-BH 2 -9.105
PEG-BH 3 -9.841
= 36
= PEG-BH
= 1 subtracted from:
Difference
POLY CONC of Means
PEG-BH 2 -3.963
PEG-BH 3 -4.698
= 36
= PEG-BH

2 subtracted from:

Difference
POLY CONC of Means
PEG-BH 3 -0.7356

SE of
Difference
1.694
1.694
1.694
1.694

SE of
Difference
1.694
1.694
1.694

SE of
Difference
1.694
1.694

SE of
Difference
1.694

Residual Plots for CELL VIABILITY

Interaction Plot for CELL VIABILITY
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T-Value
-1.345
-4.382
-6.722
-7.156

T-Value
-3.036
-5.376
-5.811

T-Value
-2.340
-2.774

T-Value
-0.4343

Adjusted
P-Value
1.0000
.0158
.0001
.0001

O O O

Adjusted
P-Value
0.4587
0.0005
0.0002

Adjusted
P-Value
0.9093
0.6544

Adjusted
P-Value
1.000



A2.

Residual Plots for Cell Viability
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A3. Interaction Plot for Cell Viability
Interaction Plot for CELL VIABILITY
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APPENDIX B

AUTHOR’S PERMISSION

From: Oleg Lukm {olukmy@eemsins)

To: Vinu Krishnan

Date: Thursday, November 8, 2007 4:34:27 AM
Subject; Re: Penmission to use the dendrimer picture

Please use the picture with a reference to me,
Regards,
0. Lukin

Crrigmal Message ———-

From: "Vmn Krshnan" <vkl Livvakron.edus
To: olukiniiecmsins

Subject: Permission to use the dendrimer picture
Date: 07.11.2007 146:31]

Hi,
My name is Vinu Krishnan, and | am currently here at the University of Akren doing my graduate
research work on Dendrimers. | would like to get your permission to use the dendrimer picture you have

uploaded on Wikipedia. The link is posted here.

hitp:/fen.wikipedia.org/wiki/Dendrimer

Please do let me know as soon as possible.

Winu Krishnan

Gradwate Research Assistant {Department of Palymer Scence|

Graduate Student [Biomatedals-Nanomedicine, Department of Blomedical Engineering)
The University of Akron, Ohlo

wwnw uakron.edu
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