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Abstract

Particulate dosage form has several advantages including enhanced stability for the drugs 

which are prone to degrade in the system, increase drug efficiency, easy to scale up, 

comparatively cost effective in manufacturing etc. In this research, we have exploited particulate 

drug delivery system to develop formulation for HPV vaccine for oral administration, to analyze 

the antisense to NF-kB micropshere and to evaluate the efficacy of particulate Dexamethasone in 

septic shock model.

A fluorescence assay was developed to quantify oligonucleotides (ODNs) encapsulated in 

bovine serum albumin (BSA) microspheres using antisense to Nuclear Factor-kB (NF-kB) as a 

model ODN and employing Oligreen as the fluorescent dye. Methodologies were optimized for 

the suspension of the microspheres as well as release of the encapsulated ODN using protease 

digestion. This was followed by the detection and quantitation of the ODN using the Oligreen 

dye. Antisense to NF-kB has poor oral bioavailability since it is rapidly degraded by enzymes in 

the gastrointestinal tract. After formulating the antisense in an inert, biodegradable albumin 

polymer and administering it orally to rats an enhanced bioavailability was achieved. The 

bioavailability of the antisense to NF-kB oligonucleotide was determined and compared in 

microencapsulated and solution forms. When administered orally, the solution form of the drug 

had a very low bioavailability of 6%. The bioavailability significantly increased to 40% after it 

was delivered in the microencapsulated form. The pharmacokinetic parameters such as half life, 

volume of distribution was higher when the drug was encapsulated in the polymer matrix. Since 

physicochemical properties of a drug influence its bio-distribution, cellular uptake and release 

pattern, the microparticles were characterized to determine size, surface charge and morphology.
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Cytokine inhibiting drugs are much more effective when delivered intracellularly to 

phagocytic cells in the microencapsulated form. Dexamethasone is a powerful inhibitor of TNF- 

a  cytokine through inhibition of NF-kB which is a gene regulator of multiple pro-inflammatory 

cytokines. We have evaluated the effect of microencapsulated Dexamethasone in pro- 

inflammatory cytokine release in in-vitro using whole blood model, and in-vivo using peritonitis 

model of septic shock. The in vivo peritonitis model shows significant inhibition of TNF-a and 

IL-ip cytokines in microencapsulated form in comparison with solution form of dexamethasone. 

In the in vivo study, the animal survival rate after 5 days was 90%, dexamethasone in solution 

with gentamicin was 40% and gentamicin alone was 30%.

Human papillomavirus (HPV) causes cervical cancer and some other genital warts in 

human through sexual contact. Cervical cancer is the second most prevalent cancer among 

women all over the world. Currently there are two HPV vaccines available in the market for 

prevention. Here we have developed a particle based HPV vaccine using the Virus like particle 

(VLP) for oral administration. HPVI6 VLPs, containing LI capsid proteins, were produced in 

human embryonic kidney cells 293TT and further purified using optiprep gradient centrifugation. 

The HPV particulate vaccine was prepared in a simple one step spray drying process using a 

Buchi spray dryer. The size, shape and surface morphology of the particles was determined by 

scanning electron microscopy (SEM) and the surface charge was determined by the Malvern 

Zetasizer. The antibody titer in the animal study shows the particulate vaccine after oral 

administration was significantly effective at week eight after vaccination. We envision a 

particulate based HPV oral formulation that would offer long-lasting mucosal and systemic 

protection at multiple anatomic sites that are vulnerable to HPV infection and associated disease 

progression.
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CHAPTER 1

INTRODUCTION AND LITERATURE SURVEY 

Nuclear Factor-Kappa B

Nuclear Factor-Kappa B (NF-kB) is a eukaryotic family of transcription factors which 

exists in a variety of cells. Sen and Baltimore (1986) were the first to describe NF-kB as a 

nuclear protein responsible for the transcription of immunoglobulin kappa (IgK) light chain genes 

in B cells. NF-kB was originally believed to exist only in B cells; however, later it was found to 

exist in virtually all cell types retained in the cytoplasm in an inactive state bound to specific 

inhibitors now known as IkB (Baeuerle and Baltimore 1988a, Baeuerle and Baltimore 1988b).

NF-kB is now known to exist in the cytoplasm of virtually all cell types bound to its 

inhibitor IkB, keeping it inactive. IkB proteins inhibit NF-kB activation by masking the nuclear 

localization signals, thus, impeding its ability to translocate to the nucleus. IkB is a member of a 

larger family of inhibitory proteins that includes IkB o, hcBp, IkB e, hcBy, and Bcl-3; the most 

important of these being IkB cx, IkBp, IkBe (Li and Verma 2002, and Ghosh et al. 1998). The 

most defining characteristic of IkBci is its ability to induce a rapid but transient activation of NF- 

kB. This activity is considered to be transient because of the ability of NF-kB to regulate the 

transcription of IkB which can then bind and inhibit NF-kB again, thus, creating an 

autoregulatory feedback loop.

As mentioned previously, NF-kB is found in the cytoplasm bound to IkB proteins in 

quiescent cells. The key step in the activation of NF-kB is the degradation of IkB, which is 

mediated by kinases known as IKK. IKK is a family of 700 to 900 kDa proteins that include 

IKK1, HCK2, and the NF-kB essential modulator (NEMO) (Li and Verma 2002 and Ghosh et al.
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1998). Activation of IKK from a variety of signals discussed below leads to phosphorylation on 

serines 32 and 36 on IkB. Phosphorylation leads to immediate polyubiquitination on lysines 21 

and 22, which essentially targets IkB for degradation by the 26S proteosome. IkB then 

dissociates from NF-kB and is degraded leaving NF-kB free to translocate to the nucleus, where 

it can then bind to specific DNA binding sites and induce the transcription of a variety of genes.

Numerous signals such as stress (e.g. reactive oxygen species (ROS) and U.V. light), 

bacterial and viral infection (e.g. lipopolysaccharide (LPS) and double-stranded RNA), and 

cytokines (e.g. TNF-a and IL-1) can activate IKK leading to IkB degradation and NF-kB 

activation (Brasier 2006 and Ghosh et al. 1998). These signals include lipopolysaccharide 

(LPS), IL-1, TNF-a, reactive oxygenated intermediates (ROIs), and UV light (Figure 1.1). Some 

activation signals are themselves by products of NF-kB transcription (IL-1, TNF-a and IkB) 

demonstrating the autoregulatory nature of the NF-kB pathway (Ghosh et al. 1998, Karin et al. 

2002).
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Figure 1.1. Inducible activation of NF-kB. NF-kB exists inactivated in the cytoplasm of 

virtually all cell types bound to its inhibitor, IkB.
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LPS, Reactive Oxygen 
Intermediates, IL-1, TNF-a

Figure 1.2. Inducible activation of NF-kB. B. NF-kB activation can be initiated by a wide 

range of exogenous stimulators including LPS, ROI, stress, and proinflaxnmatory cytokines. 

Upon stimulation, IKK pathway is activated leading to the phosphorylation and degradation of 

IkB leaving NF-kB to translocate to the nucleus, bind to specific DNA binding sites, and induce 

transcription of a variety of genes.
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NF-kB plays an important role in a variety of biological processes including immune 

regulation. The role of NF-kB in the immune response has been extensively reviewed in 

previous literature (Ghosh et al. 1998, Tak and Firestein 2001, Li and Verma 2002). While NF- 

kB plays a vital role in normal biological processes, over expression of NF-kB has been 

associated with a range of inflammatory diseases including asthma, inflammatory bowel disease, 

and rheumatoid arthritis (Benito et al. 2004).

Antisense Oligonucleotides Specific for NF-kB 

Antisense technology may be described as the use of small single stranded 

oligonucleotides to target specific genes and ultimately inhibit their expression. More 

specifically, antisense oligonucleotides, which are normally comprised of 14 to 25 bases, are 

designed to bind a target mRNA sequence by Watson-Crick base pair hybridization, thus either 

degrading the mRNA sequence by RNAse H activity or sterically blocking translation to protein 

(Figure 1.2). In light of the developments in the sequencing of the human genome, one can see 

that the opportunities to use oligonucleotides to inhibit gene expression are endless. Researchers 

can theoretically select any target protein, find its mRNA sequence, and design an antisense 

inhibitor to silence the expression of that gene.

The use of antisense technology as a therapeutic approach has been extensively studied 

for the past several decades for a variety of applications including cancer, Human- 

immunodeficiency Virus (HIV), and inflammatory diseases. Antisense oligonucleotides have 

been reported to successfully inhibit numerous targets in vitro and in vivo (Crooke and Bennett 

1996). Vitravene (fomivirsen), developed by ISIS Pharmaceuticals (Carlsbad, CA) for the 

treatment of cytomegalovirus retinitis (CMV) in AIDS patients, was the first antisense drug to be
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approved by the FDA. To date, no other antisense drug has been marketed; however, several are 

being investigated in clinical trials (ISIS Pharmaceuticals).

Protein

Cytoplasm

Translation
mRNA

A G U U C A U C A C G A G U A C A U C A C G

I'riinscription

Figure 1.3. Antisense mechanism of translational inhibition. Antisense oligonucleotides are 

designed to hybridize with specific portions of target mRNA molecules by Watson-Crick base 

pairing. Antisense association with mRNA subsequently inhibits translation into protein either 

by RNAase H degradation of mRNA or steric blocking.
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As stated previously, antisense oligonucleotides offer vast therapeutic potential for a wide 

range of targets and diseases such as HIV, cancer, and inflammatory diseases. NF- kB has 

emerged as an attractive target for antisense therapy because of the role it plays in cancer and 

inflammatory diseases. Thus, the use of antisense technology to block NF-kB expression is an 

interesting therapeutic strategy and has been evaluated in several cancer and inflammatory 

experimental models.

Septic shock and Dexamethasone

Sepsis is defined as a systemic response that an organism develops against microorganisms and 

toxins (Prigent et al, 2004). It is known that plasma cortisol rises in patients with critical illnesses 

and infectious diseases (Marty et al, 1994). Sepsis affects the adrenal glands, as it does all other 

organs, and causes adrenal insufficiency. The mortality rate increases in such patients (Prigent 

et al, 2004). Severe sepsis (acute organ dysfunction secondary to infection) and septic shock 

(severe sepsis plus hypotension not reversed with fluid resuscitation) are major healthcare 

problems, affecting millions of individuals around the world each year, killing one in four (and 

often more), and increasing in incidence. Similar to polytrauma, acute myocardial infarction, or 

stroke, the speed and appropriateness of therapy administered in the initial hours after severe 

sepsis develops are likely to influence outcome (Sprung et al, 1984). Septic shock results when 

infectious or inflammatory agent-induced mediators produce hemodynamic decompensation. 

Septic shock is defined as severe sepsis with hypotension despite adequate fluid resuscitation 

that requires vasopressor support. About half of the patients with septic shock die of multiple 

organ system failure. Multiple organ dysfunction syndrome (MODS) is defined as organ 

dysfunction in critically ill patients who require intervention to reach homeostasis maintenance 

(Hotchkiss et al, 2003). Glucocorticoids have an important immunosuppressive effect, reducing



the transcription of proinflammatory genes by inhibition of the nuclear factor kappa B 

(Christman et al, 1998, Scheinman et al, 1995). Several studies have involved the use of 

corticosteroids to reduce the systemic inflammatory process associated with the host response to 

sepsis and septic shock. (Briegel et al,1999). Several reports have been published recently on 

studies involving lower doses of hydrocortisone, which showed improved outcomes for patients 

suffering from septic shock. The use of methylprednisolone to obtain resolution of acute 

respiratory distress syndrome (ARDS) has also been studied (Meduri et al, 1998). Currently, the 

recommendations for using corticosteroids to treat sepsis are that this class of drugs should be 

used during refractory septic shock, but not during severe sepsis in the absence of shock or when 

only mild shock is observed (Carlet et al, 2001). Dexamethasone (DEX) is demonstrated to have 

anti-inflammatory properties and known to induce hemodynamic improvement in sepsis and 

septic shock. L-arginine (L-arg), a semi-essential amino acid, depending on its metabolic 

pathway, becomes very essential in stress situations such as heatstroke, bums, sepsis, trauma, 

and wound healing. ( Chatteijee et al, 2007). The use of corticosteroids in the treatment of sepsis 

and septic shock is still a subject of debate. In many studies, high doses of steroids have not been 

found beneficial. Beneficial effects have been documented in animal experiments, when given at 

the earliest period possible or before bacteremia develops (Sayek et al,1993 Wenzel et al, 1996).

Corticosteroid suspensions are widely used as a symptomatic treatment, but they may 

have severe side effects. Side effects include the development of crystal-induced arthritis as well 

as an increased risk of articular infections, specifically when repetitive injections are performed 

(Albert et al, 2006). Thus, novel corticosteroid-containing drug delivery systems are of major 

interest in the intra-articular administration of corticosteroids, ensuring a long and controlled 

release of the active substance in the region of interest. Only a very limited number of reports of
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corticosteroid-containing delivery systems for the joint, such as 400-nm nanoparticles loaded 

with betamethasone sodium phosphate (Horisawa et al, 2002) or liposomes containing 

prednisolone phosphate (Metselaar et al, 2003) have been published in the field. Despite then- 

undeniable advantage over corticosteroid suspensions, corticosteroid-encapsulating drug delivery 

systems present a rapid clearance from the joint through macrophage uptake or lymph drainage. 

This shortcoming could be addressed by developing particulate formulation of corticosteroid. 

Nicoleta et al (2009) has shown that dexamethasone acetat could be efficiently co-encapsulated 

in poly(lactic-co-glycolic acid) (PLGA) microparticles, and that the corticosteroid drug is 

released within about one week, both in vitro and in vivo in an inflammatory environment.

Human Papillomavirus (HPV)

Papillomaviruses are a diverse group of DNA tumor viruses that infect the skin and 

mucous membranes of many vertebrate species, including humans (De Villiers et al., 2004) 

There are about hundred types of papilloma viruses. While many papillomavirus types are 

associated with benign skin warts, certain mucosal human papillomavirus (HPV) types have 

been shown to be the necessary cause of virtually all cases of cervical cancer. Papillomavirus 

virions have a major capsid protein, LI, and a minor capsid protein, L2. LI can spontaneously 

assemble into an isometric, icosahedral capsid, composed of 360 LI molecules arranged in 72 

pentameric capsomers. L2, which plays a key role in bringing the viral genome to the nucleus 

during the establishment of infection and in encapsidating the viral genome during the late stages 

of viral replication, is dispensible for capsid formation. LI-based virus-like particles (VLPs) are

9
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the basis of a prophylactic vaccine against cervical cancer that is currently in phase 3 clinical 

trials. While LI-based vaccines are highly HPV type-specific, recent evidence suggests that 

antibody responses to L2 may confer protection against the gamut of HPV types. The 

arrangement and relative abundance of L2 has been unclear. Early studies of wart-derived 

papillomavirus virions had suggested an L1:L2 ratio of about 12 (Campo, 2006).

HPV 8 
7.7 kb

HPV particle

Figure 1.4: Structure and Genome organization of Human papillomavirus (HPV)

Other than the LI and L2 protein, HPV virus also encode E1,E2,E4,E6 and E7 protein. El 

protein binds to the viral origin of replication in the long control region of the viral genome. El 

uses ATP to exert a helicase activity that forces apart the DNA strands, thus preparing the viral 

genome for replication by cellular DNA replication factors. The E2 protein serves as a master



transcriptional regulator for viral promoters located primarily in the long control region. The 

protein has a transactivation domain linked by a relatively unstructured hinge region to a well- 

characterized DNA binding domain. E2 facilitates the binding of El to the viral origin of 

replication. E2 also utilizes a cellular protein known as Bromodomain-4 (Brd4) to tether the viral 

genome to cellular chromosomes (McBride et al. 2004). This tethering to the cell's nuclear 

matrix ensures faithful distribution of viral genomes to each daughter cell after cell division. It is 

thought that E2 serves as a negative regulator of expression for the oncogenes E6 and E7 in 

latently HPV-infected basal layer keratinocytes. Genetic changes, such as integration of the viral 

DNA into a host cell chromosome, that inactivate E2 expression tend to increase the expression 

of the E6 and E7 oncogenes, resulting in cellular transformation and possibly further genetic 

destabilization. Although E4 proteins are expressed at low levels during the early phase of viral 

infection, expression of E4 increases dramatically during the late phase of infection. The E4 

protein of many papillomavirus types is thought to facilitate virion release into the environment 

by disrupting intermediate filaments of the keratinocyte cytoskeleton. Viral mutants incapable of 

expressing E4 do not support high-level replication of the viral DNA, but it is not yet clear how 

E4 facilitates DNA replication. E4 has also been shown to participate in arresting cells in the G2 

phase of the cell cycle.E6 is a 151 amino-acid peptide that incorporates a type 1 motif with a 

consensus sequence -(T/S)-(X)-(V/I)-COOH (Gupta et al., 2003 and Glaunsinger et al., 2000). It 

also has two zinc finger motifs. (Gupta et al, 2003)

E6 is of particular interest because it appears to have multiple roles in the cell and to 

interact with many other proteins. Its major role, however, is to mediate the degradation of p53, a 

major tumor suppressor protein, reducing the cell's ability to respond to DNA damage. 

(Glaunsinger et al. 2000). E6 has also been shown to target other cellular proteins, thereby
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altering several metabolic pathways. Additionally, E6 can act as a transcriptional cofactor— 

specifically, a transcription activator—when interacting with the cellular transcription factor, 

E2F1/DP1 (Gupta et al.) Overall, the E6 protein serves to impede normal protein activity in such 

a way as to allow a cell to grow and multiply at the increased rate characteristic of cancer. Since 

the expression of E6 is strictly required for maintenance of a malignant phenotype in HPV- 

induced cancers, it is an appealing target of therapeutic HPV vaccines designed to eradicate 

established cervical cancer tumors.In most papillomavirus types, the primary function of the E7 

protein is to inactivate members of the pRb family of tumor suppressor proteins. Together with 

E6, E7 serves to prevent cell death (apoptosis) and promote cell cycle progression, thus priming 

the cell for replication of the viral DNA. E7 also participates in immortalization of infected cells 

by activating cellular telomerase. Like E6, E7 is the subject of intense research interest and is 

believed to exert a wide variety of other effects on infected cells. As with E6, the ongoing 

expression of E7 is required for survival of cancer cell lines, such as HeLa, that are derived from 

HPV-induced tumors (Nishimura et al. 2006).

Human Papillomavirus (HPV), which is sexually transmitted, is a necessary factor for the 

development of cervical cancer and its precursor lesions. Over a 100 types of HPV have been 

discovered. Of these, HPV 16 and 18 (high-risk types) are known to cause 70% of cervical 

cancers worldwide, and HPV 6 and 11 are the predominant low-risk types that cause genital 

warts and RRP. Currently, two prophylactic vaccines, Gardasil (Merck, USA) and Cervarix 

(GlaxoSmithKline, UK) are available and recommended for mass immunization of female 

adolescents. Both vaccines consist of the immunogenic LI VLPs (Viral Like Particles) of HPV 

16 and 18, with Gardasil including types 6 and 11 also (Einstein et al., 2009). The details on the

12



formulations of the two vaccines are provided in Table 1. The vaccines are administrated 

intramuscularly and require multiple doses.

The Gardasil has four different types of HPV, HPV 6, HPV 11, HPV 16, and HPV 18 

whereas the Cervarix (GlaxoSmithKline) has HPV 16 and HPV 18. The Gardasil is 

manufactured from Saccharomyces cerevisiae (bread yeast) which expresses LI whereas 

Cervarix is manufactured from Trichoplusiani insect cell line infected with LI encoding 

recombinant baculovirus. AAHS: wihich is amorphous aluminum hydroxyphosphate sulfate of 

225 pg is the adjuvant of the Gardasil whereas aluminum hydroxide (500 pg) and 3-O-deacyl-4’ 

monophosphoryl lipid A (50 pg) is the adjuvant of cervarix. Both of the vaccines are 

administered intrmuscularly in volume of 0.5 mL. After the prime dose administration two more 

booster doses are administered within 1 to 2 and 6 months. Gardasil and Cervarix has 3 years and 

4 years shelf life respectively and are stored at 2 to 8 C.

Both vaccines are prophylactic and have been nearly 100% effective in phase 3 trials 

conducted in HPV-nai've young women, providing nearly complete protection against persistent 

genital tract infection and premalignant neoplastic disease end points caused by the HPV types 

targeted by the respective vaccines ( Wittaya-areekul et al., 2006). While both Gardasil and 

Cervarix are shining examples of bench to bedside research, these vaccines have significant 

drawbacks that will limit their applications in the settings where they are most needed. The 

vaccines are expensive, require cold chain storage and trained personnel to administer injections. 

Nanoparticle vaccines address all of these limitations as they are stable at room temperature, 

inexpensive to produce and can be administered orally. Oral vaccines also have the potential to 

stimulate mucosa-associated lymphoid tissue (MALT) located in digestive tract and the gut 

associated lymphoid tissue (GALT); regions important for the induction of effective mucosal
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response against many viruses (Sasagawa et al., 2005). Therefore, alternative immunization 

routes have been investigated, and many examples demonstrating the efficiency of mucosal 

immunization for different antigens have been described (Thones and Muller, 2007). These 

reports include intranasal as well as oral administration of HPV VLPs shown to induce 

neutralizing antibodies and LI-specific CTLs. Several animal studies were conducted using HPV 

LI VLPs or different assembly forms (capsomeres) in the form of solution (Thones and Muller, 

2007), or in the form of edible products (HPV LI VLP expressed in potato).

Several technologies for the oral administration of drugs/vaccine using nanoparticles and 

microparticles (microspheres) (Kreeuter, 1996), and several biodegradable polymer based 

vaccine microparticle formulations have been studied as effective vaccine delivery systems. 

There are a number of advantages for nanoparticle based delivery of vaccines/drags. These 

include improved biological stability of antigen/drug, and being particulate in nature they are 

effective in targeting to APC for induction of innate and adaptive immunity due to Class I and 

Class II presentations. Nanoparticles may provide enhanced intracellular concentrations, 

controlled release of vaccine antigen/drug, and reduced number of administrations/enhanced 

immune response. Additionally, M-cell targeting lectins such as UEA-1, AAL, WGA, can be 

added to the nanoparticles to enhance targeting to the Peyer’s patches. Further 

immunostimulatory cytokines such as IL-1 and IL-12 can be added for enhanced immunity. 

Since the antigen is presented in a particulate formulation, there is no need for added adjuvants, 

due to the sustained release nature of antigen release from the particles. Examples of 

nanoparticle based vaccines/drugs include oral biodegradable microspheres with recombinant 

anthrax vaccine for immunization against anthrax infection (Flick-Smith et al., 2002), poly (DL- 

lactide-co-glycolide (DL-PLG) microspheres encapsulating phosphorylcholine against
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Salmonella typhimurium (Laoui-Attarki et al., 1997), and albumin-chitosan mixed matrix 

microsphere-filled coated capsule formulation of typhoid vaccine (Uddin et al., 2009). Several 

other examples of preclinical nanoparticle based oral vaccine studies at Dr. D’Souza’s 

Nanotechnology Lab at Mercer University, Atlanta include cancer vaccines for melanoma, 

breast, prostate and ovarian cancers, bacterial vaccines for TB and Pneumonia and viral vaccines 

for Influenza and HIV (unpublished). Currently, there are no published reports or studies in 

progress to develop and evaluate nanoparticle based oral administration of HPV vaccines.

The advantages of oral administration of vaccine include needle-free non-invasive 

administration, elimination of need for asceptic conditions for formulation and administration, 

and improved patient compliance associated with pain-free dosing. The low cost of nanoparticle 

production and stability at room temperature are further advantages associated with this 

technology to bridge the gap in vaccination rates, particularly in underserved populations. As a 

first step, the HPV vaccine will be prepared in microsphere form using type-specific VLPs. 

These microspheres can then be enteric coated (a process by which the capsule contents are 

protected from degradation in the stomach) and administered orally similar to a tablet or capsule 

formulation, taken with a glass of water. When the enteric coated capsule reaches the intestines, 

the coat dissolves and releases the vaccine nanoparticulate material. The vaccine nanoparticles 

are then absorbed by the M cells in the Peyer’s patches of the intestines that take up the vaccine 

material and present them to dendritic cells, macrophages and lymphocytes to produce both 

mucosal and systemic immunity as represented by enhanced IgA and IgG antibody titers.
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Goals and Specific Aims

In this review, we have used the novel particulate drug delivery system in formulation 

development and analysis of antisense to NF-kB, anti-inflammatory dexamethasone, and human 

papillomavirus (HPV) vaccine. Therefore the major goals and specific aims of this dissertation 

are:

1. The goal here is to quantify and characterize the microencapsulated antisense to NF-kB 

both in vivo and in vitro. The specific aims are:

A. To detect the antisense in microsphere after extraction using HPLC and oligreen 

assay.

B. To quantify antisense in microsphere after extraction using oligreen asay.

C. To determine the integrity of the antisense in BSA microsphere using IR, 

polyacrilamide gel analysis and HPLC.

2. Here, the goal is to determine and compare the bioavailability and other pharmacokinetic 

parameter between the microencapsulated and solution form of the antisense to NF-kB 

oligonucleotide. The specific aims are:

A. To prepare and characterize microsphere loaded with antisense to NF-kB 

oligonucleotide.

B. To conduct dissolution study to evaluate the release profile of microencapsulated 

antisense to NF-kB.

C. To determine the bioavailability of the antisense to NF-kB after microencapsulation 

and to compare with the bioavailability of solution form.

16



D. To determine and compare the pharmacokinetic parameters such as half-life, area 

under the curve, volume of distribution etc. between the microencapsulated and 

solution form of antisense to NF-kB

3. In this case, the goal is to evaluate the potentiation of pro-inflammatory Cytokine 

suppression and survival by Microencapsulated Dexamethasone in the treatment of 

experimental sepsis. The specific aims are:

A. To prepare and characterize the albumin microsphere loaded with Dexamethasone.

B. To evaluate the efficacy of microencapsulated dexamethasone in pro-inflammatory 

cytokine suppression in in vitro model.

C. To evaluate the efficacy of microencapsulated dexamethasone in pro-inflammatory 

cytokine suppression in an in vivo experimental sepsis model..

4. In this part, the goal is to develop a particulate Human papillomavirus (HPV) vaccine for 

cervical cancer. The specific aims are:

A. To formulate the Human papillomavirus (HPV) vaccine where virus-like particle 

(VLP) will be used as antigen using polymers such as Bovine serum albumin (BSA) 

or Eudragit.

B. To analyze the conformation and amount of the virus-like particle (VLP) in 

particulate vaccine.

C. To determine the efficacy of the vaccine by measuring the IgG antibody level in rat 

model.
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CHAPTER 2

A METHODOLOGY FOR QUANTITATION AND CHARACTERIZATION OF 
OLIGONUCLEOTIDES IN ALBUMIN MICROSPHERES

2.1. Introduction

Encapsulation of drug molecules is an important aspect of drug delivery that facilitates 

effective therapy by targeting the drug entities as well as protecting the molecules from adverse 

conditions before reaching the target. The encapsulation process assumes further significance 

when agents are antisense oligonucleotides (ODNs) which are prone to degradation by nucleases. 

Currently, antisense therapy is assuming prominence due to the specificity with which targeted 

effects can be generated. In addition to the advantages of specificity of this mode of therapy, 

these molecules can elicit minimal toxicity. On the other hand, the disadvantages include poor 

biological stability, short half-life and limited cellular uptake. A number of these drawbacks are 

overcome by encapsulation of the ODN in biocompatible and biodegradable matrices. However, 

quantitation of the encapsulated antisense is critical for the determination of administered doses. 

Additionally, sensitive methods to determine the levels of the antisense ODN in biological fluids 

would further help in the design of appropriate treatment protocols. The present study was 

designed to develop a sensitive and quantitative assay for the determination of ODNs 

encapsulated in bovine serum albumin (BSA). We have used in the current studies BSA- 

encapsulated phosphorothioate 18-mer ODN directed against Nuclear Factor-kB (NF-kB). NF- 

kB is a transcription factor that controls the expression of an array of genes involved in immune 

responses, apoptosis, and cell cycle (Wegener et al., 2006). The microencapsulated antisense to 

NF-kB has been used for various therapeutic purposes such as the treatment of septic shock and
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arthritis (D’Souza et al, 2005 and Oettinger, 2007). The goals of the present studies were to 

optimize the conditions for the release of the encapsulated ODN and to quantitate the ODN using 

a fluorescence assay. Further structural characterization was performed by HPLC, FTIR and 

polyacrylamide gel electrophoresis. Fluorescence techniques have been widely used in nucleic 

acids research to study the structure of nucleic adds as well as their interaction with protein 

(Miller et al. 1990). Hakala et al. used porous, uniformly sized (50 mm) glycidyl 

methacrylate/ethylene dimethacrylate particles (SINTEF) which were used as a solid phase to 

construct a sandwich type hybridization assay that allowed simultaneous detection of up to six 

ODNs from a single sample (Chandler). The assay was based on categorization of the particles 

by two organic prompt fluorophores, viz. fluorescein and dansyl, and quantification of the 

oligonucleotide hybridization by timeresolved fluorometry. Automated, direct nucleic acid 

purification and detection required for unattended environmental monitoring devices were also 

developed.6 These authors investigated whether tunable surface bead chemistry and peptide 

nucleic acids (PNAs) could enhance the recovery and detection of intact rRNA in both test tube 

and automated suspension array hybridization format. Development of fluorescence resonance 

energy transfer methods allowed monitoring of ODN hybridization on microparticles (Henry et 

al. 2007). Further, fluorescence-intensity distribution analysis has been developed for confocal 

microscopy to study the fluorescence intensity of a sample with a heterogeneous brightness 

profile (Kask et al 1999). The specificity of the binding of the fluorescent dyes and sensitivity 

that can be achieved prompted us to use this approach to quantitate encapsulated ODN using 

Oligreen dye.
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2.2. Experimental

2.2.1. Chemicals

Oligreen assay kit (Catalog no. 011492) and buffered phenol were procured from 

Invitrogen Corporation, CA. All chemicals used in the study were of analytical grade purchased 

from Fisher Scientific, PA. Protease (DNase-free and RNase-free) was procured from Roche, 

Nutley, NJ. All tubes, tips and water were autoclaved prior to use. All the solvents were HPLC 

or molecular biology grade.

2.2.2. Preparation and characterization o f antisense to NF-kB in albumin microspheres:

Preparation of antisense to NF-kB microspheres with 10% drug loading (w/w) was 

achieved by cross-linking of BSA in de-ionized water with glutaraldehyde. The 18-mer 

oligonucleotide (TriLink BioTechnologies) was then added to BSA to achieve the desired 

loading efficiency and the resulting solutions were spray-dried using a B€uchi 191 mini spray 

dryer (B€uchi, Corporation, Newcastle, DE) with inlet temperature and outlet temperature 

settings of 110 _C and 80 _C, respectively. The particle sizes and size distributions were 

measured using a Horiba LA920 laser scattering particle size distribution analyzer (Horiba 

Instruments Inc, Irvine, CA) using a suspension (1 mg/ml) of antisense to NFkB microspheres in 

Milli-Q ultra pure water. The zeta potential was measured using a Malvern Zetasizer Nano ZS 

(Malvern Instruments, Worcs, UK) with a suspension (500 mg/ml) of antisense to NF-kB 

microspheres in Milli-Q ultra pure water. For gamma-irradiation studies, NF-kB microspheres 

were irradiated for 45 minutes with 25 mrad gamma radiation.
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2.2.3. Generation o f standard curve using ODN from kit:

A standard curve was generated using varying concentrations of the standard 18-mer 

ODN solution provided in the Oligreen assay kit. A fixed volume of 100 ml of different 

concentrations at 1 mg/ml, 0.7 mg/ml, 0.5 mg/ml, 0.3 mg/ml, 0.1 mg/ml, and 0 mg/ml were 

placed in triplicates in wells of a 96 well plate. Then 100 ml of Oligreen dye (diluted to 200-fold, 

as per instructions provided in the kit) were added to each well of ODN solution and the 

fluorescence was read in a TECAN GENios fluorescence reader at excitation 475 nm/emission 

530 nm. The fluorescence values were plotted against the concentration to obtain the curve.

2.2.4. Quantitation o f antisense to NF-kB using Oligreen fluorescence:

A  known amount of pure NF-kB antisense ODN was dissolved in sterile water to prepare 

a stock solution. The Oligreen assay was performed using this NF-kB stock solution. Sample 

preparation, reactions and fluorescence estimations were carried out similar to the assay with 

standard ODN from the kit (as described above).

2.2.5. Detection and quantitation o f antisense in BSA microspheres:

Blank microspheres, antisense encapsulated microspheres, and gamma-irradiated 

microspheres with antisense to NF-kB were processed for quantification according to the 

following protocol. First, the blank BSA microspheres, encapsulated antisense to NF-kB, and 

gamma-irradiated encapsulated antisense to NF-kB were weighed (6.1, 4.9 and 5.1 mg, 

respectively) in 1.5 ml Microfuge_ tubes and 200 ml of buffer 1 (50 mM, Tris-HCl,10 mM 

EDTA, pH 8.0) was added to each tube. The tubes were placed in a 37 _C water bath and 

incubated for 4 h with vortexing at regular intervals. Then 200 ml of buffer 2 (200 mM NaOH, 

1% SDS) was added to each tube and vortexed. After 30 min of addition of buffer, protease was 

added to each solution for digestion to achieve a final concentration of 100 mg/ml. The solutions
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were then placed in a 37 C water bath for 12 h (overnight). At the end of the incubation 

period, the solutions were centrifuged for 20 min at 14 000 rpm for 10 min and 250 ml of the 

clear upper layer from each vial were collected. Then 100 ml of supernatant was placed in 

another microcentrifuge tube and 100 ml of buffered phenol was added to each vial. The contents 

were mixed several times. These solutions were then centrifuged at 14000 rpm for 10 min and 

the clear supernatants were collected. The aqueous supernatant was transferred to a clean 

Eppendorf tube. Equal volumes of chloroform/isoamyl alcohol (IAA) (24 : 1, v/v) were added 

and mixed. Centrifugation was performed as above and the supernatant was used for the 

Oligreen fluorescence assay. The samples for the fluorescence assay were prepared by aliquoting 

5 ml and 10 ml of solutions from the final purification step and adding to these solutions 95 ml 

and 90 ml of TE buffer (50 mM Tris, 10 mM EDTA, pH 8.0), respectively. The solutions were 

then placed in wells and 100 ml of Oligreen dye was added to each well. Addition of the dye was 

performed in the absence of direct light and the plate containing the samples was covered with 

aluminium foil after the addition of the dye. The fluorescence was then read in a TECAN 

GENios fluorescence reader at 475 ran excitation and 530 nm emission. To quench the electrons 

that were stripped by the gamma radiation, the fluorescence of gamma-irradiated samples was 

read after 24 h. The plate was left covered with aluminium foil to protect it from light. A 

standard curve using different concentrations of NF-kB was also nm in parallel in the same plate. 

The unknown concentrations were determined by comparing the fluorescence values with those 

of the values from a standard curve generated with known NF-kB antisense.
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2.2.6. HPLC analysis o f ODN from microspheres:

HPLC analysis was performed to determine if any structural modifications or degradation 

of antisense occurred due to gamma-irradiation of microspheres using a protocol developed for 

NF-kB antisense (Gayakwad, 2009). HPLC was conducted with antisense isolated from NF-kB 

microspheres, gamma-irradiated NF-kB microspheres and blank microspheres. Pure NF-kB 

antisense was used as standard. The HPLC parameters used are provided in Table 1. All the 

HPLC grade solvents including mobile phase and the water and methanol were filtered using 

0.45 mm Millipore filters and were degassed by sonication. The acetonitrile and 50 mmol 

sodium phosphate buffer, pH 7.4 were used as the mobile phase. The sodium phosphate buffer 

was prepared by mixing 11 mmol monosodium phosphate monohydrate and 38 mmol of 

anhydrous disodium phosphate. Detection of the ODN in the eluants was done by using UV 

detection at 254 nm. The HPLC gradient profile is depicted in Table 2.1 and 2.2.
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Table 2.1 HPLC parameters used in the analysis of ODN from micro - 
spheres

Column C-18
Temp, f  C) 45
Injection volume (pi) 10
Flow rate (nil/min) I
Mobile phase Na-phosphate buffer : acetonitrile (B : C)
Elution Gradient
Retention time (min) 116

Table 2.2 HPLC gradient profile

Time (min) Flow (ml/min) % o f Buffer % of Acetonitrile Carve

initial 1 95 5 NA"
3 1 95 5 1
4 I 80 20 6
15 t 80 20 I
16 I 95 5 6
25 i 95 5 1

* NA: not applicable.
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2.2.7. Polyacrylamide gel analysis o f  ODN:

For gel analysis, the NF-kB antisense samples isolated from the microspheres were 

electrophoresed on a 15% native olyacrylamide slab gel (Tris-HCl, pH 6.8) at 40 V for 8 h in 

TAE buffer. Prior to loading, the samples were boiled for 2 min and chilled on ice for 5 min. 

Gels were stained with 0.02% methylene blue for 30 min and destained with de-ionized water for 

1 h. Pure NF-kB antisense was included as a standard and processed similarly as other samples.

2.2.8. Fourier transform infrared spectroscopy (FTIR :

FTIR analysis of micropheres encapsulated with NF-kB and gamma-irradiated NF-kB 

microspheres was performed using a Perkin Elmer Crystal IR. The percentage transmittance was 

recorded and comparisons made with respect to peaks from the various samples.

2.2.9. Detection o f NF-kB antisense in vivo:

Sprague-Dawley rats were administered with either pureODN or BSA-encapsulated ODN 

by oral or intravenous routes. Animal experimentations were carried out as per approved 

protocols from the Mercer University Institutional Animal Care and Use Committee (IACUC). 

Blood samples were collected by tail vein bleeding and estimations of the ODN in serum 

samples were made. Concentrations were calculated from the standard curve for NF-kB ODN.
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2.3. Results and discussion

2.3.1. Oligreen fluorescence assay for standard ODN and NF-kB antisense:

Using the standard solution from the kit, a serial dilution of solution with concentrations 

ranging from 0.1 mg to 10 mg was prepared and an equal volume of diluted Oligreen dye was 

added to each of the solutions, then the fluorescence was recorded using a fluorescent plate 

reader. The fluorescence values were plotted against the concentration to generate the standard 

curve (Fig. 2.1). The fluorescence vs. concentration correlation was very consistent with the R2 

value of 0.9977. Similar results were obtained with NF-kB antisense (Fig. IB), where the R2 

value was 0.9777. In each case, the standard curve was obtained from the average value of three 

replicate readings. The process was repeated several times with reproducible results. The 

stabilization of the fluorescence with respect to the gamma-irradiated microspheres was achieved 

at 24 h after performance of the assay (Fig. 2.2). The assay from blank microspheres showed a 

fluorescence of around 1000 units. The NF-kB antisense from microspheres gave a reading of 12 

000 units and the NF-kB antisense from gamma-irradiated microspheres shows fluorescence 

around 11 980 units. From these values the approximate concentration of the unknown antisense 

was about 1 mg/ml for both non-irradiated and gamma-irradiated microspheres.
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Figure 2.1: (A) Standard curve for the 18-mer ODN supplied in the Oligreen kit; (B) standard 

curve of pure NF-kB ODN.
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Figure 2.2: Fluorescence of samples from blank MS, NF-kB microspheres and gamma- 

irradiated NF-kB microspheres.
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The readings of the antisense from gamma-irradiated microspheres did not give a consistent 

value when the fluorescence was determined instantly. Therefore, the fluorescence was read after 

24 h, at which point consistent results were obtained. In the methodology developed, successful 

release of the ODN from the microspheres could be achieved. The standard curve of 

fluorescence vs. varying concentrations of ODN generated by standard solution from the kit was 

highly reproducible. Similar concentration-dependent linearity could be obtained for NF-kB 

antisense. Therefore this curve can reliably be employed to determine the unknown 

concentration of NF-kB antisense ODN. There was minimal background interference of 

fluorescence in our assays. The fluorescence values of the samples from blank microspheres 

were comparable to the readings from the empty wells, suggesting the specificity of the assay for 

ODN. The fluorescence reading of the gamma-irradiated sample was taken 24 h after preparation 

of the samples, because it was observed that the 24 h time period was required to stabilize the 

fluorescence from gamma-irradiated microspheres. Gamma irradiation is shown to cause 

changes in the state of the electrons in the nucleotide bases including migration of the electrons 

across the DNA strand (Giese et al. 2002). Effects of gamma irradiation have also been studied 

more specifically with respect to ODN and results indicated that migration of electrons can occur 

after irradiation (Fuciarelli et al, 1994). This phenomenon could potentially explain the 

fluorescence stabilization after a certain period of time since it can be hypothesized that the 

return to the ‘natural’ state of the ODN occurs as a function of time. Hence, the delayed 

measurement in our studies reflects the actual amounts of the antisense and is not influenced by 

transient changes in the ODN.
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2.3.2. HPLC Analysis o f Oligonucleotide:

HPLC analysis of the ODN from HPLC analysis of samples from blank microspheres 

was run to find if there was any peak for the albumin present in the microspheres (Fig. 3 A). The 

HPLC profile of pure antisense showed a retention time at 14 min (Fig. 3B). The peaks at the 

retention times of 2 min and 3 min are due to the solvent, which were observed when the HPLC 

of only solvent was run. A peak at 12 min retention time was observed which is due to the BSA 

from blank microspheres. The HPLC profile of samples derived from non-irradiated antisense to 

NF-kB microspheres (Fig. 3C) and gamma-irradiated microspheres were very similar (Fig. 3D). 

HPLC profiles showed clear integration peaks of antisense in gamma-irradiated microspheres. A 

clear peak at 14 min, which is the characteristic peak of 18-mer NF-kB antisense and the lack 

of peaks at other time points (other than those contributed by solvents and blank microspheres) 

suggested the absence of detectable degradation of the ODN in the samples. This was further 

confirmed by making HPLC runs for extended periods of time (35 min). No peaks were observed 

during this time frame suggesting the probable absence of any other fragmentation the antisense 

18-mer. Also, there were no additional peaks earlier retention time periods (before 14 min) 

either, suggesting that the antisense integrity is maintained during encapsulation well as during 

gamma-irradiation. Therefore, the HPLC data point to the conclusion that no major structural 

modifications occurred in the antisense in gamma-irradiated and non-irradiated NF-kB 

microspheres.

30



A. i

r <l _ IV
i

B.

Retention Time (Min)

Figure 2. 3: (A) HPLC peaks for blank microsphere samples. A peak a 12 min retention time 

was found which is contributed by the blank microspheres. (B) HPLC of pure antisense to NF- 

kB shows a retention time at 14 min. (C) HPLC peaks for antisense to NF-kB MS. Peaks at 12 

min and 14 min are due to the BSA and antisense respectively. The additional two peaks at lower 

retention times of 2 min and 3 min are due to the solvent. (D) HPLC peaks for gammairradiated 

antisense to NF-kB microspheres. Peaks at the retention times of 12 min and 14 min are due to 

BSA and antisense in microspheres, respectively. The arrow indicates the antisense ODN peak.
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2.3.3. Characterization o f gamma-irradiated and non-irradiated antisense to NF-kB BSA 

microspheres by gel analysis

For further confirmation of the structural integrity, polyacrylamide gel analysis was 

performed with the samples from blank microspheres, NF-kB microspheres, and gamma- 

irradiated NF-kB microspheres. The gel analysis was performed three times and yielded similar 

results. A typical gel migration pattern of the ODN is presented in Figure 2. 4. ODNs from both 

non-irradiated as well as gamma-irradiated microspheres gave identical migration in comparison 

to pure NF-kB ODN. The results from the gel analysis further confirmed the lack of additional 

fragments in either the NF-kB microspheres or in gamma-irradiated-NF-kB microspheres which 

is consistent with the HPLC data. Therefore, it can be concluded that the NF-kB antisense in the 

gamma-irradiated and non-irradiated NF-kB microspheres are structurally similar.
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Figure. 2.4: Polyacrylamide gel analysis of NF-kB antisense: (1) standard NF-kB; (2) blank 

microspheres; (3) non-irradiated NF-kB; (4) gammairradiated NF-kB.
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2.3.4. Infrared spectroscopy:

The IR spectral analysis was done to observe any structural modification and/or any 

functional group changes. The peaks at around 3291 cm*1, 2958 cm*1, 1650 cm*1, and 1536 cm'1 

(Fig. 5A and 5B) are due to BSA microspheres. The peaks in the fingerprint region of nucleotide 

bases also showed no major changes. Though there is a peak at 2387 cm*1, the presence of 

similar peaks in both non-irradiated and irradiated samples suggested that there are no major 

changes during gamma radiation. In the IR spectrum of a protein, the major peak at 3291 cm*1 in 

both spectra is due to the N-H stretching of BSA protein. Similarly, the peaks at 1536 cm'1 and 

1650 cm*1 are due to the N-H bend of BSA and BSA respectively. The peaks around 800 cm'1 

and 950 cm'1 in both spectra are due to the sugar base proton of the nucleotide. Therefore these 

peaks demonstrate the presence of ODN in microspheres. The peaks at around 2955 cm'1 and 

1735 cm'1 are due to the C-H and C-O bond of glutaraldehyde, respectively.

2.3.5 Detection o f NF-kB antisense in vivo:

NF-kB antisense could be detected and quantitated using the Oligreen fluorescence in 

the serum samples of rats administered with antisense NF-kB ODN. ODN was present in all 

serum samples where administration was made either orally or by intravenous routes. The data 

also suggested that ODNs were released from the microspheres and entered circulation (Table 

2.3).
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Table 23Quantification ofNF*tB ODN from serum samples from rats administered with the antisense

Drug/delivery route* Dose (mg/kg) Time point (h) V d. of serum (pi) Fluorescence units
Concentration from 
standard curve (pgfai

Naked ODNfonl 13 24 50 3536 4.4
Naked ODN/iv 10 28 50 3734 42
Microencapsulated QDN/oral 14 24 50 3537 3.9
Microencapsulated ODN/if 10 24 50 5916 63

* iv =  intravenous.

The methodology developed for the release of ODN from albumin microspheres and quantitation 

by Oligreen fluorescence offers several advantages over the protocols that are currently 

employed. The procedure can easily be adopted in a laboratory setting and, if necessary, coupled 

to HPLC and gel analysis for structural studies. Some of the existing methods for the 

determination of ODNs include capillary zone electrophoresis for ODN encapsulated in albumin, 

(Amedo et al, 2000) quantitative polyacrylamide gel electrophoresis using a multi-channel 

radioactive counter (Aynie et al, 1996) and hybridization-based ELISA (Wei et al, 2006). Also, 

ion-pair reversed phase electron-spray ionization liquid chromatography-mass spectrometry has 

been also employed to quantitative antisense phosphorothioate ODN.(Dai et al, 2006). 

Competitive hybridization assays using biotinylated ODNs have shown promise for the detection 

of ODNs in biological fluids. The majority of the aforementioned methodologies requires either 

elaborate protocols and/or sophisticated instrumentation. On the other hand, Oligreen binding to 

single-stranded ODN provides a very sensitive assay for measurement of the ODN.
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Figure 2.5: (A) IR spectrum of non-irradiated NF-kB, and (B) gamma-irradiated microspheres.
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In a plate assay format, Oligreen assay can detect a concentration as low as 1 ng/ml with an 

upper limit of detection at 1 mg/ml. Direct binding of the fluorochrome to the antisense 

contributes to the sensitivity achieved with this methodology, in contrast to hybridization- 

ELISA, which is a multi-step protocol requiring optimization of each step from designing of 

hybridization probe, hybridization conditions, capture and detection to achieve sensitivity. In 

addition, the Oligreen assay is easier to perform and cost-effective in comparison to capillary 

zone electrophoresis and hybridization- ELISA. Further, the ability to perform the Oligreen assay 

in a multiwell format allows for adaptation of this methodology for high-throughput applications. 

The procedure reported herein should have wide applications in the quantification of 

albuminencapsulated ODN as well as the assessment of their levels in biological systems.

2.3.6. Structural integrity o f the antisense:

To retain the structural integrity of the oligonucleotide in the particle is the most 

important factor to be used as antisense drug. Therefore we evaluated the structural integrity of 

the antisense in the microsphere using HPLC. In two different rats, we injected antisense 

microsphere and blank microsphere. Then we took the blood samples through tail vein and 

separated the serum from the blood using a centrifuge machine at 12000 rpm. Then we extracted 

the antisense from the serum using (50 mM, Tris-HCl 10 mM EDTA, pH 8.0), 200 mM NaOH, 

1% SDS) and protease (similar as extraction from microsphere). Then we run HPLC with the 

extracted sample. Similar extraction was conducted with the blank microspheres a well and ran 

with HPLC. The HPLC of standard antisense shows a peak at 14.5 min retention time. Then the 

HPLC of antisense microsphere extracted from rat’s serum was conducted where a peak at 14 

minute was observed. Whereas when the HPLC of the extracted serum of the rat which was
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injected blank microsphere was ran, there was no peak at 14 minute retention time. Some other 

peaks were observed in the HPLC which is due to the presence of some other compounds or 

enzymes present in the serum.

Figure 2.6: A. HPLC peak of standard antisense peak, B. HPLC peaks of antisense 

microsphere extracted from rat’s serum. C. HPLC peaks of blank microsphere extracted from 

serum.
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We also conducted the HPLC with the extraction from the antisense containing gamma 

radiated microsphere, and observed the presence of a peak at 14 minutes. Obviously the integrity 

of the antisense was also retained in the gamma radiated microsphere too.

(14.5 nrrfri)

Antisense
peak
(14.48 min)Antisense peak 

(14.5 min)

Figure 2.7: A. HPLC peak of standard antisense peak, B. HPLC peaks of antisense 

microsphere extracted from rat’s serum. C. HPLC peaks of gamma radiated microsphere 

extracted from serum.
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2.4. Conclusions

The comprehensive methodology reported allows for the detection and quantification of 

albumin-encapsulated ODN with a high degree of sensitivity. Further, HPLC, IR and gel analysis 

would facilitate the determination of structural integrity of the encapsulated ODN. The sensitive 

fluorescence estimations coupled to the characterization protocol for ODN should have 

applications in basic research as well as in clinical scenarios involving antisense therapy.
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CHAPTER 3

ENHANCED BIOAVAILABILITY OF MICROENCAPSULATED ANTISENSE 
TO NF-kB OLIGONUCLEOTIDE AFTER ORAL ADMINISTRATION

3.1. Introduction:

Oral drug delivery is considered as the most preferred route of administration due to its 

multiple advantages like patient compliance, low-cost, facile delivery method and ease of 

packaging and handling. Unfortunately not all drugs can be administered via oral route due to the 

issues of stomach and intestinal degradation in presence of harsh acidic conditions and/or 

enzymatic degradation. Antisense-oligonucleotide (AON) is prone to enzymatic degradation 

hence lacks stability in the body system, particularly when delivered orally. Antisense- 

oligonucleotides are short single stranded DNA or RNA molecules (15-25 nucleotides), which 

are effective blocking agents of protein expression with a high sequence specificity (Stephenson 

et al, 1978). Since it is easily degraded in the system, enhanced stability of the antisense drug 

after oral administration is the vital issue to use this drug therapeutically. Microencapsulation of 

a drug for oral delivery purposes has proven to be an efficient method of targeting phagocytic 

cells. Cells such as macrophages, monocytes and polymorphonucleocytes that are present in the 

underlying region of the Peyer's patches in intestine readily phagocytose microparticles ranging 

from 1-7 pm. Previously it was shown that the particulate formulation of albumin- 

oligonucleotides increased the efficacy and cellular uptake of oligonucleotide (Weyermann et al, 

2005).

In our lab, we have developed a method to prepare microspheres using albumin as matrix 

in a simple one step method (Uddin et al, 2009). Various drugs such as cytokine neutralizing
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antibodies to TNF and IL1, low molecular weight compounds, and antisense oligonucleotides to 

TNF and NF-kB, and antioxidants have previously been microencapsulated and have found to be 

effective when administered intravenously to experimental animals (Oettinger et al, 2007). In 

experimental models such as septic shock and induced arthritis in rats, improved cytokine 

inhibition by microencapsulated antisense drugs has been reported after intravenous delivery of 

microparticles containing antisense to NF-kB (D’Souza et al 2005 and Oettinger et al 2007). 

One major drawback of this drug is that it has a relatively short in vivo half-life (Oettinger et al, 

2007). Research for the past few years on anti-sense oligonucleotide (ODN) has culminated in 

using a drug delivery vehicle to overcome this problem. Albumin has been used as the polymer 

where the drug is entrapped within the matrix. The microspheres using this formulation are able 

to deliver a controlled and sustained release of the drug. Another drawback of antisense 

oligonucleotide is its proper quantification in vivo which restrict the pharmacokinetic study of 

this drug. Currently, few techniques such as HPLC, ELISA and gel analysis are employed for 

antisense detection and quantification in vitro. But due issues owing to lower limits of detection 

these techniques fail to measure the total amount of drug in an in vivo animal model thus 

becoming incapable of performing a pharmacokinetic study. Recently, we have developed a 

novel method to quantify the NF-kB anti-sense in microsphere or in blood serum by using the 

oligreen fluorescence assay (Uddin et al, 2009). This quantification method has given us the 

opportunity to quantify picogram concentrations of drug in the sample and thus it providing us 

the opportunity to conduct pharmacokinetic study of the drug. The purpose of the study is to use 

the fluorescence assay for in vivo pharmacokinetic study of microencapsulated anti sense to NF- 

kB drug in the rat model. Our goal is to determine the oral bioavailability of the drug after 

microencapsulation. We have also determined and compared the half-life and other

42



pharmacokinetic parameters of the drug in microspheres and solution. A dissolution study was 

also performed to determine the release profile of the drug in microencapsulated and solution 

form of the drug.

Materials and experiments

3.2,1. Materials and chemicals:

Antisense oligonucleotides specific to the rat and mouse mRNA sequence of the NF-kB 

p65 subunit were obtained from TriLink BioTechnologies (San Diego, CA). The sequence of the 

NF-kB p65 antisense oligonucleotides was provided to us by AVI Biopharma (Corvallis, 

Oregon) and was as follows: 5’-GGA AAC ACA TCCTCC ATG-3’. The oligonucleotides were 

purified using anion exchange HPLC and were packaged as a lyophilized solid. Bovine serum 

albumin (BSA; Fraction V, DNAase, RNAase, and Protease-free) was used as the 

oligonucleotide encapsulation matrix and was obtained from Fisher Scientific (Norcross, GA). 

Glutaraldehyde (25% in water) was used as the cross-linking agent and was obtained from Fisher 

Scientific (Norcross, GA). Oligreen assay kit (Catalog no. 011492) and buffered phenol were 

procured from Invitrogen Corporation, CA. All chemicals used in the study were of analytical 

grade purchased from Fisher Scientific, PA. Protease (DNase-free and RNase-free) was 

obtained from Roche, Nutley, NJ. All the tubes, tips and water were autoclaved before use.

3.2.2 Equipment:

The Biichi 191 Mini Spray Dryer (used in the spray drying process) was obtained from 

Buchi Corporation, Newcastle, DE. The Horiba LA920 laser scattering particle size distribution 

analyzer (used to determine microsphere particle size) was obtained from Horiba Instruments
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Incorporated, Irvine, CA. The Malvern Zetasizer Nano ZS (for zeta-potential analysis) was 

obtained from Malvern Instruments, Worcs, UK. The BioTeK ELx808™ Absorbance Microplate 

Reader (used for ELISA and catalase assay analysis) was from BioTek instruments Inc, Highland 

Park, Winooski, VT. The JEOL JSM-5800L scanning electron microscope (for surface 

morphology analysis) was obtained from JEOL USA, Peabody, MA. The Distek dissolution 

system model 2100C, USP Dissolution apparatus I, with a rotating basket (used for the 

microsphere formulations release studies) was obtained from Distek Inc, North Brunswick, NJ. 

The Cytofluor® multi-well plate reader series 4000 (used for the AlamarBlue cytotoxicity assay) 

was obtained from PerSeptive Biosystems, Framingham MA.

3.2.3 Animals

Female Sprague-Dawley rats weighing 150-200g were obtained from Charles-River 

Laboratories. The rats were quarantined for two weeks before the study. All rats were housed in 

a temperature and humidity controlled environment with a 12 hour light and dark cycle and were 

offered food and water ad libitum. A number of 6 animals were included in each group.

3.2.4 In vivo study:

Sprague-Dawley rats were administered either naked oligonucleotide or BSA 

encapsulated oligonucleotide by oral or intra-venous routes. Animal experimentations were 

carried out as per approved protocols from the Mercer University Institutional Animal Care and 

Use Committee (IACUC). Intravenous delivery was done through jugular vein administration. 

The rats were anesthetized by following an approved protocol using ketamine and xylazine. 

Blood samples were collected by tail vein bleeding procedure as par to IACUC.

44



Methods

3.3.1. Preparation o f microspheres:

NF-kB anti-sense microspheres were prepared with 10% antisense drug loading (w/w) by 

pre-crosslinking a 2% w/v solution of BSA in deionized water with glutaraldehyde. The 18-mer 

oligonucleotide (TriLink BioTechnologies) was then added to the above BSA solution and spray- 

dried using a Buchi 191 mini spray dryer (Buchi, Corporation, Newcastle, DE). The inlet and 

outlet temperature was optimized to obtain submicron seize range having spherical surface.

3.3.2 Characterization o f microspheres

The particle size and its distribution were measured using a Horiba LA920 laser 

scattering particle size distribution analyzer (Horiba Instruments Inc, Irvine, CA) with a 

(lmg/ml) suspension of catalase microspheres in 0.9% (w/v) Saline buffer. Zeta potential was 

measured using a Malvern Zetasizer Nano ZS (Malvern Instruments, Worcs, UK) with a (500 

pg/ml) suspension of catalase microspheres in 0.9 %(w/v) Saline buffer. The surface morphology 

was determined by scanning electron microscopy using a JEOL JSM-5800L scanning 

microscope (JEOL USA, Peabody, MA) following gold-palladium splutter coating.

3.3.3. Capsule preparation and enteric coating o f the capsules

The microencapsulated oligonucleotides were filled up in small capsules (Torpac, size no. 9) 

using a single capsule filling equipment (Harvard). The capsules were enteric coated using 

Eudragit and methanol.
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3.3.4. Quantification o f drug in blood:

The drug levels in blood have been quantified by an analytical method based on oligreen 

fluorescence dye. The details of the method has been described previously.3 Briefly, the blood 

was drawn from the animals and centrifuged at 10000 rpm for 15 minutes to separate the serum. 

Then 50 pi of serum were mixed with 50 pi of oligreen fluorescence dye (2pg/ml) dissolved in 

TE (Tris 10 mM, EDTA 1 mM , pH 8 buffer . The samples were then placed in a 96 well plate 

(NUNC), which was placed in fluorescence reader (TECAN GENios). Finally, the quantification 

was determined from a standard curve, which was determined from serial dilution of the oligreen 

fluorescence dye in the same buffer.

3.3.5. In vitro study:

3.3.5.1. Release studies

In vitro release studies were performed using a Distek Dissolution System (Model 2100C) 

type I USP Dissolution apparatus with 40 mesh rotating mini baskets. Release studies for the 

antisense to NF-kB microspheres were carried out over a period of 72 hours. Microspheres 

containing antisense oligonucleotide (25mg) were added to the baskets. 1 ml of phosphate 

buffered saline (lx  PBS, pH 7.4) was added to each basket and the basket placed in 70 ml of lx 

PBS, pH 7.4. Sampling was done at 0,4, 8,24 and 48 hours. In each time 3 ml aliquot was taken 

out and the sampling vessel replenished with 3 ml of lx  PBS, pH 7.4 to maintain sink condition.
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3.4. Results

3.4.1. Preparation and characterization o f microspheres:

The microspheres were prepared from albumin (BSA) polymer. The drug load was 10% 

and the obtained yield was 60%. Most of the microspheres are found less than 2 micrometer in 

size and had a spherical surface morphology. The microspheres were spherical in shape. The 

surface charge of the microsphere was -11 mV.

Figure 3.1: Size and shape of the microsphere by scanning electron microscope (SEM).

47



3.4.2. Release studies:

The dissolution study was conducted at gastric acid conditions in pH of 1.2 for two hours 

to mimic the drag release at stomach environment and the following 70 horns at pH 7.4 to mimic 

the intestine conditions. The free microspheres and microspheres in size 9 capsules were used in 

the dissolution study to compare the release profile. The blank microsphere group showed no 

release of drag. The antisense microsphere group (without capsule) showed initial release of drag 

at low pH which can be attributed to the burst release effect of the microsphere and absence of 

the enteric coated capsule. Whereas in case of the antisense microsphere in capsule group, there 

is no release of drag for the first 2 hours because of the presence of the enteric capsule, which 

protects the drag from the acidic conditions.

Release profile of an tisense to  NF-kB
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Figure 3.2: Release profile of antisense to NF-kB microspheres in free and encapsulated 
form.



The rate of antisense drug release was found to be linear with square root of time. The 

linearity indicated the entrapment of drug and matrix controlled diffusion which is the 

characteristic of spherical structures, such as microspheres. The drug release study was 

conducted with blank microsphere, antisense oligonucleotide microsphere in enteric coated 

capsule and without capsule. In release profile the concentration of drug in dissolution media 

were plotted as a function of time in Figure 6. Cumulative release of drug over a given time 

period is shown in figure 3.2

3.4.4. Bioavailability determination:

Single dose study was conducted in oral and intravenous administration. The oral 

route administration contained two groups, which are microencapsulated antisense to NF- kB in 

size 9 capsules and the solution form of the antisense oligonucleotide administered in 5% 

dextrose. The intravenous route included two groups; the solution of the microencapsulated drug 

and the solution form of the naked oligonucleotide. The dose for the intravenous administration 

was 10 mg/kg and for the oral administration 17 mg/kg. The results of the pharmacokinetic 

studies show that the half-life of the antisense to oligonucleotide was much lower for the solution 

form as compared to the microencapsulated form. The oral administration of antisense in 

microencapsulated form shows significantly higher area under the curve (AUC) than the solution 

form (Figure 3.3). Whereas, in the intravenous administration of antisense solution shows higher 

area under the curve (AUC) than microencapsulated form (Figure 3.4). The bioavailability was 

determined both for microencapsulated and solution form of Antisense to observe the effect of 

microencapsulation of the drug in its biological stability.
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Area under the curve was determined by simple trapezoid rule, (shown in table 3.1). 

Bioavailability was determined from the area under the curve (AUC) by using the following 

equation:

Dose (IV)* AUC (Oral)
Bioavailability = ----------------------------------

AUC (IV)*Dose (Oral)

According to this equation, the bioavailability of solution of form of antisense drug when 

administered orally is 0.06 and the bioavailability of microencapsulated form of antisense drug is 

0.41.The bioavailability of the drug in solution form was less than 0.1 which increases when the 

drug in microencapsulated to 0.41.

Table: 3.1. Area Under the curve (AUC) of microencapsulated and solution form 

of Oligonucleotide after Oral and Intravenous administration.

Dose
(mg/kg)

(AUC)

Microencapsulated
form

(AUC) 

Solution form

Oral admin. 10 678 74

Intravenous
admin.

10 968 775
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Figure 3.3: Concentration vs. time curve of antisense to NF-kB in microencapsulated and 
solid form after oral delivery.
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Figure 3.4: Concentration vs. time curve of antisense to NF-kB in microencapsulated and 
solid form after intravenous delivery.

52



3.4.5. Other Pharmacokinetic parameters:

The volume of distribution, clearance and half-life at the first dose was determined by 

using WinLonin softwere both in oral and i.v. administration. The average half-life, volume of 

distribution, clearance, Omx, T ^ ,  AUC are shown in the table 3.2.

Table 3.2: The pharmacokinetic parameters of Oligonucleotide microsphere 

after Oral and Intravenous administration.

Route of 
administration

Half-life 
11/2 (Hr)

Volume of 
distribution 

Vd(L)

Clearance
CL

Cmax Tmax (Hr) AUC

Intravenous
(Microsphere)

29 1.07 0.0258 7.24 0.35 968

Oral
(Microsphere)

47 3.14 0.0278 4.0 17 678
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3.4.6. Pharmacokinetic study multi-dose system:

We also observed the drug level pattern of the antisense in multi dose system. In multi

dose system, we intravenously administered antisense in form of microsphere and solution form. 

The second dose was administered at 48 hours both in cases. After administration of the second 

dose a considerable increase in drug levels were observed in both groups. The drug level pattern 

was similar in both cases. The overall drug level of solution form was comparatively lower the 

microsphere form which also indicates the enhanced stability of the antisense after 

microencapsulation.

Concentration of microencapsulated and solution 
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administration
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Figure 3.5: Concentration vs. time curve of intravenous delivery of antisense to NF-kB in 
microsphere and solution form in a two dose system.
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3.5. Discussions:

The antisense to NF-kB drug has a great therapeutic effect when used to reduce harmful 

inflammatory responses. Antisense therapy generally includes common types of nucleic acids 

which downregulates the expression of the disease-causing proteins by inhibiting gene 

expression at mRNA level. In its native form, antisense oligonucleotides are known to undergo 

rapid enzymatic degradation in the gastro intestinal tract (GIT) and thus have a relatively short in 

vivo half-life (Agrawal et al. 1991, Akhtar and Lewis 1997, and Dias and Stein 2002). 

Furthermore, antisense compounds are rather hydrophobic and carry a negative charge due to 

which they tend to elicit a poor cellular uptake (Akhtar and Lewis 1997). Though the oral 

delivery of antisense compounds is most desirable choice for the formulation scientists, the main 

hurdle involved with oral deliver of this drug is its low bioavailability. Traditional strategies 

used to overcome these limitations include chemical modifications of the oligonucleotide 

phosphodiester backbone (Dias and Stein 2002). Chemical modification of the oligonucleotide 

increases the drug stability against the enzymatic degradation. The most successful is associated 

with modifying the molecular backbone region where the oxygen atom of the phosphodiester is 

replaced by a sulfur atom to form phosphorothioate (Stein and Cheng). A number of delivery 

systems have been examined for efficient delivery of antisense drug, for example, liposomes 

[poly(L-lysine)-conjugation], cationic lipid complexes like DOTMA. Nonetheless none of these 

have high efficiency due to the poor availability, complexity of preparation, toxicity or other 

stability issues of the antisense in the delivery system. Most of all, none of these were able to 

significantly increase the bioavailability after oral administration. Further, in disease states like 

septic shock and rheumatoid arthritis, a non-invasive painless route of administration with higher 

bioavailability is desired. This initiated an interest in the formulation of a suitable delivery 

system for antisense that has a good bioavailability after oral delivery. One approach that has
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been used in the past to improve cellular uptake is the use of delivery systems where the drug is 

microencapsulated in a biodegradable polymer (Akhtar and Lewis 1997, De Rosa et al. 2005, 

and Walter et al. 1994). Microencapsulation of drug for delivery purposes has been proven to be 

an efficient method for antisense drug. (Akhavein et al 2009) In this study, we have found 

comparatively higher bioavailability of antisense after oral administration when the drug is 

microencapsulated within a polymer matrix. We hypothesize that the enhanced bioavailability 

was contributed by the combined effect of the microencapsulation and chemical modification of 

the antisense. After oral delivery, the drug loaded microspheres get preferentially taken up by the 

M-cells of the small intestine which selectively takes up particles of size ranging from 1-7 pm 

(Ahsan et al 1999). These M cells then transport the particles to the macrophages or other cells 

underlying the gut associated lymphoid tissues (Loke et al 1989). Possibly the antisense enters 

the Reticuloendothelial system by macrophage cells which carry the microparticles intact and 

release them into the systemic circulation. Previously studies have also shown that the 

macrophages take up the particles and transport them to the systemic circulation. (Akhtar et al 

1997).

Microspheres can change the pharmacokinetic properties by enhancing the half life of 

drugs through slow diffusion of drag from the polymer matrix. This helps to maintain drag 

concentration in the blood for longer durations. The diffusion of the drag from the matrix is 

determined in vitro by release studies before the in vivo study so as to obtain a correlation 

between in vitro and in vivo data. A study to check the in vitro release for the oligonucleotide 

antisense was carried out using a USP approved dissolution apparatus. The dissolution data 

showed a diffusion controlled release of the antisense from the particle which followed a Higuchi 

pattern of release. We also have evaluated the antisense microparticle in an enteric capsule
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dosage form which showed a similar dissolution profile when compared to microencapsulated 

drug. Enteric coated capsules were used in in vivo oral administration to mimic real clinical 

application. Also, using capsules provide us the opportunity to administer accurate and 

reproducible doses in the animal model. The microsphere release curve shows two distinct 

phases where the first phase was characterized by an initial “burst effect” during the first 2 hours 

of release, followed by sustained release pattern of the oligonucleotide (Phase II). A similar 

release pattern was observed in sustained-release PLGA microspheres containing antisense (De 

Rosa et al 2005). From the in vitro release data, we observed a similar trend in release pattern for 

both the microparticles in free form and the enteric coated capsules containing microparticles. At 

the first two hours, the capsule showed a lower release of antisense drug due to enhanced 

protection from the gastric acid.

Previously in our lab we prepared antisense microspheres and have shown that the 

microparticles containing oligonucleotide antisense was capable of reducing the inflammation in 

an in vivo rat model after the animal was induced with arthritis (Akhavein et al 2009). In this 

study, a chemically modified antisense was used to prepare microspheres using a biodegradable 

albumin polymer. The size of the microparticles was manipulated to ensure optimal cellular 

uptake. However, this was delivered via the subcutaneous route which led to the current research 

to look for oral feasibility for this drug. The oral route has more patient compliance in a clinical 

setting where the patient is already suffering from arthritic pain and inflammation. Therefore we 

conducted an oral bioavailability study for the antisense microsphere and checked its 

pharmacokinetics profiles after single and multiple doses.

In this pharmacokinetic study, in case of intravenous administration, (Fig 4) the solution 

from of the antisense drug showed an initial higher concentration due to the instantaneous
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availability of the drag after injection. Whereas, in the microparticle form, the drag has to diffuse 

out of the matrix which correlates to the data found in the release studies. In this case, drag is 

slowly released from the microsphere which is reflected in the drag concentration profile. A 

similar pattern was observed in the in vitro dissolution study where the gradual increase of AUC 

and Cmax was found till the first 15 hours. In case of oral administration (Fig 3) the AUC is 

much higher in the microparticle form in compare with the solution form of the drag. This 

confirms that the solution form of the drag is very unstable and easily degrades under the harsh 

acidic conditions and effect of enzymes in the gastrointestinal tract. The microencapsulated 

antisense drag showed a significant increase in the half-life (Tablel).

Comparing the different pharmacokinetic parameters of intravenous and oral route of 

microsphere form, it was observed that the Cmax and AUC of intravenous was higher than the 

oral route whereas the half-life ( t\a) and volume of distribution was higher in the oral 

administration route. The clearance of the antisense drug did not show any significant difference 

in both routes which was expected. Higher AUC and Cmax after intravenous administration can 

be attributed to the fact that the particle enters directly into the systemic circulation and avoids 

the absorption phase.

We further evaluated the drag pharmacokinetics after multiple dosing (2 doses) of the 

antisense drag. After the second dose, the overall concentration increased slightly. Similar curve 

pattern was also observed in intravenous delivery system (figure 5). This indicates the existence 

of drag in the body system in this timeframe both in oral and intravenous delivery system. This 

result also validates the quantification method developed in our lab and was employed to 

determine the pharmacokinetic study. Clearly, the antisense drag is sufficiently bioavailable 

after oral administration when it was microencapsulated with biodegradable polymer.
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CHAPTER 4

POTENTIATION OF PRO-INFLAMMATORY CYTOKINE SUPPRESSION 
AND SURVIVAL BY MICROENCAPSULATED DEXAMETHASONE IN THE 

TREATMENT OF EXPERIMENTAL SEPSIS

4.1. Introduction

Corticosteroids have been the mainstay of treatment for systemic inflammatory diseases 

for decades. Inflammatory conditions such as lupus erythematosus and rheumatoid arthritis have 

been treated with success. However, the undesirable side effects of chronic steroid therapy are 

well-known. Short-term adverse clinical consequences include hyperglycemia, increased appetite 

and weight gain, fluid retention, mood changes, hypertension, peptic ulceration, and aseptic 

necrosis of the femoral head. Long-term side effects include osteoporosis, cataracts, myopathy, 

immunosuppression, and growth failure. In addition to chronic inflammatory conditions, septic 

shock has been sporadically treated in patients with steroids over the past 30 years. The mortality 

of experimental septic shock has not been affected by treatment with higher dose of steroid 

(Chatteijee et al. 2007; Cetinkaya et al. 2009) Results have been conflicting when steroids have 

been used in human trials. Current recommendations for the use of corticosteroids in patients 

with septic shock have been published (Dellinger et al. 2008). However, a large recent trial using 

hydrocortisone reported no improvement in the mortality of septic shock (Sprung et al. 2008). 

An accompanying editorial analyzed the difficulty of previous research in clarifying the 

responsiveness of patients in the septic shock syndrome (Finfer et al. 2008). Meta-analysis of 

published clinical studies in septic shock concluded that there is little if any benefit to the use of 

corticosteroids (Minneci et al. 2004). The mechanism of action of corticosteroids in the 

treatment of inflammatory conditions is related to interaction with the glucocorticoid (GC)
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receptor which inhibits nuclear factor-icB (NF-kB). The physical interaction between NF-kB and 

the GC-occupied GC receptor in the nucleus inhibits its ability to transactive the expression of 

pro-inflammatory genes.

The inhibition occurs by sequestration of p65 associated catalytic subunit of protein kinase 

A, inhibition of phosphorylation of RNA polymerase II and inhibition of NF-kB associated 

histone acetyltransferase activity via recruitment of histone deacetylase 2 (D’Acquisto et al. 

2002). Nuclear factor kB (NF-kB) is known to be an important regulator of numerous cytokine 

genes including Tumor necrosis factor-alpha (TNF-a). Dexamethasone has been shown to inhibit 

NF-kB in experimental models such as adjuvant induced arthritis (Almawi et al. 2002; De 

Bosscher et al. 1997; Tsao et al 1997). Considerable experimental data has accumulated 

implicating TNF-a in the pathogenesis of die septic inflammatory syndrome. In experimental 

animals, early studies demonstrated fatal septic shock syndrome in animals infused with TNF-a 

(Tracey et al. 1987). Antibodies to TNF-a have been effective in preventing experimental gram 

negative shock (Silva et al. 1990). However, subsequent clinical trials in humans utilizing anti- 

TNF-a antibodies were not successful in improving mortality (Reinhart et al. 2001).

In our laboratory, we have developed a microencapsulated drug delivery system 

consisting of drugs contained in albumin polymer matrix. Cells including 

monocytes/macrophages, neutrophils, endothelial cells and dendritic cells are highly phagocytic. 

The phagocytic cells can easily uptake the microparticles of size between 1-7 pm (Ahasan et al. 

2002; Yamamoto et al. 2002). The albumin is crosslinked by glutaraldahyde prior to the addition 

of drug. Therefore, the drug is physically entrapped in the matrix without chemical interaction 

between the drug and albumin. The microcapsules are degraded and release drug intracellularly 

which results in higher intracellular drug concentration. Phagocytic cells initiate pro-
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inflammatory cytokine synthesis after stimulation with endotoxin or live bacteria. Previously, we 

have evaluated the effects of microencapsulation of CNI-1493 and neutralizing antibodies to 

TNF-a and Interleukin-beta (IL-lp). We also have evaluated antisense oligonucleotides to NF- 

kB, antisense oligonucleotides targeting TNF-a, and the antioxidant catalase in the setting of 

endotoxin and bacterial shock.

From these experiments, we have found that microencapsulated drugs which inhibit 

cytokine synthesis by different mechanisms are much more effective in pro-inflammatory 

cytokine inhibition than that of the equivalent concentrations of the drug in solution (D’Souza 

MJ et al 2005; D’Souza MJ et al. 2000; D’Souza MJ et al. 1999; D’Souza MJ et al. 1999; 

Oettinger et al. 2003; Siwale et al. 2009; Uddin et al. 2009). Since dexamethasone has been 

demonstrated to inhibit NF-kB, we evaluated the effect of microencapsulation to determine 

whether the microencapsulation improves the efficacy of the drug in both in vitro pro- 

inflammatory cytokine inhibition and in vivo animal survival in septic shock model.

2.1. Materials and Methods

2.1.1. Materials

Dexamethasone was obtained from Spectra chemicals, Massachusetts, USA. Bovine 

serum albumin (BSA; Fraction V, DNAase, RNAase, and Protease-free) was used as the 

encapsulation matrix and was obtained from Fisher Scientific (Norcross, GA). Glutaraldehyde 

(25% w/w in water) was used as the cross-linking agent and was obtained from Fisher Scientific 

(Norcross, GA). All chemicals used in the study were of analytical grade and were used as 

received. Protease (DNase-free and Rnase-free) was procured from Roche, Nutley, NJ
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2.1.2. Equipment:

The Buchi 191 Mini Spray Dryer (used in the spray drying process of microcapsule 

preparation) was obtained from Buchi Corporation, Newcastle, DE. The Horiba LA920 laser 

scattering particle size distribution analyzer (used to determine microsphere particle size) was 

obtained from Horiba Instruments Incorporated, Irvine, CA. The Malvern Zetasizer Nano ZS (for 

zeta-potential analysis) was obtained from Malvern Instruments, Worcs, UK. The JEOL JSM- 

5800L scanning electron microscope (for surface morphology analysis) was obtained from JEOL 

USA, Peabody, MA. The BioTeK Elx808™ Absorbance Microplate Reader (used for ELISA) 

was purchased from BioTek instruments Inc., Highland Park, Winooski, VT.

2.1.3. Preparation and characterization o f microspheres:

The BSA microspheres with 10% drug (dexamethasone) loading (w/w) were prepared by 

pre-crosslinking of 2% w/v solution of BSA in deionized water with glutaraldehyde. The 

sodium salt of dexametasone, with respect to BSA was then added, and the solutions were spray- 

dried using a Buchi 191 mini spray dryer (Buchi, Corporation, Newcastle, DE). The 

microspheres were characterized by zeta-sizer and scanning electron microscope (SEM) to 

determine the size, surface morphology and surface charge. The content analysis of the 

microsphere was carried out with HPLC. The drug microspheres were gently crushed and diluted 

in phosphate buffered saline (PBS) -  fetal bovine serum (FBS) sample buffer and the contents 

were analyzed by HPLC (Kwame et al. 2009). The extracted drug was quantified using HPLC 

using a standard curve. In HPLC, a C-18 column and a mixture of acetonitrile and methanol was 

used as mobile phase in an isocratic system. The analysis shows drug content was 95.7% of
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theoretical drug loading (10%). Therefore 100 mg of dexamethasone microsphere contains 9.57 

mg of drug (dexamethasone).

4.2.4. In-Vitro whole blood study

A whole blood model was used to evaluate the degree of cytokine inhibition as previously 

described (Oliver et al. 1993). This method has been used to compare the inhibition of 

comparable doses of a compound in solution and microencapsulated form after endotoxin 

stimulation. The kinetics of pro-inflammatory cytokine release in this model is similar to that 

described in the human after low dose endotoxin administration. In this model, circulating 

phagocytic cells take up microparticles which then release the drag intracellularly and produce 

an effect. A 10 cc blood sample was collected from 10 normal healthy human volunteers. The 

blood from each individual was then divided into aliquots of 1 ml. Samples were then incubated 

with dexamethasone in solution, microencapsulated dexamethasone and blank microcapsules. 

Dexamethasone in concentrations of 10‘3 M, 10'2 M and 10'1 M in solution or microencapsulated 

form and E.coli endotoxin 100 pg was added to each sample. In solution group, 10"1 M 

dexamethasone solution was prepared which was then serially diluted to 10‘2 and 10'3 M 

concentration. In the microsphere group, since the drag content is 9.57%, 409 mg 

dexamethasone microsphere was added which is equivalent to 10"1 M. Similarly, 40.9 and 4 mg 

of microspheres were added which are equivalent to 10‘2 and 10‘3 M respectively. The cytokine 

TNF-a level was determined using Human Quantikine ® HS cytokines immunoassay (ELISA) kit 

(R & D Systems, Minneopolis, MN) and microplate reader (BioTek, US). Tumor necrosis factor- 

alpha (TNF-a) was determined at 4 hrs, IL-ip at 24 hrs, IL-6 at 6 hrs, and IL-8 at 8hrs.
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The time points represent the maximum concentrations of the cytokine and were 

determined according to previous literature (Oliver et al. 1993). The final average cytokine level 

was obtained from six reproduced values.

4.2.5. In vivo study

4.2.5.1. Animals

Male Sprague-Dawley Rats of 4 to 6 weeks old approximately weighed 150-200 g were 

obtained from Charles-River Laboratories. The rats were quarantined for two weeks before the 

study. All rats were housed in a temperature and humidity controlled environment with a 12 hour 

light and dark cycle and were offered food and water ad libitum. In the solution group, 600 pg 

of dexamethasone in 100 pi solution was administered to a rat weighing 200 gm. Similarly, for 

150 gm animal, 450 pg of dexamethasone in 100 pi solution was administered. In microsphere 

group, since the drug content is 9.57%, 6.29 mg of dexamethasone microsphere in suspension 

form was administered to a 200 gm animal. Similarly 4.71 gm of dexamethasone microsphere in 

suspension form was administered to a 150 gm animal. All the animal experimentations were 

carried out as by approved protocols from the Mercer University Institutional Animal Care and 

Use Committee (IACUC). Blood samples were collected by tail vein bleeding procedure 

according to IACUC protocol.

4.2.6. Peritonitis model

4.2.6.1 E. Coli bacteria growth quantification

The number of bacteria injected was determined using standard curve obtained from the E. 

Coli. bacteria by using MRS broth. A stock solution of E.Coli. bacteria of 105 concentration was
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diluted to 104, 103, 102 and 10 and read at 680 ran using a UV-Vis spectrophotometer. The same 

dilutions were plated on MRS agar. The culture plates were then incubated for 72 hours, at 37° C 

and 5 % CO2. The plate count was done after 72 hours of incubation. A standard curve of 

absorbance versus concentration determined the dose of bacteria given to individual animal.

4.2.6.2. Peritonitis Study Design:

The peritonitis study consisted of four groups: 1.) control (blank microsphere group), 2.) 

dexamethasone solution with gentamicin, 3.) dexamethasone microspheres with gentamicin and 

4.) gentamicin group. Gentamicin was administered to all groups for the treatment of peritonitis. 

In control group or group 1, ten rats were injected with 1010 organisms of E.Coli bacteria 

intraperitoneally to induce peritonitis. Rats were then simultaneously administered blank 

microsphere for five days. In solution group or group 2, ten rats were injected with 1010 

organisms of E.Coli bacteria intraperitoneally to induce peritonitis. The rats were administered 

gentamicin (15mg/Kg) and dexamethasone solution (3mg/kg) twice a day and were treated for 

five days. Ten rats of microsphere group or group 3 were injected with 1010 organisms of E.Coli 

bacteria and simultaneously administered gentamicin (15mg/Kg) plus dexamethasone 

microspheres (31.3 mg/kg, which contain 3mg/kg drug). The rats were treated for five days. 

Similarly, ten rats of gentamicin group or group 4 were injected with 1010 organisms of E.Coli 

bacteria and administered gentamicin (15mg/Kg) and treated for five days. The cytokine TNF-a 

was measured at 4 hours and IL-ip at 24 hours after the induction of peritonitis.
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4.2.7. Cytokine analysis:

In peritonitis groups, TNF-a and IL-B cytokine levels were analyzed in blood samples 

obtained at 4 and 24 hours post drug administration by ELISA which has been described in 

section 2.4. In past experiments using the peritonitis model, TNF-a was found to reach maximum 

values at 4 hours after introduction of the infection, IL-lp reached maximum levels at 24 hours 

(Milton et al. 1999).

4.2.8. Statistical analysis:

ANOVA was used to determine the presence of significant differences among the 

statistical groups. A ‘p’ value of <0.05 was considered to be significant.

4.3. Results

4.3.1. Preparation and characterization o f microspheres:

The microspheres were prepared using albumin polymer matrix in a one step spray 

drying method previously developed and used in our laboratory (Uddin et al. 2009; Gayakwad et 

al. 2009; Bejugam et al. 2008; Siwale et al. 2008). The size and shape of the microspheres were 

determined by scanning electron microscope (SEM) (figure 4.1) and zeta sizer.
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Figure 4.1: The scanning electron microscope (SEM) image of dexamethasone microspheres.

According to SEM, the mean size of the microsphere was less than 4 Jim with uniform 

spherical shape and smooth surface. The average size determined by the zeta sizer which was 3.4 

micron and falls in the range of the size obtained by SEM. The microspheres were prepared in 

one batch for all the in vitro and in vivo experiment of the project. The drug loading in 

microsphere was 10% and the obtained yield of product of microsphere was 60%. The content 

analysis by HPLC shows the drug content was 95.7% of the theoretical drug amount in the 

microsphere. Therefore, the dose for the in vitro and in vivo experiment was determined by 

calculating the amount of drug present in the microsphere. The size of the microsphere is 

appropriate to be uptaken by phagocytic cells since the size is in the range of 1-7 pm (Ahsan et



al. 2002, Makino et al. 2003, and Yamamoto et al. 2002). The zeta potential of the microsphere 

was -  25.8 mV. A zeta potential of 30 mV or -  30 mV is necessary to produce a stable 

suspensions that will contain dispersed microparticles (Malvern Instrument).

4.3.2. In vitro studies:

The levels of TNF-a, IL-6, IL-8 and IL-lp were determined by ELISA using concentrations 

of dexamethasone 10'1, 10'2 and 10'3 M in the whole blood study as previously described. In all 

the cases, cytokine levels are highest for the blank microsphere group. The microencapsulated 

dexamethasone group shows significantly lower level of cytokine than the solution group in each 

concentration of dexamethasone (table 4.1). In all concentrations, the microencapsulated 

dexamethasone produced greater cytokine inhibition. The cytokine levels in different 

dexamethasone concentrations of 10'1,10'2 and 10*3 M are represented in figures 4.2 to 4.5.
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Table 4.1: Percent reduction of different cytokines in microencapsulated and solution form of 

drug in whole blood in vitro study:

Cyto
kine

Formulation
Dexamethasone concentration

10'1 M 0* M 10'3M
Avg.
Level
(pg/cc)

SD %of
Reduc
tion

Avg.
level
(pg/cc)

SD %of
Reduc
tion

Avg.
level
(pg/cc)

SD %of
Reduc
tion

TNF-a Microsphere 90.7 7.6 84 115.2 10.2 80 138.2 12.5 76

Solution 236.8 17.6 59 273.2 27.0 53 317.7 19.4 43

DL-ip Microsphere 99.2 11.3 93 118.5 9.8 93 140.2 17.4 91

Solution 646.0 21.2 59 723.2 25.1 55 888.5 33.9 44

IL-6 Microsphere 86.3 6.9 83 108.0 8.1 81 130.0 25.0 75

Solution 224.3 14.3 57 248.5 15.3 51 298.5 13.7 42

IL-8 Microsphere 76.2 5.4 81 95.2 7.3 76 113.8 22.5 72

Solution 190.8 12.2 51 212.0 11.5 45 224.7 23.0 44
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Effect of Dexamethasone on TNF-a levels at 4 hours post
exposure to LPS with microsphere and solution formulation
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p<0.05 from corresponding control group

Figure 4.2: Effect of different concentrations (10', 10 ', and 10 M) of microspheres and 

solution form of dexamethasone and blank microsphere on TNF-a cytokine level at 4 hours post 

exposure to LPS (100 pg) in whole blood model.
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Figure 4.3: Effect of different concentrations (10"1, 10"2, and 10’3M) of microspheres and 

solution form of dexamethasone and blank microsphere on IL-8 cytokine level at 8 hours post 

exposure to LPS (100 pg) in whole blood model.
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Figure 4.4: Effect of different concentrations (10'1, 10'2, and 10'3M) of microspheres and 

solution form of dexamethasone and blank microsphere on IL-6 cytokine level at 6 hours post 

exposure to LPS (100 pg) in whole blood model.
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Effect of Dexamethasone on IL-ip levels at 24 hours post
exposure to LPS with microsphere and solution formulation
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Figure 4.5: Effect of different concentrations (10'1, 10‘2, and 10‘3M) of microspheres and 

solution form of dexamethasone and blank microsphere on IL-ip cytokine level at 24 hours post 

exposure to LPS (100 pg) in whole blood model.
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4.3.3. Peritonitis model:

The results of the peritonitis study are depicted in Table 4.2. There were ten animals in 

each group. After performing the ANOVA test, the results showed that the statistical F value is 

greater the critical F values, which indicates the mean of groups are different. Also, the ‘p ’ value 

was less than 0.05, which was determined by ANOVA test using F statistics and proves the 

statistical significance of the data and were compared among all the groups. The ‘p’-value is the 

probability value to accept or reject the test hypothesis. In the group of animals treated with 

microsphere dexamethasone and gentamicin, 90% of the animal survived for 5 days. In the group 

of rats treated with dexamethasone in solution plus gentamicin, 40% of the animal survived for 5 

days. Whereas, in the group treated with gentamicin alone, there was only 30% survival. In the 

control group all the animals died in five days. The cytokine levels of TNF-a and IL-1(3 are 

shown in figure 8. There was a significant reduction in both TNF-a and IL-ip levels in the 

microencapsulated dexamethasone group compared to group treated with dexamethasone in 

solution and antibiotic alone.

Table 4.2: Survival rate of animals in peritonitis study:

Animal groups Survival rate
Simultaneous dexamethasone microsphere + E.Coli. 9/10 survived (90% )

Simultaneous dexamethasone solution + E.Coli. 4/10 survived (40%)

Antibiotic + E.Coli 3/10 survived (30%)

Control group 0/10 survived (0%)
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Effect of Dexamethasone on TNF-a and IL-ip cytokine levels in
microsphere and solution form in an m vivo rat model
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Figure 4.6: Effect of treatment groups in peritonitis model: control, microencapsulated 

dexamethasone plus gentamicin, dexamethasone in solution plus gentamicin and antibiotic alone.
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4.4. Discussion

In this study, we have demonstrated the ability of microencapsulated dexamethasone to 

improve the inhibition efficiency of Tumor necrosis factor-alpha (TNF-a), Interleukine-one beta 

(IL-IP), Interleukin-six (IL-6), and Interleukin-eight (IL-8) in a whole blood model of endotoxin 

induced cytokine stimulation. When used in a bacterial peritonitis model of septic shock, there 

was both significant inhibition of TNF-a and IL-ip and markedly improved animal survival 

compared to an equivalent dose of dexamethasone given in solution. The result indicates that the 

high intracellular concentration of dexamethasone produced by intracellular delivery in albumin 

microspheres was more effective in pro-inflammatory cytokine inhibition.

In a previous experiment, the stimulation of whole blood with endotoxin has been used as a 

model in characterizing the sequence of release of pro-inflammatory cytokines (Oliver et al. 

1993). In this model, the highest peak level of TNF-a occurs at 4 hours, IL-lp and IL-8 at 24 

hours, and IL-6 at hours 6 hours after the endotoxin stimulation. Also, incubation of whole 

blood with albumin microcapsules results in rapid uptake of the microcapsules by macrophages 

after 2 hours of incubation (D’ Souza et al. 2005). In studying the effect of microencapsulated 

drugs in this model, we have found that microencapsulation improves the effect of neutralizing 

antibodies to TNF-a and IL-ip, CNI-1493, antisense oligonucleotides to TNF-a and NF-kB and 

most recently the antioxidant catalase (Oettinger et al. 2003; D’Souza et al. 1999; D’Souza et al 

1999; Siwale et al. 2009; Milton et al. 1999). Microencapsulation of these drugs has translated to 

improved survival in the peritonitis model of septic shock in rats. These observations confirm the 

important role of TNF-a in the septic shock syndrome. In our current studies, similar results were 

obtained. Microencapsulated dexamethasone suppressed TNF-a, IL-ip, IL-6 and IL-8 to a much 

greater degree than a equivalent concentration of dexamethasone in solution. This demonstrates
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that intracellular delivery of dexamethasone is considerably more effective in pro-inflammatory 

cytokine inhibition in-vitro.

Corticosteroids have been used in the treatment of inflammatory conditions for decades. The 

use of corticosteroids in the septic shock syndrome has been controversial. A recent large 

clinical study demonstrated no significant survival benefit to the use of corticosteroids. In 

experimental animals, high doses of steroids are also ineffective in improving animal survival in 

septic shock models. We therefore have evaluated whether microencapsulation of 

dexamethasone, would be more effective in the treatment of bacterial septic shock. In this study, 

the animal mortality rate was 100% in the peritonitis induced by the injection of E.coli into the 

peritoneal cavity. When gentamicin was given, the survival rate was only 30%. When 

gentamicin with dexamethasone in solution were introduced, the survival rate increased to 40%. 

Gentamicin with dexamethasone microsphere increased the survival rate to 90%. The cytokine 

levels of TNF-a and IL-ip were also significantly suppressed by the microencapsulated 

dexamethasone. TNF-a has been found to be directly involved in peritonitis inflammation. Song 

et al (2009) has shown that in acute liver failure in infected mice, the abnormalities in the 

intestinal mucosa were positively correlated with serum TNF-a level. TNF-a was responsible for 

the tight junction disruptions, epithelial cell swelling, and atrophy of intestinal villi in peritonitis 

(Song et al. 2009). The IL-1J3 release also has been found to contribute to inflammation such as 

in subcutaneous air pouch and peritoneal models of acute gout and pseudogout (Torres et al. 

2009). Thus the significant reduction of TNF-a and IL-lp levels is associated with the higher 

survival rate of the peritonitis in animals treated with microencapsulated dexamethasone. These 

results demonstrate the effectiveness of microencapsulated dexamethasone in the treatment of an 

otherwise fatal dose of infection in a severe model of septic shock. The benefits of
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microencapsulated drug delivery to phagocytic and endothelial cells have been delineated in our 

previous work. Previously we have determined that cytokine inhibition is potentiated by 

microencapsulated TNF-a and IL-ip neutralizing antibodies, CNI-1493 (a guanlyhydrazone 

compound), antisense oligonucleotides to both TNF-a and NF-kB and most recently the 

antioxidant catalase. These compounds have also been found to inhibit cytokines in the whole 

blood model to a greater degree compared to equivalent concentrations of the drug in solution. In 

both endotoxic shock model and septic shock model with E.coli and Staphlococcus aureus 

induced peritonitis, 70-100% survival has been observed. In all cases, the delivery of the dmg 

intracellularly to phagocytic cells has improved the effectiveness of the drug. It was also 

observed that microencapsulation of drug has produced 7 to 10 fold increases in both cases of 

antisense oligonucleotides and catalase (Siwale et al. 2009; Oettinger et al. 2007). One of the 

reasons of enhanced efficiency of the dmg after microencapsulation in cytokine inhibition is the 

increased attraction of the microparticles at the site of infection. Previous studies have 

demonstrated increased concentration of drag containing microcapsules localized in the area of 

peritonitis (Milton et al. 1999). The microcapsules are also phagocytozed by endothelial cells. 

Inhibition of TNF-a synthesis by endothelial cells by antisense oligonucleotides to NF-kB after 

endotoxin stimulation was able to decrease endothelial cell permeability in vitro (Zhaowei et al. 

2007). Finally, the microcapsules penetrate to over 90% of macrophages in liver, spleen, and 

lung (D’Souza et al. 1999). These combined characteristics of microencapsulated drag delivery 

potentiate the effect of any cytokine inhibiting drug.

An important mechanism of the inhibition of inflammation by dexamethasone is the 

interaction of the glucocorticoid with the intracellular glucocorticoid receptor which inhibits NF- 

kB (Nissen et al 2000). NF-kB is the nuclear transcription factor which is inactive in the
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cytoplasm when bound with I-kB. Various stimuli, including endotoxin, cause a series of 

molecular events leading to the separation of the inhibitory factor I-kB with subsequent 

translocation of NF-kB to the nucleus. NF-kB then stimulates synthesis of TNF-a, IL-ip and 

many other substances participating in the inflammatory response. Dexamethasone after 

interaction with the glucocorticoid receptor potentiates the effect of I-kB (Neeck et al. 2002; 

Hayashi et al. 2004; Crinelli et al. 2000). In all of our studies, inhibition of TNF-a and IL-ip has 

correlated with improved animal survival in this model using cytokine inhibition drugs of 

different mechanisms. The dexamethasone was entrapped in albumin polymer matrix allowing 

slow and controlled release of the drug. The process of resulting crosslinking of BSA polymer 

prevents interaction of active amine groups with microencapsulated, dexamethasone. Therefore, 

there is no formation of chemical bond between dexamethasone and microsphere. It is the 

physical mixture which makes it possible to allow the slow intracellular release of 

dexamethasone as the albumin is degraded. Microencapsulated dexamethasone has a powerful 

effect in the inhibition of pro-inflammatory cytokines. However, the long term use of high dose 

corticosteroids is associated with many undesirable side effects including hypertension, 

gastrointestinal bleeding, cushinoid appearance, diabetes and osteoporosis. Nonetheless, 

dexamethasone is an inexpensive drug which may be useful in the treatment of inflammatory 

conditions when given in microencapsulated form. Intracellular delivery of microencapsulated 

dexamethasone to phagocytic cells may reduce the systemic complications of steroid therapy by 

minimizing general metabolic exposure of the microprticles to other cell types. Further studies 

will be needed to evaluate these possibilities.

79



4.5. Conclusion

These results demonstrate greatly improved pro-inflammatory cytokine inhibition by 

microencapsulated dexamethasone in a severe model of infection. We have concentrated on 

physiologic endpoints of TNF and IL1 inhibition with improved animal survival as our proof of 

principle. Intracellular delivery of many drugs improves the effectiveness of pro-inflammatory 

drugs as previously described. Dexamethasone is a well known NF-kB inhibitor though the 

mechanism is evolving with more complicated inhibitory processes described in recent literature. 

The exact molecular mechanism of dexamethasone for the inhibition of TNF-a and IL-lb has yet 

to be fully elucidated. Further studies are required to determine if there is clinical benefit in the 

microencapsulated delivery of dexamethasone in human disease states.
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CHAPTER 5

DEVELOPMENT OF PARTICULATE FORMULATION OF HUMAN 
PAPILLOMAVIRUS (HPV) VACCINE FOR ORAL ADMINITRATION FOR

CERVICAL CANCER

5.1. Introduction:

With nearly 500,000 new cases and 274,000 deaths annually, cervical cancer is the 

second most common cancer among women. The global burden of disease is strikingly 

disproportionate (>80%) in resource poor developing countries (Cutts et al. 2007). Human 

papillomavirus, HPV, which is sexually transmitted, is a necessary factor for the development of 

cervical cancer. Over a 100 types of HPV have been discovered, of which HPV 16 and 18 (high- 

risk types) are known to cause 70% of cervical cancers worldwide, and HPV 6 and 11 are the 

predominant low-risk types that cause genital warts and RRP. Currently, two prophylactic 

vaccines, Gardasil® (Merck, USA) and Cervarix® (GlaxoSmithKline, UK) are available and 

recommended for mass immunization of female adolescents. Both vaccines consist of the 

immunogenic LI Viral Like Particles (VLP) of HPV 16 and 18, with Gardasil including types 6 

and 11 also. The vaccines are administered intramuscularly (i.m.) and require multiple doses. The 

current vaccines have been shown to be greater than 90% effective against HPV16/18-associated 

cancer precursors in vaccinated cohorts in clinical trials (Einstein et al, 2009). Virus-like 

particles, VLPs, which are made from LI (major capsid protein) of HPV, are preferred antigens 

as they are potent immunogens that induce an elevated immune response to infection (Hannah et 

al, 2008). For the most part, VLPs elicit a type-specific response making it necessary to have a 

multivalent vaccine to confer broad range of protection. Several recent studies have found that
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L2 (minor capsid protein) based vaccine formulations generate broad cross-reactive immunity 

against HPV (Richard et al, 2000 and Jagu et al, 2009). Although these antigens are less 

immunogenic than VLP, and so alternative strategies to boost the immune response are still 

necessary for their success. While both Gardasil and Cervarix are shining examples of bench to 

bedside research, these vaccines have significant drawbacks that will limit their applications in 

the settings where they are most needed. The vaccines are expensive, require cold chain storage 

and trained personnel to administer injections. The use of particulate vaccines could address the 

above limitations as they are stable at room temperature, inexpensive to produce and distribute to 

resource poor regions and can be administered orally without the need of adjuvants in the 

formulation. Oral vaccines have the added potential to stimulate mucosa-associated lymphoid 

tissue located in digestive tract and the gut associated lymphoid tissue, both of which are 

important for the induction of effective mucosal response against many viruses (Sasagawa et al 

2005). HPV being mucotropic, an elevated mucosal immune response could serve as the first line 

of protection against infection. Alternative immunization routes for HPV that have been 

investigated, include intranasal as well as oral administration of HPV VLPs in solution form 

revealing the potential for mucosal immunization with HPV VLPs in inducing a neutralizing 

antibody response and LI-specific cytotoxic T-lymphocytes (Thones et al, 2007 and Gerber et al, 

2001). Also, recombinant clones of attenuated Salmonella enterica (serovar Typhi and 

Typhimurium) strains expressing HPV-16 and HPV-18 LI antigens were shown to induce a 

strong immune response, and is currently in pre-clinical testing phase for oral or mucosal 

administration (Fraillery et al, 2007 and Padmanabhan et al, 2010). But, the oral vaccine 

formulations without adjuvant have thus far require large amounts of antigen compared to i.m. 

route when delivered in solution form. Particles may provide enhanced intracellular
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concentrations, controlled release of drug, and offer reduced number of doses. The adjuvant like 

properties of these particles also enhances the immune response due to their targeting capability 

of the M-cells in Peyer’s Patches. All of which could circumvent the issues with currently orally 

administered VLP solution vaccines. In this research paper, we propose to formulate a 

nanoparticle based HPV16 VLP vaccine for oral administration that would potentially induce 

both systemic and mucosal immunity against HPV16 infection.

5.2. Methods and materials:

5.2.1. Materials:

Virus like particle was prepared at HPV serology laboratory, Center for Disease Control 

and Prevention (CDC), Gardasil was obtained from GSK (USA), Pilocarpine was obtained from 

Sigma-Aldrich (MO, USA), Eugragit (S 100) was obtained from GmbH & Co. Germany, 

Hydroxypropyl methyl cellulose (HPMC) was obtained from Sigma-Aldrich, MO, USA, 

Trehalose was obtained from Sigma-Aldrich, MO, USA, Alauria laurentia lectin (AAL) was 

ontained from Vector Laboratories, Burlingame, CA, and Glycol Chitoan from Sigma-Aldrich, 

St. MO, USA. All chemicals used in the study were of analytical grade and were used as 

received.

5.2.2 Equipment:

The Buchi 191 Mini Spray Dryer (used in the spray drying process of microcapsule 

preparation) was obtained from Buchi Corporation, Newcastle, DE. The Horiba LA920 laser 

scattering particle size distribution analyzer (used to determine microsphere particle size) was 

obtained from Horiba Instruments Incorporated, Irvine, CA. The Malvern Zetasizer Nano ZS (for
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zeta-potential analysis) was obtained from Malvern Instruments, Worcs, UK. The JEOL JSM- 

5800L scanning electron microscope (for surface morphology analysis) was obtained from JEOL 

USA, Peabody, MA..

5.2.3. VLP Preparation and Characterization:

HPVI6 VLPs, containing LI and L2 capsid proteins, were produced in human embryonic 

kidney cells 293TT and further purified using optiprep gradient centrifugation (Pastrana et. al 

2004). Briefly, HPV 16 VLPs were produced using plasmid pl6Llh and pl6L2h which encodes 

HPV16L1 and HPV16L2 transfected into HEK 293 TT (Received from John T.Schiller, NCI, 

NIH). The crude VLP stocks were recovered by cell-lysis after 48 h incubation and further 

purified using Optiprep (Sigma-Aldrich, St. Louis, MO) gradient. The fractions containing the 

purified VLPs are first identified using westem-blot to detect presence of LI. The selected 

fractions were than quantitated for total protein content using Coomasie Plus (Bradford) Protein 

Assay kit (Thermo Scientific). The conformation of the VLPs in these fractions were further 

evaluated using a Quality control ELISA (WHO HPV laboratory manual) which uses type 

specific H18.J4 antibody. Those fractions that have reactivity equal to or higher than the lab 

reference VLP pool were considered to be of good quality. Finally, we also look at transmission 

electron microscopy images of the individual fractions to visualize VLP conformation before 

combining all selected fractions into one VLP pool.

5.2.4. Microsphere preparation and characterization:

The HPV particulate vaccine was prepared in a simple one step spray drying process 

using a Buchi spray dryer. Preparation of VLP microspheres with 0.5% drug loading (w/w) was 

obtained by dissolving the Eudragit polymer ( S 100, Rohm GmbH & Co. Germany) then 24%
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Hydroxypropyl methyl cellulose (HPMC) ( Sigma, St. Louis, MO), 5% Trehalose (Sigma, St. 

Louis, MO), 0.1% Alauria laurentia lectin (AAL) ( Vector Laboratories, Burlingame, CA), 

andl% Glycol Chitoan (Sigma-Aldrich, St. MO) was added to the solution and stirred for 30 

minutes. Then the solution was spray-dried in a Buchi 191 mini spray dryer (Buchi, Corporation, 

Newcastle, DE) with inlet temperature and outlet temperature settings of 110 C and 80 C, 

respectively. The particle sizes and size distributions were measured using a Horiba LA920 laser 

scattering particle size distribution analyzer (Horiba Instruments Inc, Irvine, CA) using a 

suspension (1 mg/ml) of the particles in Milli-Q ultra pure water. The zeta potential was 

measured using a Malvern Zetasizer Nano ZS (Malvern Instruments, Worcs, UK) with a 

suspension (500 mg/ml) of VLP particle in Milli-Q ultra pure water. The size, shape and surface 

morphology of the particles was determined by scanning electron microscopy (SEM) and the 

surface charge was determined by the Malvern Zetasizer. In the particle, the presence of VLP 

was determined using SDS-SDS-PAGE analysis and quantified using Western blot. VLP 

conformation was ascertained by transmission electron microscopy (TEM). The blank 

microsphere was also prepared in similar procedure.

5.2.5. SDS-PAGE and Western blot analysis:

Two dilutions of the resuspended microsphere preparations (test sample) along with a 

standard curve of known amounts of purified HPV16 VLPs in PBS (positive control) and HPV16 

VLPs spiked into blank microsphere suspension were loaded onto the gel. PBS and resuspended 

blank microspheres served as negative control samples on the gel. Commercially available 10% 

Tris.HCl gels (Biorad ) were used to perform the SDS-PAGE. All blue precision standard 

(Biorad) was used as the protein standard. After electrophoresis, the gel was transferred to the
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nitrocellulose membrane using the i-blot system (Invitrogen). Detection of the band of interest 

was performed as follows.. The membrane was blocked with 5% skim milk in IX PBST (PBS, 

pH7.4,0.1% Tween 20)for 1 h on a rotator at room temperature (RT). After removal of blocking 

solution, Camvir (mouse anti-HPV16 LI, Abeam Ltd.) was added at a 1:2000 dilution in 5% 

skim milk in IX PBST and incubated for 1 h on a rotator at RT. A quick rinse with IX PBST 

was performed, followed by a total of 4 washed in IX PBST for 5 minutes each. Next, FITC 

labeled goat anti-mouse antibody was added at 1:1000 in 5% skim milk in IX PBST. The 

membrane was covered with foil to avoid light exposure and incubated for 1 h on a rotator at RT. 

The wash cycles were repeated as above. The membrane was then scanned on the Typhoon 

imager (GE healthcare). Quantitative analysis of HPV16 LI within the microspheres as 

visualized on the membrane was performed using the Image Quant 5.2.

5.2.6. Animal study:

Swiss Webster female mice of 4 week old were purchased from Charles River 

(Massachusetts, USA). The mice were maintained in an air-conditioned room, and supplied with 

sterile chow and water in the animal facility of the Pharmacy department, Mercer University. 

All animal procedures were performed according to the Guidelines for the Care and Use of 

Laboratory Animals of Mercer University. There were total of eight groups with six mice in each 

group. The groups include 1. Blank microsphere group (i.m.) 2. Blank microsphere (oral), 3. 

Gardasil group, 4. PBS group, 5. VLP microsphere (Oral), 6. VLP microsphere (I.m.), 7. VLP 

solution (Oral) and 8. VLP solution (i.m.).
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5.2.7. Sample collection:

The blood, vaginal wash, saliva and fecal samples were collected for systemic and 

mucosal IgA and IgG antibody detection. Samples were collected according to the IACUC 

animal protocol approved by the Mercer University. The blood samples were collected using 

facial vein. The samples were then centrifuge in 12000 rpm to separate the serum and preserved 

in -80 C until used for ELISA. For vaginal wash, 1% BSA (w/v) solution was prepared with 

PBS. A protease inhibitor was added to this solution. Using a Gilson pipette 100 pi of the 

solution was placed in vagina and was taken out. This process was repeated for ten times and 

then preserved at -80 C until used for ELISA. For saliva sample collection, the mice were 

injected pilocarpine (5mg in 15mL) inerperitoneally. The saliva was then collected using cotton 

swab and placed in small eppendorf tube which had a hole in bottom. The small eppendrof tube 

was then placed in a large eppendorf tube which was then placed in centrifuge machine and spun 

in 12000 rpm. The saliva was collected in the large eppendorf tube and 1% BSA solution was 

added to it.

5.2.8. Antibody detection by ELISA:

Half-area microtiter plates (Coming) were coated overnight at 4°C with HPVI6 VLP 

diluted to 0.5pg/ml in PBS. Serum samples were thawed on ice on the day of testing. The plates 

were washed four times with PBST (PBS-0.1% Tween 20) using an automated plate washer 

(ELx 405, Biotek). Plates were blocked for 1 h with blocking solution (TBST [10 mM Tris.Cl 

pH 8.0, 0.15 M NaCl, 0.5% Tween 20,] with 10% goat serum [Life Technologies] and 50% 

SuperBlock [Pierce]) at room temperature (24°C± 2) on a lab rotator set at 60 rpm. After the 

blocking step, plates were washed four times with PBST. Sera (both controls and test sera) were
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3-fold serially-diluted starting at 1:31.6 for a total of 6-10 dilutions in sera diluent (TBST with 

10% goat serum, 10% Super-Block). 50pl of each dilution were added to the washed VLP and 

Blank plate respectively and incubated at 37°C for 1 h in the plate incubator (Millenium 2000, 

Jencons). Plates were washed four times with PBST. Next, 100 pi of anti-mouse IgG conjugated 

to alkaline phosphatase (Santa Cruz Biotechnology) diluted in conjugate diluent (in TBST with 

10% goat serum, 10% Super-Block) was added at an optimized dilution of 1:2000. Following 2 h 

of incubation with conjugate at 37°C, plates were washed four times with PBST. Substrate 

solution (2 mg/ml) was prepared by dissolving alkaline phosphatase substrate tablets (Sigma) in 

substrate buffer (0.1 M NaHCOs, 0.01 M MgCl2, pH 9.5). 50 pi of substrate was then added to 

each well. Plates were incubated at room temperature (24°C± 2) on a lab rotator set at 60 rpm. 

The reactions were detected at 45 min by absorbance (OD) readings at 405 nm with an 

automated plate reader Wallac-Victoi2™ (Perkin Elmer). The absorbance was calculated 

according to the WHO’s human papillomavirus manual (WHO, 2009). The cut-off value was 

established as average + 3SD of the OD of serum from PBS mice. For a given sample within 

each group, the highest dilution of sera that had an OD above COV was considered as final 

positive titer. For each group, the final antibody titers were averaged to give the geometric mean 

titer, and compared between weeks.

5.3. Results:

5.3.1. Particle preparation and characterization:

The microspheres were prepared using Eudragit polymer matrix in a one step spray 

drying method previously developed and used in our laboratory (Uddin et al. 2009; Gayakwad et 

al. 2009; Bejugam et al. 2008; Siwale et al. 2008). The size and shape of the microspheres were
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determined by scanning electron microscope (SEM) (figure 1) and Malvern zeta sizer. The drug 

loading in microsphere was 0.5% and the obtained yield of product of microsphere was 60%. 

The zeta potential of the microsphere was - + 1 1  mV. A zeta potential of high positive or high 

negative is necessary to produce a stable suspensions that will contain dispersed microparticles 

(Malvern Instrument).HPV16 Virus like particle in 453 microgram/mL in optiprep solution was 

used as antigen.

Figure 5.1: Scanning electron microscope (SEM) image of VLP microsphere. The size ranges 

from 100 nm to 6 pm.
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5.3.2. Content analysis ofVLP microsphere:

To detect the VLP in microsphere the SDS-Page gel analysis and western blot was 

performed. The results showed a smear band. The Gel analysis was conducted to detect the 

presence of the LI protein in the particle. 10% Tris-HCl ready gel was for SDS-page gel 

analysis. A standard (Blue standard) was used which ranges from 10 kD to 250 kD. The VLP 

microspheres and the blank microspheres bands were smear. Eudragit polymer which has a wide 

range of molecular weight with maximum of 125 kD cause the smear in the gel. Therefore we 

planned to conduct western blot for detection of protein.

10.19.10
SDS-PAGE AND WESTERN BLOTTO EVALUATE THE HPV16 EUDRAGIT 
ORAL VACCINE

Lane I

55
kD Lane 2: HPV16 Eudragit oral 

vaccine (1 pg) - no band only a  
sm e a r-  possibly interaction o f 
polym er w ith gel o r  protein 
degradation?

Lane 1: HPV 16147  pool (lpg) +ye^ 
55Kda Band

Lane 3: S tandard ( All Blue Precision 
Plus)

Figure 5.2: SDS-Page and Western blot for evaluation of HPV 16 Eudragit Oral vaccine.
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The Western blot was performed to evaluate the presence of LI protein thereby to confirm 

that the vaccine was encapsulated. The antibody anti-HPV 16 LI (camvir) was used as primary 

antibody and Goat anti-mouse IgG HRP conjugate KPL was used as secondary antibody. The 

Western blot was performed to evaluate the presence of LI protein thereby to confirm that the 

vaccine was encapsulated. The antibody anti-HPV 16 LI (camvir) was used as primary antibody 

and Goat anti-mouse IgG HRP conjugate KPL was used as secondary antibody. In the second 

western blot the particulate vaccines which was suspended in two pH of 7.4 (Lane 7) and 8.0 

(Lane 8) shows the bands. There were two other bands in both of the lanes with lower molecular 

weight. The western blot shows the presence of the LI protein in the microsphere.

W estern blot

Prim ary Antibody: Camvir-1 (1:2000) ;Secondary Antibody:

G oat-an ti m ouse  IgG HRP conjugate  (1:3000)

L an e l: HPV 16147  pool 
(lug ) +ve 55Kda Band

Lane 2: HPV 16 Euradigit 
oral vaccine (1 pg) -  no 
band

Lane 1 2  3

Figure 5.3: Western blot analysis to detect the VLP in Eudragit Oral vaccine.
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Electron microscope (EM) images were taken on pure VLPs, suspension of Eudragit 

microparticles and only Eudragit polymer. The image shows the presence some spherical VLPs 

in the microparticle suspension along with some degraded and clustered protein. The presence of 

spherical VLP forms of the vaccine indicate that the vaccines are active in the microsphere. In 

order for the vaccines to be active, it is very important that VLPs retain their conformation. 

Transmission electron micrographs showing 50 nm icosahedral shaped particles confirmed that 

the VLPs were intact within the polymer matrix used (Figure 5.4b). These images were also 

compared to TEMs of purified VLPs (before being spray dried), to show that the sample integrity 

was maintained during the spray drying process (Figure 5.4a). 5.4 c figure shows the EM image 

of Eudragit only.
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Figure 5.4a: Transmission electron microscope (TEM) image of pure VLP.
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Figure 5.4b: Transmission electron microscope (TEM) image of suspension of VLP containing

Eudragit microsphere.
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Figure 5.4c: Transmission electron microscope (TEM) image of Eudragit.
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The quantification of the VLP in Eudragit microsphere was conducted using western blot. 

Western blot analysis confirmed the presence of HPV 16 LI within the microsphere preparation. 

A standard curve was generated from a serial dilution of pure VLP solution. The comparison of 

this band intensity of the 3 pg VLP (theoretical amount) in the micorsphere formulation to that 

of the standard curve of the HPV16 VLPs spiked into blank microsphere suspension showed that 

40% of the HPV16 VLP was encapsulated in the formulation.
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Figure 5.5: Standard curve generated from serial dilution of pure VLP in western blot. Y-axis 

indicates the concentration of VLP in pg/mL and X-axis indicates the pixel units.
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Figure 5.6: Detection and quantification of VLP in microsphere, Lanel: Standard (all blue 

precision plus), Lane 2: Oral vaccine, 3pg (theoretical), Lane 3: Oral vaccine, 1.5pg 

(theoretical), Lane 4: Pure VLP (147pg/ml) 1.8 pg, Lane 5: Pure VLP (147pg/ml) 0.9 pg, Lane 

6: Pure VLP (147pg/ml) 0.45 pg, Lane 7: Pure VLP (147pg/ml) 0.225pg, Lane 8: Pure VLP 

(147pg/ml) 0.1125 pg, Lane 9: Pure VLP (147pg/ml) 0.056 pg, Lane 10: Blank microsphere 

15pl, Lane 11: PBS, Lane 12: VLP spike -  in to blank microsphere 1.8 pg, Lane 13: VLP spike 

-  in to blank microsphere 0.9 pg, Lane 14: VLP spike -  in to blank microsphere 0.45pg, Lane 

15: VLP spike -  in to blank microsphere 0.225 pg, Lane 16: VLP spike -  in to blank 

microsphere 0.1125 pg, Lane 17: VLP spike -  in to blank microsphere 0.056 pg,
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5. 3.3. In vivo study:

In the in vivo study, we have taken blood samples, vaginal wash and saliva samples. 

We have used blood serum to determine the IgG level. In animal study there were eight groups 

where PBS and the blank microsphere groups were negative control, one blank group was for im 

administration, which is the currently used route of adminisatrtion for the current vaccine, also a 

negative control. Gardasil was the positive control group where the vaccine was administered 

through intramuscular route. There were VLP solution and VLP microsphere groups to compare 

the solution verses the microsphere formulation after oral administration. There were also VLP 

solution and VLP microsphere groups to compare the solution verses the microsphere 

formulation after intramuscular administration. The animals were dosed at 0 week with prime 

dose which was followed by two booster doses at week 2 and 4. The samples were taken at week 

1,3,5,7, 9,13 and 15.
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Figure 5.7: Titer level of serum IgG at different week of 1. Blank microsphere group (i.m.) 2. 

Blank microsphere (oral) group, 3. Gardasil group, 4. PBS group, 5. VLP microsphere (Oral) 

group, 6. VLP microsphere (Lm.) group, 7. VLP solution (Oral) group and 8. VLP solution (i.m.) 

group.
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The antibody from serum was analyzed using ELISA and the geometric mean titers 

were compared among the groups at the various time intervals. At week 1, all the groups showed 

low titer. At week 3, Gardasil VLP microsphere i.m VLP microsphere i.m and the VLP solution 

i.m. group showed significantly higher titer as anticipated. The oral microsphere group shows 

significantly high titer at week 8. Overall all the titer decline at week 15.

5.4. Discussion:

Oral drug delivery is considered as the most preferred route of administration due to its 

multiple advantages like patient compliance, low-cost, facile delivery method and ease of 

packaging and handling. Besides these advantages oral administration of drug is more important 

to produce both mucosal and systemic immunity. Mucosal immunity has been found as the major 

route for the induction of protection against the high-risk HPV types that are responsible for 

cervical cancer (Sasagawa, 2005). It has been reported that mucosal rather than parenteral 

immunization with purified HPV 16-VLP induces neutralizing titers of antibodies throughout the 

estrous cycle of mice (Nardelli-Haefliger et al., 1999), which suggests that mucosal 

immunization may be more efficacious than parenteral immunization in inducing continuous 

protection of the female genital tract.

Microparticle formulation has been used a successful vaccine for oral administration 

previously. Several technologies for the oral administration of drugs using biodegradable 

polymer based nanoparticles and microparticles have been studied as effective vaccine delivery 

systems (Kreeuter et al. 1996). Examples of successful nanoparticle based vaccines/drugs 

include oral biodegradable microspheres with recombinant anthrax vaccine for immunization

100



against anthrax infection (Flick-Smith et al. 2002). Microspheric formulations of anthrax 

vaccines were more potent, required fewer doses, were less reactogenic than the currently 

available human anthrax vaccines, and could be self-administered without injection. Another 

example of particulate vaccine is poly-DL-lactide-co-glycolide (DL-PLG) microspheres 

encapsulating phosphorylcholine against Salmonella typhimurium, The DL-PLG microspheres 

showed effective mucosal immunity against murine intestinal infection with S. typhimuriu ( 

Laoui et al. 1997). Also, the albumin-chitosan mixed matrix microsphere-filled coated capsule 

formulation of oral typhoid and melanoma vaccine are some successful examples which were 

able to induce both antigen-specific systemic and mucosal immune response (Uddin et al. 2009, 

Yeboah et al. 2009, and Lai et al. 2007) . Particulate vaccine has been shown to be more efficient 

in previous study at our lab. For example, oral administration of particulate form of typhoid 

vaccine has shown to multifold increase of antigen-specific IgG and IgA levels after 8 week. 

(Uddin AN etal., 2009).

We attempted to prepare the VLP microsphere using Bovine serum albumin (BSA). 

Bovine serum albumin is biodegradable and commercially available polymer. The size of the 

particle was about 2-5 micrometer range, and the shape was spherical which was observed by 

scaning electron microscope. While doing the content analysis using ELISA we were failed to 

detect any protein in the microsphere, possibly due to the interruptions arise from the BSA 

polymer of the microparticles. The VLP is basically the capsid of LI protein, therefore in 

ELISA, it was not possible to detect a protein drug from a protein polymer matrix. Then we 

attempted to analyze the content using Western blot. In western blot we also could not 

differentiate the BSA protein and the LI protein of VLPs. The molecular weight of the BSA is 

56 kD whereas the molecular weight of the LI protein is also 55 kD which are nearly close and
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was inseparable in the western blot. Then we choose the Eudragit polymer over the BSA as an 

alternative polymer matrix. Eudragit polymers are series of acrylate and methacrylate polymers 

available in different ionic forms. Eudragit RL and Eudragit RS are insoluble in aqueous media 

but they are permeable and both have pH-independent release profiles. The permeability of 

Eudragit RS and RL in aqueous media is due to the presence of quaternary ammonium groups in. 

their structure; Eudragit RL has a greater proportion of these groups and Ss such is more 

permeable than Eudragit RS (Haznedar et al. 2004) Eudragit polymer is a good alternative 

where the protein cannot be used as polymer for particle preparation. While using Eudragit 

polymer, the shape of the particle depends on the amount of solid (Haznedar et al.2004) and the 

concentration of the polymer. We added Hydroxypropylmethyl cellulose (HPMC) in 1: 3 ratio to 

that of Eudragit. HPMC is a commonly used polysaccharide In the pharmaceutical industry, is 

of special interest for controlled drug-release matrixes (McCrystal et al., 1997). HPMC 

applications are based on the methyl substitutions that constitute the hydrophobic zones along 

die cellulose backbone, whereas the hydroxypropyl groups are more hydrophilic. The 

introduction of these hydrophobic groups allows HPMC to behave as a surfactant (Sarkar and 

Walker, 1995). Besides all these HPMC attributes, this polysaccharide is known for exhibiting 

the interesting phenomenon of thermo-reversible gelation (Sarker et al, 1977). The formulation 

also contains Trehalose, which is basically a protein stabilizer and has been used to increase die 

LI protein stability in the particle matrix. The physical and chemical properties of trehalose, i.e., 

low chemical reactivity, nonreducing nature, high glass transition temperature, high affinity for 

water molecules, existence of a number of polymorphs, etc., make it uniquely suitable for 

stabilizing partially unfolded protein molecules and inhibiting protein aggregation. (Jain et al, 

2010). The chitosan and Aleuria Aurantia Lectin (AAL) was added to the formulation to provide
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for enhanced uptake of the vaccine particle. For the vaccine particle uptake, Peyer’s patch play 

an important role. Peyer’s patch is enriched in M Cell and this type of cell has higher ability to 

uptake particle. Antigen particle uptake by M cells is facilitated by the relative accessibility of 

the M cell apical membranes. In the M cell, the microvilli are relatively sparse and irregular, and 

the cell surface glycocalyx is relatively thin. (Ann et al, 2001). Therefore, for an efficient vaccine 

delivery, the administered reagent should ideally target to and exhibit high levels of binding to 

the M cell apical membranes, and subsequently be internalised and transported in an active form 

to the M cell pocket. Also, the M cells has high transcytotic capacity, and are able to transport a 

variety of materials including macromolecules, inert particles and microorganisms (Gebert et al. 

1996). Moreover, they appear to be the most efficient cell type for the intestinal absorption of 

biologically active reagents administered in particulate form. Particle interact with M cells either 

by specific or non-specific mechanism. Specific mechanisms are receptor-mediated mechanisms, 

where as the non-specific mechanisms dependent on surface charge and hydrophobicity of the 

particle. It is likely that surface positive charge and hydrophobicity favors the non-specific 

interaction of particulates with M cells (Frey et al. 1997). Also, the specific M cell targeting of 

synthetic delivery vehicles may be achieved by conjugation to ligands such as appropriate 

lectins, microbial adhesions and immunoglobulins that bind to M cell surface receptors (Frey et 

al 1997, Emerk et al. 1998, and Clark et al. 2000). Therefore we have added chitoan for positive 

charge creation which will cause non-specific interaction and lectin for specific interaction.

The characterization, content analysis and bioactivity (VLP form of protein) was 

conducted by protein assay (Gel analysis) and transmission electron microscope (TEM). The 

quantification of drug in microsphere was conducted by ELISA and western blot. Transmission 

electron microscope (TEM) was used to image the VLPs in suspension of microparticles. The
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western blot shows the presence of the LI protein in the microsphere. There were two other 

bands in both of the lanes with lower molecular weight. The presence of other two bands also 

indicates some of the proteins were degraded. The ELISA was conducted to quantify the VLPs 

in microspheres. The purpose was to evaluate the conformation of human papilloma virus-like 

particle (VLP). The monoclonal D9 broadly reacting with disrupted HPV, was used as a control 

Mab for some HPV types to which the VLPs should have a low cross-reactive antigenic 

activity/milligram as possible. In each case of ELISA, we could not quantify the drug 

adequately. The quantification shows very low amount of drug which is very insignificant. 

Probably the Eudragit is interfering in quantification of drug. Therefore we planned to conduct 

western blot for quantification. We also attempted to remove the Eudragit after suspending the 

particle using different filtration systems. Syringe filter which had a pore size of 0.45 micrometer 

was used for this purpose. After filtration, we conducted the SDS-page gel but still showed 

smear in band. Microcon, with molecular cutoff of 100 kD was used for filtration, then spun 

down and filtrate was measured on gel but still showed smear. Amicon, with molecular cutoff of 

50 kD was also used for fliltration which also showed smear. We were not able to separate the 

Eudragit from microparticle suspensions. Therefore we proceeded with the western blot for 

quantification. Western blot was used for quantification of the drug in microparticles. FITC 

labeled secondary antibody was used for this purpose. A serially diluted solutions of pure VLPs 

spiked in blank microspheres were prepared to generate a standard curve. The intensity (pixels) 

of the bands of the standard curve and the samples were compared using the software “Image- 

quant”.

In animal study, the Gardasil was used as positive control group. Therefore as 

expected, the titers of Gardasil formulation remained high through week. The titer declines
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slightly by week 13 and week 15. The blank oral and i.m. groups showed low level o f titer, 

though the blank group should not have any titer. The initial titer levels in blank groups arise due 

to the particulate nature of the vaccine. Previously it was also observed that the blank 

microsphere shows some level of immunity (Paul Baumgamer, 2001). The blank, i.m. group 

shows zero level after week 5 but all the mice in blank oral group died due to flood after week 5, 

so we were unable to continue sampling with this group. The PBS group was used as background 

while measuring the titer of the other groups. The VLP oral solution group shows lower level of 

titer till 7 weeks than it declines. In the solution group since the VLP is not protected, it is easily 

degraded by the harsh acidic condition of stomach and protease in the system which cause the 

lowering of titer level. Whereas the VLP solution group in i.m. route shows significant higher 

level in compare with the oral route though the level is not equal enough with the Gardasil group, 

which has adjuvant to protect the vaccine and increase titer level. This proves that the 

intramuscular route is the best option for solution form of the VLP but not for oral administration 

of vaccine. Therefore, for oral administration we must have to select a different formulation and 

particulate formulation could be the best option which can protect the vaccine from degradation 

and produce higher titer level. We verified the titer level of VLP microsphere group in i.m. route. 

Though the initial level was low, at week 3 it jumps to high lever and shows the similar pattern 

of titer level as of VLP solution i.m. group. This fact clearly indicates that even though the VLPs 

are in particulate form it shows the similar titer level as solution. Apparently, the particle 

formation does not any obstacle to produce antibody. In the case of oral delivery of the VLP 

particle, the initial titer level was moderate but at week 8 it jumps to higher level and kept 

significant high level rest time. Though this was not clear why the oral administration of the 

particulate vaccination shows delayed response but previously some other vaccine also have
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shown delayed response at similar time point (Yeboah, 2009). All the titer levels except the VLP 

oral solution group show a gradual decline at week 15, which could be due to the age of the 

mice. Nonetheless the delayed response, the results we have obtained here is very significant as 

we could have shown that the particulate formulation of VLP after oral administration shows 

higher level of titer which is almost equal to Gardasil group (positive control group). Therefore 

our future goal is to develop a formulation for oral administration which will be able to show the 

higher level of titer within a short period of time. We plan to work with different other 

formulation matrix such as cyclodextrine, or mixture of BSA and Eudragit. Also with the current 

formulation, we can change the ratio of the Eudragit polymer and HPMC which has been used in 

3:1 ratio in this research. Our another option could be to increase the vaccine dose amount 

and/or also to administer high frequent prime doses for example three consecutive doses with 

three days and then two more booster doses in week 1 and 2.

5.5. Conclusions:

We have shown that the particulate form of the human papillomavirus (HPV) was 

effective after oral administration. Although the antibody titer level decline at week 15 and the 

antibody level increases at week in case of oral particulate vaccine, we are optimistic to develop 

a particulate HPV vaccine for cervical cancer which will be able to address these issues.
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