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ABSTRACT 

THANYANAN CHAOWANACHAN 

Development of Mucoadhesive Microparticles for the 
Prevention of HIV Transmission 

(Under the direction of MARTIN J. D'SOUZA) 

The purpose of this research was development of a 

mucoadhesive microparticle delivery system using a spray 

drying technique for production. This system may used to 

deliver the HIV-1 entry inhibitor carrageenan or other 

pharmaceutical products and may enhance protection against 

HIV infection and possibly other sexually transmitted 

infections (STIs) by lengthening the residence time. 

Carrageenan is the active ingredient in Carraguard® a 

vaginal microbicide gel tested in a phase III clinical 

trial that failed to reduce HIV-1 sexual transmission. 

Short residence time and unacceptable formulation of 

Carraguard® gel are possible factors associated with 

failure. To address these factors possibly associated with 

failure of the phase III clinical trial, we used 

cervicovaginal lavages (CVLs) from a crossover safety trial 

xv 



(CDC IRB- approved clinical study) to investigate 

carrageenan residence time in the human vagina and to 

examine the impact of carrageenan on proinflammatory 

cytokine induction. 

We developed a modified methylene blue colorimetric 

assay and established its sensitivity and linear ranges for 

use in quantifying carrageenan concentration in microgram 

levels. This modified assay demonstrated sensitivity, 

technical simplicity and minimal requirement for sample 

preparation. The linearity range of this assay was 12 -

750 ug carrageenan/ml with the limit of lower sensitivity 

at 25 ug/ml. This assay was used to measure carrageenan 

concentration in CVLs from HIV positive women in clinical 

studies to determine the residence time of Carraguard®. 

We found that carrageenan was detectable at 24 hours or 

less after vaginal application in most women. However, the 

carrageenan levels in CVLs taken after 8-24 hrs (median 82 

ug/ml; range <25-288 ug/ml) were significantly lower (p = 

0.02) than those taken at 15 min after gel application 

(median 297 ug/ml; range 84-2916 ug/ml). Carrageenan levels 

in the 8-24 hrs versus the 15 min CVLs decreased <10-fold 

in 9 women and ^10-fold in 7 women. Subsequently, this 

modified methylene blue assay was used to quantify 

xvi 



carrageenan concentration in a drug release study and in an 

anti-HIV infective activity assay. 

To assess safety of carrageenan in HIV positive women, 

CVLs from 16 HIV-infected women in a crossover safety trial 

(Carraguard®, placebo (methylcellulose), and no gel arms) 

were assayed for proinflammatory cytokines using a 

Cytometric Bead Array (CBA) assay. We found no increase in 

proinflammatory cytokines after Carraguard® gel use, 

suggesting that this gel is not associated with 

inflammation. Possible interference of Carraguard® and 

methylcellulose (placebo) gels on CBA assay was also 

investigated. We found that Carrageenan® and 

methylcellulose gels, with the concentrations commonly 

found in clinical samples, do not affect the interpretation 

of proinflammatory induction. 

Our findings suggest there is a need for a new 

formulation of carrageenan to definitively determine its 

effectiveness in prevention transmission of HIV. 

Therefore, we developed spray-dried mucoadhesive 

microparticles loaded with carrageenan. Hydroxypropyl 

methylcellulose (HPMC) and bovine serum albumin (BSA) were 

used as the polymer matrix. Scanning electron 

photomicrographs of the mucoadhesive microparticles 

xvii 



revealed a spherical shape and smooth surface. The mean 

particle size of these mucoadhesive microparticles was 4 

um. The yield of spray-dried microparticles was 60-80% 

suggesting that scale-up for production of HPMC-BSA 

mucoadhesive microparticles could be successful. A drug 

release profile demonstrated that using HPMC-BSA as the 

polymer matrix provided a sustained release of drug product 

from mucoadhesive microparticles at 37°C in pH 7 condition 

and slow release in pH 4 condition. We have demonstrated 

that spray-dried microparticles of HPMC-BSA polymer matrix 

could be prepared and has potential for use as a delivery 

system into the human vagina for further studies of 

prevention of HIV-1 transmission. 

Recent focus of microbicide development has involved 

the use of antiretroviral (ARV) drugs. Therefore, we 

developed a mucoadhesive microparticle formulation 

incorporating an ARV, Combivir®. The anti-infective 

activity of two formulations of mucoadhesive microparticles 

(MP) - carrageenan MP and Combivir® MP were evaluated using 

the HIV-1 infectious titer reduction protocol. These two 

mucoadhesive microparticle formulations demonstrated HIV-1 

anti-infectivity in vitro. Carrageenan MP at 300 ug/mL of 

carrageenan blocked infection of 2 virus strains, subtype 

xviii 



B-X4 and subtype B-R5 laboratory strains (Titer Reduction = 

-J_Q3.O-3.2J _ Combivir® MP at 10 ug/mL of Combivir® blocked 

infection of 3 virus strains, subtype E-R5 field strain, 

subtype B-X4 and subtype B-R5 laboratory strains (Titer 

Reduction = 104'0"5-2) . 

To our knowledge this is the first report of the use 

of mucoadhesive microparticles to deliver microbicide 

products. This delivery system could be a potential for 

next-generation microbicides that may be delivered in water 

soluble form into the human vagina to provide sustained 

release and longer residence time. In the past, most 

products formulated for use as topical microbicides are 

based on a single active ingredient. While these products 

may have excellent activity against HIV-1 infection, such as 

non-nucleoside reverse transcriptase inhibitors, they may 

not have activity against other sexually transmitted 

pathogens. A combination of carrageenan and Combivir® 

mucoadhesive microparticles may provide protection against 

HIV infection and possibly other sexually transmitted 

infections (STIs). 
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CHAPTER 1 

INTRODUCTION 

Among the leading causes of death globally is AIDS, 

acquired immunodeficiency syndrome, and it remains the 

primary cause of death in Africa. Over 70% of all HIV 

infections in adults worldwide are acquired through 

heterosexual intercourse with the more rapidly growing rate 

among women (CDC MMWR, 1981; UNAIDS, 2007). Since 1981, 

when the first cases of AIDS were reported, infection with 

human immunodeficiency virus (HIV) has grown to pandemic 

proportions - an estimated 65 million infections and 25 

million deaths. According to the Joint United Nations 

Program on HIV/AIDS (UNAIDS), approximately 30.8 million 

adults worldwide were living with HIV and AIDS at the end 

of 2007, including 2.5 million who were newly infected. 

While the development of an effective HIV vaccine remains 

an important goal (Burton, 2002), it is still problematic 
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owing to the ability of HIV to mutate rapidly and evade the 

immune response (Kwong et al., 2002). Currently, 

strategies for prevention such as mutual monogamy among 

HIV-negative partners, condom use, and treatment of 

existing sexually transmitted diseases are not practical 

for many women. Therefore, female-initiated preventative 

methods are urgently needed to help reduce the HIV/AIDS 

pandemic. Microbicides are being developed to meet the 

urgent need for an effective, woman-initiated product for 

the prevention of HIV transmission. 

Background and Significance 

Topical microbicides potentially represent an 

important strategy for preventing the transmission of 

HIV/STD. Microbicides are products in cream, gel, film, or 

suppository form that can be used vaginally or rectally 

during sexual intercourse to prevent infection, and would 

provide women with the potential to protect themselves and 

their sexual partners from HIV and other sexually 
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transmitted infections (STIs) (gmhc.org). Microbicides may 

be used in combination with condoms to increase protection 

or, in situations in which condoms are not being used, as 

primary protection. There are several mechanisms of action 

through which microbicides may work, including forming a 

barrier between pathogen and target epithelium (e.g., 

Carraguard), preventing replication of pathogens (e.g., 

nucleoside reverse transcriptase inhibitors), enhancing of 

the body's normal defences (e.g., Lactobacillus), or 

killing, or immobilizing, pathogens (e.g., nonoxynol-9) 

(Shattock and Moore, 2003). There are currently more than 

60 potential microbicides under development (Redondo-Lopez 

et al., 1990; Sha et al., 2005). 

Carraguard® is a leading microbicide candidate. The 

active pharmaceutical ingredient in Carraguard® is a 

sulfated polysaccharide lambda-carrageenan (FMC, PDR98-15) 

which is derived from red seaweed species Chondrus crispus. 

The structure of lambda-carrageenan is a continuum 

molecular weight of 150,000 to 10 million. Carrageenan is 

a common substance used in cosmetics, toothpaste and food. 

Carraguard has been shown to block transmission of HIV 

across the vaginal epithelium by coating the surfaces of 

http://gmhc.org
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vaginal cells to prevent adhesion of infected macrophages 

to the epithelial surface (Perotti et al., 2003). 

Carraguard® has also been shown to inhibit infection by N. 

gonorrhoeae, HSV-2, and HPV in vitro and in vivo 

(Population Council, 2001; Buck, 2006). Vaginal 

formulations of Carraguard are highly effective in 

protecting mice from HSV-2 infection ((Information on File 

at the Population Council and with the FDA, 2001). In 

fact, Carraguard® is more effective in protecting mice from 

HSV-2 infection than either of the over-the-counter 

nonoxynol-9-containing vaginal spermicides, Gynol II or KY 

Plus (Information on File at the Population Council and 

with the FDA (IND 58-441), 2001), or other microbicides 

under development. Studies conducted in Rhesus Macaque 

monkeys showed that PC-503, a sister formulation to 

Carraguard with the same active ingredient, lambda-

carrageenan, is as effective in preventing SIV infection as 

3% nonoxynol-9 gel or 12% nonoxynol-9 foam over-the-counter 

products (Information on File at the Population Council and 

with the FDA (IND 58-441), 2001). In vitro laboratory 

studies have also shown that carrageenan did not inhibit or 

enhance the growth of Lactobacillus acidophilus, the most 

common of the naturally occurring vaginal flora. 
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Carraguard is a non-contraceptive gel: it has not been 

shown to kill or immobilize sperm in vitro. 

The Population Council has been working for nearly two 

decades to develop safe and effective vaginal microbicides. 

Studies have been done to determine safety, acceptability 

and efficacy. However, data from a large-scale efficacy 

trial of Carraguard® has shown to be inefficient in 

preventing transmission of the HIV virus (Daily Diagnosis, 

2008). Later investigation demonstrated low patient 

compliance with use of the gel (Skoler-Karpoff et al., 

2008) and it might be a factor associated with this 

clinical trial failure. 

Recently the focus of pharmaceutical research has 

shifted from the development of new chemical entities to 

the development of novel drug delivery system (NDDS) of 

existing drug molecules to maximize cost, shorten time to 

product use and to provide patent protection (Berressem, 

1999; Devarajan et al. , 2002). Currently interest includes 

development of drug delivery systems using mucoadhesive 

polymer that will attach to related tissue or to the 

surface coating of the tissue targeting various absorptive 

mucosa such as ocular, nasal, pulmonary, buccal, vaginal 

etc. This system of drug delivery is referred to as 
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mucoadhesive drug delivery system (Vasir et al., 2003; Van 

Der Lubben et al., 2002; Hascicek et al., 2003; Vyas et 

al., 1993). Mucoadhesive microparticles loaded with 

carrageenan may enhance protection against HIV and possibly 

other sexually transmitted infections (STIs). Therefore, 

we propose the development of mucoadhesive microparticles 

loaded with HIV-1 entry inhibitor carrageenan and the 

subsequent assessment of product release and anti-HIV 

infective activity using an HIV-1 infectious titer 

reduction assay. 
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Objectives and Specific Aims 

The goals of this study are to formulate and evaluate 

the HIV-1 entry inhibitor carrageenan mucoadhesive 

microparticles. The drug release patterns and the anti-HIV 

infective activity of this new formulation were evaluated. 

In addition, cervicovaginal lavages (CVLs) from a CDC IRB-

approved clinical study that examined the use of 

carrageenan gel in HIV positive women were used to study 

carrageenan residence time in human vagina and 

proinflammatory cytokine induction. This work addressed 

possible factors associated with failure of the phase III 

clinical trial of carrageenan gel formulation (Carraguard®) . 

This will be accomplished by the following specific aims: 

Specific Aim 1 

To develop and validate a modified method for quantifying 

the HIV-1 entry inhibitor carrageenan 

Specific Aim 2 

To determine residence time of Carraguard® by measuring levels 

of carrageenan in cervicovaginal lavages 
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Specific Aim 3 

To investigate possible interference of Carraguard® and 

methylcellulose gels on the assay for proinflammatory 

cytokines 

Specific Aim 4 

To assess toxicity of Carraguard® by using proinflammatory 

cytokines as the surrogate marker 

Specific Aim 5 

To formulate and characterize the mucoadhesive 

microparticles for the prevention of HIV transmission 

Specific Aim 6 

To evaluate the anti-HIV infective activity of carrageenan 

microparticles and anti-retroviral microparticles 
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CHAPTER 2 

LITERATURE REVIEW 

Updated HIV Transmission Rates 

The acronym HIV stands for the 'Human Immunodeficiency 

Virus'. It is a lentivirus (a member of the retrovirus 

family) that can lead to acquired immunodeficiency syndrome 

(AIDS). HIV virus contains a unique reverse transcriptase 

enzyme that allows it to replicate within new host cells. 

HIV primarily infects vital cells in the human immune 

system such as helper T cells (specifically CD4 + T cells), 

macrophages, and dendritic cells. HIV infection leads to 

low levels of CD4+ T cells through three main mechanisms: 

firstly, direct viral killing of infected cells; secondly, 

increased rates of apoptosis in infected cells; and 

thirdly, killing of infected CD4+ T cells by CD8 cytotoxic 

lymphocytes that recognize infected cells. When CD4 + T cell 

numbers decline below a critical level, cell-mediated 
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immunity is lost, and the body becomes progressively more 

susceptible to opportunistic infections. 

AIDS is a medical condition. People develop AIDS 

because HIV has damaged their natural defenses against 

disease. HIV can be passed from one person to another. 

Someone can become infected with HIV through contact with 

the bodily fluids of someone who already has HIV. Someone 

who is diagnosed as infected with HIV is said to be 'HIV+' 

or 'HIV positive'. Two forms of HIV are now recognized: 

HIV-1, which causes most cases of AIDS in Europe, Asia, 

North and South America, and most parts of Africa; and HIV-

2, which is mainly found in West African patients. 

HIV Transmission 

HIV may be found in the blood and the sexual fluids of 

an infected person, and in the breast milk of an infected 

woman. HIV transmission occurs when a sufficient quantity 

of these fluids and viral particles enter into a 

recipient's bloodstream. Various ways in which a person can 

become infected with HIV include: 
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Unprotected sexual intercourse with an infected 

person. The majority of HIV infections are acquired 

through unprotected sexual relations. Sexual transmission 

can occur when infected sexual secretions of one partner 

come into contact with the genital, oral, or rectal 

mucous membranes of another. In high income countries, 

the risk of female-to-male transmission is 0.04% per act 

and male-to-female transmission is 0.08% per act; but for 

reasons that are not fully explained, this rate is 4 to 

10 times higher in low income countries (Boily et al., 

2009). 

Contact with an infected person's blood or use of 

infected blood products. In the past, many people have 

been infected with HIV by the use of blood transfusions 

and blood products which were contaminated with the 

virus. In much of the world this is no longer a 

significant risk, as blood donations are routinely 

screened for the present of HIV and other blood born 

pathogens (e.g., hepatitis B and C virus, syphilis, 

etc.). People who use injected drugs are also vulnerable 

to HIV infection due to sharing of contaminated needles. 



12 

A tiny amount of blood can transmit HIV, and can be 

injected directly into the bloodstream with the drugs. 

Transmission from mother to child. HIV can be 

transmitted from an infected woman to her baby during 

pregnancy, delivery and breastfeeding. The transmission 

of the virus from the mother to the child can occur in 

utero during pregnancy and intrapartum at childbirth. In 

the absence of treatment, the transmission rate between 

the mother and child is around 25 percent (Coovadia, 

2004). 

Global HIV/AIDS Estimates 

More than 25 million people have died of AIDS since 

1981. At the end of 2007, women accounted for 50% of all 

adults living with HIV worldwide, and for 59% in sub-

Saharan Africa. Young people (under 25 years old) account 

for half of all new HIV infections worldwide. In 

developing and transitional countries, 9.7 million people 

are in immediate need of life-saving AIDS drugs; of these, 

only 3.0 million (31%) are receiving the drugs. 
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The number of people living with HIV has risen from 

around 8 million in 1990 to 33 million today, and is still 

growing. Around 67% of people living with HIV are in sub-

Saharan Africa. During 2007 more than two and a half 

million adults and children became infected with HIV (Human 

Immunodeficiency Virus), the virus that causes AIDS. By 

the end of the year, an estimated 33 million people 

worldwide were living with HIV/AIDS. The year also saw two 

million deaths from AIDS, despite recent improvements in 

access to antiretroviral treatment. 

The global distribution and genetic diversity of the 

nine major subtypes, known as "clades" and recombinants of 

HIV-1 (IAVI Report, 2003) have been observed and published 

by the International AIDS Vaccine Initiative. In the 

Americas and Western Europe, subtype B predominates 

everywhere but eastern South America, where there are a 

substantial proportion of BF recombinants in addition to 

subtype B. In Eastern Europe, subtypes of A, B, and AB 

recombinant strains dominate the epidemic. Three different 

patterns have been observed in Asia: subtype C, a mixture 

of B, C, and BC recombinants, and a mixture of subtype B 

and CRF01_AE. The Australian epidemic is subtype B. Africa 
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shows the greatest diversity. Subtype C dominates the South 

and East, except for significant foci of subtypes A and D, 

as shown. West and West Central Africa harbor mainly 

CRF02_AG, alongside a complex array of other recombinants 

each present at a low frequency. The most complex epidemic 

is in Central Africa, where rare subtypes and a wide 

variety of recombinant forms circulate without any 

discernable predominant strain. A broad swath cutting 

across Northern Africa, the Middle East, and Central Asia 

(gray) is essentially devoid of data on HIV-1 subtypes. 

Adult HIV prevalence is lower in Asian countries than 

in countries in sub-Saharan Africa, and the epidemic in 

most Asian countries is attributable primarily to various 

high-risk behaviors (e.g., unprotected sexual intercourse 

with sex workers, injecting drug user (IDUs), or men who 

have sex with men (MSM). Of the 8.3 million HIV-infected 

persons in Asia, 5.7 million live in India, where the 

prevalence varies by state. Approximately 80% of HIV 

infections in India are acquired heterosexually. Recent 

data from four Indian states indicated a decline in HIV 

prevalence among pregnant women aged 15-24 years, from 1.7% 

in 2000 to 1.1% in 2004 (Kumar et al., 2006). In China, 
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IDUs account for approximately half of 650,000 persons 

living with HIV infection; in contrast, the epidemics in 

Thailand and Cambodia have been driven largely by 

commercial sex. In Thailand, HIV prevalence in pregnant 

women declined from 2.4% in 1995 to 1.2% in 2003. However, 

HIV prevalence among MSM in Bangkok increased from 17% in 

2003 to 28% in 2005 (CDC MMWR, 2006). Only 16% of persons 

in need of ART in Asia received it in 2005 (World Health 

Organization, 2006). 

Figure 1. Global trends - number of HIV infected 

individuals by year. 
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Table 1. The latest statistics on the world epidemic of 

AIDS & HIV were published by UNAIDS/WHO in July 2008, and 

refer to the end of 2007. 

People living with HIV/AIDS in 2007 

Adults living with HIV/AIDS in 2007 

Women living with HIV/AIDS in 2007 

Children living with HIV/AIDS in 2007 

People newly infected with HIV in 2007 

Children newly infected with HIV in 

2007 

AIDS deaths in 2007 

Child AIDS deaths in 2007 

Estimate 

(Million) 

33.0 

30.8 

15.5 

2.0 

2.7 

0.37 

2.0 

0.27 

Range 

(Million) 

30.3-36.1 

28.2-34.0 

14.2-16.9 

1.9-2.3 

2.2-3.2 

0.33-0.41 

1.8-2.3 

0.25-0.29 
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Topical Microbicides 

Over 70% of all HIV infections in adults worldwide are 

acquired through heterosexual intercourse with the more 

rapidly growing rate among women (CDC MMWR, 1981; UNAIDS, 

2007). In addition, women's rates of HIV infection are 

growing more rapidly than men's. While the development of 

an effective HIV vaccine remains an important goal (Burton, 

2002), it is still problematic owing to the ability of HIV 

to mutate rapidly and evade the immune response (Kwong et 

al., 2002). Currently, strategies for prevention such as 

mutual monogamy among HIV-negative partners, condom use, 

and treatment of existing sexually transmitted diseases are 

not practical for many women. Therefore, female-initiated 

preventative methods, i.e., microbicide, are urgently 

needed to help reduce the HIV/AIDS pandemic. 
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Definition 

Microbicides are products in cream, gel, film, or 

suppository form that can be used vaginally or rectally 

during sexual intercourse to prevent infection, and would 

provide women with the potential to protect themselves and 

their sexual partners from HIV and other sexually 

transmitted infections (STIs) (Family Health International, 

2007). Microbicides may be used in combination with 

condoms to increase protection or, in situations in which 

condoms are not being used, as primary protection. Topical 

microbicides potentially represent an important strategy 

for preventing the transmission of HIV/STD. 

Mechanisms of Action 

HIV and other STI pathogens gain entry to target cells 

and the body in multiple ways. There are several 

mechanisms of action through which microbicides may work. 

An effective microbicide will help prevent infection by 

stopping this attack at one or more stages in the 

infectious process (Family Health International, 2007). 
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The microbicides currently under development act in one or 

more of the following ways: 

1. Killing or inactivating pathogens. Some microbicides 

work by breaking down the surface or envelope of the 

virus or pathogen. 

2. Creating physical barriers. Microbicides may provide 

a physical barrier between pathogens and vulnerable 

cells in the epithelium (cell wall) of the vagina or 

rectum. 

3. Strengthening the body's normal defences. The body has 

several naturally occurring defense mechanisms that a 

microbicide may be able to supplement or enhance. 

Lactobacillus, for example, is naturally occurring, 

"good" bacteria that helps protect the vagina by 

maintaining its acidic environment. This natural 

acidity helps foster an inhospitable environment for 

many pathogens, including HIV. Thus, the idea of 

developing a microbicide that supports the 

lactobacilli in performing this function is one 

potential mechanism of action being explored. 
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4. Inhibiting viral entry. Some microbicides bind to 

viruses and bacteria to prevent them from binding to 

and infecting healthy cells. 

5. Inhibiting viral replication. Some candidate 

microbicides are being developed from anti-retroviral 

drugs that HIV positive people use to lower the amount 

of virus in their bodies. Formulated as gels or 

creams, these drugs may be able to suppress 

replication of any HIV that enters the vagina or 

rectum during sex. If so, they could substantially 

lower the odds that the microbicide user will become 

infected or re-infected (if already HIV positive). 
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Figure 2. Mechanisms of action for microbicides (Shattock 

and Moore, 2003) 

Candidate Microbicides 

Microbicide candidates fall into four categories based 

on their mechanism of action. Microbicide products may 

probably combine one or more of these approaches (Family 

Health International, 2007) . 

1. Products that kill or inactivate infectious 

pathogens. This category includes compounds that 
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disrupt lipid cell membranes (surfactants or 

detergents), increase membrane porosity (peroxidases, 

peroxides, antimicrobial peptides), cause 

agglutination (monoclonal antibodies), maintain an 

acidic pH in the vagina (acidic buffers), or coat 

cells (lipids). A few plant extracts have been 

identified that kill or inactivate pathogens, probably 

through one or more of these mechanisms of action. 

2. Products that block fusion. This category includes 

products that block attachment of pathogens to the 

mucosal surface of target cells. Some agents in this 

class specifically prevent attachment of HIV to its 

target cells by either blocking HIV surface proteins 

or HIV receptors on target cells. Others function 

nonspecifically by coating pathogens or target cells 

or both through charged interactions. Products in 

this category are as follows: 

Fusion blockers specifically targeting HIV 

surface proteins or HIV receptors; for example, 

gp-41 inhibitor (T-20), CCR-5 inhibitor, 
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Cyanovirin-N (CV-N), beta-lactoglobulin (B69), 

B195/CAP (cellulose acetate phthalate) 

Non-specific blockers (active against multiple 

organisms); for example, Sulfated/sulfonated 

polymers (Carraguard, Emmelle, Ushercell, Pro-

2000), Q-2 bioadhesive polysaccharide, other 

charged polymers 

3. Products that inhibit postfusion activity. They 

include compounds that inhibit HIV-specific enzymes 

that are required for viral replication in host cells, 

such as reverse transcriptase (Tenofovir (PMPA), 

zidovudine (AZT)) and protease (Doxovir (CTC-96). 

Others inhibit postbinding fusion (Lamivudine (3TC), 

didanosine (ddl), loviride). 

4. Products that enhance natural defense mechanisms. 

Lactobacilli produce a number of compounds that 

inhibit pathogenic microorganisms, including lactic 

acid, hydrogen peroxide, lactacin, and acidolin 

(Klebanoff, 1991). These compounds also maintain a 
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low, acidic pH in the vagina (e.g., BufferGel, 

Acidform gel). Another important defense mechanism is 

naturally occurring antimicrobial peptides and 

antibodies in the vagina; for example, Protegrins (IB-

367), Defensins, Gramicidin, Peptidyl MIMs™ , and 

Magainins. 

The following are descriptions of the five candidate 

microbicides entering advanced trials (www.microbicide.org; 

www.global-campaign.org/EU-download.htm, 2006). 

BufferGel. This microbicide gel is an acid buffer 

that keeps the vagina acidic even in the presence of semen 

and creates a physical barrier that stops or slows down the 

passage of pathogens into the vaginal and cervical walls. 

It is expected to be contraceptive and may protect against 

HIV, HPV, HSV, Chlamydia and gonorrhea. Carbopol 974, the 

major nonaqueous component of BufferGel, is commonly used 

as a gelling or tableting agent. 

Carraguard. This microbicide gel is an attachment 

inhibitor that provides a physical barrier between 

http://www.microbicide.org
http://www.global-campaign.org/EU-download.htm
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pathogens and vulnerable cells in the epithelium cell wall 

of the vagina or rectum. It is not expected to be 

contraceptive, and may protect against HIV, HSV, HPV, and 

gonorrhoea. The active pharmaceutical ingredient in 

Carraguard is carrageenan, a substance derived from 

seaweed. Carrageenan is used as a thickener in foods and as 

an emulsifier in topical creams and lotions such as those 

used in the cosmetics industry. 

Cellulose sulfate. Cellulose sulfate is an attachment 

inhibitor that provides a physical barrier between 

pathogens and vulnerable cells. It is expected to be 

contraceptive and may provide protection against HIV, 

Chlamydia and gonorrhoea. Cellulose sulfate is a sulfated 

polymer with large negatively charged molecules. 

PRO 2000 (napthalene sulphonate polymer). PRO2000 is 

an entry and fusion inhibitor that binds to viruses and 

bacteria to prevent them from binding to and infecting 

healthy cells. Its contraceptive efficacy is expected to 

be dose dependent. It may protect against HIV, gonorrhoea 

and HSV. 
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Savvy (C-31 G). Savvy (C-31 G) is a surfactant that 

breaks down the lipid membranes of enveloped viruses and 

bacteria. It is expected to be contraceptive and may 

protect against HIV, chlamydia and HSV. Savvy consists of 

a range of synthetic organic molecules (betaines and amine 

oxides). The molecules are amphoteric, possessing both 

positive and negative charge, and have surfactant 

(detergent) properties that attack HIVs lipidenvelope. 

HIV-1 Entry Inhibitors 

Viral entry inhibitors form a third broad class of 

microbicide agents and bind sequences that block either the 

attachment of HIV-1 to host cells, the fusion of virus and 

host-cell membranes, or the entry of HIV-1 into host cells. 

The first group of viral entry inhibitor investigated was 

anionic polymers (Balzarini, J and Van Damme, L, 2007) . 

Through their negative charge, anionic polymers interact 

with HIV s viral envelope proteins and interfere with the 

attachment of HIV to CD4+ cells (Schols, 1990; Mitsuya, 

1988). The greater net positive charge on the gpl20 
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protein of CXCR4-tropic viruses makes them particularly 

vulnerable to these compounds, but this is not always as 

reliably the case for CCR5-tropic viruses. For example, 

dextrin sulfate reduced in-vitro cell infectivity of a 

CXCR4 virus (HIV-1 HSBc2) by 77%, but did not reduce 

infectivity of a CCR5 virus (HIV-1 JRCSF) (Moulard et al., 

2000). Naphthalene sulfonate (PRO2000; Indevus 

Pharmaceuticals, Lexington, MA, U S A ) , is a sulfonate 

polymer with in vitro activity against HIV, Chlamydia 

trachomatis, Neisseria gonorrhoeae, and HSV (Keller et al., 

2006). Phase I clinical trials in Europe (Van Damme et al., 

2000), the USA, and South Africa (Mayer et al., 2003) 

showed that PRO2000 was generally well tolerated; however, 

at the highest concentrations tested (4%), it was 

associated with a slightly higher incidence of 

intermenstrual bleeding compared with placebo (Joshi et 

al., 2006). Clinical investigation continues with both a 

phase II/IIb safety and efficacy study of 3101 participants 

(HPTN 035), and a phase III efficacy trial (MDP-301). The 

HPTN 035 trial randomised participants to one of four arms: 

0-5% PRO2000, BufferGel, a placebo gel, or a condom; 

results are expected in early 2009. The 2% PRO2000 arm in 

the MDP-301 trial was closed early in 2008 because interim 
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results indicated futility; the 0-5% arm continues and will 

be evaluated for efficacy versus placebo. Target 

recruitment for the MDP-301 study is 9673 women; as of 

July, 2008, 9395 women had been enrolled and the trial will 

be completed in late 2009. 

Carrageenan (Carraguard®/PC 515, Population Council, 

New York, NY, USA) is a sulfated polysaccharide derived 

from a seaweed extract. In addition to blocking HIV-1 

transmission by binding the HIV-1 envelope, Carraguard has 

been found to prevent HIV-infected mononuclear cells from 

migrating across vaginal epithelia to pelvic lymph nodes in 

mouse models (Perotti et al., 2003). Safety trials of 

Carraguard® and similar carrageenan-based formulations 

(Coggins et al., 2000; Bollen et al., 2008) showed safety 

in HIV-negative men and women. An additional phase I trial 

in South Africa showed that Carraguard® was safe in HIV-

positive men and women (Van de Wijgert et al., 2007). Two 

phase II studies involving 565 women in South Africa and 

Thailand also demonstrated safety (Kilmarx et al., 2006; 

Pistorius et al., 2004). A placebo-controlled phase III 

study of 6202 HIV-negative, non-pregnant women enrolled at 

three sites in South Africa completed data collection in 



29 

March, 2007. Results released in February, 2008 from 

Population Council, found that although Carraguard® gel was 

safe when used over a 2-year period, incident HIV 

infections occurred at a similar rate in the Carraguard and 

placebo groups (134 new infections for an incidence of 3.3 

infections per 100 woman-years in the Carraguard® group and 

151 new infections for an incidence of 3.7 per 100 woman-

years in the placebo group). Although there was a trend 

towards fewer HIV infections in the Carraguard® group, an 

applicator dye test' (Wallace et al., 2007) indicated that 

gel was used in less than 50% of sex acts, raising major 

questions about whether poor adherence contributed to the 

lack of efficacy found in the trial. 

Cellulose sulfate (Ushercell, Polydex Pharmaceuticals, 

Toronto, ON, Canada and Topical Prevention of Conception 

and Disease [TOPCAD], Chicago, IL, USA) is a compound that 

has shown in vitro activity against N. gonorrhoeae, C. 

trachomatis, HPV, and Gardnerella vaginalis (Anderson et 

al., 2002; Su and Caldwell, 1998; Christensen et al., 2001; 

Simoes et al., 2002). Cellulose sulfate acts by binding 

the V3 loop of the gpl20 HIV-1 envelope, and it can inhibit 



both CXCR4 and CCR5-tropic virus types (Scordi-Bello et 

al., 2002). 

An additional anionic polymer under investigation as 

microbicide is cellulose acetate phthalate (CAP). This 

compound, which blocks gpl20 binding sites, has shown in-

vitro activity against HIV-1 and HSV (types 1 and 2) 

(Neurath et al., 2003). Like cellulose sulfate, CAP has 

the ability in tissue explant and animal models to block 

CXCR4 and CCR5-tropic virus types (Lu et al., 2006; 

Kawamura et al., 2000) and its preclinical evaluation to 

date shows minimal induction of inflammatory change 

(Fichorova et al., 2005). CAP is being developed as both 

film and a micronised gel. In addition to blocking gpl20 

binding sites, the micronised form of CAP provides an 

acidic environment, which was shown in one study to cause 

disintegration and loss of infectivity of HIV-1. A recent 

phase I CAP trial of a 13% gel was halted because of the 

occurrence of heavy vaginal discharge in all five 

participants, a side-effect attributed to the 

hyperosmolarity of the glycerol-based formulation (Lacey, 

2008) . 
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Development of the product 

Carraguard® is one of the Population Council's leading 

microbicide candidates. The active pharmaceutical 

ingredient (API) in Carraguard® was a sulfated 

polysaccharide of lambda carrageenan with derived from the 

seaweed species Chondrus crispus (Population Council, 

2001). The molecular weight is between 150,000 and 10 

million (NIH, 2005). Carrageenan is mainly used in the 

food industry. It is an approved Food and Drug 

Administration (FDA) XGRAS' (generally recognized as safe) 

compound that has an extensive history of safety and 

stability as a food additive and a cosmetic and 

pharmaceutical excipients (NIH, 2005). Lambda carrageenan 

is mainly used for adding to dairy products to create a 

creamy sensation. Scientists have discovered that 

carrageenan can protect cells from becoming infected with 

viruses including HIV (Perotti et al., 2003). In the 

laboratory studies, many types of carrageenan have been ( 
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shown to have anti-viral properties (Population Council, 

2001). 

In a recently developed HIV mouse system, Carraguard® 

has been shown to block transmission of HIV across the 

vaginal epithelium (Population Council, 2001). Carraguard® 

has also been shown to inhibit infection by N. gonorrhoeae, 

HSV-2, and HPV in vitro and in vivo (Information on File at 

the Population Council and with the FDA, 2001). Vaginal 

formulations of Carraguard are highly effective in 

protecting mice from HSV-2 infection. In fact, Carraguard® 

is more effective in protecting mice from HSV-2 infection 

than either of the over-the-counter nonoxynol-9-containing 

vaginal spermicides, Gynol II or KY Plus (Information on 

File at the Population Council and with the FDA, 2001) or 

other microbicides under development. Studies conducted in 

Rhesus Macaque monkeys showed that PC-503, a sister 

formulation to Carraguard® with the same active ingredient, 

lambda-carrageenan, is as effective in preventing SIV 

infection as 3% nonoxynol-9 gel or 12% nonoxynol-9 foam 

over-the-counter products. 

The Population Council has completed two safety 

clinical studies of carrageenan formulations in humans. 
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The Council received IND approval from the U.S. Food and 

Drug Administration (FDA) for the iota-carrageenan-based 

microbicide known as PC-213 in 1996. The results of multi-

site Phase I trials of PC-213 conducted through the 

Council's International Committee on Contraceptive Research 

(ICCR) network showed no signs of irritation among women 

using the product once a day for seven days (Elias et al., 

1997). Work in the laboratory during this clinical testing 

however, showed that lambda-carrageenan (PC-503), another 

type of carrageenan, was more promising, and the Council 

received IND approval from the FDA for PC-503 in the fall 

of 1997. In 1998, the Population Council completed a 

multi-site Phase I safety trial on PC-503, using a protocol 

almost identical to that used for the PC-213 trials. These 

trials were conducted at. four sites through the Council's 

ICCR network (Australia, Chile, Dominican Republic, and the 

United States) and at the Chiang Rai Health Club of the 

Thailand Ministry of Health and US CDC Collaboration in 

Chiang Rai, Thailand. None of the women who applied the 

product once daily for seven days experienced any 

significant irritation (Coggins et al., 2000). 
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Further refinement of the carrageenan gel in the 

laboratory resulted in a third, yet more promising, 

formulation 3% lambda- and kappa-carrageenan, referred to 

as PC-515. In addition, the Population Council filed a 

trademark application to use the name Carraguard® for its 

carrageenan-based microbicides. The Council's lead 

microbicide, PC-515, has since been referred to as 

Carraguard®. 

Carraguard® was tested in a phase III clinical trial; 

however, its use in a phase III clinical trial failed to 

reduce HIV-1 sexual transmission (Daily Diagnosis, 2008). 

Possible factors associated with the failure could be the 

lack of anti-infective activity due to suboptimal levels or 

inactivation of carrageenan in the genital tract. 

Composition 

Lambda Carrageenan is a thermo reversible gelling 

agent. Gel formation is obtained only in the presence of 

potassium ions (kappa and iota carrageenan) or calcium ions 

(iota carrageenan). Therefore, a smaller amount of kappa-

carrageenan (FMC, PDR98-15) is adding to form gel. 
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Carraguard® gel formulation (125 mg in gel) is composed of 

the carrageenan mixture dissolved in purified water with 

0.1% p-hydroxybenzoic methyl ester added as a preservative, 

Phosphate-buffered saline (PBS) and hydrochloric acid are 

used to adjust the pH to 7. 

Carrageenans 

Carrageenans or carrageenins are a family of linear .s: 

sulfated polysaccharides extracted from red seaweeds. The 

name is derived from a type of seaweed that is abundant 

along the Irish coastline. Gelatinous extracts of the 

Chondrus crispus seaweed have been used as food additives 

for hundreds of years (FAO Agar and Carrageenan Manual), 

though analysis of carrageenan safety as an additive 

continues (Joint FAO/WHO Expert Committee on Food 

Additives). 

Carrageenans are large, highly flexible molecules 

which curl forming helical structures. This gives them the 

ability to form a variety of different gels at room 

temperature. They are widely used in the food and other 

industries as thickening and stabilizing agents. A 
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particular advantage is that they are pseudoplastic — they 

thin under shear stress and recover their viscosity once 

the stress is removed. This means that they are easy to 

pump but stiffen again afterwards. There are three main 

commercial classes of carrageenan: 

- Kappa — strong, rigid gels. Produced from Kappaphycus 

cottonii 

Iota — soft gels. Produced from Eucheuma spinosum 

- Lambda — forms gels when mixed with proteins rather 

than water, used to thicken dairy products. The most 

common source is Gigartina from Southern Europe. 

Lambda carrageenan 

Physical properties. 

Free flowing, non-gelling pseudo-plastic 

solutions in water 

Partially soluble in cold water, fully soluble in 

hot water 
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No gel, random distribution of polymer chains 

Range from low to high viscosity 

Addition of cations has little effect on 

viscosity 

Compatible with water miscible solvents 

Insoluble in most organic solvents 

Stable over a wide range of temperatures, 

including freeze/thaw cycles 

Soluble in 5% salt solution, hot or cold 

Approximately 35% ester sulfate and little or no 

3,6-AG 

Typical use level - 0.1 to 1.0% 

Sexual lubricant and microbicide. Laboratory studies 

suggest that lambda carrageenan might function as topical 

microbicides, blocking sexually transmitted viruses such as 

HPV and herpes, though not HIV. There are indications that 

a carrageenan-based gel may offer some protection against 
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HSV-2 transmission by binding to the receptors on the 

herpes virus thus preventing the virus from binding to 

cells. Researchers have shown that a carrageenan-based gel 

effectively prevented HSV-2 infection at a rate of 85% in a 

mouse model. A study (Buck et al., 2006) found it 

potentially a thousand times as effective against HPV 

(measuring in vitro infectivity of pseudo viruses, which 

are believed to mimic the activity of actual viruses). If 

effective, its cost compared to HPV vaccines and its 

ability to target any strain of the virus would make it an 

attractive prevention measure against cervical cancer, 

particularly in developing countries. Some personal and 

condom lubricants are already made with carrageenan, and 

several of these products (such as Bioglide and Divine) 

were found to be potent HPV inhibitors in the study (though 

others that listed carrageenan in their ingredients were 

not) . 



39 

Mucoadhesive Microparticles 

The Carraguard® study is one of the furthest along in 

implementation (Mauck, 2009). Formulated as a gel, the 

microbicide is being compared to placebo in a randomized 

controlled trial by the Population Council at three sites 

in South Africa (Cape Town, Durban and Limpopo). The study 

was unblinded for final efficacy analysis in the second 

quarter of 2007. Findings failed to demonstrate efficacy 

of Carraguard in prevention of vaginal transmission of HIV 

(Skoler-Karpoff et al., 2008). Short residence time and 

unacceptable formulation of Carraguard® gel are possible 

factors associated with failure. Currently, development of 

drug delivery systems using mucoadhesive polymer have been 

investigated extensively. Mucoadhesive microparticles 

loaded with carrageenan may enhance protection against HIV 

and possibly other sexually transmitted infections (STIs). 

Basic Concepts 

Mucoadhesion is a relatively new and emerging concept 

in drug delivery. Mucoadhesion keeps the delivery system 
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attached to the mucus membrane; therefore the term 

"mucoadhesion" is used specifically when the bond involves 

mucus coating and the mucoadhesive polymers (Vasir et al., 

2003). The in vitro mucoadhesive property of various 

mucoadhesive polymers such as celluloses, chitosan, 

gelatin, carbomer, dextran, and polycarbophils has been 

extensively investigated. The mucosal residence time was 

studied predominantly on excised nasal mucosa of animals 

(He et al., 1998; Miyazaki et'al., 2003). Mucoadhesive 

microparticles can be prepared by a spray-drying technique. 

The spray-drying technique, a one-step process, offers the 

advantages of good production yield and reproducibility. 

The drug release and mucoadhesive property of the 

microparticles can be altered by varying the proportion and 

type of polymer. In general, microparticle formulations 

have the potential for targeted and controlled release drug 

delivery. Coupling of mucoadhesive properties to 

microparticles has additional advantages including 

increased intimate contact with mucus layer, more efficient 

absorption and enhanced bioavailability of the drugs due to 

a high surface to volume ratio, and specific targeting of 

drugs to the delivery site. 
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Anatomy and Physiology of Female Genital Tract 

The female genital tract is the major route by which 

HIV enters the host in heterosexual transmission (Smith et 

al., 2003). The histology of vaginal wall consists of 

three layers: epithelial layer, muscular coat and tunica 

adventitia. The epithelium is formed by single of 

multiples layers of stratified or columnar or squamous 

epithelium. The thickness is dependent on age. The 

ecology of the vagina is influenced by factors such as the 

glycogen content of epithelial cells, glucose, pH, hormonal 

levels, trauma, birth-control method, age, and 

antimicrobial treatment and delivery. The glycogen content 

of superficial vaginal epithelium shows a tendency to 

increase throughout a menstrual cycle and then fall in the 

late premenstrual phase due to the estrogen production. 

The pH in healthy vagina is acidic (pH 3.5-4.5). This 

acidic pH is maintained by normal microflora lactobacilli 

which convert glycogen from exfoliated epithelial cells to 

lactic acid (Boskey et al., 2001). The anatomical 

position, rich blood supply and the large surface area of 
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vagina makes it advantageous as an application site for 

systemic and local drug delivery. The vaginal epithelium 

is considered to be a mucosal surface, although it has no 

goblet cells and lacks the direct release of mucin. 

Vaginal discharge is a mixture of several components 

including transudates through the epithelium, cervical 

mucus, exfoliating epithelial cells, secretions of the 

Bartholin's glands, leukocytes, endometrial and tubal 

fluids (Desphande et al., 1992; Burgos and Linaires, 1978) . ..?' 

The cervical mucus contains inorganic and organic salts, 

mucins, proteins, carbohydrates, urea and acids (lactic and 

acetic acids). Estrogens and sexual stimulation increase 

vaginal fluid secretion (Wolf et al., 1980). 

Factors Affecting Vaginal Delivery of Mucoadhesive 

Microparticles 

The vagina has unique- features in terms of microflora, 

pH and cyclic changes and these factors must be considered 

during the development and evaluation of vaginal 

microbicides (Valenta, 2005). The phenomenon of 

mucoadhesion is unpredictable due to varying turnover time 
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and composition of mucus, differing behavior of 

mucoadhesive polymers over the pH range, and disease 

conditions (Vasir et al., 2003). Lactobacillus sp., the 

most prevalent organism in the vagina, produces sufficient 

lactic acid to acidify vaginal secretion. As the estrogen 

production decreases during pre-menopause and ongoing 

menopause there is a permanent decrease in the vaginal 

glycogen content (Rakoff et al., 1944). The acidophilic 

organisms no longer dominate. The changes in hormone 

levels especially estrogen during the menstrual cycle lead 

to alteration in the thickness of the epithelial cell 

layer, pH and secretions. Surface charge on mucus varies 

with pH due to differences in dissociation of functional 

groups on the carbohydrate moiety and amino acids of the 

polypeptide backbone. Surface charges on polymer and 

degree of hydration have been shown the different in 

binding with mucin strands at different pH. At acidic pH, 

interpolymer complexation introduces a longer lag time in 

the drug dissolution and release. 

Physiological factors such as mucin turnover and 

disease states diminish the performance of mucoadhesive 

microparticles (Vasir et al., 2003). Mucin turnover limits 
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the residence time of mucoadhesive microparticles on the 

mucous layer. The lack of specificity in adhering to 

specific mucous tissue seriously limits drug delivery and 

targeting through this technique. The amount of vaginal 

fluid decreases with age. This volume may also affect the 

absorption and solubility of microbicide products. 

Viscossity of cervical mucus may also be a barrier for 

delivery and a high volume of vaginal fluid may lead to the 

removal of a dosage form and the lack of significant 

retention of microbicide products. Disease states, e.g., 

bacterial or fungal infections and inflammation, etc. may 

alter the physicochemical properties of mucus. These 

variations further complicate the problem of achieving 

consistent of delivery and dosage form. 

Classification of polymers used for mucoadhesive 

microparticles 

There are three broad classes of mucoadhesive 

polymers: hydrophilic polymer, hydrogels, and thermoplastic 

polymers (Mandal and Morgan, 1994; Yasir et al., 2003. 

Hydrophilic polymers are the waxer-soluble polymers that 
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swell indefinitely in contact with water and eventually 

undergo" complete dissolution. In the large classes of 

hydrophilic polymers those containing carboxylic group 

exhibit the best mucoadhesive properties, poly vinyl 

pyrrolidone (PVP) , methyl cellulose (MC), sodium carboxy 

methylcellulose (SCMC) hydroxy propyl cellulose (HPC) and 

other cellulose derivative. Hydrogels are the class of 

polymeric biomaterial that exhibits the basic 

characteristics to swell by absorbing water interacting by 

means of adhesion with the mucus that covers epithelia. 

Hydrogels are cross-linked polymers with limited swelling 

capacity. Examples of hydrogels are as follows: 

Anionic group i.e. Carbopol, Polyacrylates and 

their crosslinked modifications 

Cationic group i.e. Chitosan and its derivatives 

Neutral group i.e. Eudragit- NE30D etc. 

Recently, the use of thermoplastic polymers in 

bioadhesive formulations has been described (Vasir et al., 

2003). These polymers turn to liquid when heated and 

freeze to a glassy state when cooled sufficiently. Most 

thermoplastics are high-molecular-weight polymers whose 
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chains associate through weak Van der Waals forces 

(polyethylene), through stronger dipole-dipole interactions 

and hydrogen bonding (nylon), or even stacking of aromatic 

rings (polystyrene). Thermoplastic polymers can, unlike 

thermosetting polymers, be remelted and remolded. Several 

groups of polymers have been tested as vaginal delivery 

systems,; e.g., polyacrylates, chitosan, cellulose-

derivatives and sulfated polysaccharides etc. 

Factors Influencing Mucoadhesion 

High molecular weight (up to 100,000), high viscosity 

(up to an optimum), long chain polymers, optimum 

concentration of polymeric adhesive, flexibility of polymer 

chain, spatial confirmation, optimum cross-linked density 

of polymer, charge and degree of ionization of polymer 

(anion >cation >unionized), optimum medium pH, optimum 

hydration of the polymer, high applied strength and 

duration of its application and high initial contact time, 

are some basic properties which a polymer must have to show 

a good mucoadhesive profile (Allur et al., 1990). In 

addition, some physiological factors such as mucin turnover 



47 

and disease status also affect mucoadhesion. Mucin turnover 

is expected to limit the residence time of the mucoadhesive 

polymers on the mucus layer. No matter how high the 

mucoadhesive strength, mucoadhesives are detached from the 

surface due to mucin turnover. The physiochemical 

properties of the mucus are known to change during disease 

conditions such as common cold, gastric ulcers, ulcerative 

colitis, cystic fibrosis, bacterial and fungal infections 

of the female reproductive tract and inflammatory 

conditions of the eye, thereby changing the degree of 

mucoadhesion. Mucoadhesive force of various polymers is 

described in Table 2 (Hunt et al., 1987). 
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Table 2: Rank order of mucoadhesive force for various 
polymers 

Test Polymer 

! Poly(acrylic acid) 

Tragacanth 

Poly(methyl vinylether co-maleic angydride) 

Poly(ethylene oxide) 

;Methylcellulose 

Sodium alginate 

HPMC 

Karaya gum 

MEC 

Soluble starch 

Gelatin 

Pectin 

PVP 

PEG 

PVA 

Poly(hydroxy ethylmethacrylate) 

Hydroxypropylcellulose 

Mean Adhesive 
Force (%) 

1 185.0 

154.4 

147.7 

128.6 

128.0 

126.2 

125.2 

125.2 

117.4 

117.2 

115.8 

100.0 

97.6 

96.0 

94.8 

88.4 

87.1 

Standard 
Deviation 

10.3 

7.5 

9.7 

4,0 

2.4 

12.0 

16.7 

4.8 

4.2 

3.1 

5.6 

2.4 

3.9 

7.6 

4.4 

2.3 

13.3 
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Hydroxypropyl Methylcellulose 

Hydroxypropyl methylcellulose (HPMC) is cellulose 

ether derived from alkali treated cellulose with methyl 

chloride and propylene oxide. It is a semi synthetic, 

inert, viscoelastic polymer used as an ophthalmic lubricant 

and controlled-delivery component in oral medicaments, 

found in a variety of commercial products (de Silva et al., 

2005). HPMC has many pharmaceutical uses, as a drug 

carrier, a coating agent, a tabletting agent, and 

emulsifier in ointments (Greminger and Savage, 1973). It 

can be used in ophthalmic solutions (de Silva et al, 2005; 

Robert et al, 1988; USP 1995) and is also used as 

artificial tears - trade names: BenecelMP643, Isopto-Tears, 

Methopt, Poly-Tears, Tears Naturale, Methocel E, Methocel 

F, Methocel K, Methopt, Pharmacoat/Metolose, (NOSB TAP, 

2002). HPMC, sometimes known as hypromellose, has many 

uses as a food additive, emulsifier, thickening and 

suspending agent, and an alternative to animal gelatin. 

HPMC is used primarily in construction materials like tile 

adhesives and serves as a rheology modifier and water 

retention agents. It is also used in the pharmacy industry 

as excipients and controlled release agent. 
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HPMC (C56H108O30) is a white to off-white powder or 

granules, swells in water to produce a viscous, non-ionic 

colloidal solution. It dissolves slowly in cold water, is 

insoluble in hot water, but soluble in most polar solvents, 

insoluble in anhydrous alcohol, ether, and chloroform. 

Aqueous solutions are surface active, form films upon 

drying and undergo reversible transformation from solid to 

gel upon heating and cooling (FCC, 1996; Ash et al., 1995; 

Budavari, 1996). 

Production of Mucoadhesive Microparticles Using Spray 

Drying Technique 

Mucoadhesive microparticles can be prepared using 

several techniques, e.g., solvent evaporation, hot melt 

microencapsulation, hydrogel microspheres and spray drying. 

Spray drying is often used as an encapsulation technique by 

the food and pharmaceutical industries. Drying a liquid 

feed through a hot gas is a commonly used method. 

Typically, this hot gas is air, but sensitive materials 

such as pharmaceuticals, and solvents like ethanol require 

oxygen-free drying and nitrogen gas is used instead. The 
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liquid feed varies depending on the material being dried 

and is not limited to food or pharmaceutical products, and 

may be a solution, colloid or suspension. This process of 

drying is a one step rapid processing. The liquid feed is 

pumped through an atomiser device that produces fine 

droplets into the main drying chamber. Atomisers vary with 

rotary, single fluid, two-fluid, and Ultrasonic Nozzle 

designs. These various styles have different advantages and 

disadvantages depending on the application of the spray 

drying required. In some instances a spray nozzle is used 

in place of an atomiser for a different dispersion rate. 

The hot drying gas can be passed as a co-current or 

counter-current flow to the atomiser direction. The co-

current flow enables the particles to have a lower 

residence time within the system and the particle separator 

(typically a cyclone device) operates more efficiently. The 

counter-current flow method enables a greater residence 

time of the particles in the chamber and usually is paired 

with a fluidized bed system (Buchi Labortechnik, 2002). 

Currently, most products being formulated for use as 

topical microbicides are based on a single active 

ingredient. While these products may have excellent activity 
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against HIV-1 infection, such as non nucleoside reverse 

transcriptase inhibitors, they may not have activity against 

other sexually transmitted pathogens. The conventional 

method of applying carrageenan in the gel form failed to 

prevent infection and has been associated with low gel use 

among study participants. Carrageenan loaded onto the 

mucoadhesive microparticles may offer a potential delivery 

of microbicides for further clinical studies. 

Proinflammatory Cytokines for Safety evaluation of 

Microbicide Products 

To help identify promising microbicide candidates for 

future efficacy trials, preclinical and clinical screening 

tests are needed to disclose toxic effects that may 

increase vaginal susceptibility to infection. In general, 

microbicides must protect against STD pathogens without 

causing unacceptable toxic effects. Safety of candidate 

vaginal microbicides is often assessed by inspection of the 

genital epithelium by naked-eye examination or by using 

colposcopy. Proinflammatory cytokines, interleukin (IL)-
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1, IL-6, and IL-8 have been associated with mucosal 

irritation after vaginal product use in an animal model 

(Fichorova et al., 2004). Therefore, proinflammatory' 

cytokines have been recommended as markers of toxicity to 

assess subclinical inflammation of vaginal and cervical 

epithelium. 

Inflammation 

Inflammation occurs after most kinds of tissue injury 

or infection or through immunologic stimulation as a 

defense against foreign or altered endogenous substances. 

Inflammatory reactions involve a number of biochemical and 

cellular alterations the extent of which correlates with 

the extent of the initial trauma (Arai, 1990). 

Inappropriate activation of inflammatory responses is the 

underlying cause of many common diseases and inflammatory 

reaction are, therefore, also an important target for drug 

development (Whicher and Evans, 1990). A number of 

cytokines, known collectively as pro-inflammatory cytokines 

because they accelerate inflammation, also regulate 

inflammatory reactions either directly or by their ability 

to induce the synthesis of cellular adhesion molecules or 

other cytokines in certain cell types. The major pro-
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inflammatory cytokines that are responsible for early 

responses are ILl-alpha, ILl-beta, IL6, and TNF-alpha. 

Other pro-inflammatory mediators include LIF, IFN-gamma, 

OSM, CNTF, TGF-beta, GM-CSF, ILll, IL12, IL17, IL18, IL8 

and a variety of other chemokines that attract inflammatory 

cells, and various neuromodulatory factors (Billian and 

Vandekerckhove, 1991). The net effect of an inflammatory 

response is determined by the balance between pro

inflammatory cytokines and anti-inflammatory cytokines; for 

example, IL4, IL10, and IL13, IL16, IFN-alpha, TGF-beta, 

ILlra, G-CSF, soluble receptors for TNF or IL6 (.Bomford and 

Handerson, 1989). 

Role of Cytokines in Inflammatory Response 

Cytokines are a category of signaling molecules that, 

like hormones and neurotransmitters, are used extensively 

in cellular communication. They are proteins, peptides or 

glycoproteins. The term cytokine encompasses a large and 

diverse family of polypeptide regulators that are produced 

widely throughout the body by cells of diverse 

embryological origin (Gilman et al., 2001). The term 
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"cytokine" has been used to refer to the immunomodulating 

agents, e.g., interleukins, interferons, etc. 

Proinflammatory cytokines play roles in HIV-1 pathogenesis, 

transmission, susceptibility and resistance are IL-1, IL-6, 

and IL-8. 

Interleukin-8. Interleukin-8 (IL-8) is a chemokine 

produced by macrophages and other cell types such as 

epithelial cells. It is also synthesized by endothelial 

cells, which store IL-8 in their storage vesicles, the 

Weibel-Palade bodies (Wolff et al., 1998; Utgaard et al., 

1998). There are more receptors on the surface membrane 

capable of binding IL-8. The most frequently studied types 

are the G protein coupled serpentine receptors CXCR1 and 

CXCR2. Expression and affinity to IL-8 is different in the 

two receptors (CXCR1>CXCR2). Toll-like receptors are the 

receptors of the innate immune system. These receptors 

recognize antigen patterns (like LPS in gram negative 

bacteria). Through a chain of biochemical reactions IL-8 

is secreted and is an important mediator of the immune 

reaction in the innate immune system response. It is also 

secreted in urinary tract infections. IL-8 is the 

predominant cytokine expressed in the female genital tract 
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of women with certain infectious/inflammatory conditions 

(Roberto et al., 2005). IL-8 mRNA expression in cervical 

explanted tissue increase up to 9-fold following treatment 

with purified HPV E7 protein. IL-8 increased HIV-1 

replication in T cells and monocytes/macrophages in vitro. 

Peterson et al. (2003) demonstrated IL-8 increased 

susceptibility of cervical explanted tissue to HIV-1 

infection 10- to 18- fold while decreasing the CCR5:CXCR4 

ratio and increasing infection with X4 isolates of HIV-1. 

Interleukin-6. Interleukin-6 (IL-6) is an 

interleukin that acts as both a pro-inflammatory and anti

inflammatory cytokine. It is secreted by T cells and 

macrophages to stimulate immune response to trauma, 

especially burns or other tissue damage leading to 

inflammation. In terms of host response to a foreign 

pathogen, IL-6 has been shown, in mice, to be required for 

resistance against the bacterium Streptococcus pneumoniae 

(van de Poll et al., 1997). IL-6 is one of the most 

important mediators of fever and of the acute phase 

response. In the muscle and fatty tissue IL-6 stimulates 

energy mobilization which leads to increased body 

temperature. IL-6 can be secreted by macrophages in 
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response to specific microbial molecules, referred to as 

pathogen associated molecular patterns (PAMPs). These PAMPs 

bind to highly important detection molecules of the innate 

immune system, called Toll-like receptors (TLRs), that are 

present on the cell surface (or in intracellular 

compartments) which induce intracellular signaling cascades 

that give rise to inflammatory cytokine production. IL-6 is 

also essential for hybridoma growth and is found in many 

supplemental cloning media such as briclone. Inhibitors of 

IL-6 (including estrogen) are used to treat postmenopausal 

osteoporosis (Febbraio and Pedersen BK, 2005). Morris et 

al. (2005) assessed the role of IL-6 in HIV-1 and 

mycobacterium co-infection. The addition of exogenous IL-6 

to monocytes cultures enhanced the growth of both HIV-1 and 

mycobacterium in a dose-dependent manner. 

Interleukin-1. Interleukin-1 (IL-1) is one of the 

first cytokines ever described. Its initial discovery was 

as a factor that could induce fever, control lymphocytes, 

increase the number of bone marrow cells and cause 

degeneration of bone joints. IL-1 was known under several 

other names including endogenous pyrogen, lymphocyte 

activating, factor, haemopoetin-1 and mononuclear cell 
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factor, amongst others. It was around 1984-1985 when 

scientists confirmed that IL-1 was actually composed of two 

distinct proteins, now called IL-la and IL-1(3 (Dinarello, 

1994). IL-la and -(3 are pro-inflammatory cytokines 

involved in immune defense against infection. Both IL-la 

and IL-1 (3 are produced by macrophages, monocytes and 

dendritic cells. They form an important part of the 

inflammatory response of the body against infection. These 

cytokines increase the expression of adhesion factors on 

endothelial cells to enable transmigration of leukocytes to 

sites of infection and re-set the hypothalamus 

thermoregulatory center, leading to an increased body 

temperature which expresses itself as fever. IL-1 is 

therefore called an endogenous pyrogen. 

Markers for the Safety Evaluation of Microbicides 

In the development of microbicides, safety evaluation 

is a critical component. An optimal microbicide should 

protect against infection but must also be safe, without 

adversely affecting the mucosal environment, including 

mediators of host defense that may facilitate 

transepithelial viral penetration and replication. 
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Usually, safety of the use of vaginal microbicides could be 

done with inspection of genital epithelium by naked-eye 

examination or colposcopy. Proinflammatory cytokines could 

serve as surrogate markers of vaginal inflammation to 

predict safety of microbicides prior to large-scale 

clinical trials. Proinflammatory cytokines can be detected 

in the vaginal secretions using non-invasive sampling 

techniques to collect cervicovaginal lavage samples. 

However, pharmaceutical formulations (e.g., Carraguard®, 

PRO2000, etc.) in the vaginal fluids may interfere with 

assays (Chaowanachan et al, 2000). Therefore specific 

protocols must be validated for various collection 

procedures and cytokine assays to rule out product-related-

effects in microbicide safety trials. In addition, 

cytokine mucosal baselines and modulation by genetic 

factors, sexual intercourse, menstrual cycle, exercise, 

hormones, stress and infections are needed to establish 

before safety evaluations in clinical trials. 
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CHAPTER 3 

DEVELOPMENT AND VALIDATION OF A MODIFIED METHOD FOR 

CARRAGEENAN QUANTIFICATION 

Abstract 

Purpose 

To develop and validate a modified method for 

quantifying the HIV-1 entry inhibitor carrageenan 

Methods 

Carrageenan gel standards made in dH20 or phosphate 

buffered saline (PBS) were used to determine the 

sensitivity and linearity of a modified methylene blue 

assay. Cervicovaginal lavages (CVLs) from 11 HIV negative 

women in a safety trial were spiked with Carrageenan gel 

and were used to validate its use with clinical samples. 

Optimization of methylene blue stain was accomplished by 

using concentrations of 0.41, 0.21, and 0.1 mM. Simulated 
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CVLs at four different pH conditions (pH4, 5, 6, and 7) 

were prepared with PBS and lactic acid to mimic acidic 

conditions in the female genital tract and to determine the 

impact of pH on the assay. The effect of PBS used in the 

collection of CVLs was observed in PBS solutions containing 

0.06 - 2.5 % gel. The effect of body temperature on 

carrageenan gel was observed at by incubating carrageenan 

gel concentrations (0.2 - 2.5% or 47 - 750 ug 

carrageenan/ml) spiked in human CVLs (n = 11) at 37°C for 1 

and 24 hrs. 

Results 

The optimized concentration of methylene blue stain 

was 0.41 mM. The assay was linear from 12 - 750 ug 

carrageenan/ml and a stringent limit of lower sensitivity 

was set at 25 ug/ml. PBS did not affect the methylene blue 

assay as the assay's linear range and sensitivity was no 

different when using spiked CVLs or PBS. There was also no 

impact on the assay under varying pH conditions as percent 

recoveries of carrageenan was less than 10%. There was no 

effect of temperature on measurement of carrageenan gel 

concentration. No change was observed when carrageenan 
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concentrations were compared at Time 0, 1 hr and 24 hrs (P 

value = .4179 and .0513, respectively). No signal above 

background was detected in the absence of gel in CVLs. 

Conclusions 

This modified assay demonstrated sensitivity, 

technical simplicity and minimal requirement for sample 

preparation. This assay can be used to measure carrageenan 

concentration in CVLs to be tested for anti-infective 

activity of HIV to provide a basis for biological and anti

viral evaluations of CVLs from women enrolled in clinical 

studies. Furthermore, it could be used to determine 

residence time, drug product stability and drug release. 

Quantifying carrageenan will provide a better basis for the 

development of possible new carrageenan formulations. 
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Carrageenan is a sulfated polysaccharide class of 

compounds found in certain types of seaweed (NIH, 2005). 

Carrageenan is mainly used in the food industry. It is an 

approved Food and Drug Administration (FDA) 'GRAS' 

(generally recognized as safe) compound that has an 

extensive history of safety and stability as a food 

additive and a cosmetic and pharmaceutical excipients (NIH, 

2005). Lambda carrageenan is mainly used for adding to 

dairy products to create a creamy sensation. Scientists 

have discovered that carrageenan can protect cells from 

becoming infected with viruses including HIV (Perotti et 

al., 2003). In laboratory studies, many types of 

carrageenan have been shown to have anti-viral properties 

(Population Council, 2001). 

Further refinement of carrageenan gel in the laboratory 

resulted in a promising formulation 3% lambda- and kappa-

carrageenan, referred to as Carraguard®. However, when 

tested in a phase III clinical trial Carraguard® failed to 

reduce HIV-1 sexual transmission (Daily Diagnosis, 2008). 
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A possible factor associated with failure could be lack of 

anti-infective activity due to suboptimal concentrations or 

inactivation of carrageenan in the genital tract. A major 

concern in the microbicide field is how long a formulation 

remains after application and how long the active 

ingredient remains active in the vagina without being 

absorbed and/or inactivated. Ideally a vaginal microbicide 

should remain active for an extended period of time 

following application. There is a need for the method used 

for determination of residence time, but currently there 

are no commercial assays available. 

The method used to detect the level of carrageenan or 

carrageenan-based products has been previously described 

(Soedjak, 1994). This method is based on the principle 

that methylene blue solution turns from blue to purple 

immediately after addition of carrageenan due to the 

formation of a soluble complex. Methylene blue is a 

heterocyclic aromatic chemical compound with molecular 

formula: Ci6Hi8ClN3S. It has many uses in a range of fields, 

such as biology or chemistry. At room temperature it 

appears as a solid, odorless, dark green powder that yields 

a blue solution when dissolved in water. The anionic sites 
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of carrageenan appear to be primarily responsible for the 

dye-binding. The interaction between methylene blue and 

polyanion is reversible, electrostatic and stoichiometric 

(1:1 ratio between the anionic sites and the bound dye 

molecules). The maximum absorbance of the complex at 540 

nm is proportional to the concentrations. This 

proportionality of the absorbance of complex allows a 

simple quantitative determination of the polymers. In this 

study, we developed a modified methylene blue colorimetric 

assay and identified its sensitivity and linear range for 

use in quantifying carrageenan concentration in microgram 

levels. 

Methods 

Materials 

Carrageenan gel containing the same contents as 

Carraguard® (Carrageenan®, Ocaenus™, Phoenix, AZ, USA) was 

used in this study. Placebo gel contained 2.5% 

methylcellulose was provided by Population Council. 

Methylene blue (dye content, minimum 82%) was purchased 
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from Sigma-Aldrich. Phosphate buffered saline (PBS, 0.01 

M, pH 7.2) was purchased from Cellgro, VA, AK. Flat bottom 

96-well Microtiter® plates were purchased from Dynatech 

Laboratories, Chantilly, Virginia. Human cervicovaginal 

lavages (n = 11) were obtained from HIV negative 

participants of a safety clinical trial. 

Sample Preparation 

Various carrageenan gel concentrations (0.008-10% gel) 

were prepared in dH20, PBS or in control CVLs (n = 11). 

Briefly, one gram of Carrageenan gel was added to 10 mL of 

dH20, to PBS and to control CVLs giving a starting 

concentration of 10% gel solution. A two-fold serial 

dilution was performed to obtain various concentrations of 

gel to 0.008% gel. 

Determination of Carrageenan Levels 

The 300 uL reaction was set up in a 5mL-polystyrene 

tube. Briefly, ten micro liter aliquots of various 

carrageenan gel concentrations (0.008-10% gel) made in dH20, 

in PBS and in control CVLs (n = 11) were mixed with 260 uL 
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of distilled water. Methylene blue (30 uL, 0.41mM) was 

added to the reaction. After mixing vigorously, 200 uL of 

reaction was transfer to a 96-well plate for measuring the 

optical density. The reactions were measured for 

absorbance at 540 nm using BIO-TEK PowerWave™ XS 

spectrophotometer (BIO-TEK Instruments, Inc., Vermont, 

USA). To generate a standard curve, the concentrations of 

carrageenan standard (ug/mL) were plotted against the mean 

optical densities for each concentration using linear graph 

plot. 

Figure 3. The methylene blue reactions transferred to a 96-

well plate for measuring the optical density at 540 nm 

using a spectrophotometer. 



68 

Assay Optimization and Validation 

Optimization of methylene blue stain used in the 

reaction was observed in carrageenan concentrations of 

0.41, 0.21, and 0.1 mM. Effect of PBS used in the 

collection of CVLs was assessed in PBS solutions containing 

0.06 - 2.5 % gel. The impact of pH on the assay was 

evaluated using simulated CVLs containing 1% gel; simulated 

CVLs at four different pH conditions (pH4, 5, 6, and 7) 

were prepared with PBS and lactic acid to mimic acidic 

conditions in female genital tract. Effect of body 

temperature on carrageenan gel was observed by incubating 

carrageenan gel concentrations (0.2 - 2.5% or 47 - 750 ug 

carrageenan/ml) spiked in human CVLs (n = 11) at 37°C for 1 

and 24 hrs. All samples were analyzed in triplicate. 

Results 

An initial study to optimize the concentration of 

methylene blue dye was performed using 0.1, 0.21, or 0.41 

mM methylene blue to react with various carrageenan gel 
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concentrations (0.008-10% gel) prepared in dH20. The plot 

between carrageenan concentrations and optical density at 

540 run are shown in Figure 4. Since the 0.41 mM methylene 

blue yielded the highest slope (0.0005) and R-squared value 

was 0.41 mM (Figure 4), it was selected for this modified 

assay. The assay sensitivity and linearity were determined 

using various carrageenan gel concentrations (0.008-10% 

gel) prepared in dH20. The linearity range was 12 - 750 ug 

carrageenan/ml (Figure 5) and a stringent limit of lower 

sensitivity was set at 25 ug/ml. 

Next, we evaluated the effect of PBS used in the 

collection of CVLs. Carrageenan gel concentrations 

(0.0008-10 ug/ml prepared in PBS. No effect of PBS on the 

methylene blue assay was found. As shown in Figure 6, the 

standard curves of carrageenan made in dH20 and in PBS are 

identical. The assay's linear range and sensitivity was no 

different using spiked CVLs or PBS. 

Another factor which may affect the assay or 

carrageenan molecule is the vaginal pH. Simulated CVLs at 

four different pH conditions (pH4, 5, 6, and 7) were 

prepared with PBS and lactic acid to mimic acidic condition 

in female genital tract and to determine the impact of pH 
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on the assay. These simulated CVLs were spiked with 

carrageenan gel at the final concentration of 1.0 % gel. 

The expected carrageenan level was 300 ug/mL. As shown in 

Table 3, carrageenan levels observed at four different pH 

conditions were ranged from 274 to 310 ug/mL. Percent 

recovery of carrageenan in these four conditions was 92% to 

104%. The variation of percent recovery was less than 10%. 

As mentioned earlier, gel should remain active after 

insertion for an extended period of time. However, body 

temperature and vaginal condition could affect the time 

Carraguard® is retained and remained active after 

application. To investigate drug product stability in the 

body, an in vitro study was performed using spiked CVLs (n 

= 11) containing various gel concentrations. Carrageenan 

levels were determined before and after the incubation of 

spiked CVLs at 37°C for 1 hour and for 24 hours. There was 

no effect of temperature on measurement of carrageenan gel 

concentration as shown in Figure 7. No change was observed 

when carrageenan concentrations at Time 0 were compared 

with those at 1 hr and 24 hrs after incubation (P value = 

0.4179 and 0.0513, respectively). 
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Dye 
Concentration 

(mM) 

0.41 

0.21 

0.1 

Linear Equation 

y = 0.0005x + 0.208 

y = 0.0003x + 0.1323 

y = O.OOOlx + 0.0833 

R-squared value 

0.9753 

0.8578 

0.8242 

Figure 4. Optimization of the methylene blue concentration 

used for carrageenan determination. The 0.41 mM methylene 

blue yielded the highest slope (0.0005) and R-squared value 

was 0.41 mM. 
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Standard Curve for Carrageenan 

0.7 

0.6 

E0.5 

| 0.4 

*0 .3 

° 0 . 2 

0.1 

0 

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 

Carrageenan Concentration (ug/mL) 

Figure 5. Standard Curve for Carrageenan Determination using 

0.41 mM methylene blue dye (linear from 12-750 ug/ml). 

y= 0.0005x + 0.2144 

FT = 0.9989 
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Standard Curve of Carrageenan in DW vs. PBS 

0.0 200.0 400.0 600.0 

Carrageenan Concentration (ug/mL) 

800.0 

DW: y = 0.0005x + 0.1877 
R2 = 0.9967 

PBS: y = 0.0005x + 0.195 
R2 = 0.982 

Figure 6. Effect of phosphate buffer saline (PBS) on the 

methylene blue assay examined using Carrageenan gel 

concentrations (0.04 - 2.5 % gel) made in distilled water 

(DW) and PBS. The standard curves of carrageenan made in 

dH20 and in PBS are identical. 
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Effect of pH condition on Carrageenan Determination 

PH 

4 

5 

6 

7 

OD540 

0.328 

0.328 

. 0.341 

0.346 

Carrageenan (ug/mL) 

274 

274 

299 

310 

% Recovery 

91.5 

91.5 

99.8 

103.5 

Table 3. Effects of pH condition on a modified methylene 

blue assay for carrageenan determination. Simulated CVLs 

(four different pH conditions - pH 4, 5, 6, and 7) 

containing 1.0 % Carrageenan gel were use to determine the 

impact of pH on the assay. The expected carrageenan level 

was 300 ug/mL. Carrageenan levels observed at four 

different pH conditions showed the variation of percent 

recovery less than 10%. 
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Spike 

Carrageenan 

(ug/mL) 

750 

375 

188 

94 

47 

Average 

% Recovery-

Time 0: Before 
incubation 

83 

79 

73 

73 

65 

75 

1 hr 
incubation 

84 

83 

75 

69 

61 

74 

24 hr 
incubation 

86 

82 

79 

75 

65 

77 

Table 4. Percent recovery before and after incubation 

carrageenan spiked in human CVLs (n = 11) at 37°C for 1 hr 

and for 24 hrs. No change was observed after 1 hr and 24 

hrs incubation (P value = 0.4179 and 0.0513, respectively). 
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Figure 7. In vitro effect of temperature (37°C) on the 

methylene blue assay for detection of carrageenan in human 

CVLs (n = 11). 
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Conclusions 

This modified assay demonstrated sensitivity, 

technical simplicity and minimal requirement for sample 

preparation. There was no demonstrated interfering effect 

of PBS in this modified assay. Detection sensitivities and 

linearity were achieved with CVLs spiked with carrageenan 

and were similar to those observed with carrageenan-spiked 

PBS and dH20. Therefore, we concluded that this assay could 

be used to measure carrageenan concentration in CVLs from 

women enrolled in clinical studies. Furthermore, this 

assay could be used to determine the residence time, drug 

product stability and drug release. Quantifying 

carrageenan will provide a basis for the development of 

possible new carrageenan formulations. 
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CHAPTER 4 

DETERMINATION OF RESIDENCE TIME OF CARRAGUARD GEL IN 

CERVICOVAGINAL LAVAGES 

Abstract 

Purpose 

Carrageenan is the active ingredient in the 

microbicide Carraguard (125 mg in gel) that was tested in a 

phase III clinical trial that failed to reduce HIV-1 sexual 

transmission. Possible factors associated with the failure 

could be the lack of anti-infective activity due to 

suboptimal levels or inactivation of carrageenan in the 

genital tract. Therefore, we are measuring carrageenan 

concentrations in cervicovaginal lavages (CVLs) taken 15 

min after gel application, 8-24 hrs after a week of daily 

gel use and 7 days after stopping gel use. 
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Methods 

Of 60 HIV-infected women in a crossover safety trial 

(Carraguard, placebo, and no gel arms), 16 who through out 

of their participation had negative tests for candidiasis 

or bacterial vaginosis (BV) and no symptoms of vaginitis 

were selected to study for carrageenan levels. 

Cervicovaginal lavages (CVLs) were taken 15 min after gel 

application, 8-24 hrs after gel application (collected 

after a week of daily gel use) and 7 days after stopping 

gel use and were examined for carrageenan levels using a 

modified colorimetric methylene blue assay. Carrageenan 

levels in CVLs taken 15 min after gel application were 

compared with those taken after 8-24 hrs after gel 

application using Student's T test. 

Results 

In the Carraguard arm, carrageenan was detectable in 

16 (100%), 12 (75%), and none of the CVLs taken at 15 min, 

8-24 hrs, and 7 days after vaginal application, 

respectively. Carrageenan was not detected in CVLs in the 

placebo and the no gel arms. The assay was linear from 12 
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- 750 ug carrageenan/ml and the limit of sensitivity was 

set at 25 ug/mL. Carrageenan levels were significantly 

higher (p = 0.02) in CVLs taken 15 min after application 

(median 297 ug/ml; range 84-2916 ug/ml) versus those taken 

after 8-24 hrs (median 82 ug/ml; range <25-288 ug/ml). 

Carrageenan levels in the 8-24 hrs versus the 15 min CVLs 

decreased <10-fold in 9 women and ^10-fold in 7 women. No 

signal above background was observed in the placebo or the 

no gel CVLs. 

Conclusions 

Using this assay, carrageenan is detectable at 24 

hours or less after vaginal application in most women. 

These measurements will be the basis for a comparison of 

carrageenan exposure times in vivo to CVL anti-infective 

activities in ex vivo assays. 
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Introduction 

Topical vaginal microbicides are being developed to 

meet the urgent need for an effective, woman-initiated 

product for the prevention of HIV transmission. The 

Carraguard® study is one of the furthest along in 

implementation (Mauck, 2009). Carraguard® contains a 

seaweed extract that acts as an HIV fusion or entry 

inhibitor. Formulated as a gel, the microbicide was 

compared to placebo in a randomized controlled trial by the 

Population Council at three sites in South Africa (Cape 

Town, Durban and Limpopo). The study was unblinded for 

final efficacy analysis in the second quarter of 2007. 

Findings of this trial reported that HIV incidence was 3.3 

per 100 women-years in the Carraguard® group and 3.8 per 100 

women-years in the placebo group with no significant 

difference in the distribution of time to seroconversion (p 

= 0.30). However, gels were estimated to have been used in 

only 42% of sex acts (Skoler-Karpoff et al., 2008). The 
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authors interpreted these results to indicate lack of 

efficacy of Carraguard in prevention of vaginal 

transmission of HIV. 

One challenge for microbicide development is the lack 

of surrogate endpoints to assess prevention efficacy. 

Improved in vitro assays to evaluate the anti-HIV activity 

of candidate microbicide products could facilitate the 

selection of products that are suitable for further 

development in clinical trials. The Thailand MOPH - U.S. 

CDC Collaboration, in collaboration with the Thai Ministry 

of Public Health and the Population Council, completed a 

safety and efficacy study of a candidate microbicide 

product Carraguard® in HIV-infected women. Sixty women were 

enrolled in this study. Adherence with the visit schedule 

was high with only one participant lost to follow up and 

99% of scheduled study visits were completed (unpublished 

data). Adherence with gel use, defined as using gel 6 of 

9 consecutive days, was 98% (only one woman stopped gel use 

during her second follow up month because her partner 

received an HIV-negative test. Therefore, to investigate 

factors associated with clinical trial failure of 

Carraguard® (i.e., residence time, anti-HIV infective 
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activity), we proposed to conduct additional laboratory 

studies on stored specimens from this trial. 

In this study, we have determined residence time of 

Carraguard® gel using the modified methylene blue assay for 

carrageenan quantification (the assay development 

previously described in Chapter 3). Carrageenan levels in 

the CVLs were measured in order to determine the actual 

amount of carrageenan in CVLs from women who use the 

product or placebo or use no gel. Data from this study 

were used for interpretation the cytokine assay 

interference and anti-infective activity of Carraguard® in 

subsequent studies. 
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Methods 

Materials 

Carraguard® and placebo gels were obtained from the 

Population Council New York. The carrageenan mixture, a 

sulfated polysaccharide mixture of lambda- and kappa-

carrageenan (FMC, PDR98-15), was dissolved in purified 

water with 0.1% p-hydroxybenzoic methyl ester added as a 

preservative. Phosphate-buffered saline (PBS) and 

hydrochloric acid were used to adjust the pH to 7. The 

ingredient in placebo gel is 2.5% methyl cellulose 

dissolved in purified water with 0.1% p-hydroxybenzoic 

methyl ester added as a preservative. PBS and hydrochloric 

acid were used to adjust the pH to 7. The placebo has 

similar physical characteristics as Carraguard; both are 

clear gels. Methyl cellulose is neither spermicidal or 

microbicidal. Materials used for a modified methylene blue 

assay were described in chapter 3. 
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Study Procedures 

Prior to enrollment in the study, women had two 

screening visits and an HIV medical evaluation at Chiang 

Rai Hospital to determine whether she was eligible to 

enroll in the study. If eligible, they attended the study 

clinic for assessment and pelvic exam at day 0, day 7, and 

day 14 of each study month. Cervicovaginal lavages (CVLs) 

were collected during each pelvic exam: three at each Day 0 

visit and one at each Day 7 and Day 14 visit, and the 

closing visit. On Day 0 visits, one CVL was taken prior to 

gel insertion and two consecutively 15 min after gel 

insertion (or 15 min after the first CVL in the no gel 

months). After once a day application for 7 days, CVLs 

were taken at 8-24 hrs after the last gel application. The 

next CVLs were taken on Day 14 visit (7 days after stopping 

gel use). 

Study Populations 

We selected 16 HIV-infected women who had no history 

of surgery on external genitalia, vagina or cervix in the 

month prior to study enrollment and negative tests for 
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candidiasis or bacterial vaginosis (BV) and symptoms of 

vaginitis to study carrageenan levels. 

Sample Collection and Preparation 

CVLs were collected by expelling 5 ml of PBS into the 

vagina using a 10 ml syringe. Fluid was allowed to pool in 

the posterior vaginal fornix for 30-60 sec, aspirated with 

a sterile filling tube, and transferred to a 15 ml 

propylene centrifuge tube. The amount of fluid collected 

was recorded. The tube was placed on ice or in a 

refrigerator immediately after collection and processing 

was generally done within 4 hours of collection. CVLs were 

checked for the presence of semen (if present, another CVL 

was taken after 48 hours), gross blood, and blood heme 

concentration. All processed specimens were stored in -70° C 

freezers. 

Determination of Carrageenan Levels 

Cervicovaginal lavages (CVLs) were thawed at room 

temperature and were centrifuged at 14 000 g before test. 

The 300 uL reaction was set up in a 5mL-polystyrene tube. 
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Briefly, ten micro liter aliquots of carrageenan gel 

standards or CVLs were mixed with 260 uL of distilled 

water. Methylene blue (30 uL, 0.41mM) was added to the 

reaction. After mixing vigorously, 200 uL of reaction was 

transfer to a 96-well plate for measuring the optical 

density. The reactions were measured for absorbance at 540 

nm using BIO-TEK PowerWave™ XS spectrophotometer (BIO-TEK 

Instruments, Inc., Vermont, USA). To determine the 

concentration of carrageenan, standard curve was generated 

using linear graph plot. The concentrations of carrageenan 

standard (ug/mL) were plotted on the X-axis versus the mean 

optical densities for each standard on the Y-axis. 

Statistical Analysis 

Carrageenan levels in CVLs taken 15 minutes after gel 

application were compared with those taken 8-24 hrs using a 

parametric analysis using Student's T test. Differences 

were considered statistically different when P value < 

0.05. 
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Results 

The concentration of carrageenan standards and mean 

optical densities are shown in Table 5. A typical standard 

curve is shown in figure 8. The plot of carrageenan 

concentration (X-axis) versus the mean optical densities 

for each standard (Y-axis) yielded the linear relationship 

(R2 = 0.9984). The assay was linear from 12 - 750 ug 

carrageenan/ml and the limit of sensitivity was set at 25 

ug/mL. None of CVLs in placebo and no gel arms were 

detected for carrageenan. Optical density readings of CVLs 

in the no gel and the methylcellulose (Placebo) arms 

measured at 540 nm are shown in Table 6. The means of 

optical value obtained from CVLs collected on day 0, 7 and 

14 of the placebo and no gel arms were equal to the optical 

value obtained from negative control PBS (OD540 = 0.193). 

In Carraguard arm, carrageenan in 16 (100%) CVLs taken 

at 15 min after gel application, shown in Table 8, was 

detectable (median 297 ug/ml; range 84-2916 ug/ml). Table 

7 shows carrageenan levels from CVLs in Carraguard arm. Of 

16 CVLs taken 8-24 hrs after gel application, 12 (75%) were 
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detected for carrageenan (median 297 ug/ml; range 84-2916 

ug/ml). Carrageenan was not detected in any of the CVLs 

taken on day 7 after stopping vaginal application. 

Carrageenan levels were significantly higher (p = 0.02) in 

CVLs taken 15 min after application versus those taken 

after 8-24 hrs. When compared to carrageenan levels in the 

CVLs collected 8-24 hrs after gel application to those 

collected 15 min after gel application, the levels 

decreased <10-fold in 9 women and decreased ^10-fold in 7 

women. Comparison data are shown in Table 9. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Carrageenan Gel Solution 
in PBS (%, W/V) 

5 

2.5 

1.25 

0.63 

0.31 

0.156 

0.078 

0.040 

PBS 

DW • 

Carrageenan 
(ug/mL CVL) 

1500.0 

750.0 

375.0 

187.5 

93.8 

46.9 

23.4 

11.7 

0.0 

0.0 

OD 540 nm 

0.596 

0.558 

0.391 

0.288 

0.249 

0.220 

0.207 

0.204 

0.193 

0.195 

Table 5. Carrageenan standards and mean optical absorbance 

at OD 540 nm. 
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R2 = 0.9984 

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 

Carrageenan (ug/ ml_ CVL) 

Figure 8. Standard curve of carrageenan determined using 

the modified methylene blue assay. 
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Participant 
ID # 

813 

814 

817 

822 

826 

828 

830 

835 

838 

840 

845 

847 

849 

856 

858 

860 

OD 540 nm 

No gel arm 

DayO 

0.188 

0.182 

0.184 

0.187 

0.191 

0.191 

0.194 

0.183 

0.205 

0.208 

0.203 

0.208 

0.206 

0.183 

0.186 

0.187 

Day 7 

0.187 

0.186 

0.185 

0.184 

0.19 

0.191 

0.19 

0.181 

0.204 

0.202 

0.203 

0.208 

0.205 

0.186 

0.193 

0.185 

Day 14 

0.185 

0.185 

0.187 

0.187 

0.19 

0.193 

0.192 

0.184 

0.203 

0.203 

0.203 

0.208 

0.207 

0.186 

0.184 

0.186 

Methylcellulose arm 

DayO 

0.188 

0.186 

0.183 

0.185 

0.188 

0.193 

0.192 

0.184 

0.212 

0.204 

0.203 

0.21 

0.215 

0.186 

0.182 

0.185 

Day 7 

0.186 

0.187 

0.185 

0.186 

0.191 

0.192 

0.192 

0.185 

0.206 

0.206 

0.205 

0.208 

0.203 

0.185 

0.181 

0.184 

Day 14 

0.186 

0.184 

0.190 

0.185 

0.190 

0.191 

0.195 

0.185 

0.205 

0.203 

0.207 

0.209 

0.209 

0.185 

0.185 

0.180 

Table 6. Optical density readings of cervicovaginal lavages 

(CVLs) in the no gel and the methylcellulose (Placebo) arms 

measured at 540 nm. CVLs were collected before (Day 0) and 

after gel insertion (Day 7 and Day 14). 
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ID# 

813 

814 

817 

822 

826 

828 

830 

835 

856 

858 

860 

838 

840 

845 

847 

849 

OD 540 run 

DayO 

0.188 

0.183 

0.183 

0.188 

0.189 

0.192 

0.194 

0.183 

0.187 

0.185 

0.187 

0.205 

0.209 

0.203 

0.202 

0.209 

Day 7 

0.232 

0.247 

0.218 

0.334 

0.193 

0.249 

0.195 

0.211 

0.197 

0.258 

0.295 

0.275 

0.362 

0.239 

0.289 

0.209 

Day 14 

0.185 

0.182 

0.185 

0.183 

0.189 

0.193 

0.193 

0.183 

0.185 

0.187 

0.189 

0.208 

0.208 

0.201 

0.208 

0.208 

Day 7 - Carrageenan (ug/mL) 

67 

97 

39 

268 

< 25 

126 

< 25 

25 

<25 

116 

190 

119 

293 

47 

149 

<25 

Table 7. Optical density readings and carrageenan 

concentration of cervicovaginal lavages (CVLs) from the 

Carraguard arm. 
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No. ID# 

OD 540 

Visit # 3 
Visit 
# 6 

Visit 
# 9 

Carrageenan (ug/mL CVL) 

V i s i t # 3 
V i s i t 
# 6 

V i s i t 
# 9 

813 0:563 0 . 1 9 4 > 750 
814 0 . 1 9 3 '..0.4-08 418 
817 •mMpWi 0 . 1 9 4 84 
822 0 . 1 9 1 msm > 750 
826 0 . 1 9 1 wm& 110 

nw.'Qsm:? 0 . 1 8 6 176 
830 >*fe*rf> 

^X&$TCV* 0 . 1 9 4 138 
835 T^;of§» a . 199 > 750 

0 , 1 9 2 f0s.-41<3<i 428 
10 !40 • 0-.2 6, J NA 122 

No. 

1 
2 
3 
4 
5 
6 

ID# 

813 
822 
835 
856 
858 
860 

OD 540 
undiluted 

0.563 
0.59 
0.591 
0.59 
0.486 
0.591 

1:5 
0.265 
0.59 
0.287 
0.323 
0.249 
0.301 

1:10 
0.224 
0.345 
0.244 
0.26 
0.223 
0.254 

Carrageenan (ug/mL CVL) 
undiluted 

> 750 
> 750 
> 750 
> 750 
> 750 
> 750 

1:5 

658.0 
3908.0 
878.0 
1238.0 
498.0 
1018.0 

1:10 
496.0 
2916.0 
896.0 
1216.0 
476.0 
1096.0 

Sensitivity = 25 ug/mL No gel 
- .CaEraauar'd«"-*J*»i 

!'j.%'-L^ Lcx'-iJI_,."-.JO '• 

Table 8. Optical density readings and concentration of 

carrageenan in cervicovaginal lavages (CVLs) collected 15 

minutes after gel insertion. 



ID# 

813 
814 

817 

822 

826 

828 

830 

835 
838 

840 
845 

847 

849 
856 

858 

860 

Carrageenan (ug/mL) 
Acute 

658 
418 

84 

2916 

110 

176 

138 
878 

428 
122 

122 

172 

92 
1238 

498 

1018 

Day 7 
67 
97 

39 

268 
< 25 

126 

< 25 
25 

119 

293 
47 

149 
< 25 

< 25 

116 

190 

Mean 566.8 96.1 
Median 297.0 82.0 

SD 724.8 93.1 

P value = 0.01582 

Table 9. Carrageenan levels in acute CVLs (collected the 

min after gel application) versus Day 7 CVLs (collected 

24 hrs after gel application). 
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Conclusions 

In this study, we reported the residence time of 

Carraguard® gel formulation. Using modified methylene blue 

assay, carrageenan was detectable at 24 hours or less after 

vaginal application in most women. Determination of 

carrageenan levels in CVLs from women enrolled in clinical 

studies will provide a better basis for biological and 

anti-viral evaluations of this drug product. These 

measurements will be the basis for a comparison of 

carrageenan exposure times in vivo to CVL anti-infective 

activities in ex vivo assays. In addition, carrageenan 

levels detected in these CVLs will help in the assessment 

of cytokine assay interference. 
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CHAPTER 5 

ASSAY INTERFERENCE OF CARRAGUARD AND PLACEBO GELS ON 

CYTOMETRIC BEAD ARRAY ASSAY 

Abstract 

Purpose 

To investigate possible interference of Carraguard® and 

methylcellulose' (placebo) gels on the assay used for 

proinflammatory cytokine determination. 

Methods 

Simulated cervicovaginal lavage (CVL) specimens 

containing various concentrations of Carrageenan and 

methylcellulose gels were used to investigate the effects 

on proinflammatory cytokine test results determined by 

using the Cytometric Bead Array (CBA). Carrageenan gel, 

containing the same ingredients as Carraguard® gel, was used 

in this study. Simulated CVL specimens were prepared using 
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Assay Diluent to contain 0.06%, 0.13%, 0.5%, 1% or 2.5% of 

Carrageenan or methylcellulose gels. Cytokine standards 

were added to each preparation to make various 

concentrations ranging from 40 to 625 pg/mL. 

Results 

Proinflammatory cytokine levels of simulated specimens 

containing 0.06 - 2.5 % of Carrageenan or methylcellulose 

gels were determined using Cytometric Bead Array (CBA). 

Levels of IL-12p70, TNF-a, IL-10, IL-6, IL-ip, and IL-8 

observed in gel solutions were compared with standard spike 

concentrations. In the presence of Carrageenan gel, we 

observed a significant difference in the levels of IL-12p70 

and IL-8 (P = 0.01). When data obtained from 2.5% gel 

solutions were excluded, the difference was significant 

only in the levels of IL-12p70 (P = 0.01). In the presence 

of methyl cellulose, there is no significant difference 

when the gel solutions contain <_ 1% gel. The clinical 

interpretations in the presence of gels did not differ from 

the ones without gels. 
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Conclusions 

Carrageenan® and methylcellulose gels exhibit 

significant impacts on the CBA proinflammatory cytokine 

test results only when the gel concentrations are higher 

than those in samples collected from trial participants. 

Presence of gel in concentrations commonly found in 

clinical samples does not affect the interpretation of 

proinflammatory induction. 

Introduction 

Current recommendations to decrease HIV transmission, 

including mutual monogamy, condom use, and STI treatment, 

are difficult for some women to adopt. Mutual monogamy 

requires a sex partner's cooperation; condom use is a male-

controlled method, and sexually transmitted infections 

(STIs) treatment is often difficult to achieve because many 

STIs are asymptomatic. Microbicides are substances that 

can be used vaginally or rectally during sexual intercourse 
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to prevent infection, and would provide women with the 

potential to protect themselves and their sexual partners 

from HIV and other STIs. Microbicides may be used in 

combination with condoms to increase protection or, in 

situations in which condoms are not being used, as primary 

protection. Microbicides must protect against STI 

pathogens without causing unacceptable toxic effects. To 

help identify promising microbicide candidates for future 

efficacy trials, preclinical and clinical screening tests 

are needed that will disclose any toxic effect that 

increases vaginal susceptibility to infection. 

Cytokine profiling provides data for many inflammatory 

and immune disease states. Proinflammatory cytokines have 

been used as surrogate markers for sub clinical 

inflammation in microbicide trials. Currently, the most 

commonly used method is enzyme-linked immunoassay (ELISA) 

(Hack and Vaddi, 1997). ELISA can only measure one analyte 

at a time; therefore, performing ELISA for a number of 

different cytokines can be very expensive, time consuming 

also requiring high sample volume. The Becton Dickinson 

Cytometric Bead Array (BD™ CBA) is a multiplex system that 

employs the advantages of flow cytometry and a capturing 
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particle-based immunoassay (bdbiosciences.com, 2006). The 

combined advantages of these two technologies enable BD™ 

CBA to use smaller sample volumes to determine the 

concentrations of multiple analytes in substantially less 

time when compared to conventional ELISA. The CBA kit uses 

7 urn polystyrene microbeads. In this assay, six bead 

populations are made with six different fluorescence 

intensities and are coated with capture antibodies specific 

for six different cytokines (IL-1|3, IL-6, IL-8, IL-10, IL-

12p70 and TNF-a). These six specific captured beads are 

mixed together before incubation with recombinant protein 

standards or test samples, then phycoerythrin (PE) 

conjugated detection antibodies are added to form sandwich 

complexes. The captured cytokines were then detected via 

direct immunoassay and data acquisition using fluorescence 

activated cell sorter (FACS) Calibur® flow cytometer (Becton 

Dickinson). 

Carraguard is a leading microbicide candidate and has 

been shown to prevent mucosal transmission in laboratory 

studies (Population Council, 2001). Studies have been 

conducted to assess the safety and efficacy of Carraguard® 

in Thailand and African countries. However, in these 

http://bdbiosciences.com
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assessment trials, the subjects' specimens collected after 

gel use may contain microbicides or their placebo gels that 

could cause assay interference. For example, gels may 

inhibit or enhance the reaction of the assays leading to 

the inaccurate assay test results. Therefore, the 

objective of this study was to determine the effects of 

Carraguard® and methylcellulose (placebo) gels on 

proinflammatory cytokines measurement using the BD™ CBA 

Human Inflammation kit. Results from a study done by the 

Population Council (Li et al, 2006) showed that after the 

investigator inserted 4 mL of Carraguard containing 120 mg 

of the active pharmaceutical ingredient - carrageenan into 

the subject's vagina, the amount of carrageenan in CVLs 

from these women remains somewhat constant at 1%. 

Therefore, we observed the effect of gels on 

proinflammatory cytokine assay in the present of gel 

concentration 2.5% gel or lower. 
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Methods 

Materials 

Simulated cervicovaginal lavage (CVL) specimens 

containing various concentrations of Carrageenan and 

methylcellulose gels were prepared to investigate possible 

interference with proinflammatory cytokine levels using the 

commercial BD™ CBA Human Inflammation kit (Becton Dickinson 

Cytometric Bead Array, BD Biosciences, San Diego, CA). 

Carrageenan gel (Carrageenan®, Ocaenus™, Phoenix, AZ, USA) 

contains the same carrageenan content as Carraguard® gel. 

Placebo gel contains 2.5% methylcellulose. 

Sample Preparation 

Simulated CVL specimens were prepared using Assay 

Diluent (supplied with CBA kit) to contain 0.06%, 0.13%, 

0.5%, 1% or 2.5% of Carrageenan or methylcellulose gels. 

Cytokine standards (supplied with CBA kit) were added to 

each preparation to make various concentrations ranging 

from 40 to 625 pg/mL. 
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Determination of Inflammatory Cytokine Profiles 

Each condition sample was analyzed twice. For each of 

the six cytokines, the sensitivity of this assay was set at 

5 pg/mL and the upper detection limit was 5000 pg/mL. 

Briefly, 50 ul of sample or standard (previously diluted in 

Assay Diluent, as recommended by the manufacturer) were 

added to 50 pi of mixture beads and incubated for 90 

minutes at room temperature in the dark. The cytokine 

standard calibrator mixture was used for each assay. After 

incubation, the samples and standards were washed with 1 mL 

of wash buffer (supplied with CBA kit) and centrifuged at 

200 g for 5 minutes at room temperature. Subsequently, 50 

ul of the Human Inflammation PE Detection Reagent were 

added to each tube and the mixture re-incubated for 90 

minutes at room temperature in the dark. Following 

incubation, the samples and standards were washed again 

with 1 mL of wash buffer and centrifuged at 200g for 5 

minutes at room temperature to remove unbound detector 

reagent. After washing, 300 ul of wash buffer was added to 

each tube prior to data acquisition using a fluorescence 
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activated cell sorter (FACS)Calibur® flow cytometer (Becton 

Dickinson). 

Instrumentation 

The Becton Dickinson FACSCalibur Analytic flow 

cytometer is capable of analyzing cells stained with up to 

four distinct fluorescent probes (typically, FITC, PE, 

Cy5PE or PerCP, and APC). The FACSCalibur has two lasers 

(argon-488nm and 635nm diode) and four color capability. 

Figure 4 shows the laser arrangement and the optical light 

path with selected filters for each detector 

(Photomultiplier Tube or PMT). Also shown are the other 

possible conjugates detected by the respective PMT. In 

addition, each Calibur is equipped with a High Throughput 

Sampler (HTS) that allows users to automatically analyze a 

variety of formats from standard 96 well plates to 364 well 

plates without intervention. 
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FACSCalibur 

Figure 9. An analyzer with fixed-alignment cuvette flow 

cell from BD Biosciences. Two lasers provide excitation 

wavelengths of 488 nm and 635 nm. Capable of detecting up 

to 4 fluorochromes simultaneously. 
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Statistical Analysis 

Statistical analysis was performed by a parametric 

analysis using Student's T test. Statistically 

significant differences were considered when P value < 

0.05. 

http://i-fciraJirxJi.50p.jiTl
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Results 

Proinflammatory cytokine levels of specimens 

containing 0.06 - 2.5 % of Carrageenan or methylcellulose 

gels were determined using the BD™ CBA Human Inflammation 

kit (Table 10 & 11). Levels of IL-12p70, TNF-a, IL-10, IL-

6, IL-lp, and IL-8 observed in gel solutions were compared 

with standard spike concentrations. Difference between 

levels obtained from spiked and observed concentrations 

were calculated using Student's T test. In the presence of 

Carrageenan gel, we observed significant difference in the 

levels of IL-12p70 and IL-8 (P = 0.01). When data obtained 

from 2.5% gel solutions were excluded, the significant 

difference was noted only in the levels of IL-12p70. In 

the presence of methyl cellulose, there was no significant 

difference when the gel solutions contain <_ 1% gel. To 

investigate the assay interference of Carrageenan and 

methylcellulose gels on the assay for proinflammatory 

cytokines and subsequently on clinical interpretation, we 

plotted the levels obtained from standard spike 



110 

concentration against the observed concentrations (Figure 

12-17)". The clinical interpretations in the presence of 

gels did not differ from those without gel. 
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Table 10. Effect of Carrageenan gel on CBA asssay for human inflammatory cytokine 

Carrageenan 

gel (%) 

2.5 

1 

0.5 

0.1 

0.06 

Spike 
Cytokine 
(pg/mL) 

20 
40 
80 
156 
312.5 
625 
1250 
20 
40 
80 
156 
312.5 
625 
1250 
20 
40 
80 
156 
312.5 
625 
20 
40 
80 
156 
312.5 
625 
20 
40 
80 
156 
312.5 
625 

Observed in Carrageenan gel solution (pg/mL) 

IL-12p70 
11 
26 
51 
103 
208 
430 
825 
15 
30 
64 
128 
252 
521 
1087 
17 
36 
72 
146 
305 
604 
20 
39 
77 
148 
279 
665 
15 
37 
77 
150 
251 
616 

TNF-a 
19 
43 
73 
168 
326 
624 
1322 
17 
37 
83 
175 
316 
680 
1660 
15 
38 
68 
135 
306 
695 
18 
35 
71 
146 
242 
461 
15 
33 
72 
143 
260 
622 

IL-10 
19 
40 
71 
159 
325 
620 
1390 
18 
37 
76 
163 
299 
592 
1485 
18 
41 
75 
161 
345 
671 
20 
40 
83 
151 
288 
616 
18 
38 
76 
165 
266 
610 

IL-6 
19 
39 
68 
150 
324 
618 
1269 
17 
36 
75 
158 
307 
627 
1518 
17 
38 
72 
148 
336 
720 
19 
37 
75 
161 
270 
631 
14 
34 
71 
155 
255 
625 

IL-lb 
19 
47 
67 
180 
338 
633 
1344 
18 
34 
83 
187 
336 
718 
1650 
16 
34 
68 
134 
305 
691 
19 
34 
71 
151 
246 
421 
16 
32 
72 
136 
240 
585 

IL-8 
15 
30 
65 
130 
278 
531 
1058 
14 
32 
71 
144 
278 
558 
1282 

18 
38 
78 
150 
325 
613 
19 
37 
83 
158 
293 
616 
16 
35 
76 
148 
290 
613 

P value 0.01 0.60 0.29 0.43 0.60 0.01 

P value - Exclude 2.5% gel 
data 0.01 0.74 0.52 0.44 0.82 0.05 
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Table 11. Effect of methyl cellulose gel on CBA assay for human inflammatory 
cytokine 

methyl 
cellulose gel 

(%) 

2.5 

1 

0.5 

0.125 

0.06 

Spike 
Cytokine 
(pg/mL) 

20 
40 
80 
156 

312.5 
625 
20 
40 
80 
156 

312.5 
625 
20 
40 
80 
156 

312.5 
625 
20 
40 
80 
156 

312.5 
625 
20 
40 
80 
156 

312.5 

Observed in methyl cellulose gel solution (pg/mL) 

IL-
12p70 
30.9 
25.8 
101.1 
92.6 

314.7 
1045.9 
20.5 
43.6 
85.1 
168.4 
341.4 
672.4 
16.9 
37.4 
76.1 
147.5 
305.7 
602.7 
17.5 
38.2 
73.9 
140.7 
286.5 
570.6 
16.8 
34.8 
69.0 
135.5 
282.5 

625 488.5 

TNFa 
27.0 
27.4 
66.0 
108.3 
305.7 
1100.2 
20.6 
40.2 
82.1 
175.6 
335.1 
688.6 
20.3 
38.0 
66.6 
151.6 
291.6 
650.7 
20.3 
33.8 
66.6 
131.0 
272.0 
603.5 
19.5 
36.3 
68.7 
141.6 
284.9 
500.2 

IL-10 
32.9 
27.9 
135.7 
93.1 

372.5 
1198.3 
20.2 
40.2 
83.0 
172.4 
320.3 
669.7 
18.9 
37.2 
70.7 
146.3 
308.8 
584.1 
19.5 
36.5 
76.4 
150.4 
292.4 
573.6 
18.2 
35.2 
70.3 
139.8 
271.9 
514.2 

IL-6 
29.4 
34.5 
67.7 
128.8 
382.5 
1008.9 
21.9 
39.5 
89.1 
173.3 
332.6 
700.3 
19.0 
36.0 
71.2 
148.4 
294.0 
636.2 
19.2 
35.3 
69.2 
137.0 
283.1 
561.7 
17.6 
35.0 
63.6 
141.6 
267.5 
517.8 

IL-lb 
32.1 
28.4 
110.0 
101.6 
306.3 
1131.6 
20.6 
41.3 
86.3 
169.2 
345.2 
722.9 
20.3 
40.5 
70.1 
153.0 
300.1 
620.2 
21.5 
32.7 
63.5 
125.2 
283.8 
644.4 
20.5 
38.9 
65.8 
140.9 
268.4 
503.1 

IL-8 
35.7 
61.0 
123.5 
189.5 
488.3 
1147.3 
21.1 
45.5 
82.3 
153.0 
322.3 
618.9 
19.0 
40.0 
74.0 
139.3 
279.7 
594.7 
19.9 
36.9 
75.9 
138.1 
280.9 
533.4 
18.6 
37.2 
71.6 
130.2 
275.9 
544.0 

P value 0.13 0.14 0.07 0.06 0.11 0.04 

P value - Exclude 2.5% 0.45 0.40 0.30 0.24 0.36 0.21 
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Figure 14. Effect of Carrageenan gel on CBA assay for human 

proinflammatory cytokines 



116 

40 pg/mL )pg/mL 156pg/mL 312pg/mL 

Standard Spike Concentration (pg/mL) 

625 pg/mL 

Figure 15. Effect of Carrageenan gel on CBA assay for human 

proinflammatory cytokines 
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Figure 16. Effect of Carrageenan gel on CBA assay for human 

proinflammatory cytokines 
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Figure 17. Effect of Carrageenan gel on CBA assay for human 

proinflammatory cytokines 
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Conclusions 

We studied the potential effect of two vaginal gels -

Carrageenan® and methylcellulose on human proinflammatory 

cytokines assay test results using the BD™ CBA assay and 

simulated female genital specimens. Carrageenan® and 

methylcellulose gels exhibited significant impacts on only 

two the CBA proinflammatory cytokine measurement (IL-12p70 

and IL-8) and only when the concentration of gel >1%. 

There was no impact on the clinical interpretation of 

proinflammatory induction. Data from our study suggested 

that CBA assay could be used for determination of 

proinflammatory cytokines in cervicovaginal lavages 

containing £ 1 % Carraguard® or methylcellulose gels. 



120 

CHAPTER 6 

SAFETY ASSESSMENT OF THE USE OF CARRAGUARD GEL IN HIV-1 

INFECTED WOMEN 

Abstract 

Purpose 

To evaluate associations between the use of gel and 

proinflammatory cytokines in cervicovaginal lavages (CVLs) 

from HIV infected women in a safety cross-over trial of 

Carraguard® gel use. 

Methods 

Cervicovaginal lavages (CVLs) from 16 HIV-infected 

women in a crossover safety trial (carrageenan, placebo, 

and no gel arms) were assayed for proinflammatory cytokines 

using the Becton Dickinson Cytometric Bead Array (BD™ CBA) . 

We investigated levels of interleukin (IL)-ip, IL-6, IL-8, 

IL-10, IL-12p70 and tumor necrosis factor alpha (TNF-a) in 
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cervicovaginal lavages (CVLs) taken before (DO) and after 

gel application (8-24 hrs after a week of daily gel use 

(D7) and seven days after stopping gel use (D14)). For 

each study arm, we compared the levels obtained at D7 and 

D14 with the levels obtained at DO using Student's T test. 

Results 

A total of 16 women were investigated to determine 

proinflammatory cytokine profiles after a week of daily gel 

use. Levels (mean, median, and SD) of TNF-a, IL-6, IL-1(3,, 

and IL-8 in CVLs obtained before and after gel use were 

determined. Levels of IL-12p70 and IL-10 were lower than 

detection limit (5 pg/mL). In Carraguard® arm, levels of 

IL-1|3 were significantly elevated (P = .03 for DO vs. D14) 

and levels of IL-8 were significantly decreased at D7 (P = 

.007). However, when we excluded data from a single 

participant whose IL-1B levels were considered an outlier, 

there was no significant elevation in proinflammatory 

cytokines after the use of gels. 
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Conclusions 

We found no increase in proinflammatory cytokines 

after Carraguard® gel use, suggesting that this gel is not 

associated with inflammation. IL-8 levels were decreased 

at Day 7 of Carraguard® and methylcellulose arms. The use 

of either Carraguard® or methylcellulose gel may have an 

indirectly anti-inflammatory effect by increasing 

lubrication during sexual intercourse or may act as a 

physical barrier between pathogens and epithelium cell wall 

of the vagina. 

Introduction 

Carraguard® is a leading microbicide candidate and has 

been shown to prevent mucosal transmission of HIV in 

laboratory studies (Population Council, 2001). The active 

pharmaceutical ingredient in Carraguard® is a sulfated 

polysaccharide mixture of lambda- and kappa-carrageenan 

(FMC, PDR98-15) derived from the seaweed species Chondrus 

crispus. There is evidence from animal studies that 

indicate degraded carrageenan or poligeenan may cause 
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ulcerations in the gastro-intestinal tract and gastro

intestinal cancer (Tobacman, 2001). Moreover, a recent 

publication indicates that carrageenan induces inflammation 

in human intestinal epithelial cells in tissue culture 

through a BcllO-mediated pathway that leads to activation 

of NF- kappaB and IL-8. Therefore, carrageenan may be 

immunogenic due to its unusual alpha-1, 3-galactosidic link 

that is part of its disaccharide unit structure. 

Structural unit 

Carrageenan consists of alternating 3-linked-p-D-
galactopyranose and 4-linked-a-D-galactopyranose units 

(www.lsbu.ac.uk/water/images/hycar3 . gif) 

Figure 18. Structure unit of lambda carrageenan that may be 

immunogenic due to its unusual alpha-1, 3-galactosidic link 

that is part of its disaccharide unit structure. 

http://www.lsbu.ac.uk/water/images/hycar3
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Microbicides must protect against STD pathogens 

without causing unacceptable toxic effects. To help 

identify promising microbicide candidates for future 

efficacy trials, preclinical and clinical screening tests 

are needed that will disclose any toxic effect that 

increases vaginal susceptibility to infection. We have 

recently reported no increase in proinflammatory cytokines 

after Carraguard® and placebo gel use by HIV negative women 

in a placebo-controlled randomized clinical trial (Bollen 

et al., 2007). However, microbicides may be used by HIV-

infected women and couples or sex partners to protect them 

from becoming HIV-infected because they are unaware of 

their HIV status. HIV-infected women may also choose to 

use microbicides to protect themselves from acquiring other 

sexually transmitted infections (STIs), including different 

HIV strains. We therefore assessed the safety of 

Carraguard® in HIV-positive Thai women. The levels of 

proinflammatory cytokines - tumor necrosis factor-alpha 

(TNF-a), interleukin-ip (IL-ip), interleukin-6 (IL-6), 

interleukin-8 (IL-8), interleukinlO (IL-10) and 

interleukin-12 (IL-12p70) were measured and used as a 

surrogate marker for toxicity. 
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Methods 

Study Population 

Sixty HIV-infected women in Chiang Rai, Thailand were 

enrolled for three months and applied Carraguard, placebo 

gel, or no product once daily for 7 days of each study 

month. We evaluated specimens collected from. 16 HIV-

infected women who had no history of surgery on external 

genitalia, vagina or cervix in the month prior to study 

enrollment and negative tests for candidiasis or bacterial 

vaginosis (BV) and symptoms of vaginitis. 

Study Procedures 

Prior to enrollment in the study, women had two 

screening visits and an HIV medical evaluation at Chiang 

Rai Hospital to determine whether they were eligible to 

enroll in the study. If eligible, they attended the study 

clinic for assessment and pelvic exam, at day 0, day 7, and 

day 14 of each study month. Cervicovaginal lavages (CVLs) 

were collected during each pelvic exam: three at each Day 0 

visit and one at each Day 7 and Day 14 visit, and the 
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closing visit. On Day 0 visits, one CVL was taken prior to 

gel insertion and two consecutively 15 min.after gel 

insertion (or 15 min after the first CVL in the no gel 

months). CVLs were collected by expelling 5 ml of PBS into 

the vagina using a 10 ml syringe. Fluid was allowed to pool 

in the posterior vaginal fornix for 30-60 sec, aspirated 

with a sterile filling tube, and transferred to a 15 ml 

propylene centrifuge tube. The amount of fluid collected 

was recorded. The tube was placed on ice or in a 

refrigerator immediately after collection and processing 

was done within 4 hours of collection. CVLs were checked 

for the presence of semen (if present, another CVL was 

taken after 48 hours), gross blood, and blood heme 

concentration. All processed specimens were stored in -70° C 

freezers. Cervicovaginal lavages (CVLs) collected during 

each study arm at Day 0 (before insertion of the gel), Day 

7 (after gel insertion once a day for 7 days), and Day 14 

(after stop using gel for 7 days) were tested for 

proinflammatory cytokines. 
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Materials 

In the Carraguard gel formulation, the active 

pharmaceutical ingredient is a sulfated polysaccharide 

mixture of lambda- and kappa-carrageenan (FMC, PDR98-15) 

derived from the seaweed species Chondrus crispus, with a 

continuum molecular weight of 150,000 to 10 million. The 

carrageenan mixture is dissolved in purified water with 

0.1% p-hydroxybenzoic methyl ester added as a preservative. 

Phosphate-buffered saline (PBS) and hydrochloric acid were 

used to adjust the pH to 7. The ingredient in placebo gel 

is 2.5% methyl cellulose dissolved in purified water with 

0.1% p-hydroxybenzoic methyl ester added as a preservative. 

PBS and hydrochloric acid are used to adjust the pH to 7. 

The placebo looks feels, smells and tastes the same as 

Carraguard; both are clear gels. Methyl cellulose is 

neither spermicides nor microbicide. 
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Figure 19. Applicator used to deliver 4 ml of gels in the 

Population Council's trials. 

Determination of Proinflammatory Cytokines in CVLs 

CVLs collected before insertion of the gel at day 0 

and after gel insertion at day 7 and 14 of each study month 

were tested for proinflammatory cytokines using BD™ CBA 

Human Inflammation Kit (BD Biosciences, San Diego, CA). 

Briefly, 50 ul of CVL or standard (previously diluted in 

Assay Diluent, as recommended by the manufacturer) were 

added to 50 ul of mixture beads and incubated for 90 

minutes at room temperature in the dark. The cytokine 

standard calibrator mixture was used for each assay. After 

incubation, the samples and standards were washed with 1 mL 

of wash buffer (supplied with CBA kit) and centrifuged at 

200 g for 5 minutes at room temperature. Subsequently, 50 
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ul of the Human Inflammation PE Detection Reagent were 

added to each tube and the mixture re-incubated for 90 

minutes at room temperature in the dark. Following 

incubation, the samples and standards were washed again 

with 1 mL of wash buffer and centrifuged at 200g for 5 

minutes at room temperature to remove unbound detector 

reagent. After washing, 300 ul of wash buffer was added to 

each tube prior to data acquisition using a fluorescence 

activated cell sorter (FACS)Calibur® flow cytometer (Becton 

Dickinson). 
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BD Cytometric Bead Array Analysis 
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Figure 20. The examples of standard curves generated using 

the BD™ CBA software. 

Statistical Analysis 

Statistical analysis was performed using GraphPad 

Prism®. For comparison cytokine levels, the Student's t-

test was used and statistically significant differences 

were considered when P value < 0.05. Descriptive analysis 

was used to analysis the cross over study data. 
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Results 

Comparison Analysis 

A total of 16 women were included in the investigation 

for the induction of proinflammatory cytokine secretion 

after gel exposure for 7 days. Levels (mean, median, and 

SD) of TNF-a, IL-6, IL-ip, and IL-8 in CVLs obtained before 

and after gel use are shown in Table 12-21. Levels of IL-

12p70 and IL-10 were lower than detection limit (5 pg/mL). 

Levels of TNF-a, IL-6, IL-ip, and IL-8 in CVLs obtained 

from Day 0 of each study arm were compared and were not 

significantly different (P value > 0.05). For each study 

arm, we compared the levels obtained at Day 7 and Day 14 

with the levels obtained before gel use (Day 0) using 

Student's T test. Overall, there was no significant 

elevation in proinflammatory cytokines. In Carraguard® arm, 

levels of IL-ip were significantly elevated (P = 0.03 for 

DO vs. D14) and levels of IL-8 were significantly decreased 

at D7 (P = 0.007). However, the increase in IL-1|3 level 

was not significant when we excluded data from a single 

participant whose IL-1B levels were considered an outlier. 



CBA Assay for IL-lb 
No gel 

Arm No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
6.7 
24.8 
60.3 
133.9 
25.9 
90.4 
0.0 
36.0 
2.2 
10.9 
22.5 
50.0 
31.3 
42.6 
131.9 
11.1 

Day 7 
49.0 
1.6 
58.5 
114.3 
40.4 
197.8 
4.5 
52.6 
1.3 

123.9 
98.6 
77.9 
1.4 

227.9 
29.4 
61.5 

Day 14 
73.0 
140.1 
423.3 
76.2 
65.1 
178.9 
9.5 
52.0 
5.8 
51.7 
6.2 

109.3 
11.2 
42.6 
121.7 
29.2 

average 

median 

SD 

Paired T test: 
p value 

42.5 

28.6 

42.3 
Day 0 vs, 

Day 7 

0.1111 

71.3 

55.5 

67.7 
Day 0 vs. 

Day 14 

0.0807 

87.2 

58.6 

103.1 
Day 7 vs. 

Day 14 

0.5971 

Table 12. Levels, mean, median, and SD of IL-ip in 

cervicovaginal lavages from the no gel arm measured by 

using a Cytometric Bead Array (CBA) assay. 
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CBA Assay for IL-lb 
Carraguard 

Arm No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
9.9 
11.9 
59.0 
230.4 
16.3 
138.7 
0.0 
161.0 
5.1 
8.3 
14.6 
56.8 
34.0 
70.9 
131.3 
13.9 

Day 7 
19.1 
8.5 

731.9 
33.7 
136.2 
70.7 
5.8 
11.2 
1.5 
4.1 
23.2 
20.3 
3.2 

211.3 
131.3 
31.8 

Day 14 
44.4 
92.9 
197.1 
469.0 
111.5 
183.9 
5.6 
97.8 
7.4 
28.2 
72.5 
7.2 
16.8 
219.4 
126.4 
40.4 

average 

median 

SD 

Paired T test: p 
value 

60.1 

25.1 

69.1 

Day 0 vs. 
Day 7 

0.53551 

90.2 

21.8 

181.6 

Day 0 vs, 
Day 14 

0.02875 

107.5 

82.7 

119.0 

Day 7 vs 
Day 14 

0.71085 

Table 13. Levels, mean, median, and SD of IL-1(3 in 

cervicovaginal lavages from the Carraguard arm measured by 

using a Cytometric Bead Array (CBA) assay. 
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CBA Assay for IL-lb 

Methylcellulose 
Arm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
5.3 
12.2 
45.6 
202.9 
30.2 
212.7 
9.5 
45.8 
3.0 
20.8 
3.8 
48.2 
63.3 
110.3 
295.7 
6.6 

Day 7 
16.5 
2.4 
22.9 
197.4 
22.4 
41.2 
0.0 
39.3 
10.6 
8.4 
8.7 
15.9 
27.3 
84.0 
7.7 
32.4 

Day 14 
27.9 
107.6 
149.1 
90.4 
67.5 
753.0 
19.5 
45.3 
4.2 
6.9 
87.8 
125.9 
1.9 
106.2 
164.7 
52.3 

average 

median 

SD 

Paired T test: p value 

69.7 

37.9 

89.6 

Day 0 vs, 
Day 7 

0.09116 

33.6 

19.5 

48.2 
Day 0 vs, 
Day 14 

0.26184 

113.1 

77.7 

178.3 

Day 7 vs, 
Day 14 

0.09891 

Table 14. Levels, mean, median, and SD of IL-ip in 

cervicovaginal lavages from the methylcellulose arm 

measured by using a Cytometric Bead Array (CBA) assay. 
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CBA Assay for IL-6 

No gel 
Arm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
4.1 
15.1 
306.6 
43.1 
6.0 
12.1 
1.3 
4.4 
1.3 
8.3 
45.6 
31.2 
30.6 
57.7 
59.6 
11.6 

Day 7 
10.8 
2.5 
86.2 
53.2 
12.5 
5.1 
12.2 
2.7 
0.0 
62.7 
11.5 
29.0 
3.3 
28.3 
37.9 
27.3 

Day 14 
3.6 
27.6 
623.3 
47.9 
8.5 
13.9 
7.4 
4.7 
4.0 
12.1 
4.4 
22.1 
7.7 
9.8 

174.4 
18.0 

average 

median 

SD 

Paired T test: 
value 

P 

39.9 

13.6 

73.9 
Day 0 vs. 
Day 7 

0.29692 

24.1 

12.4 

25.0 
Day 0 vs. 
Day 14 

0.32330 

61.8 

10.9 

155.4 
Day 7 vs 
Day 14 

0.29300 

Table 15. Levels, mean, median, and SD of IL-6 in 

cervicovaginal lavages from the no gel arm measured by 

using a Cytometric Bead Array (CBA) assay. 
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CBA Assay for IL-6 

Carraguard 
Arm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
3.9 
7.1 

222.7 
96.6 
13.4 
64.6 
1.2 
19.5 
2.1 
5.5 
4.9 
10.8 
5.8 
20.9 
83.8 
13.4 

Day 7 
1.8 
2.6 
306.6 
34.3 
58.8 
2.5 
7.1 
0.0 
1.1 
2.7 
3.3 
4.1 
17.7 
47.9 
76.5 
61.9 

Day 14 
5.2 
19.5 
180.2 
51.3 
23.1 
10.3 
5.4 
5.7 
3.5 
31.3 
14.6 
5.8 
19.5 
31.2 
45.5 
40.6 

average 36.0 39.3 30.8 

median 12.1 5.6 19.5 

SD 58.2 75.9 42.7 
Day 0 vs . Day 0 vs. Day 7 vs. 

Day 7 Day 14 Day 14 
Paired T test: p 

value 0.72648 0.43294 0.35883 

Table 16. Levels, mean, median, and SD of IL-6 in 

cervicovaginal lavages from the Carraguard arm measured by 

using a Cytometric Bead Array (CBA) assay. 



CBA Assay for IL-6 

Methylcellulose 
Arm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
1.7 
5.4 
76.6 
81.1 
12.4 
23.7 
15.3 
4.4 
2.2 
15.3 
19.2 
15.7 
85.4 
82.1 
151.5 
12.6 

Day 7 
7.8 
4.8 
50.2 
251.6 
24.2 
39.5 
0.0 
5.0 
37.5 
4.5 
23.3 
21.1 
69.5 
44.3 
7.8 
27.1 

Day 14 
3.3 
58.1 
323.5 
38.8 
30.1 
2.9 
3.9 
5.7 
2.3 
6.1 
79.3 
11.0 
3.8 
15.7 
105.1 
17.6 

average 37.8 

median 15.5 

SD 43.7 
Day 0 

vs. Day 
7 

Paired T test: p value 0.95718 

38.6 

23.7 

60.1 

Day 0 vs 
Day 14 

0.73524 

44.2 

13.4 

80.5 

Day 7 vs. 
Day 14 

0.82239 

Table 17. Levels, mean, median, and SD of IL-6 in 

cervicovaginal lavages from the methylcellulose arm 

measured by using a Cytometric Bead Array (CBA) assay. 
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CBA Assay for IL-8 

No Gel Arm No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
255.4 
839.5 
1108.6 
1132.2 
2427.9 
1875.5 
30.1 
819.5 
119.8 
1039.8 
363.4 
1501.8 
538.5 
585.4 
2499.3 
340.6 

Day 7 
954.8 
109.8 
605.0 
1195.8 
1587.2 
15531.3 
118.1 
524.6 
29.6 
561.4 
646.7 
2150.9 
168.5 
1232.3 
1211.5 
890.0 

Day 14 
405.1 
2141.8 
3831.1 
1229.1 
1943.8 
15065.2 
268.1 
784.0 
243.6 
1226.0 
159.9 
1400.9 
477.8 
1004.4 
3699.1 
585.9 

average 

median 

SD 

Paired T test: 
p value 

967.3 

829.5 

769.1 

Day 0 vs, 
Day 7 

0.40207 

1719.8 

768.3 

3729.1 

Day 0 vs, 
Day 14 

0.16996 

2154.1 

1115.2 

3623.4 

Day 7 vs 
Day 14 

0.15298 

Table 18. Levels, mean, median, and SD of IL-8 in 

cervicovaginal lavages from the no gel arm measured by 

using a Cytometric Bead Array (CBA) assay. 
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CBA Assay for IL-8 

Carraguard 
Arm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
145.5 
380.4 
808.3 
2643.3 
523.6 
866.2 
29.9 

2198.1 
167.7 
958.3 
203.3 
1516.9 
1281.7 
989.9 
3203.8 
402.2 

Day 7 
85.8 
93.4 

1388.5 
419.8 
584.6 
436.7 
54.7 
76.3 
23.5 
138.4 
174.6 
219.0 
43.6 
523.8 
2089.8 
98.6 

Day 14 
1163.8 
1395.4 
1837.7 
3861.7 
2316.6 
17944.8 
121.1 
1091.9 
336.4 
1541.1 
151.2 
82.6 
265.9 
2803.2 
2636.2 
848.8 

average 

median 

SD 

Paired T test: 
value 

1020.0 

837.2 

943.6 

Day 0 vs. 
Day 7 

0.00716 

403.2 

156.5 

566.4 

Day 0 vs, 
Day 14 

0.21888 

2399.9 

1279.6 

4290.7 

Day 7 vs, 
Day 14 

0.07925 

Table 19. Levels, mean, median, and SD of IL-8 in 

cervicovaginal lavages from the Carraguard arm measured by 

using a Cytometric Bead Array (CBA) assay. 



140 

CBA Assay for IL-8 

Methylcellulose 
Arm No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

ID# 
813 
814 
817 
822 
826 
828 
830 
835 
856 
858 
860 
838 
840 
845 
847 
849 

Concentration (pg/ml) 
Day 0 
176.5 
383.8 
897.3 
1782.3 
2222.3 
18919.0 
322.4 
592.2 
76.8 
1487.4 
147.6 
3598.2 
1728.2 
2716.3 
6238.5 
252.0 

Day 7 
246.6 
188.3 
373.7 
1179.6 
1686.0 
684.4 
28.5 
280.9 
127.7 
183.2 
125.7 
398.1 
613.3 
699.2 
352.6 
343.5 

Day 14 
605.0 
2808.0 
1913.9 
920.2 
2067.3 
24939.0 
167.7 
489.7 
161.2 
715.1 
791.3 
1817.7 
86.1 

1728.2 
3460.5 
942.2 

2596.3 469.5 2725.8 

median 1192.3 348.1 931.2 

SD 4648.7 433.8 6003.9 
Day 0 vs. Day 0 vs. Day 7 vs. 

Day 7 Day 14 Day 14 

Paired T test: p value 0.08233 0.79901 0.14992 

Table 20. Levels, mean, median, and SD of IL-8 in 

cervicovaginal lavages from the methylcellulose arm 

measured by using a Cytometric Bead Array (CBA) assay. 



CBA Assay for TNFa 

Arms 
No Gel 

No. 
1 
2 
3 
4 

ID# 
817 
822 
845 
847 

average 
median 

SD 

Concentration (pg/ml) 
Day 0 
7.2 
0.0 
3.4 
2.4 
3.2 
2.9 
3.0 

Day 7 
10.8 
2.8 
2.8 
1.3 
4.4 
2.8 
4.3 

Day 14 
13.7 
8.8 
0.0 
2.4 
6.2 
5.6 
6.2 

Carraguard 1 
2 
3 
4 

817 
822 
845 
847 

average 
median 

SD 

10.6 
2.5 
1.5 
1.8 
4.1 
2.2 
4.3 

134.4 
3.1 
18.7 
15.5 
42.9 
17.1 
61.4 

5.0 
3.7 
0.0 
1.7 
2.6 
2.7 
2.2 

Methylcellulose 1 
2 
3 
4 

817 
822 
845 
847 

average 
median 

SD 

3.7 
0.0 
1.7 
1.4 
1.7 
1.6 
1.5 

4.9 
0.0 
1.9 
1.2 
2.0 
1.5 
2.1 

7.5 
0.0 
0.0 
3.5 
2.7 
1.8 
3.6 

Table 21. Levels, mean, median, and SD of tumor necrosis 

factor-alpha (TNF-a) in cervicovaginal lavages from the no 

gel, Carraguard, and methylcellulose arms measured by using 

a Cytometric Bead Array (CBA) assay. 
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Figure 21. Levels of IL-1(3 in CVLs obtained at Day 0 of the 

no gel, Carraguard, and methylcellulose arms measured by 

using a Cytometric Bead Array (CBA) assay. 
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Figure 22. Levels of IL-8 in CVLs obtained at Day 0 of the 

no gel, Carraguard, and methylcellulose arms measured by 

using a Cytometric Bead Array (CBA) assay. 



144 

10(h 

^ KH 

CO 

0.1H 

0.01 

TNFaJDay 0 

I ILjj- ± 

No Gel Carraguard Placebo (MC) 

Study Arm 

Figure 23. Levels of TNF-a in CVLs obtained at Day 0 of the 

no gel, Carraguard, and methylcellulose arms measured by 

using a Cytometric Bead Array (CBA) assay. 
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Figure 24. Levels of IL-6 in CVLs obtained at Day 0 of the 

no gel, Carraguard, and methylcellulose arms measured by 

using a Cytometric Bead Array (CBA) assay. 
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Figure 25. Levels of IL-8 in CVLs of Carraguard arm 

obtained at before (DO) and after gel use (D7 & D14) were 

determined by a Cytometric Bead Array (CBA) assay. 
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Crossover Study Data Analysis 

The levels of pro-inflammatory cytokines (IL-6, IL-8 

and IL-1|3) in CVLs of 16 individuals in the various study 

arms were analyzed and compared. The levels from the no 

gel arm were used as a baseline for each woman. In the no 

gel arm, variations of IL-6, IL-8 and IL-1(3 observed at Day 

0, 7 and 14 were < 0.3 log pg/mL. Therefore, changes in 

cytokine levels greater than 0.5 log pg/mL were considered 

a significant difference. Pattern of changes in IL-6, IL-8 

and IL-1(J levels on Day 0, Day 7 and Day 14 observed in the 

no gel arm were the same with an average 80 % correlation 

(data not shown). 

After using either Carraguard or methylcellulose gel, 

none (16/16) showed an increase in IL-8 levels. IL-8 

levels of Day 0 and Day 7 in the no gel arm were compared. 

Of the 16 participants, 11 had no change in IL-8 levels; 3 

showed increases and 2 showed decreases. In those 11 

individuals who had no change in IL-8 levels, the IL-8 

levels were decreased in 6 (55%) in the Carraguard arm and 

in 4 (36%) in the methylcellulose arm. Levels remained 

unchanged in 5 of 11 (45%) in the Carraguard arm and 7 of 

11 in the Methylcellulose arm. 



148 

In the no gel arm, out of the 16 participants, 4 

individuals had decreases in IL-6 levels lower than 

detection limit (5pg/mL). After using gels for 7 days, IL-

6 levels remained unchanged in 14 of 16 participants. Of 

10 participants who had no change in IL-6 levels in the no 

gel arm, 2 individuals showed a slightly increase in IL-6 

levels after using gels that were not above levels usually 

detected in CVLs from HIV positive women. 

In the no gel arm, when IL-1|3 levels of Day 0 and Day 

7 were compared, of the 16 participants, 8 showed no 

change; 5 showed increased and 3 showed decreases. Those 5 

individuals who showed an increase in IL-1(3 levels, the IL-

1(3 levels were remained unchanged in 5 (100%) in the 

Carraguard arm and in 4 (80%) in the methylcellulose arm. 

In the 8 individuals who had no change in IL-1(3 levels, the 

IL-1|3 levels were decreased in 4 (50%) in the Carraguard 

arm and in 7 (88%) in Methylcellulose arm. 
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ID# 

817 
822 
826 
835 
858 
860 
838 
840 
845 
847 
849 

total 

No gel arm 

No change 

11 

Carraguard arm 

Increase 

0 

No 
change 

1 

1 

1 

1 
1 

5 

Decrease 

1 

1 
1 

1 
1 

1 
6 

Methylcellulose arm 

Increase 

0 

No 
change 

1 
1 
1 
1 

1 

1 

1 
7 

Decrease 

1 

1 

1 
1 

4 

813 
828 
830 
total 

Increase 

3 

Increase 

0 

No 
change 

1 
1 
1 
3 

Decrease 

0 

Increase 

0 

No 
change 

1 

1 

Decrease 

1 
1 
2 

814 
856 
total 

Decrease 
1 
1 
2 

Increase 

0 

No 
change 

0 

Decrease 
1 
1 
2 

Increase 

0 

No 
change 

1 
1 
2 

Decrease 

0 

Table 22. Observation of IL-8 levels in cervicovaginal 

lavages from 16 participants in crossover study. IL-8 

levels were determined by a Cytometric Bead Array (CBS) 

assay. Comparison was done for each individual using IL-8 

levels from Day 0 and Day 7. Change greater than 0.5 log 

pg/mL was considered as significant difference. 
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ID# 

813 
822 
826 
828 
835 
856 
838 
845 
847 
849 

total 

830 
858 

total 

814 
817 
860 
840 

total 

No gel arm 

No change 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
10 

Increase 
1 
1 
2 

Decrease 
1 
1 
1 
1 
4 

Carraguard arm 

Increase 

1 

1 
2 

Increase 
1 

1 

Increase 

No change 
1 
1 

1 
1 
1 
1 

6 

No change 

1 
1 

No change 
1 
1 
1 
1 
4 

Decrease 

1 
1 

2 

Decrease 

0 

Decrease 

Methtyl cellulose arm 

Increase 
1 

1 

2 

Increase 

0 

Increase 

No 
change 

1 
1 
1 
1 

1 
1 

1 
7 

No 
change 

1 
1 

No 
change 

1 
1 
1 
1 
4 

Decrease 

1 

1 

Decrease 
1 

1 

Decrease 

Table 23. Observation of IL-6 levels in cervicovaginal 

lavages from 16 participants in crossover study. IL-6 

levels were determined by a Cytometric Bead Array (CBS) 

assay. Comparison was done for each individual using IL-6 

levels from Day 0 and Day 7. Change greater than 0.5 log 

pg/mL was considered as significant difference. 
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ID# 

817 
822 
826 
828 
830 
835 
856 
838 

No gel arm 

No change 

8 

Carraguard arm 

Increase 
1 

1 

2 

No change 

1 
1 

1 
1 
4 

Decrease 

1 

1 

2 

Methtyl cellulose arm 

Increase 

0 

No 
change 

1 
1 
1 

1 
1 
1 
1 
7 

Decrease 

1 

1 

813 
858 
860 
845 
849 

Increase 

5 

Increase No change 
1 
1 
1 
1 
1 
5 

Decrease Increase 

1 
1 

No 
change 

1 
1 
1 
1 

4 

Decrease 

814 
840 
847 

Decrease 
1 
1 
1 
3 

Increase No change 
1 

1 
2 

Decrease 

| 1 

1 

Increase 
No 

change 

1 

1 

Decrease 
1 

1 
2 

Table 24. Crossover observation of IL-1(3 levels in 16 

participants participated in 3 study arms. Comparison was 

done for each individual using IL-1(3 levels from Day 0 and 

Day 7. Change greater than 0.5 log pg/mL was considered as 

significant difference. 
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Conclusions 

We found no significant increase in proinflammatory 

cytokines after Carraguard® gel use, suggesting that this 

gel is not associated with inflammation. IL-8 levels were 

decreased at Day 7 of both Carraguard® and methylcellulose 

arms. The use of either Carraguard® or methylcellulose gel 

may have an indirectly anti-inflammatory effect by 

increasing lubrication during sexual intercourse or may act 

as a physical barrier between epithelium cell layer and 

pathogen. 
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CHAPTER 7 

FORMULATION AND CHARACTERIZATION OF MUCOADHESIVE 

MICROPARTICLES FOR THE PREVENTION OF HIV TRANSMISSION 

Abstract 

Purpose 

To formulate and characterize mucoadhesive 

microparticles for the prevention of HIV transmission 

Methods 

Mucoadhesive microparticles (MP) loaded with 

carrageenan or Combivir® were developed using hydroxypropyl 

methylcellulose (HPMC) and bovine serum albumin (BSA) as 

the polymer matrix and were produced by a spray-drying 

technique. For each batch, HPMC-carrageenan or 

Combivir®/HPMC-carrageenan solution was added to the cross-

linked BSA solution to achieve 25% and 33% drug loading of 
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microparticles. The formulation was produced in triplicate 

with the optimized experimental parameters. The morphology 

and particle size of microparticles were examined by using 

scanning electron microscopy. Particle size analysis was 

performed using a laser particle counter. Zeta potential 

was measured by using Malvern Zetasizer to predict 

dispersion stability. The in vitro drug release of 

carrageenan MP was conducted at pH 4 and 7 using the 

standard USP dissolution apparatus type I. A modified 

methylene blue assay was used to determine carrageenan 

concentrations for in vitro release studies and content 

analysis of carrageenan MP. For drug loading efficacy of 

Combivir® MP, content analysis was determined using the UV 

absorbance reading. 

Results 

The yield of spray-dried microparticles was between 

56% and 81%. The particle sizes of Combivir® MP and of 

carrageenan MP were approximately 4 urn. The average zeta 

potential was -60 mV. The scanning electron 

photomicrographs revealed spherical shapes and smooth 

surfaces of microparticles. Content analysis showed 97% 
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drug loading efficiency for carrageenan MP and 100% for 

Combivir® MP. The release of carrageenan at pH 7 was 

detected at 2 hrs and sustained release up to 100% in 72-84 

hrs. Cumulative release of carrageenan at pH 4 was slow 

and was only 23% at 96 hrs of observation. Drug release 

profiles at pH 4 and 7 conditions demonstrated that release 

was diffusion controlled. 

Conclusions 

Carrageenan and Combivir® MP were successfully prepared 

by a spray drying technique. Our results demonstrated that 

using HPMC-BSA as the polymer matrix, sustained release of 

drug product from mucoadhesive microparticles occurred at 

37°C at pH 4 and 7. These mucoadhesive microparticle 

formulations have potential for use as a delivery system 

into the human vagina for further studies of prevention of 

HIV-1 transmission. 
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Among microbicide studies, the Carraguard study is one 

of the furthest along in implementation (Mauck, 2009). 

However, findings of Carraguard® use in a phase III clinical 

trial concluded there was no significant difference in HIV 

incidence between Carraguard® group and placebo group. The 

authors concluded Carraguard® was not effective in 

prevention of vaginal transmission of HIV. However, both 

gels were estimated to have been used in only 42% of sex 

acts (Skoler-Karpoff et al., 2008). 

To investigate possible factors associated with the 

failure of Carraguard® in Phase III trial, we conducted 

additional laboratory studies on stored specimens from this 

trial. One of our studies was the determination of 

residence time of Carraguard. We developed a modified 

assay using methylene blue and measured carrageenan 

concentrations in cervicovaginal lavages (CVLs) from this 

Thailand trial. We found carrageenan (the active 

ingredient of Carraguard®) was detectable in 16 (100%) and 

12 (75%) of the CVLs taken at 15 min and 8-24 hrs, 

respectively, after Carraguard® was applied. However, the 



157 

level of carrageen in the vagina at 24 hrs after 

application appeared to be low. Ideally, a vaginal 

microbicide should remain in vagina for an extended period 

of time following application. Carrageenan Gel formulation 

(Carraguard®) appeared to have short residence time and low 

acceptability of use. Short residence time and a socially 

unacceptable formulation of Carraguard® gel are possible 

factors associated with failure. Therefore, there is a 

need for investigating drug delivery systems that will 

provide sustained release and longer residence time which 

may be delivered in a more acceptable form such as water 

soluble formulation. To our knowledge, there are no 

currently available delivery systems that can fulfill this 

need. 

Currently the interest in the use of mucoadhesive 

polymers for drug delivery system is growing. 

Hydroxypropyl methylcellulose (HPMC), a mucoadhesive 

polymer, has been extensively investigated for its 

mucoadhesive property. The residence time of HPMC was 

studied on excised nasal mucosa of animals (He et al., 

1998; Miyazaki et al., 2003). Recently, its use as a 

polymer matrix for mucoadhesive microsphere production to 
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deliver drug molecules through mucosal cell, i.e., nasal 

mucosal cell monolayer, has been established 

(Harikarnpakdee et al., 2006). HPMC is an inert polymer 

used as an ophthalmic lubricant and controlled-delivery 

component in oral medicaments found in a variety of 

commercial products (de Silva et al., 2005). It can also 

be used in ophthalmic solutions (de Silva et al, 2005) and 

artificial tears (NOSB TAP, 2002). According to Hunt et al. 

(1987), HPMC was ranked as a highly adhesive polymer that 

has mean adhesive force of 125%. 

After albumin microspheres were described in 1974 by 

Kramer, the use of bovine serum albumin (BSA) microspheres 

as vehicles in controlled release systems for the delivery 

of therapeutic agents to local sites has been investigated 

extensively (Thakkar et al, 2005). To control the release 

of drugs from polymer systems, the polymers are modified by 

chemical cross-linking using agents such as formaldehyde 

(Arshady, 1990), glutaraldehyde (Natsume et al., 1990) or 

2,3 butadione (Burger et al., 1985). Albumin has been 

demonstrated to lack toxicity and biodegradation (Schafer 

et al., 1994; Bernard et al., 1980). 
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On the basis of these data and the urgent need for 

vaginal microbicides, we developed a mucoadhesive 

microparticle delivery system using spray drying as the 

technique for production. This delivery system may used to 

deliver carrageenan and may enhance protection against HIV 

and possibly other sexually transmitted infections (STIs) 

by lengthening the residence time. To develop any 

microbicide, safety issues are a critical concern. HPMC 

and BSA have been demonstrated to be safe for use in 

humans. In addition, due to mucoadhesive properties of 

HPMC and the controlled release property of BSA, HPMC and 

BSA were selected as polymer matrices in this study. A 

mixed polymer matrix of HPMC and BSA mucoadhesive 

microparticles could be a potential delivery system for 

carrageenan. 

The focus of microbicide development has recently 

addressed the use of antiretroviral (ARV) drugs. Findings 

(Rossi, 2006) presented recently showed that vaginal 

microbicides that incorporated an ARV drug were a potential 

for next-generation microbicides. Results from a clinical 

trial of tenofovir topical gel suggested it was safe for 

use in sexually active HIV-negative women for daily use 
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over an extended period. Currently, tenofovir gel is being 

evaluated in a Phase lib study being conducted in Durban, 

South Africa (Rossi, 2006). We further developed another 

mucoadhesive microparticle formulation incorporating an ARV 

Combivir®. Combivir® is in a category of nucleoside reverse 

transcriptase inhibitors (NRTIs). Combivir® is a combination 

of two drugs: 300mg of Retrovir (AZT) and 150mg of Epivir 

(3TC). Combivir® prevents HIV from altering the genetic 

material of healthy T-cells. This prevents cells from 

producing new virus and decreases the amount of virus in 

the body (GlaxoSmithKline, 1997). The combination of 

carrageenan and Combivir® mucoadhesive microparticles could 

be a potential for next-generation microbicides. 

Methods 

Materials 

Bovine serum albumin (BSA), glutaraldehyde (25% in 

water) (GLUT), and sodium bisulfite were purchased from 

Fisher Scientific, Norcross, GA. Non-gelling lambda 

carrageenan, hydroxypropyl methylcellulose (HPMC, viscosity 
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3500-5600 cP,) and methylene blue (dye content, minimum 

82%) were purchased from Sigma-Aldrich. Combivir® tablets 

(GlaxoSmithKline, Research Triangle Park, NC 27709) 

containing 150 mg lamivudine and 300 mg zidovudine, were 

used as a drug model for ARV mucoadhesive microparticle 

production. 

Preparation of Microparticles 

A formulation of chemically cross-linked albumin-HPMC 

mixed matrix was produced using a spray-drying technique. 

The formulation was prepared using a mini-spray dryer 

(Buchi 191, Zurich, Switzerland). To prepare carrageenan 

loaded microspheres, 1 g of bovine serum albumin (BSA) was 

dissolved in 20 ml of deionized water to make a 5% BSA 

solution. To stabilize BSA, 200 ul of glutaraldehyde (25% 

in water) were added to the solution and continuously 

stirred for 24 hours. One percent (w/w) of HPMC and 

carrageenan were prepared separately and were mixed 

together before adjusting to obtain the pH of 6. Then 20 

mL of HPMC-carrageenan solution was added to the 20 mL of 

crosslinked BSA solution to achieve 25 % drug loading. 

This mixture was stirred for 10 minutes at room 
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temperature. The final solution was applied to a spray 

dryer to produce microparticles using the process 

parameters as follows: inlet temperature of 110°C; pump 

setting of 15mL/min; spray flow rate of 800 Nl/h. 

To prepare Combivir® microparticles, a tablet of 

Combivir® was crushed using a mortar and a pestle and was 

dissolved in triple purified distilled water. Drug 

solution was filter with 0.2-um filter and the volume was 

adjusted to 40 mL. One percent (w/w) of HPMC and 

carrageenan were prepared separately and were mixed before 

adjusting to obtain the pH of 6. Then 40 mL of HPMC-

carrageenan solution and 40 mL of Combivir® solution were 

added to the 40 mL of crosslinked BSA solution to achieve 

33 % microsphere drug loading. This mixture was stirred 

for 10 minutes at room temperature. The final solution was 

applied to a spray dryer to produce microparticles using 

the process parameters as follows: inlet temperature of 

110°C; pump setting of 15mL/min; spray flow rate of 800 

Nl/h. 
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BSA Solution 

Glutarafdehyde 

f Drug Loaded 
I. Microsohpras i 

HPMC/ Drug 
Solution 

<BSAp BSA polymer matrix 

Drug/ mixed matrix 

Figure 26. Schematic of the production process for 

preparation of mucoadhesive microspheres using a mini-spray 

dryer (Buchi 191, Zurich, Switzerland) 
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Characterization of Microparticles 

The prepared microparticles were characterized using 

several instruments and techniques in order to determine 

the physical and chemical aspects and also to study the 

release pattern of the drug from the microspheres. 

Production yield 

The percentage of production yield (wt/wt) was 

calculated from the weight of dried microspheres (Wi) 

recovered from each of 3 batches and the sum of the initial 

dry weight of starting materials (W2) as the following 

equation: 

Percentage of Product Yield = (Wl / W2) x 100 

The actual amount of drug loaded relative to the 

theoretical amount in the microspheres was calculated as a 

percentage and expressed as the loading efficiency. The 

results were averaged from 3 determinations. 
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Morphological examination 

The morphology of microparticles was examined by-

scanning electron microscopy (SEM, JSM-T220A, JEOL, Tokyo, 

Japan). Microparticle morphology has profound effect on the 

dispersion of the particles in suspension that is essential 

for storage stability. It also determines the surface area 

of the particles which has direct effect on drug release 

characteristics of the microparticles. Samples of 

microspheres were dusted onto double-sided tape on an 

aluminum stub and coated with gold using a cold sputter 

coater to a thickness of 400°A, and then imaged using a 25 

kv electron beam. 

Particle size analysis 

The size distribution was determined by using a laser 

particle counter (Spectrex Laser Particle Counter PC2000, 

Redwood City, CA). Approximately 0.5 mg of prepared 

microparticles were suspended in 7 mL of dH20 (filtered 

through 0.2 um filter). The microparticle suspension was 

vortexed and sonicated briefly and was place in a vial and 
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measurement 

Zeta potential study 

Zeta potential measurements of the microparticle 

formulation were conducted using the Zeta meter (Malvern 

Zetasizer Nanoseries ZEN1600, Zeta Meter Co, Staunton, VA) 

to determine the surface charges of microparticles, 

according to the manufacturer's protocol. The surface 

charges of microparticles are important for the stability 

of the formulation in suspension and in their interaction 

with mucosal cell layers. The prepared microparticles were 

dispersed in dH20. The directional movement of 200 

microparticles from each formulation was observed and 

averaged from 3 determinations. 

Determination of drug loading efficiency 

Ten mg of carrageenan microparticles were added to 20 

mL PBS (pH 7) and were sonicated for 10 minutes. The 

amount of carrageenan in the sonicated solution was 

determined using methylene blue assay. In this 
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a laser particle counter. Triplicate 

was performed. 
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preparation, 10 mg of microparticles were estimated to 

contain 2.5 mg of carrageenan, assuming alOO percent 

encapsulation efficiency. Drug loading efficiency was 

calculated by comparing with theoretical amount by using 

formula: (Actual content/ Theoretical content) x 100. 

Ten mg of Combivir® microparticles were added to 5 mL PBS 

(pH 7) and sonicated for 10 minutes. The Combivir® 

concentration was determined using the UV absorbance 

reading at wavelength 260 nm. To prepare a Combivir® 

standard curve, 120 mg of Combivir® was crushed using a 

mortar and a pestle and was dissolved in triple purified 

distilled water. Drug solution was adjusted to 20 mL and 

was filtered through a 0.2-um filter. A range of standards 

demonstrated linearity from 2-60ug/ml. In this 

preparation, 10 mg of microparticles were estimated to 

contain 3.33 mg of Combivir®, assuming alOO percent 

encapsulation efficiency. 

In vitro drug release study 

In vitro release studies were performed to investigate 

the release pattern of the drug at different pH using the 

standard USP dissolution apparatus type 1 (Dissolution 
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System 2100, Distek, North Brunswick, NJ) . Carrageenan MP 

were weighed in triplicate and placed in baskets. To mimic 

vaginal condition, lactic acid and PBS solutions at pH 4 

and 7 were prepared and were used in dissolution studies. 

The following dissolution conditions were set for this 

analysis: volume 50 ml, Temperature: 37°C, RPM: 100, 

Sampling volume: 0.2 ml, Replacement volume: 0.2 ml, 

Sampling time points: 0.25, 0.50, 1, 2, 4, 8, 12, 18, 24, 

36, 48, 60, 72, 84, and 96 hours. A modified methylene blue 

assay, described in previous chapters, was used to 

determine carrageenan concentrations released from 

microparticles at various time points. Concentrations of 

carrageenan were calculated from a standard curve and the 

cumulative amount and percentage of drug released with time 

was calculated. The cumulative release of carrageenan was 

plotted against time to generate the dissolution profile 

for the drug released from the microparticle formulations. 
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Results 

Characterization of Microparticles 

Microparticles were prepared using HPMC-BSA as a 

polymer matrix and characterized using several techniques 

to determine the physical and chemical properties. 

Product yield 

Product yields obtained from the spray dryer were in 

the range of 60-78%. Product yield was calculated to the 

efficacy of the spray dryer which is important in 

production process. The product yields of spray-dried 

carrageenan HPMC-BSA microparticles were between 56% and 

66% (Table 25) . The product yield of spray-dried Combivir® 

HPMC-BSA microparticles was 81% (Table 25) . Increasing the 

ratio of drug to polymer in the production of Combivir® 

HPMC-BSA microparticles slightly increased the product 

yield. These results demonstrated that the HPMC-BSA 

mucoadhesive microparticles produced by using spray drying 

technique could be successfully used in scale up 

production. 
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Formulation 

Carrageenan MP 

Batch #1 

Carrageenan MP 

Batch #1 

Carrageenan MP 

Batch #1 

Combivir® MP 

Weight 

of MP 

Product 

(mg) 

222 

232 

263 

1016 

Weight of 

starting solid 

materials 

(mg) 

400 

400 

400 

1250 

Product Yield 

(%) 

56 

58 

66 

81 

Table 25. Product yields of carrageenan and Combivir HPMC-

BSA microparticles obtained by spray-dryer method. 

Morphology 

Figure 27 and 28 are scanning electronic images of 

Carrageenan HPMC-BSA microparticles. The scanning electron 



171 

photomicrographs revealed that microspheres of HPMC-BSA had 

spherical shape and the smoothness of the surface. 

However, a number of them showed slightly unfavorable 

morphology such as collapsed surface and irregular shape. 

For further investigations, additional adjustments of 

parameters are needed to improve the particle shape to 

spherical and the size distribution. The sizes of 

microspheres examined by SEM images revealed that particle 

size varied from 1 to 9 urn with a small population of 

submicron particles. 

Figure 27. Scanning electronic image of mucoadhesive 

microparticles at the magnification of 2000 
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Figure 28. Scanning electronic image of mucoadhesive 

microparticles at the magnification of 5000 

Particle size analysis 

The particle size analysis of Carrageenan and Combivir' 

HPMC-BSA microparticles were determined by using Spectrex 

Laser Particle Counter. The mean particle sizes of 

microparticles were shown in Table 26 with standard 

deviation around 0.8 um. 



Formulation 

Carrageenan HPMC-BSA Batch#l 

Carrageenan HPMC-BSA Batch#2 

Carrageenan HPMC-BSA Batch#3 

Combivir® HPMC-BSA 

Mean Particle Size 

(urn) 

3.8 

3.8 

3.7 

4.1 

Table 26. The mean particle size of mucoadhesive 

microparticles 

Zeta potential study 

Zeta potential measurements of the microsphere 

formulation were conducted using Malvern Zetasizer 

Nanoseries (ZEN1600 Zeta meter, Zeta Meter Co, Staunton, 

VA) to determine the stability of the formulation in 

suspension and in their interaction with mucosal cell 



layers. Zeta Potential of carrageenan and Combivir® HPMC-

BSA Microparticles were shown in figure 29 and 30. The 

average of zeta potential was -60.5 +; 8.84. 
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Figure 29. Zeta Potential: Combivir® HPMC-BSA Microparticle 
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Figure 30. Zeta Po ten t ia l : Carrageenan Microparticles 
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Drug loading efficiency 

In order to determine the total amount of drug 

loading, carrageenan content was determined using 10 mg of 

carrageenan microparticles. This amount theoretically 

contains 2.5 mg of carrageenan. The actual amounts 

determined by the methylene blue assay were average 2.43 

mg. Therefore, the drug loading efficiency was 97.2%. For 

Combivir microparticles, content of Combivir was determined 

using 10 mg of microparticles. This amount theoretically 

contains 3.33 mg of Combivir. The actual amounts 

determined by the UV absorbance reading were average 3.35 

mg. Therefore, the drug loading efficiency was 100.6%. 

Thus these formulations possess high drug loading 

efficiencies which are important in large scale production. 

This will help minimize the waste of pure drug and will 

help to reduce the cost of manufacturing. 



177 

S 
c 
o 
CNJ 

4-> 

d) 
o 
c 

X! 
n 
o 
m 

2.000 

1.800 

1. 600 

1.400 

1.200 

1.000 

0.800 

0.600 

0.400 

0.200 

0.000 

Combivir Standard Curve 

y = 0.0292x + 0.0083 

R' 0.9997 

20 40 60 

Concentration (ug/mL) 

80 

Figure 31. Combivir standard curve 

In vitro drug release study 

The in vitro drug release study was conducted at 37°C 

using lactic acid/ PBS at pH 4 and 7 to mimic vaginal 

conditions. Carrageenan concentrations released from 

microparticles were determined at various time points using 
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a modified methylene blue assay. Figure 32 and 33 shows the 

dissolution profiles of carrageenan released from 

carrageenan MP at pH 4 and pH 7 observed up to 96 hrs. At 

pH 7, carrageenan release was first detected at 2 hrs (5% 

release) with sustained release up to 100% at 72-84 hrs. At 

pH 4, carrageenan release was first detected at 12 hrs (5% 

release) and attained a release of only 23% at 96 hrs. 

Figure 34 shows a Higuchi plot of carrageenan released from 

carrageenan MP at pH 4 and 7. Higuchi analysis was done by 

plotting cumulative release of carrageenan against square 

root of time in hours. Results of Higuchi analysis yielded 

a linear relationship this means that release was 

controlled by diffusion. 
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Figure 32. Dissolution profile of carrageenan from 

mucoadhesive microparticles. 
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Figure 33. Dissolution profile of carrageenan from 

mucoadhesive microparticles. 
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Figure 34. Higuchi plot of carrageenan released from 

mucoadhesive microparticles at 37°C. 
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Conclusions 

We have demonstrated that spray-dried microparticles 

of HPMC-BSA polymer matrix could be prepared to deliver 

microbicide products. The yield of spray-dried 

microparticles was 60-80% suggesting the production of 

HPMC-BSA mucoadhesive microparticles could be successfully 

used in scale up production. Our results also demonstrated 

sustained release of carrageenan at 7 at times of 2 hr 

through 84 hrs and slow release at pH 4 at times of 12 hrs. 

These mucoadhesive microparticle formulations have 

potential for use as a delivery system for introducing 

microbicides into human vagina for the prevention of HIV 

transmission. 
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CHAPTER 8 

EVALUATION OF MUCOADHESIVE MICROPARTICLES FOR THE 

PREVENTION OF HIV TRANSMISSION 

Abstract 

Purpose 

To evaluate anti-infectivity of mucoadhesive 

microparticles for the prevention of HIV-1 transmission 

Methods 

Two formulations of mucoadhesive microparticles (MP) 

(carrageenan and antiretroviral (ARV) drug Combivir®) were 

tested using an infectious virus titer reduction protocol. 

Diluted concentrations of carrageenan and Combivir® were 

incubated with TZM-bl cells to determine a non toxic 

concentration using a luciferase assay for cell viability. 

Virus (subtype B-X4 and subtype B-R5 laboratory strains, 

and subtype E-R5 field strain) serial dilutions were 
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inoculated on replicated wells of TZM-bl cells in the 

absence and presence of drugs (Carrageenan 300 ug/mL, 

Combivir® 10 ug/mL) released from MP. Cells exposed to the 

virus/MP mix for 4 hrs were analyzed for infectious titer 

at 48 hrs. The Reed and Muench method was used to 

calculate 50% tissue culture infectious doses (logio 

TCID50/mL) . 

Results 

Non toxic concentrations of Carrageenan and Combivir® 

were tested, and 300 ug/mL of carrageenan and 10 ug/mL of 

Combivir® were selected for infectious titer reduction 

assay. Carrageenan MP at 300 ug/mL of carrageenan blocked 

infection of 2 virus strains, subtype B-X4 and subtype B-R5 

laboratory strains (Titer Reduction = XQ3-0"3-2) . Combivir® 

MP at 10 ug/mL of Combivir® blocked infection of 3 virus 

strains, subtype E-R5 field strain, subtype B-X4 and 

subtype B-R5 laboratory strains (Titer Reduction = 104'0-5'2) . 
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Conclusions 

Two mucoadhesive microparticle formulations - HIV-1 

entry inhibitor carrageenan and ARV drug Combivir® 

demonstrated HIV-1 anti-infectivity in vitro. A 

combination of carrageenan and Combivir® mucoadhesive 

microparticles could be a potential for next-generation 

microbicides that may be delivered in water soluble form 

into the human vagina to provide sustained release and 

longer residence time. 

Introduction 

Topical vaginal microbicides are being developed to 

meet the urgent need for an effective, woman-initiated 

product for the prevention of HIV transmission. One 

challenge for microbicide development is the lack of 

surrogate endpoints to assess prevention efficacy. Improved 

in vitro assays to evaluate the anti-HIV activity of 

candidate microbicide products could facilitate the 
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selection of products that are suitable for further 

development in clinical trials. Recent studies by Keller 

et al. showed that cervicovaginal lavages (CVLs) collected 

from women in a phase I safety trial of a polyanion 

candidate microbicide (PRO2000) had detectable anti-

infective activity in vitro that was associated with 

product use. The same titer reduction was used in this in 

vitro study. 

The titer reduction assay consisted of a standard 96 

well infectious virus titer assay using TZMbl cells; these 

cells contain an integrated an HIV-1 LTR-luciferase gene 

and express the HIV-1 receptor (CD4), and co-receptors 

(CXCR4 and CCR5) on their surface. For each assay, cells 

were exposed to virus in the presence of a woman's CVL 

taken at time 0 (before product/placebo use) and at 

different time points after the product or placebo use. 

The replicate wells containing cells are exposed for 4 

hours to serial virus dilutions in CVL. The wells then were 

incubated for 48 hours before being assayed for luciferase 

protein expression using a luminometer. Infectious virus 

titer 50% endpoints were calculated using the standard Reed 

and Muench calculations. According to a study done by 
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Phillips et al. at the Population Council, the amount of 

Carraguard in CVLs from women using the product remains 

somewhat constant at 1%. The results of our preliminary 

titer reduction assays were optimized using 1% to 0.1% 

Carraguard gel formulation (Evans-Strickfaden, 2008). 

In the previous chapter, we described the development 

of two mucoadhesive microparticle formulations - HIV-1 

entry inhibitor carrageenan and ARV drug Combivir®. These 

formulations could be a potential for next generation of 

microbicides. However, the manufacturing process of these 

formulations was accomplished by using spray drying 

technique. This technique involves various physical 

stresses which can cause changes in the native structure of 

the drugs and thereby loss of activity. The objective of 

this study was to examine the anti-infective activity of 

two formulations of mucoadhesive microparticles (MP) -

carrageenan MP and Combivir® MP; we used the HIV-1 

infectious titer reduction protocol in this study. 
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Methods 

Materials 

Carrageenan and Combivir® microparticle formulations 

produced by using a chemically cross-linked hydroxypropyl 

methylcellulose-bovine serum albumin (HPMC-BSA) mixed 

matrix (previously described in Chapter 7) were evaluated 

for their in vitro HIV-1 anti-infectivity. The Promega™ 

Luciferase Assay System (Promega Corporation, Madison, WI) 

was used to determine luciferase protein expression for 

cell viability assay and for infectious virus titration. 

Cells and HIV-1 Viral Stocks 

TZM-bl cells and the laboratory-adapted subtype B 

isolates (HIV-lBa-L and HIV-1LAI) were obtained from Advanced 

Biotechnologies (Advanced Biotechnologies, Inc., Columbia, 

MD). The subtype E field strain was prepared using a 

Thailand strain HIV-1 (93TH078-R5) culture supernatant 

obtained from the Centers for Disease Control and 
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Prevention (CDC). TZM-bl cells were maintained in DMEM 

supplemented with 20% heat-inactivated fetal calf serum, 

100 g/ml streptomycin, 100 U/ml penicillin, and 100 mM L-

glutamine at 37°C, 7% C02. Trypsin was obtained from Sigma 

chemicals, St.Louis, MO. Normal human peripheral blood 

mononuclear cells (PBMCs) were obtained by leukophoresis 

from HIV-1-negative blood donors, purified by differential 

centrifugation, and stored in the gas phase of liquid 

nitrogen until needed. PBMCs were CD8-depleted using anti-

CD8-conjugated magnetic beads (Dynal™, Lake Success, NY) 

according to the manufacturer's instructions. The CD8-

depleted PBMCs were stimulated for 3-days at 37°C, 7% C02 

in C-RPMI supplemented with 10% IL-2 and 1 ug/ml 

Phytohemagglutinin-P. 

HIV-1 Virus Expansion 

The techniques described in NIH AIDS Research & 

Reference Program protocol (1997) were used to prepare 

virus stocks for use in the HIV-1 infectious titer 

reduction assay. Briefly, lOxlO6 CD8 cell depleted PBMCs 

stimulated with mitogen Phytohemagglutinin P (PHA-P) were 

suspended in 1 mL of Complete RPMI Medium contains IL-2 (no 
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PHA). Culture supernatant from a subtype E-Thai HIV-1 

isolate was quickly thawed using a 37°C water bath. The 

vial was removed before completely melted and supernatant 

was added to the activated cells, making a final volume of 

2 mL. Mixture of cells and virus was incubate at 37°C, 7% 

C02 incubator for 2 hours, gently swirl every 30 minutes. 

Then it was transferred to T-25 culture flask and culture 

medium was added to the final concentration of 1 x 106 

cells/ ml and culture in 37°C, 7% C02 incubator. The 

culture medium contains the T cell growth factor cytokine 

Interleukin-2 (IL-2). The culture supernatant was 

collected on Day 0, 3, 7, 10, 13, 16 and 20 and was tested 

for p24 gag protein to determine positive growth of HIV-1. 

HIV- 1 p24 Antigen Enzyme Linked Immunoassay (ELISA) 

The culture supernatants from viral stock cultures 

collected on Day 0, 3, 7, 10, 13, 16 and 20 were assayed 

for Human Immunodeficiency Virus Type 1 (HIV-1) p24 antigen 

using the RETRO-TEK HIV-1 commercial kit. This assay has 

been employed to detect the presence of HIV-1 p24 antigen 

in research specimens including cell culture media as well 

as human sera and plasma. It can also be used to monitor 
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the purification and biochemical behavior of HIV-1. 

Principles of the assay in brief are as follows; microwell 

plate wells are coated with a monoclonal antibody specific 

for the p24 gag gene product of HIV. Viral antigen in the 

specimen is specifically captured onto the immobilized 

antibody during specimen incubation. The captured antigen 

is then exposed to a high-titered human anti-HIV-1 antibody 

conjugated with biotin. Following a subsequent incubation 

with Streptavidin-Peroxidase, color develops as the bound 

enzyme reacts with the substrate. Optical density of each 

well was read at 450 nm using a microplate reader. Using a 

linear graph, the concentrations of HIV-1 p24 antigen 

standard (pg/mL) were plotted on the X-axis versus the mean 

optical densities for each standard on the Y-axis. Optical 

density is proportional to the amount of HIV-1 p24 antigen 

present in the specimen. The RETRO-TEK HIV-1 ELISA is 

supplied for research purposes only. It is not intended 

for use in the diagnosis or prognosis of disease, or as a 

screening test in diagnostic situations. 
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Cellular Viability Assay 

Fifty thousand TZM-bl cells were added per well in a 

96-well plate. After an overnight incubation to allow the 

cells to adhere to the well, dilutions of drugs 

(Carrageenan and Combivir®) were inoculated on replicated 

wells of TZM-bl cells. Wells containing cells alone were 

assayed in triplicate and served as controls. Cultures in 

the absence and presence of the drugs were incubated for 

24-hours. To determine culture viability, cellular ATP 

concentrations were measured using the CellTiter-Glo™ assay 

(Promega Corp., Madison, WI) according to the 

manufacturer's instructions. Culture ATP-dependent 

luminescence was measured on a luminometer (Fluoroskan 

Ascent FL, ThermoElectron Corporation, Vantaa, Finland) and 

reported as relative light units (RLU). The RLU ratio of 

test cultures and control cultures was used to assess 

cellular viability. 



193 

Titer Reduction of Virus Using Infectious Virus Assay 

TZM-bl cell overnight culture was examined for 

confluence of 50-70%. Drugs released from microparticles 

(release condition: 37°C in lactic acid/PBS pH 7.0 for 1 

hour) were added to virus dilutions (10_1 to 10~6) to a final 

concentration of 300 ug/mL for carrageenan and to a final 

concentration of 10 ug/mL for Combivir®. Plates were 

incubated at 37°C / 7% CO2 for 4 hours. Plates then were 

washed with media twice and were incubated overnight at 

37°C / 7% C02. On the following day, media was changed and 

plates were incubated overnight at 37°C / 7% C02. After 48 

hour incubation, plates were assayed for luciferase protein 

expression using a luminometer. Relative light units (RLU) 

of test and control cultures were used to determine 

infectious virus titer 50% endpoints using the standard 

Reed and Muench calculations. 

Luciferase Assay of Infectious Virus 

Firefly luciferase is widely used as a reporter for 

gene expression and other cellular events coupled to gene 

expression, i.e. receptor activity, intracellular signal 

transduction, mRNA processing, protein folding and protein-

protein interactions (Alam and Cook, 1990; Wood, 1991). 
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The 96-well culture plates from titer reduction assays were 

read at 48 hours post-infection to determine luciferase 

protein expression using a commercial kit (Promega™ 

Luciferase Assay System). Briefly, culture supernatant was 

discarded and plates were washed two times with phosphate 

buffered saline (PBS), pH 7.2. Fifty microliter of 

Luciferase Cell Culture Lysis Reagent were added to each 

well. Using a luminometer, lOOul of Luciferase Assay 

Reagent were injected to each well and the light intensity 

of the assay was read. Relative light units (RLU) of test 

and control cultures were used to determine infectious 

virus titer 50% endpoints using the standard Reed and 

Muench calculations. 

Titer Reduction Calculation 

To determine the endpoint dilution at which viral 

replication stops, 'Infectious Doseso' (ID50) values were 

calculated using the method of Reed & Muench. Relative 

light units (RLU) of test and control cultures were used to 

determine infectious virus titer 50% endpoints. The Tissue 

Culture Infectious Dose50 (TCID50) was determined and 

reported as the TCID50 value (TCID50/mL) as the example shown 

below: 
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% positive above 50% -50% 
(% positive above 50%) - (% positive 
below 50%) 

100 - 50 = 5_̂  0.5 
100 - 0 100 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID5o 

= -4 + (0.5 x -1) 

= -4.5 

= proportionate 

distance 

ID50 = 10
4-5 
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HIV-1 Virus Expansion 

The culture supernatants from Thailand strain -

subtype E HIV-1 viral cultures collected on Day 0, 3, 7, 

10, 13, 16 and 20 were examined for p24 antigen using the 

RETRO-TEK HIV-1 ELISA kit. The standard curve for HIV-1 

p24 antigen showed linearity in the range of assay from 0 -

125 pg/mL (Figure 35). The mean optical density of the 0 

pg/mL standard and substrate blank was less than 0.200. 

The mean optical density of the 62.5 pg/mL standard was 

greater than 0.500. The assay was validated according to 

manufactured test guidelines. The concentration of HIV-1 

p24 antigen (pg/mL) was calculated using linear relation of 

concentration and optical density (OD) of HIV-1 p24 

standards. Sensitivity limitation of the assay was set at 

2 pg/mL (0.07 OD cutoff value, determined by adding a 

predetermine factor 0.030 to the mean of negative control). 

Samples containing p24 antigen greater than the standard 

curve of the assay (125 pg/mL) were diluted before testing. 
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The growth of HIV-1 virus (Figure 36) showed an increase of 

HIV-1 p24 antigen concentration of more than 3.5 log pg/mL 

on Day 7. 

HIV-1 p24 Antigen ELISA 

Concentration of 

HIV-1 Antigen 

(pg/mL) 

125 

62.5 

31.3 

15.6 

7.8 

0 

media 

substrate blank 

OD 4 50 ran 

OD 1 OD 2 Average 

1.302 

0.763 

0.409 

0.185 

0.101 

0.043 

0.044 

0.043 

1.256 

0.664 

0.362 

0.170 

0.098 

0.045 

0.043 

0.042 

1.279 

0.714 

0.386 

0.177 

0.099 

0.044 

0.043 

0.043 

Table 27. Optical density of HIV-1 p24 standards 

(concentrations from 0 to 125 pg/mL). 
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Figure 35. Linear graph of concentrations of HIV-1 p24 

antigen standard (pg/mL) plotted on the X-axis versus the 

mean optical densities for each standard on the Y-axis, 

linear from 0-125 pg/mL. 



HIV-1 p24 Antigen ELISA 

Sample 

Known Negative 

Day 0-1 

Day 0-2 (1:2) 

Day 3 

Day 3 (1:10) 

Day 7 (1:2) 

Day 7 (1:10) 

Day 10 

Day 10 (1:10) 

OD 450 nm 

OD 1 

0.044 

0.161 

0.041 

0.913 

0.118 

2.728 

1.933 

2.886 

2.087 

OD 2 

0.042 

0.165 

0.047 

0.932 

0.122 

2.828 

1.959 

3.054 

2.000 

average 

0.043 

0.163 

0.044 

0.923 

0.120 

2.778 

1.946 

2.970 

2.044 

Concentration 
of 

HIV-1 Antigen 

(pg/mL) 

< 2 

12 

< 2 

96 

80 

>125 

>125 

>125 

>125 

Table 28. The culture supernatants from Thailand strain -

subtype E HIV-1 viral cultures collected on Day 0, 3, 7, 

and 10 were calculated for p24 antigen concentrations using 

the HIV-1 p24 standard curve. Linearity range of the assay 

was 0 to 125 pg/mL. Samples containing p24 antigen 

greater than the standard curve of the assay (>125 pg/mL) 

need to be diluted. 
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HIV-1 p24 Antigen ELISA 

Sample 

Negative Control 

Day 7 - 1:100 

Day 7 - 1:1,000 

Day 7 - 1:10,000 

Day 10 - 1:100 

Day 10 - 1:1,000 

Day 10 - 1:10,000 

Day 13 - 1:100 

Day 13 - 1:1,000 

Day 13 - 1:10,000 

Day 16 - 1:100 

Day 16 - 1:1,000 

Day 16 - 1:10,000 

Day 20 - 1:10 

Day 20 - 1:1,000 

Day 20 - 1:10,000 

OD 4 50 nm 

OD 1 

0.044 

0.469 

0.084 

0.050 

0.720 

0.082 

0.047 

0.965 

0.111 

0.046 

0.937 

0.133 

0.045 

2.496 

0.112 

0.051 

OD 2 

0.043 

0.506 

0.077 

0.048 

0.758 

0.083 

0.045 

0.953 

0.102 

0.051 

0.965 

0.116 

0.048 

2.519 

0.112 

0.055 

average 

0.044 

0.488 

0.081 

0.049 

0.739 

0.082 

0.046 

0.959 

0.107 

0.049 

0.951 

0.124 

0.047 

2.507 

0.112 

0.053 

Concentration 
of 

HIV-1 Antigen 

(pg/mL) 

< 2 

4,400 

4,000 

< 2 

6900 

4000 

< 2 

9100 

6,000 

< 2 

9,100 

8,000 

< 2 

>125 

7,000 

< 2 

Cutoff Value: 0.044 + 0.03 = 0.07 (2 pg/mL) 

Table 29. Culture supernatants from Thailand strain -

subtype E HIV-1 viral cultures collected on Day 7, 10, 13, 

16 and 20 were calculated for p24 antigen concentrations 

using linear relation of the HIV-1 p24 standard curve. 



201 

10000 

I 
c 
a> 
D> 

1000 

•£ 100 

a 
• 

> 

10 

Growth Curve of Subtype E HIV-1 

o 10 13 

Time (Day) 

16 20 

Figure 36. The growth of HIV-1 subtype E virus showed an 

increase of HIV-1 p24 antigen concentration of more than 

3.5 log pg/mL on Day 7. 
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Cellular Viability Assay 

Nontoxic concentrations of Carrageenan and Combivir® 

were determined by culturing the TZM-bl cell lines for 24-

hours in diluted drugs. Dilutions that gave culture 

viabilities of ^60% compared to control cultures were 

considered to be nontoxic and were selected for the use in 

titer reduction assay for HIV-1 anti-infectivity in the 

later studies. Carrageenan (3 mg/mL) was diluted with 

media in the range of 5-50 dilution (table 30). At 

dilutions of 1:20 a survival of over 60% was observed 

(figure 37). The concentration of carrageenan that was the 

lowest nontoxic concentration for culture viability was 

300 ug/mL. Combivir® (1 mg/mL) was diluted with media in 

the range of 5-250 dilution (table 31). The percent 

survival of over 60% was observed at dilution of 1:50 

(figure 38). A concentration of 10 ug/mL of Combivir® was 

the lowest nontoxic concentration for culture viability. 

The lowest nontoxic concentrations (300 ug/mL of 

carrageenan and 10 ug/mL of Combivir®) were selected for use 

in the infectious virus titer reduction assay (the next 

experiments). 



203 

Carrageenan 

RLU a 

RLU-1 

RLU-2 

RLU-3 

Avg. 

Dilution 

1:5 

85.91 

95.52 

88.22 

89.88 

1:10 

202.58 

189.24 

195.46 

195.76 

1:20 

225.46 

220.16 

227.23 

224.28 

1:25 

225.62 

235.06 

244.69 

235.12 

1:50 

249.66 

235.39 

232.29 

239.11 

100% Viability 

%Viability 

Std Dev. 

324.37 

27.71 

1.546 

324.37 

60.35 

2.058 

324.37 

69.15 

1.134 

324.37 

72.49 

2.94 

324.37 

73.72 

2.856 

a RLU, relative light units 

Table 30. Determination of non-toxic concentration of 

carrageenan was observed in TZM-bl cell lines. Carrageenan 

was diluted with media in the range of 5-50 dilution. The 

percent viability of over 60% was observed at dilutions of 

1:20. 
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Determination of Non-toxic 

Dilution of Carrageenan 

90 
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Figure 37. Effect of carrageenan on percent viability of 

TZM-bl cells after 24 hour exposure. TZM-bl cells were 

cultured with concentrations of carrageenan for 24 hrs. 

After washing, culture viability was determined by 

CellTiter-Glo™ assay according to the manufacture's 

instructions. 



205 

Combivir® 

RLU a 

RLU-1 

RLU-2 

RLU-3 

Avg. 

Dilution 

1:25 

59.80 

81.20 

70.40 

70.50 

1:50 

182.50 

193.70 

188.10 

189.97 

1:100 

236.40 

237.40 

236.65 

237.07 

1:200 

246.50 

238.80 

242.30 

241.37 

1:250 

246.81 

256.92 

251.98 

253.55 

100% 
Viability 

%Viability 

Std Dev. 

290.38 

24.28 

3.685 

290.38 

65.420 

1.929 

290.38 

81.640 

0.179 

290.38 

83.121 

1.328 

290.38 

87.317 

1.741 

a RLU, relative light units 

Table 31. Determination of non-toxic concentration of 

Combivir® was observed in TZM-bl cell lines. Combivir® (1 

mg/mL) was diluted with media in the range of 5-250 

dilution. The percent survival of over 60% was observed at 

dilution of 1:50. 
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Determination of Non-toxic 
Dilution of Combivir 
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Figure 38. Effect of Combivir® on percent viability of TZM-

bl cells after 24 hour exposure. TZM-bl cells were 

cultured with concentrations of carrageenan for 24 hrs. 

After washing, culture viability was determined using 

CellTiter-Glo™ assay. The percent survival of over 60% was 

observed at dilution of 1:50. 
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Titer Reduction of Virus Using Infectious Virus Assay 

TZMbl cell cultures in the absence and presence of 

drugs (the final concentration of 300 ug/mL of carrageenan 

or 10 ug/mL of Combivir®) released from microparticles were 

assayed for luciferase protein expression using a 

luminometer. Carrageenan MP at 300 ug/mL of carrageenan 

blocked infection of 2 virus strains, subtype B - X4 (HIV-

ILAI) and subtype B-R5 (HIV-lBa-L) laboratory strains; titer 

reduction were 103'2 and 103'0, respectively. Combivir® MP at 

a concentration of 10 ug/mL of Combivir® blocked infection 

of 3 virus strains, subtype E - R5 (HIV-l93TH078) field 

strain, subtype B-X4 (HIV-lLAi) and subtype B-R5 (HIV-lBa-L) 

laboratory strains; reduction titers were 104, 105-2, and 

104, respectively. In another in vitro study (Evans-

Strickfaden et al., 2008), Carrageenan gel was similarly 

demonstrated to have anti-HIV infective activity. Our 

data suggested there was no impact of physical stresses in 

the manufacturing process of microparticle formulation 

using the spray drying technique on the anti-infective 

activity of carrageenan MP and Combivir® MP. 
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WITHOUT DRUG: subtype B-R5 (HIV-lBa-L) Virus 

Log Dilution 
-1 

-2 

-3 

-4 

Infected 
Units 
2/2 

2/2 

2/2 

2/2 

Cumulative 
Infected (A) 

8 

6 

4 

2 

Cumulative 
Non-Infected 

(B) 
0 

0 

0 

0 

Log Dilution 

-1 

-2 

-3 

-4 

Ratio A/A+B 

8/8 

6/6 

4/4 

2/2 

% Infected 
(positive) 

100 

100 

100 

100 

Proportionate Distance = 100 - 50 = 5J3 = 0.5 
100 - 0 100 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID5o 

= -4 + (0.5 x -1) 

= -4.5 ID50 = 10
4-5 

Table 32. The standard Reed and Muench calculation for 

titration of control HIV-lBa-L cultures yielded the TCID50 of 

io4-5. 
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WITHOUT DRUG: subtype B-X4 (HIV-ILM) Virus 

Log Dilution 

-1 

-2 

-3 

-4 

-5 

Infected 
Units 

4/4 

4/4 

4/4 

4/4 

3/4 

Cumulative 
Infected (A) 

19 

15 

11 

7 

3 

Cumulative 
Non-Infected 

(B) 

0 

0 

0 

0 

1 

Log Dilution 

-1 

-2 

-3 

-4 

-5 

Ratio A/A+B 

18/18 

14/14 

10/10 

6/6 

3/4 

% Infected 
(positive) 

100 

100 

100 

100 

75 

Proportionate Distance = 100 - 50 = 5J) = 0.7 

7 5 - 0 75 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID50 = -5 + (0.7 x -1) = -5.7 

ID50 = 10
5-7 

Table 33. The standard Reed and Muench calculation for 

titration of control HIV-1LAI cultures yielded the TCID50 of 

io5-7. 
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WITHOUT DRUG: subtype E HIV-1 Virus 

Log Dilution 

-1 

-2 

-3 

-4 

-5 

Infected 
Units 

4/4 

4/4 

4/4 

4/4 

2/4 

Cumulative 
Infected (A) 

18 

14 

10 

6 

2 

Cumulative Non-
Infected (B) 

0 

0 

0 

0 

2 

Log Dilution 

-1 

-2 

-3 

-4 

-5 

Ratio A/A+B 

18/18 

14/14 

10/10 

6/6 

2/4 

% Infected (positive) 

100 

100 

100 

100 

50 

% positive above 50% -50% 

[% positive above 50%) - (% positive below 

100 - 50 

50%) 

50 
100 

= proportionate 

distance 

0.5 
100 - 0 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID50 

= -4 + (0.5 x -1) 

= -4.5 ID50 = 10 
4.5 

Table 34. The standard Reed and Muench calculation for 

titration of control HIV-1 subtype E cultures yielded the 

TCID50 of 10 
4.5 
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WITH Carrageenan: subtype B-R5 (HIV-lBa-L) Virus 

Log Dilution 

-1 

-2 

-3 

Infected 
Units 

2/2 

1/2 

0/2 

Cumulative 
Infected (A) 

3 

1 

0 

Cumulative 
Non-Infected (B) 

0 

1 

3 

Log Dilution 

-1 

-2 

-3 

Ratio 
A/A+B 

3/3 

1/2 

0/3 

% Infected 
(positive) 

100 

50 

0 

Proportionate Distance = 100 - 50 = _50_ = 0.5 

100 - 0 100 

(log dilution above 50%) + (proportionate distance x log dilution 

f a c t o r ) = l o g ID50 

= - 1 + ( 0 . 5 x -1) 

= - 1 . 5 ID 5 0 = 1 0 1 5 

Table 35. The standard Reed and Muench calculation for 

infectious titer of HIV-lBa-L; in the presence of carrageenan 

(300 ug/mL) , the TCID50 was 10
1>5. 
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WITH Carrageenan: subtype B-X4 (HIV-l^i) Virus 

Log Dilution 

-1 

-2 

-3 

-4 

-5 

-6 

Infected 
Units 

6/6 

6/6 

0/6 

0/6 

0/6 

0/6 

Cumulative 
Infected (A) 

12 

6 

0 

0 

0 

0 

Cumulative 
Non-Infected (B) 

0 

0 

6 

12 

18 

24 

Log Dilution 

-1 

-2 

-3 

-4 

-5 

-6 

Ratio 
A/A+B 

12/12 

6/6 

0/6 

0/12 

0/18 

0/25 

% Infected 
(positive) 

100 

100 

0 

0 

0 

0 

Proportionate Distance = 100 - 50 5J} = 0.5 

100 - 0 100 

(log dilution above 50%) + (proportionate distance x log dilution 

factor) = log ID50 = -2.5 ID50 = 10
2 5 

Table 36. The standard Reed and Muench calculation for 

infectious titer of HIV-lLAi; in the presence of carrageenan 

(300 ug/mL) , the TCID50 was 10
2-5. 
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WITH Combivir18: subtype B-R5 (HIV-lBa-L) Virus 

Log Dilution 

undiluted 

-1 

-2 

-3 

Infected 
Units 

2/2 

0/2 

0/2 

0/2 

Cumulative 
Infected (A) 

2 

0 

0 

0 

Cumulative Non-
Infected (B) 

0 

2 

4 

8 

Log Dilution 

undiluted 

-1 

-2 

-3 

Ratio A/A+B 

2/2 

0/2 

0/4 

0/8 

% Infected (positive) 

100 

0 

0 

0 

Proportionate Distance = 100 - 50 = 5_0 = 0.5 
100 - 0 100 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID50 

= 0 + (0.5 x -1) 

= -.5 ID50 = 10°
 5 

Table 37. The standard Reed and Muench calculation for 

infectious titer of HIV-lBa-L/ in the presence of Combivir' 

(10 ug/mL) , the TCID50 was 10
0'5. 
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WITH Combivir®: subtype B-X4 (HIV-1IAI) Virus 

Log Dilution 

undiluted 

-1 

-2 

-3 

Infected 
Units 

2/2 

0/2 

0/2 

0/2 

Cumulative 
Infected (A) 

2 

0 

0 

0 

Cumulative Non-
Infected (B) 

0 

2 

4 

8 

Log Dilution 

undiluted 

-1 

-2 

-3 

Ratio A/A+B 

2/2 

0/2 

0/4 

0/8 

% Infected (positive) 

100 

0 

0 

0 

Proportionate Distance = 100 - 50 5_0_ = 0.5 
100 - 0 100 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID50 

= 0 + (0.5 x -1) 

= -.5 ID50 = 10
0-5 

Table 38. The standard Reed and Muench calculation for 

infectious titer of HIV-1LAI; in the presence of Combivir® 

(10 ug/mL) , the TCID50 was 10
0"5. 



215 

WITH Combivir®: subtype E HIV-1 Virus 

Log Dilution 
undiluted 

-1 

-2 

-3 

Infected 
Units 
2/2 

0/2 

0/2 

0/2 

Cumulative 
Infected (A) 

2 

0 

0 

0 

Cumulative Non-
Infected (B) 

0 

2 

4 

8 

Log Dilution 

undiluted 

-1 

-2 

-3 

Ratio A/A+B 

2/2 

0/2 

0/4 

0/8 

% Infected (positive) 

100 

0 

0 

0 

Proportionate Distance = 100 - 50 = 5J3_ = 0.5 
100 - 0 100 

(log dilution above 50%) + (proportionate distance x log 

dilution factor) = log ID50 

= 0 + (0.5 x -1) 

= -.5 ID50 = lO
05 

Table 39. The standard Reed and Muench calculation for 

infectious titer of subtype E HIV-1; in the presence of 

Combivir® (10 ug/mL) , the TCID50 was 10
0"5. 
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Drug 

Control - no drug 

Control - no drug 

Control - no drug 

Carrageenan 

Carrageenan 

Combivir 

Combivir 

Combivir 

HIV-1 virus 

Subtype 

B 

B 

E 

B 

B 

B 

B 

E 

Isolate 

LAI 

Ba-L 

93TH078 

LAI 

Ba-L 

LAI 

Ba-L 

93TH078 

Co-

receptor 

CXCR4 

CCR5 

CCR5 

CXCR4 

CCR5 

CXCR4 

CCR5 

CCR5 

LoglO 

TCID50/mL 

5.7 

4.5 

4.5 

2.5 

1.5 

0.5 

0.5 

0.5 

Table 40. Summary of infectious titer of HIV-1 in the 

absence and presence of drugs (Carrageenan or Combivir®) . 

Relative light units (RLU) of test and control cultures 

were used to determine infectious virus titer 50% endpoints 

(logio TCID5o/mL) using the standard Reed and Muench method. 
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Percentage of HIV-1 Infectious Titer Reduction 

• Carrageenan 

• Combivir 
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Figure 39. Percent titer reduction of drugs (carrageenan 

and antiretroviral (ARV) drug Combivir®) released from 

mucoadhesive microparticles were determined using an 

infectious virus titer reduction assay. Carrageenan (300 

ug/mL) blocked infection of 2 virus strains; percent titer 

reduction was 56-67%. Combivir® (10 ug/mL) blocked infection 

of 3 virus strains; percent titer reduction was 89-91%. 
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Conclusions 

This in vitro study demonstrated the HIV-1 anti-

infectivity of two mucoadhesive microparticle formulations 

- HIV-1 entry inhibitor carrageenan and ARV drug Combivir®. 

The physical stresses in the process of production a using 

spray dryer did not affect the activity of the drugs. 

Combination of carrageenan and Combivir® microparticles 

could be potential candidates for next-generation 

microbicides that may be delivered in water soluble form 

into the human vagina to provide sustained release and 

longer residence time. 
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