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ABSTRACT

Nevirapine in pro-Pheroid: A preservative efficacy and stability study

Human immunodeficiency virus (HIV) is a refrovirus that can lead to acquired immunodeficiency
syndrome (AIDS), a condition in humans in which the immune system begins to fall, leading to
life-threatening opportunistic infections. As of January 2008, the Joint United Nations
Programme on HIV/AIDS (UNAIDS) and the World Health Organization (WHO) estimate that
AIDS has killed more than 25 million people since it was first identified on December 1, 1981,

making it one of the most destructive pandemics in recorded history.

Pheroid™ technology is a patented delivery system that consists of both plant and essential
fatty acids. it is often confused with lipid-based delivery system. Alithough there are some
similarities, Pheroid™ technology owns its advantages in terms of absorption and/or efficacy of
pharmacoiogically active compounds and other useful molecules. The Pheroid™ structure can
be manipulated in terms of morphology, structure, size and function. The effeciivenass of
Pheroid™ technology has been iliustrated by several national and international clinical trials with
products based on this technology. Pro-Pheroid production is similar to that of Pheroid™
production, except that no agueous phase is infroduced; instead, the active compounds are

dissolved in the oll phase.

This study was conducted to determine the stability of both nevirapine and butylparaben in the
pro-Pheroid delivery system as well as the preservative efficacy of butylparaben. High
performance liquid chromatography (HPLC) was used to determine the stability of nevirapine
and butyiparaben in pro-Pheroid. The formulation was stored under controlled conditions, i.e.
5°C, 25°C + 60% RH, 30°C + 65% RH and 40°C + 75% RH, for three months. The accelerated
stability study was performed according fo ICH guidelines. The preservative efficacy study was

done by the EnviroCare Laboratory according to international specifications.

The various studies conducted on nevirapine in pro-Pheroid to determine the stability showed
that nevirapine could successfully be formulated in the pro-Pheroid system and that

butylparaben is an effective preservative in the formulation.

it is finally concluded that before nevirapine in pro-Pheroid is further formutated into viable

products, the following issues will have to be addressed:

Vi



+ The pro-Pheroid manufaciuring process should be assessed and validated to ensure
batch to batch uniformity.

¢« In order io establish a sound analytical method, stability of the pro-Pheroid system
{without the addition of pharmmaceuiical actives) should be evaluated over a period of at
least six monihs.

« The specific UV detection wavelengths of both nevirapine and butyiparaben should be
assessed and validaied fo get the optimum wavelength for HPLC assay analysis to

ensure the integrity of the resulis obtained.

The physical properfies (colour, smell and tasie) of the pro-Pheroid system need to be

addressed fo make the product acceptable to the consumer.
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UITTREKSEL

Nevirapien in pro-Pheroid: ‘n Preserveringseffekiiwiteits- en stabilifeitstudie

Die menslike immuungebrek virus (MIV) is ‘n refrovirus wat lei fot verworwe immuungebrek
sindroom (V1GS), ‘n foestand waarin die mens se immuunstelsel begin faal, en uiteindelik lei tot
lewensbedreigende opportunistiese infeksies. Die Joint United Nations Programme on
HIV/AIDS (UNAIDS) en die Wéreld Gesondheidsorganisasie (WGO) het vanaf Januarie 2006
beraam dat VIGS die dood van meer as 25 miijjoen mense veroorsaak het, vandat dit die eerste
keer op 1 Desember 1981 geidentifiseer is. Dit maak VIGS een van die dodelikste pandemies in

die geskiedenis.

Pheroid™ tegnologie is ‘n gepatenteerde afleweringsisteem wat bestaan uit beide plant en
essensiéle vetsure. Dit word dikwels verwar met lipied gebaseerde afleweringsisteme. Alhoewel
daar sekere ooreenstemminge is, het Pheroid™ tegnologie sy eie voordele in terme van
absorpsie en/of effekiiwiteit van farmakologiese akfiewe verbindings en ander bruikbare
molekules. Die Pheroid™ struktuur kan gemanipuleer word in terme van morfologie, struktuur,
grootte en funksie. Die effektiwiteit van die Pheroid™ tegnologie is al geillustreer deur menigte
nasionale en internasionale kliniese proefstudies met produkie gebaseer op die tegnologie. Pro-
Pheroid produksie is gelykstaande aan die van Pheroid™ produksie, behalwe dat daar geen

waterfase word gebruik nie. Die aktiewe verbinding word dus in die ofiefase opgelos.

Hierdie studie was uitgevoer om die stabiliteit van beide nevirapien en butielparabeen in die pro-
Pheroid afleweringsisteem te bepaal, asook die preserveringseffektiwiteit van buiielparabeen.
Hoédoeltreffendheidsvioeistofchromatografie (HDVC) is gebruik om die stabiliteit van nevirapien
en butielparabeen in pro-Pheroid te bepaal. Die formulering is onder gekontroleerde toestande
vir drie maande, 5°C, 25°C + 60% RH, 30°C + 85% RH en 40°C + 75% RH, geberg. Die
versnelde stabiliteitstudie is volgens ICH riglyne uitgevoer. Die preserveringseffekiiwiteitstudie is

deur die EnviroCare Laboratorium behartig volgens internasionale spesifikasies.

Die verskillende studies wat op nevirapien in pro-Pheroid uitgevoer is om die stabiliteit te bepaal
het getoon dat nevirapien suksesvol in die Pheroid™ sisteem geformuleer kan word en dat

butielparabeen ‘n effektiewe preserveermiddel is in die formulering.

Alvorens nevirapien in pro-Pheroid geformuieer kan word, moet die volgende twispunte

aangespreek word:
viii



+ Die pro-Pheroid vervaardigingsproses moet geévalueer en gevalideer word om

loteenvormigheid te verseker.

» Om ‘n gevestigde analifiese metode te vestig, moet die stabiliteit van die pro-Pheroid
sisteem (sonder die byvoeging van farmaseutfiese akiiewes) geé&valueer word oor ‘n

periode van fen minste ses maande.

« Die spesifieke UV deteksie golflengtes van beide nevirapien en buiielparabeen moet
geévalueer en gevalideer word om die optimum golfiengte vir HDVC analise te vind om

die integriteit van die resultate verkry, te kan verseker.

Die fisiese eienskappe (kleur, reuk en smaak) van die pro-Pheroid sisteem moet aangespreek

word om die produk vir die gebruiker aanvaarbaar te kan maak.



AIMS AND OBJECTIVES

This project aims fo investigate the suitability of a novel delivery system by:

1. Entrapment of the drugs in the novel Pheroid™ carrier system:;

2. To perform stability studies according to ICH guidelines to ensure product stabiiity at
different temperature and humidity conditions;

3. To test the samples at different wavelengths to determine the optimum detection
wavelength for each cormnpound tested; and

4, To perform a preservative efficacy study to determine the efficacy of the preservative
incorporated in the formulation.

Methodology

Formulation with Pheroid™ technology with nevirapine.

This is done to determine the exact type and amount of each individual ingredient to get
a stable, compatible and safe formutation.

Determine the correct preservatives and ratio fo be used in the formulation.

Several preservatives are used to determine the most compatible and effective
preservative to keep the final formulation stable and fo adhere to British Pharmacopeial
Standards. The different preservatives are added to the formulation and the formulations
are diluted into different concentrations and spread out onto a petri-plate. The amount of
micro-organism colonies is counted and the efficacy of the specific preservative is
determined after a 28 day study with the preservative.

Accelerated stability studies with the final formulation over a period of 3 months.

The accelerated stability studies are designed ito increase the rate of chemical
degradation or physical change of a Drug Substance (DS) / Active Pharmaceutical
Ingredient (API) or Drug Product (DP) using exaggerated storage conditions. The
purpose of the study is to monitor any degradation reactions which than will help fo
predict the shelf fife of 2 Drug Substance (DS) or Drug Product (DP) under the defined
(ICH) storage conditions.

HPLC method development for the specific formutation.

The reason for developing a HPLC method for this specific formulation is to get

adeguate resclution and good gquantitation in order to study the formulation. During the



method development, different steps need to be taken, i.e. literature search, selection of
HPLC method, mobile phase selection and temperature effects need to be considered.
HPLC analysis of the samples subjected to accelerated stability testing (initial, months 1,
2 and 3).

Preservative efficacy studies of the samples ini_tially, after months 1, 2 and 3.

A preservative efficacy study is done on the samples using the five prescribed micro-
organisms, lLe. Staphylococcus aureus, Esoheriohia coli, Pseudomonas aeruginosa,
Candida afbicans and Aspergifius niger. The micro-organisms are inoculated into the
samples and then spread out onto agar in petri-plates. The number of viable micro-

organisms is determined by plate count.

XI



CHAPTER 1

HIV / AIDS

1.1 Background

Human immunodeficiency virus (HIV) is a refrovirus that can lead to acquired
immunodeficiency syndrome (AlDS), a condition in humans in which the immune
systemn begins fo fail, leading to life-threatening opportunistic infections. Previous
names for the virus include human T-lymphotropic virus-lll (HTLV-IID,
lymphadenopathy-associated virus (LAV), and AiDS-associated retrovirus (ARV)
(Moyle, 2002; Plosker & Figgitt, 2003).

Infection with HIV occurs by the transfer of biood, semen, vaginal fluid, pre-ejaculate,
or breast milk. Within these bodily fiuids, HIV is present as both free virus particles
and virus within infected immune cells. The four major routes of iransmission are
unprotected sexual intercourse, contaminated needles, breast milk, and transmission
from an infected mother to her baby at birth. Screening of blood products for HIV has
!aréely eliminated transmission through bliood fransfusions or infected blood products

in the developed world (Moyle, 2002).

HIV infection in humans is now pandemic. As of January 2006, the Joint United
Nations Programme on HIV/AIDS (UNAIDS) and the Worid Health Organization
(WHO) estimate that AIDS has killed more than 25 million people since it was first
recognised on December 1, 1881, making it one of the most destructive pandemics
in recorded history. It is estimated that about 0.6% of the world’s population is
infected with HIV (UNAIDS, 2008). In 2005 aione, AIDS claimed an estimated 2.4 -
3.3 million iives, of which more than 570,000 were children. A third of these deaths
are occurring in sub-Saharan Africa, retarding economic growth and increasing
poverty (Greener, 2002). According to current estimates, HIV is set to infect S0
miliion people in Africa, resulting in a minimum estimate of 18 million orphans
(UNAIDS, 2008). Antiretroviral treatment reduces both the mortality and the morbidity
of HIV infection, but routine access to antiretroviral medication is not available in all

countries (Palella ef a/., 1998).

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

jow levels of CD4™ T cells through three main mechanisms: firstly, direct viral kiliing of

1
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infected cells; secondly, increased rates of apoptosis in infected celis; and thirdly,
kiling of infected CD4* T cells by CD8 cyiotoxic lymphocytes that recognise infected
cells. When CD4" T cell numbers deciine below a critical level, cel-mediated
immunity is lost, and the body becomes progressively more susceptible to
opportunistic infections. If untreated, eventually most HIV-infected individuals
develop AIDS and die; however about one in ten remains healthy for many years,

with no noticeable symptoms (Buchbinder ef al., 1994),

Treatment with anti-retrovirals, where available, increases the life expectancy of
people Infected with HIV. It is hoped that current and future treatmenis may allow
HiV-infected individuals to achieve a life expectancy approaching that of the general

public.

1.2 Development of the epidemic

The first documented cases of the acquired immune deficiency syndrome (AIDS)
occurred in the summer of 1881 in America. Pneumocystis carinii pneumonia and
Kaposi’'s sarcoma began to be reported in young men, whom it was afterwards
realised were both homosexual and immunocompromised. Even though the condition
became known early on as AIDS, its cause and modes of transmission were not
immediately apparent. in 1983, the virus now known to cause AIDS in a proportion of
those infected, was discovered and given various names. The intemnationally
accepted term is now the human immunodeficiency virus (HIV). More recently a new
variant has been isolated in patients with West African connections - HIV-2 (Adler,

1993).

The definition for AIDS was used for surveillance purposes by most other countries. It
was subsequently slightly modified in the fight of the discovery of the causal agent
and the development of laboratory tests to detect antibody and to inciude additional
serious conditions. A further change took place in September 1987; the latest
definition now includes encephalopathy, HIV wasting syndrome, and a wider range of
diseases indicative of AIDS (Adler, 1893).

Three groups of patients are defined by:

» Those without laboratory evidence of HIV infection. This includes patients
who have not been tested for HIV and those on whom tests have been

carried out but with inconclusive results and who have a positive diagnosis of

2
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an indicator disease — for example, exirapulmonary cryptococcosis,
oesophageal candidosis, progressive muliifocal leucoencephalopathy — but

no other cause of immunodeficiency.

« Those with laboratory evidence of HIV infection, notwithstanding the presence
of other causes of immunodeficiency, or any of the specified indicator

diseases, whether diagnosed definitively or presumptively.

» Those with laboratory evidence against HIV infection. In this group AIDS is
diagnosed only when all the other major causes of immunodeficiency have
been excluded — for example, a high dose of Jong iemm systemic
corticosteroid or other immunosuppressive-cytotoxic disease — and the
patient has uneguivocal Pneumocystis carinii pneumonia or any other disease
indicative of AIDS and a T helper-inducer (CD4) lymphocyte count of less
than 0.4 x 10%1 (Adler, 1983).

1.3 Transmission of the virus

HIV has been isolated from semen, cervical secretions, cell free plasma,
cerebrospinal fluid, lymphocytes, saliva, tears, unine, and breast milk. This does not
mean, however, that these fluids all fransmit infection since the concenfration of virus
in them varies considerably (Adler, 1983), particularly infectious are semen, blood,
and possibly cervical secretions. The most regular mode of transmission is through
the receipt of infected biood or blood products, donated organs and semen.
Transmission also occurs through the sharing or reuse of contaminated needles by
injecting drug abusers or for therapeutic procedures and from mother to child (Adler,

1993).

Since the beginning of the pandemic, three main transmission routes for HIV have

been identified (Coovadia, 2004):

e Sexual route. 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 of (Coovadia, 2004).

e Blood or blood product route. This fransmission route can account for

infections in intravenous drug users, haemophiliacs and recipients of blood
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transfusions (though most transfusions are checked for HIV in the developed
world) and blood products. It is also of concern for persons receiving medical
care in regions where there is prevalent substandard hygiene in the use of
injection equipment, such as the reuse of needles in Third World countnes.
HIV can also be spread through the sharing of needles. Health care workers
such as nurses, laboratory workers, and doctors, have also been infected,
although this occurs more rarely. People who give and receive tatioos,
piercings, and scarification procedures can also be at risk of infection
(Coovadia, 2004).

+« Mother-to-child transmission (MTCT). The transmission of the virus from the
mother to the child can occur jn utero during pregnancy and infrapartum at
childbirth. In the absence of treatment, the transmission rate between the
mother and child is around 25% (Coovadia, 2004). However, where
combination antiretroviral drug treatment and Caesarian section are available,
this risk can be reduced to as low as 1% (Coovadia, 2004). Breast feeding

also presents a risk of infection for the baby.

1.3.1 Relation between the virus and the disease

The advent of an effective antibody test in 1984 has allowed for a clearer
understanding of the varying prevalence and the natural history of HIV infection. For
example, tests on stored samples of serum collected for other reasons from a cohort
of homasexual men in San Francisco give as indication of how the epidemic evolved.
In 1878, 4% were anti-HIV positive; by 1880 the proportion had increased six fold, to
24%. In London and British provincial centres the rate of seroposiﬁv'rty has also
increased (Adler, 1993). These surveys show that the proportion of individuals
infected needs to be high before cases of AIDS start o become apparent. It also
underfines the importance of health education campaigns early in the epidemic, when
the seroprevalence of HIV is low. Once cases of AIDS start to appear, the epidemic
drives itself and a much greater effort is required in terms of control and medical care

(Adler, 1993).

The rate of infection has also increased in groups other than homosexuals. In
southemn ftaly the prevalence of HIV antibody among intravenous drug users
increased from below 1% in 1880 to 76% in 1985. Similar large increases have been

seen in European countries such as Switzerland. In the United Kingdom the
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prevalence varies — from 10% in London to 54% in Edinburgh (Adler, 1993). This
geographical variation is also seen in the United States, with low rates in San
Francisco and New Orleans (less than 5%) and high rates in Manhattan and norihern
New Jersey (greater than 50%) (Adler, 1993). Haemophiliac patienis are the final
group with a high rate of infection in the United Kingdom (an average nationa! figure
of 44%). The level of infection in prostitutes tested in the United Kingdom and Europe
is Jow, ranging from below 1% in ltaly, France, and England to 6% in Greece. Once
prostitutes who are also intravenous drug addicts are studied the rate is much higher
— for example, 70% in italy (Adler, 1983).

AIDS results in a considerable direct and indirect cost not only in human suffering but
also to the health service. Other costs, including time off work, the effect of the
deaths of young people on national productivity, and domiciiiary services. AIDS
represents the most major public health problem in the world this century. A clear
understanding of the epidemiology forms the basis of developing a strategy of control

ranging from health education to research (Adler, 1933).

1.3.2 Pathogenesis of HIV

HIV has spread in two epidenﬁiologicaliy disfinct patterns. The first paitem primarily
involves male homosexual intercourse or contact with infected biood; this pattemn
predominates in the US and Europe. in the second pattern, heterosexual intercourse
is the major mode of fransmission (thus affecting men and women nearly equally);
this pattern predominates in Africa, South America, and souihern Asia. In some

countries like Brazil and Thailand, there is no predominant mode (Beers ef al., 2006).

1.4 Pathophysiology of HIV

Retroviruses are plus-strand RNA viruses, but they repiicate differently than all other
RNA viruses. The family name refro (Latin, meaning "backward”) refers to the unique,
seemingly backward biochemical step in the replication cycle of these viruses. All
celiular organisms use DNA as the template to make RNA; retroviruses do the
reverse: They use RNA as a femplate fo make DNA, employing a unigue enzyme
called reverse franscriptase. Only retrovirus-infected animal cells produce this

enzyme (Ingraham & Ingraham, 2004).

Superficially, a HIV virion Is similar to the virions of most enveloped RNA viruses. lts

capsid is surrounded by a membrane with embedded protein spikes. Just under the
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membrane is a layer of structural protein calied matrix. The capsid, which is shaped
like a truncated cone, lies inside the matrix, The unigue aspects of the refroviral virion
are found in the central part. First, the core contains two copies of the same plus-
strand RNA molecule. in other words, the virion is diploid. Second, the core contains
molecules of three enzymes: reverse iranscriptase, intergrase, and protease. Viruses
use enzymes available in their host cell for the most part. They also direct the host to
make additional enzymes that they need but the host normally lacks. If one of these
enzymes is needed for gene expression, it must be included in the virion. Reverse
franscriptase is such an enzyme. HIV virions contain reverse transcriptase for the
same reason that minus-strand RNA viruses contain RNA-dependent RNA

polymerase (Ingraham & Ingraham, 2004).

HIV attaches to and penetrates host T cells via CD4" molecules and chemokine
receptors. After attachment, HIV RNA and enzymes are released into the host cell.
Viral repiication requires ihat reverse transcriptase copy HIV RNA, producing proviral
DNA; this copying is prone to errors, resulting in frequent mutations. Proviral DNA
enters the host cell's nucleus and is integrated into host DNA in a process that
involves HIV integrase. With each cel division, the integrated proviral DNA is
duplicated along with host DNA. Proviral HIV DNA is transcribed to viral RNA and
transiated to HIV proteins, including the envelope glycoproteins 40 and 120. The HIV
proteins are assembied into HIV virions at the inner cell membrane and budded from
the cell surface; each host cell may produce thousands of virions. Protease, another
HIV enzyme, cleaves viral proteins after budding, converiing the virion info an

infectious form (Beers ef a/., 20086).

1.5 Ciinical presentation / symptoms and signs

At first primary HIV infection may be asymptomatic or cause momentary nonspecific
symptoms (acute retroviral syndrome). Acute retroviral syndrome usually begins
within 1 fo 4 week of infection and lasts 3 to 14 days, with fever, malaise, rash,
arthraigia, generalised lymphadenopathy, and somefimes aseptic meningitis.
Symptoms are often mistaken for infectious mononuciecsis or benign nonspecific

viral syndromes (Wells ef al., 2003).

Most patients have a period of months to years during which other symptoms are
few, miid, intermittent, and nonspecific. Symptoms reflect either direct effects of HIV

or opportunistic infections. The most common are asymptomatic, diffuse
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lymphadenopathy; oral candidiasis; herpes zoster; diarrhoea; fatigue; and fever.
Some patfients have progressive wasting. Other common symptoms are
asympiomatic, mild-fo-moderate cytopenias (e.g., leucopaenia, anaemia, and
thrombocytopenia) (Beers ef al., 2006).

Eventually, when CD4" counts drop <200/ul, symptoms worsen and AlDS-defining
iinesses, often many, develop. Evaluation may reveal infection by Mycobacterium
sp, Pneumocystis jiroveci (formerly P. carinii), Cryptococcus neoformans, or other
fungi. Other infections that are common but suggest AIDS by their unusual severity
or recurrence include herpes zoster, herpes simplex, vaginal candidiasis, and
recurrent Salmonella sepsis. Some patients present with cancers (e.q., Kaposi's
sarcoma, B-cell lymphomas) that occur with increased frequency or severity or have
unigue features in patienis with HIV infection. In others, neurologic dysfunciion may

occur (Beers ef al., 20086).

1.6 Diagnosis

Avaitable options for diagnosis include:

Screening (antibody) tests should be offered periodically to those at risk. For those at
highest risk, especially sexually aclive people with multiple partners who do not
practice safe sex, testing shouid be repeated every six months. Such testing is
confidential and available, often free of charge, in many public and private facilities

throughout the world (Beers ef af., 20086).

The most commonly used screening method for HIV is an enzyme-linked
immunosorbent assay (ELISA), which detects antibodies against HIV-1 and Is both
highly sensitive and specific. False positives can occur in multiparous women; in
recent recipients of hepatitis B, HIV, influenza, or rabies vaccine; following multiple
blood transfusions; and in these with liver disease, renal failure, or undergoing
chronic hemodialysis. False negatives may occur if the patient is newly infected and
the test is performed before antibody production is detectable. The minimum time fo

develop antibodies is 3 to 4 weeks from initial exposure (Wells ef af., 2003).

Positive ELISAs are repeated in duplicate and if one or both tests are reactive, a
confirmatory fest is performed for final diagnosis. Westemn biot assay is the most

commonly used confirmatory test (Wells ef al., 2003).
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The viral load test quantifies viremia by measuring the amount of viral RNA. There
are four methods used for determining the amount of HIV RNA: reverse
transcriptase-coupled polymerase chain reaction (RT-PCR), branched DNA (bDNA),
nucleic acid sequence-based assay (NASBA), and franscription-mediated
amplification. Each assay has its own lower [imit of sensitivity, and results can vary
from one assay method 1o the other; therefore, it is recommended that the same

assay method be used consistently within patients (Wells ef al., 2003).

Viral load can be used as a prognostic factor to monifor disease progression and the
effects of treatment (Wells ef a/., 2003).

The number of CD4 fymphocytes in the blood is a surrogate marker of disease
progression. The nommal adult CD4 lymphocyte count ranges between 500 and 1600
celis/pl., or 40% io 70% of all ymphocytes (Wells ef al., 2003).

1.7 Progneosis

The prognosis protocols or indicators for a case-by-case basls include:

The risk of AIDS and/or death is predicted by CD4* count in the short term and by
plasma viral RNA level in the longer term. For every 3-foid (0.5 log,p) increase in viral
joad, mortality over the next 2 to 3 years increases about 50%. However, CD4*
counts rise and HIV RNA levels fall dramatically with effective treatment. HIV-
assoctated morbidity and mortality are uncommon when CD4* count is = 500/uL; low
with counts of 200 to 499/pL; moderate with counts of 50 to 200/puL; and high if
counts fall < 50/uL (Beers ef al., 2008).

Because adequate antiviral therapy can cause significant long-term morbidity, it is
not recommended for everyone. Current indications include CD4" count of < 350/pL
and HIV RNA level of > 55 000 copies/mL. Use of potent combinations of
antiretroviral drugs for HIV therapy (highly active antiretroviral therapy [HAART]) aims
to reduce plasma HIV RNA levels and increase CD4" lymphocyte counts (immune
restoration or reconstitution). The lower the pre-treatment CD4™ count and the higher
the HIV RNA Jevel, the less likely treatment is to succeed; however some
improvement is likely even in those with advanced immunosuppression. The increase
in CD4" count indicates a comesponding decrease in the risk of opportunistic
infections, other complications, and death. With immune restoration, even

complications for which no specific freatment exits (e.g., HIV-induced cognitive
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dysfunctfion) or that were previously considered untreatable (e.g., progressive
multifocal leucoencephalopathy) may improve. Cancers (e.g., lymphoma and
Kapesi's sarcoma) and opportunistic infections have improved ouicomes as well.
Vaccines that may enbance immunity to HIV among infecied patients have been

under investigation for many years but are not yet available (Beers ef al., 2006).

1.8 Treatment of HIV

Whilst it is recognised that the freatment of HIV hoids iimited and varied outcomes,

the following chemical treatments are availabie:

Aniiretroviral therapy (ART) for treatment of Human Immunodeficiency Virus fype 1
(HIV-1) infection has improved steadily since the advent of combination therapy in
1996. More recently, new drugs have been approved that offer new mechanisms of
action, added potency, dosing convenience, and improved safety profiles, whereas
some previously popular drugs are being used less ofien as their drawbacks become
better defined. Resistance testing is used more commonly in clinical practice, and
interactions among antiretroviral agents and other drugs have become more compiex

(Dept. of Heaith and Human Services, 2008).

1.8.1 Treatment goals

Eradicaﬁon of HIV infection cannot be achieved with available antiretroviral regimens.
This 1s chiefly because the pool of latently infected CD4 T-cells is established during
the earfiest stages of acute HIV infection (Chun et al., 1998) and persists with a long
half-life, even with prolonged suppression of plasma viremia (Chun ef al., 1987; Finzi
ef al., 1998; Finzi et al., 1997; Wong ef al, 1997). The primary goals driving the

decision to initiate antiretroviral therapy therefore are to:
o reduce HiV-related morbidity and prolong survival,
e improve quality of life,
« restore and preserve immunologic function,
o maximally and durably suppress viral load, and

o prevent vertical HIV transmission.

Adoption of treatment strategies recommended in these guidelines has resulted in

substantial reductions in HIV-related morbidity and mortality (Mocroft ef al., 1938;
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Palella et al., 1998; Vittinghofi et al., 1999) and has reduced vertical transmission
(Garcia et al., 1999; Mofenson et a/., 1989).

Higher plasma HIV RNA levels (viral load) are associated with more rapid disease
progression (Mellors ef al., 1998; Rodriguez ef al., 2008) although other factors iikely
contribute as well to the rate of CD4 T-cell decline (Rodriguez et al., 2008). Maximal
suppression of plasma viremia for as long as possible to delay the selection of drug
resistance mutations, to preserve CD4 T-cell nhumbers, and to confer substantial
ciinical benefits are the most important goals of antiretroviral therapy (O'Brien et al.,

1996).

The goal of maximal viral suppression in initial therapy may be difficult in some cases
of HIV with pre-existing resistance mutafions. To be successful, antiretroviral
regimens need to contain at ieast two, and preferably three, active drugs from
mulfiple drug classes. When maximal initial suppression is not achieved or is lost,
changing to a new regimen with at least two active drugs is required for this goal. If
this is not possible in a clinically and immunoclogically stable patient, an interval of
persisting viremia may be acceptable while waiting for arrival of potent new therapies

(Dept. of Health and Human Services, 2008).

Viral load reduction to below limits of assay defection in a treatment-naive patient
usually occurs within the first 12 — 24 weeks of therapy. Predictors of virologic

success inciude;

» high potency of antiretroviral regimen,

e excelient adherence to treatment regimen (Powderly ef al., 1999; Yamashita

et al., 2001),

e Jow baseline viremia,

s higher baseline CD4 T-cell count (Powderly et al.,, 1998; Yamashita ef al.,
2001) and

e rapid (i.e., >1 log o in 1 to 4 months) reduction of viremia in response to
treatment (Yamashita et al., 2001).

Successful outcomes are not always observed. Viral suppression rates in clinical
practice may be lower than the 80%—90% seen in clinical trials, although the use of

current compact, potent, and well-tolerated regimens has probably decreased this
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difference in oufcomes between clinical trials and clinical practice (O'Brien ef al.,
19986; Moore ef al., 2005).

1.9 Strategies fo achieve treatment goals

Achieving treatment goals requires a balance of sometimes competing
considerations, outlined below. Providers and patients must work together to define
priorities and determine ireatment goals and options (Dept. of Health and Human
Services, 2008).

1.9.1 Selection of initial combination regimen

Several preferred and altemative antiretroviral regimens are recornfnended for use.
They vary in efficacy, pill burden, and poiential side effects. A regimen failored to the
patient may be more successful in fully suppressing the virus by allowing more
complete medication adherence. Individual tailoring is based on such considerations
as expected side effects, convenience, comorbidifies, interactions with other reguired
medications, and results of pretreatment genotypic drug resistance testing (Dept. of

Health and Human Services, 2008).

1.8.2 Prefreatment drug resistance testing

Current studies suggest a prevalence of HIV drug resistance of 6%—16% in
antiretroviral treatment-naive patients, and some studies suggest that the presence
of transmitted drug-resistant viruses, particularly those with non-nucleoside reverse
transcriptase inhibitor (NNRTI) mutations, may lead to suboptimal viroiogic
responses. Therefore, pretreatment genotypic resistance testing should be used in
guiding selection of the most optimal initial antiretroviral regimen (Dept. of Health and

Human Services, 2008).

1.9.3 Improving adherence

Suboptimal adherence may result in reduced treatment response. Incomplete
adherence can result from complex medication regimens; patient factors, such as
active substance abuse and depression; and health system issues, incjuding
interruptions in medication access and inadequate treatment education and support.
Conditions that promote adherence should be maximised prior to initiating

antiretroviral therapy (Dept. of Health and Human Services, 2008).
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1.9.4 Initial combination regimens for the antiretroviral-naive patient

There are more than 20 approved antiretroviral drugs across six mechanistic classes,
with which to design combination regimens. These six classes include the
nucleoside/nuclectide reverse transcriptase inhibitors (NRTI), non-nuciecside reverse
transcriptase inhibitors (NNRTI), protease inhibiiors (PI), fusion inhibitors, CCRS

antagonists, and integrase inhibitors (Dept. of Health and Human Services, 2008).

1.9.5 Summary of recommended regimens

The most extensively studied combination antiretroviral regimens for treatment-nafve
patients generally consist of one NNRT! with two NRTls, or a Pl (with or without
ritonavir-boosting) with two NRTls (Dept. of Health and Human Services, 2008).

The following example shows how the selection of a first antiretroviral regimen for

treatment-naive patients is considered:

In its deliberations, the Panel on Antiretroviral Guidelines for Adults and Adolescents
(Dept. of Health and Human Services, 2008) reviews ciinical trial data published in
peer-reviewed joumals and data prepared by manufacturers for FDA review. In
selected cases, data presented in abstract format in major scientific meetings are
also reviewed. The first criteria for selection are data from a randomised, prospective
clinical trial with an adeguate sample size, demonstrating durable viral suppression
and immunologic enhancement (as evidenced by increased CD4 T-cell count). Few
of these trials inciude clinical end points, such as development of AlIDS-defining
iliness or death. Thus, assessment of regimen efficacy and potency is primarily
based on surrogate marker endpoints (Le., viral load and CD4 responses).
Components are designated as preferred for use in treatment-naive patients when
clinical trial data have demonstrated optimal efficacy and durability with acceptable
tolerability and ease of use. Alternative components refer to those for which clinical
trial data show efficacy but also show disadvantages compared with preferred
components. On the basis of individual patient characteristics and needs, a regimen

listed as an altemative regimen may actually be the preferred regimen.

With the improved choices available for more effective and convenient regimens,
some of the agents or combinations previously recommended by the Panel as

alternative regimens have been removed from the list.

12
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1.9.6 Factors to consider when selecting an initial regimen

Regimen selection should be individualised, and should consider a number of factors

including:

» comorbidity (e.g., cardiovascular disease, chemical dependency, Iiver

disease, psychiatric disease, pregnancy, renal diseases, or tfubercuiosis);
» patient adherence potential;

e convenience (e.g., pill burden, dosing frequency, and food and fluid

considerations);
o potential adverse drug effects;
o potential drug interactions with other medications;
e pregnancy potential;
+ results of genotypic drug resistance testing;
« gender and pre-treatment CD4 T-cell count if considering nevirapine; and

» HLA B*5701 testing if considering abacavir (Dept. of Health and Human
Services, 2008).

1.10 HIV-infected adolescents

Older children and adolescents now make up the targest percentage of HIV-infected
children cared for at U.S. sites. The CDC estimates that at least one-half of the
40,000 yearly new HiV-infected cases in the United States are in people 13 to 24
years of age (Dept. of Health and Human Services, 2002). HIV-infected adolescents
represent a heterogeneous group in terms of sociodemographics, mode of HIV
infection, sexual and substance abuse history, clinical and immunologic status,
psychosocial development, and readiness o adhere to medications. Many of these
factors may influence decisions concerning when to start and what antiretroviral

medications should be used.

Most adolescents have been infected during their teenage years and are in an early
stage of infection, making them ideal candidates for early intervention, such as
prevention cecunseliing. A limited but increasing number of HIV-infected adolescents

are long-term survivors of HIV infection acquired perinatally or through blood
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products as infants. Such adolescents may have a unigue clinical course that differs

from that of adolescents infected later in life (Grubman ef al., 1995).

1.10.1 Antirefroviral therapy considerations in adolescents

Adult guidelines for antiretroviral therapy are usually appropriate for postpubertal
adolescents because HIV-infected adolescents who were infected sexually or
through injecting drug use during adolescence follow a clinical course that is more

similar to that of adulis than o that of children.

Dosage for medications for HIV infection and opportunistic infections should be
prescribed according to Tanner staging of puberty and not on the basis of age (Anon,
2008). Adolescents in early puberty (i.e., Tanner Stage | and ) shouid be
adminisiered doses using paediatric schedules, whereas those in late puberty (i.e.,
Tanner Stage V) should foliow adult dosing schedules. Because puberty may be
delayed in peripatally HiV-infected children (Buchacz ef al., 2003) continued use of
paediatric doses in puberty-delayed adolescents can result in medication doses that
are higher than the usual adult doses. Because data are not available fo predict
optimal medication doses for each antiretroviral medication for this group of children,
issues such as toxicity, pill or liquid volume burden, adherence, and virologic and
immunologic parameters should be considered in determining when to transition from
paediatric to adult doses. Youth who are in their growth spurt (i.e., Tanner Stage [l in
females and Tanner Stage IV in males) using adult or paediatric dosing guidelines
and those adolescents whose doses have been transitioned from paediatric to adult
doses should be closely monitored for medication efficacy and toxicity (Dept. of

Health and Human Services, 2008).

1.10.2 Adherence concems in adolescents

HIV-infected adolescenis have specific adherence problems. Comprehensive
systems of care are required to serve both the medical and psychosocial needs of
HiV-infected adolescents, who are frequently inexperienced with health care
systems. Many HIV-infected adolescents face challenges in adhering to medical

regimens for reasons that include:

s denial and fear of their HIV infection;

¢ misinformation;

14



HIV and AIDS

e distrust of the medical establishment;

« fear and lack of belief in the effectiveness of medications;
« Jow self-esteem;

e unsiructured and chaotic lifestyles; and

e lack of familial and social support (Dept. of Health and Human Services,
2008).

Treatment regimens for adolescents must balance the goal of prescribing a
maximally potent antiretroviral regimen with realisiic assessment of existing and
potential support systems to facilitate adherence. Adolescents benefit from reminder
systemns (beepers, timers, and pill boxes) that are styiish and do not call attention to
themselves. It is important to make medication adherence as user friendly and as
little stigmatising as possible for the older child or adolescent. The concrete thought
processes of adolescents make it difficult for them to take medications when they are
asymptomatic, particularly if the medications have side effects. Adherence to
complex regimens is particularly challenging at a time of fife when adolescents do not
want to be different from their peers. Direct observed iherapy, although considered
impractical for all adolescents, might be important for selected adolescents infected
with HIV (Murphy ef al., 2001; Stenzel et af., 2001).

Developmental issues make caring for adolescents unique. The adolescent's
approach to iliness is often different from that of an adult. The adolescent also faces
difficulties in changing caretakers ~ graduating from a paediatrician to an adolescent

care provider, then to an internist.

Given the lifelong infection with HIV and the need for treatment through several
stages of growth and development, HIV care programs and providers need to
support this appropriate transition in care for HIV-infected infants through

adolescents.

1.11  Prevention

Vaccines against HIV have been difficult to develop because of the exfreme
mutability of HIV surface proteins that result in an enormmous diversity of antigenic
types. Nonetheless, many candidates are at various stages of investigation for their

ability to prevent or ameliorate infection (Beers ef al., 2006).
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1.11.1 Prevention of transmission

Public education is effective and appears ic have decreased rates of infection in
some countnies, notably Thailand and Uganda. Because sexual contact accounis for
most cases, education {o avoid unsafe sex praciices is the most relevant measure.
Unless both partners are known to be free of HIV and remain monogamous, safe sex
practices are essential. Condoms offer the best protection, but oi-based jubricants
may dissolve Jatex, increasing ihe risk of latex condom failure. Antiretroviral therapy
of HIV-infected people reduces the risk of sexual transmission, but the extent of

reduction is unciear (Beers ef al., 2008).

Safe sex practices remain advisable to protect HIV-positive patients as well as their
pariners. For example, unprotected sex beiween HIV-infecied people may expose an
individual to resistant or more virulent sirains of HIV and to other viruses (e.g.,
cytoregalovirus, Epstein-Barr virus, herpes simplex virus, hepatitis B) that cause

severe disease in AIDS patienis (Beers ef al., 2006).

Parenteral drug users should be counselled about the risk of sharing needies.
Counselling Is probably more effective if combined with provision of sterle needles

and with treatment of drug dependence and rehabiliitation (Beers ef al., 2008).

Confidential testing for HIV infection, which also mandates the availability of pre-test
and postiest counselling, should be offered to anyone requesting it. Pregnant
wornan who test positive are advised of the risk of maternal-foetal transmission; risk
is decreased by % using monotherapy with ZDV or nevirapine, and probably even
more using combinations of 2 or 3 drugs. Therapy can be toxic to the foetus or
mother and cannot be guaranteed o prevent transmission. Some women choose fo

terminate their pregnancy for this or other reasons (Beers et al., 2006).

In parts of the world where donated blood and organs are screened universally using
current methods (e.g., ELISA), the risk of transmitting HIV by blood transfusion is
probably between 1/10000 and 1/100000 per unit transfused. Transmission is still
possible, because antibody results may be falsely negative during early infection.
Currently, screening of blood for both antibody and p24 antigen is mandated in the
US and probably further reduces the risk of transmission. To reduce risk further,
people with risk factors for HIV infection, even those with recent negative HIV
antibody test results, are asked not to donate blood or organs for transplantation

(Beers ef al., 2006).
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To prevent HIV fransmission from patients, medical and dental professionals shouid
wear gloves in situations that may involve contact with any patient's mucous
membranes or body fluids and be taught how to avoid needle-stick accidents. Home
care-givers should wear gloves if their hands may be expcsed to body fluids.
Surfaces or instruments contaminated by biood or oiher body fluids should be
cleaned and disinfected. Effective disinfectants include heat, peroxide, alcohols,
phenolics, and hypochlorite (bleach). Isolation of HIV-infected patients is
unnecessary unless indicated because of an opportunistic infection (e.g., TB).
Consensus regarding measures to prevent fransmission from infected professionals

to patients has not been reached (Beers ef al., 2006).

1.12 Cancers common in HiV-infected patients and infectious complications
of HIV

Kaposi's sarcoma, non-Hodgkin lymphoma, and cervical cancer are AlDS-defining
neoplasms in HiV-infected patients. Other cancers that appear to be increased in
incidence or seventy inciude Hodgkin lymphoma (especially the mixed cellularity and
iymphocyte-depleted subtypes), primary CNS lymphoma, anal cancer, testicular
cancer, melanoma and other skin cancers, and fung cancer. Leiomyosarcoma is a

rare complication of HIV infection in children (Beers ef a/., 2006).

The development of certain opportunistic infections is directily or indirectly related to
the fevel of CD4 lymphocytes. The most common opportunistic disease and their
frequencies found before death in patients with AIDS between 1990 and 1994 were
Pneumocystis carinii pneumonia, 45%:; Mycobacterium avium complex, 25%; wasting
syndrome, 25%; bacterial pneumonia, 24%; cytomegalovirus (CMV) disease, 23%;
and candidiasis, 22% (Wells ef al., 2003).

1.13 Conclusion

It is stock knowledge that HIV and AIDS is a very serious disease. If's got an
exponential devastating influence on not only the infected person’s health, but also
on that person’s emotions, family, work, community and their country’s economy. We
have come a long way since 1981 to where we are today in terms of knowledge
about HIV and AIDS. We now know that this disease is seen widely spread, not only
amongst homosexual men or women, but also heterosexuals, not only in America or

Africa, but across the entire world, not only amongst the poor and infamous, but
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amongst everyone, not only amongst black or white people, but amongst any race or
culture. With the population explosion of the world, statistics shows an enormous
increase in the number of people across the world that became newly infected with
HIV. Even more shocking is the faci that most of the people infected fives in countries
already struggling with very tough economic times. This makes our work even more
important. By continuing to promote safe sex, distnbuting protection against STD’s
and making sure that the infecied uses their ARV’s correctly, we can make a positive
difference in the fives of everyone aiffected by the disease. It's also of extreme
importance to note that people infected with HIV can live a full and often very normal
life if they adhere to their treatment regimen and make a few minor lifestyle changes.
However, the one group standing out is the paediatric patients, especially the ones
that jost their parents and family members to compiications due to HIV and AIDS. But
by working together, creating a safe and secure environment for these children,
educating them on the dangers of the disease and teaching them how fo protect
themselves from not contracting the disease, we can create a future generation that
is stronger than HIV or AIDS. By creating a culture where people can stand up
against the power of HIV and AIDS, fighting to prevent new infections and supporting
those already infected, we can ultimately realise the dream of a world free of this

terrible disease.
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CHAPTER 2

PHEROID™ TECHNOLOGY

2.1 Introduction

Pheroid™ technology is a patented delivery system that consists of both plant and
essential fatty acids. It is often confused with iipid-based defivery systems. Although
there are some similarities, Pheroid™ technology owns its advantages in terms of
absorption and/or efficacy of phamacologically active compounds and other useful
molecules. The Pheroid™ structure can be manipulated in terms of morphology,
structure, size and function. The effectiveness of Pheroid™ technology has been
iliustrated by several national and international clinical trials with products based on

this technology (Grobler ef al., 2008).

2.2 Structural characteristics of Pheroids™

Pheroids™ are unique and stable fipid-based submicron- and micron-sized structures
inside a colloidal system and can be manipulated in terms of size, structure,
morphology and function. The Pheroids™ are uniformly distributed in a dispersion
medjum that can be adapted to the indication. The Pheroid™ particles are usually
between 1 — 100 nm inh diameter, but can be formulated to have a larger diameter
depending on the rate of delivery and administration route chosen (Grobler ef al,
2008). The intention in using colioidal systems as carriers of pharmacologically active
compounds is to enhance the efficacy of the administered compounds while reducing

the unwanted side effects (Grobler ef al., 2008).

2.3 Composition and molecular organisation of Pheroids™

Pheroids™ primarily consists of ethylated and pegylated polyunsaturated fatty acids,
which includes both the omega-3 and omega-6 fatty acids, buf excludes arachidonic
acid. The omega-3 and omega-6 fatty acids are compatible with the orientation of
fatty acids in humans because of the cis-formation they are in. These fatty acids can
be formulated with various compounds for novel and innovative dosage forms.
Colioidal dosage forms commonly used include Iliposomes, emulsions and
microspheres, both micro-emulsions polymeric and macromolecular. By incorporating
one or more features of each of these dosage forms, the Pheroid™ was designed
(Grobler et al., 2008).
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Pheroids™ generally contain a lipid bilayer, but it contains no phospholipids or
cholesterol, as is the case with liposomes. Pheroids™ are formed by a self-assembly
process similar to that of a low-energy emulsion and micro-emulsion, but in contrast
with fiposomes, it's not necessary for lyophilisation or hydration of the iipid

components (Grobler ef al., 2008).

As in the case of emulsions, Pheroids™ are dispersed in a dispersion medium, but it
contains two figuid phases as well as a dispersed gas phase which is associated with
the fatty acid dispersed phase. Some of the reservoir characteristics of the polymeric
microspheres are added by the specific ratio of the pegylated fo ethylated fatty acids
used in the assembliing of the Pheroids™, while the formulation of natural depots is

reminiscent of the structure of macromolecular microspheres (Grobler ef al., 2008).

The one unique component of the Pheroid™ is nitrous oxide which is found
distributed in association with the dispersed phase throughout the continuous phase.
Another dimension is added to the basic Pheroid™ by the addition of a dispersed gas
phase to the respective oil and water phases, thus the association of N,O with the oil

and water phases has been shown to have at least three functions:

. Contributing fo the miscibility of the fatty acids in the dispersal medium;
. Contributing to the self-assembly process of the Pheroids™; and
. Contributing to the stabiiity of the formed Pheroids™ (Grobler ef af., 2008).

N,Q is a volatile anaesthetic compound that is both water- and fat-soluble, which is
the characteristic that enables the gas to move freely through the epidermal and
dermal layers. N,O has an average lipid solubiiity (compared to other volatie
anaesthetics) which is indicated by the oll / gas pariition coefficient of 1.4. An ideal
site in which N,O can concentrate is provided by the lipid-rich membrane. Membrane
fluidity of specific cells is increased when sufficient accumulation occurs. The
increase in fluidity brought on by N,O and unsaturated fatty acids should increase the
movement of hydrophobic molecules or hydrophilic compounds in association with
essential fatty acids to move laterally in the membrane to the connecting cells
(Grobler ef al., 2008).

" There is some interaction between the fatty acids and the nitrous oxide, resulting in
stable vesicular Pheroid™ structures, as indicated by studies. The nitrous oxide

essential fatty acid (NOEFA) matrix thus provides a functional model for the transport
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of hydrophobic and hydrophilic drugs. The efficacy and stability of the formutation
was decreased dramatically it either the N,O or the essential fatty acids were absent

irom the formulations, according to Grobler ef al. (2008).

24 Design of Pheroids™

The design of the Pheroid™ allows for manipulation of both its structural and
functional features. By changing the degree of hydrogenation of the fatty acids, the
surface charge of the Pheroid™ can be adapted. The mean particle size can be
reproducibly manipulated by changing the composition and ratio of the fatty acids.

The structural and functional characteristics of Pheroids™ can be maniputated by:

. changing the fatty acid composition or concentrations;
. the addition of non-fatty acids or phosphofipids such as cholesterot;

. the addition of cryo-protectants;

. the addition of charge-inducing agents;

. changing the hydration medium;

. changing the method of preparation;

. changing the character and the concentration of the active compound;
. the addition of sunscreen formulations (Grobler ef a/., 2008).

2.5  Classification of Pheroid™ system

Three main types of Pheroids™ can be formulated by changing the composition and

method of manufacturing, for example:

L lipid-bilayer vesicles in both the nano- and micrometer size range;
ii. micro sponges; and
iil. depots or reservoirs that contain pro-Pheroids (Grobler, 2004).

Each type of Pheroid™ has a specific composition. The size and shape of the
vesicles can be controfied to obtain reproducibility (typically between 0.5 — 1.5 ym),

whereas it ranges between 1.5 — 5 ym with the micro sponges. Micro sponges are
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ideal for combination therapies, as one drug can be entrapped in the interior volume

and the other in the sponge spaces (Grobler, 2004).

Grobler (2004) explains that although all Pheroid™ systems contain a small
polyethylene glycol (PEG) component, the use of increased concenfrations and
larger polymers has led o the development of the pro-Pheroid. This has only been
possible when the resultant formulation has been treated to stabilise the Pheroid™
once it is formed. Polyethylene glycol is a relatively non-reactive and non-toxic
polymer that is frequently used in food and pharmaceutical products. Pro-Pheroid
systems were designed to have significant advantages over other defivery systems
(Grobler, 2004).

2.6 Metabolism, targeting and distribution

According to Grobler ef al. (2008), the distribution of Pheroids™ can be influenced,
depending on the type and exient of the faity acid modifications. The cellular uptake
of the Pheroid™ is based on various native interactions between fatty acids and cells,
amongst these the binding between fatty acids and the fatty acids binding proteins in
the cell membrane and the interaction between Pheroids™ and the lipid rafts present
in the cell membrane. The release of the active compound is the result of metabolism
of the Pheroid™ in either the mitochondria or the peroxisomes of the cells, depending
on the composition of the Pheroid™, as confied by co-localisation studies of

Pheroids™ and various sub-cellular organelies.

2.7 Formulations

Nevirapine was chosen for formulation in the pro-Pheroid system to test the stability
of this active pharmaceutical ingredient in the pro-Pheroid system as well as the

efficacy of the preservative, butylparaben.
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2.7.1 Physico-chemical and pharmacological properties

2.7.1.1 Nevirapine

Figure 2.1 Nevirapine C4sH44N4O (Pharmaceutical Press, 2009)

27411 Chemical properties
According to the Phammaceutical Press (2009) nevirapine has two polymorphic forms,
l.e. anhydrous and a hemihydraie. Both polymorphic forms are white to an almost or
off-white colour, which is odourless to nearly odourless.

« Synonyms: BI-RG-587; BIRG-0587

¢ Chemical name: 11-Cyclopropyl-8,11-dihydro-4-methyl-6H-dipyrido[3,2-
b:2’,3-e}-[1,4]diazepin-6-one

¢+ CAS registry number: 129618-40-2

e Molecular formufa: C45H4N,O

+ Molecular weight: 266.30 (anhydrous)

*» Dissociafion Constant: pK; 2.8

s Partition Coefficient:Log P (octanol/water), 83.
« Melting range: 247 - 249°C.

«  Solubility: [t is highly soluble in water at pH<3 but solubility decreases to
approximately, 0.1 g/L at neutral pH, lipophilic.

+ Percent composition: C 87.65%; H 5.30%; N 21.04%; O 6.01%.
(Moffat ef al., 2004).

27.1.1.2 Pharmacokinetics

¢ Bioavailability: Oral, about 83%.
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e Half-life: 45 h which decreases on multiple dosing fo 2010 30 h
over a 2- to 4-week period.
¢ Volume of distribufion: Steady state, 1.2 to 1.5 L/kg. Reported as
1.54 LU/kg in females and 1.38 L/kg in males.
¢+ Clearance: Oral, 0.27 to 0.52 ml/kg/min. Plasma, 3.96 L/h (aiter a
200 mg dose).
e Protein binding: 60%.

» Nevirapine crosses the placenta and has been detected in breast mitk. It
undergoes extensive metabolism in the liver mainly be the cytochrome P450
isoenzymes of the CYP3A and CYP2B6 family and the major metabolite is
hydroxymethyl-nevirapine. Auto induction of these enzymes results in a 1.5-
to 2-fold increase in apparent oral clearance after 2 fo 4 weeks at usual dose.
It is excreted via urine as the glucuronide conjugates of the hydroxylated
metabolites. The drug is widely distributed in body fissues and the CNS.
(Moffat ef al., 2004; Pharmaceuiical Press, 2009).

2.7.1.1.3 Paediatric and adult dose

Adult: 200 mg once daily which can be Increased to 400 mg daily after 2 weeks
provided that no rash is present. If freatment is interrupted for more than 7 days, it
should be reintroduced using the iower dose for the first 14 days as for new

treatment.

Children under 50 kg (2 months to 8 years): 4 mg/kg increased fo 7 mg/kg twice

daily (maximum 400 mg daily} if no rash is present.

Children under 50 kg (8 fo 16 years): 4 ma/kg once daily increased to twice daily
{maximurm 400 mag).

Alternatively, the dose may be calculated according to body-surface; an oral dose of
150 mg/m? once daily for two weeks is given followed by 150 mg/m? twice daily
thereafter. A total dose of 400 mg daily should not be exceeded.

Renal impairment: Dose adjustmenis are not required for pafients with a

creatinine clearance more than 20 ml/min. Patients on dialysis should receive an
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additional 200 mg of nevirapine after each dialysis session (Moffat ef al., 2004;
Pharmaceufical Press, 2009),

2.7.2 Nevirapine and butyiparaben

Since nevirapine and butylparaben are highly soluble in a lipophilic medium, no
problems were experienced with the formulation. The nevirapine concentration in the
pro-Pheroid formulation was 0.024 mg/ml and that of butylparaben was 0.03 mg/ml

as manufactured and supplied by the Pheroid™ experimental formulation facility.

2.8 Conclusion

The Pheroid™ delivery system has many advantages over its competitors, of which
one of the most important being the fact that the Pheroids™ can be manipulated to
be optimised for the active compound and indication of the drug. The fact that the
Pheroid™ contains essential faity acids, results in recognition by the immune system

with a smooth delivery of the active compound.

The polyphiiic character of the Pheroid™ enables us to entrap drugs with different
solubilities, as well as insoluble drugs, within the Pheroid™ vesicles and micro

sponges.

The effective delivery of the active compound makes the Pheroid™ delivery system
very cost-effective, as lower dosages can be formulated with the same therapeutic
effect. This being only theoretical, it is said that more of the active compound reaches

the target and less “waste” reaches non-targeted areas.

Last of all, the Pheroid™ system has been shown to be very stable by various
stability studies. It is thus safe to say that the Pheroid™ system is safe, effective and

affordable (Eigar, 2008).
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CHAPTER 3

INTRODUCTION TO MICROBIOLOGY

3.1 The general structure of a bacterial and fungal cell

Bacteria are unicellular and can exist as a discrete entity. In the fungi, whereas
yeasts are unicellutar organisms typically 10 um in diameter, almost all, if not all, the
contaminant molds grow as filaments or hyphae that may be cross-walied (septate)
or a continuous tube (coenocytic). Both bacterial and fungal cells possess a cell wall
that is a rigid structure but with differing chemical constitutions. Here any formal

anatomical similarity ends (Baird & Denyer, 2007).

3.1.1 The bacterial cell

Bacteria are small, generally between 0.75 and 4 um in length. They are
characteristically shaped, and those responsible for spoitage come from groups that
are either short cyfinders with rounded ends (bacilii) or spherical (cocci). Figure 3.1
shows the main features. On, or toward, the outside there is a rigid cell wall that
confers the characteristic shape. Chemically this is a complex polymer of sugars,
amino sugars, and amino acids. Within that lies a nonrigid structure known as the
cytoplasmic membrane. This consists of a raft of phospholipid molecules, which are
fatty matenal containing a phosphate group. In this raft float protein molecuies that
have structural or enzymic functions (figure 3.2). The rest of the cell is known as the
cytoplasm. Ht consists of a viscous fluid in which are embedded (a) the nucleus, made
up of nucleic acids and responsible for directing enzymic and structural protein
synthesis and thus controlling the basic characters of the celi, and (b) ribosomes,
which are the sites of the buleic acid-directed protein synthesis. In addition, enzymes
and metabolic reserves (often in polymeric form) are found in the cytoplasm (Baird &
Denyer, 2007).
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Figure 3.1 Diagram of the main features of the bacterial cell (Wikipedia,
2009a).
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Figure 3.2 Phospholipid bilayer (Wikipedia, 2009b).

Bacterial cells occur in two structural types known as Gram-positive and Gram-
negative (figures 3.3A and 3.3B, respectively), and no one reading a book on
bacteriology will fail to find these terms. The terms positive and negative refer to a
staining reaction and the word Gram refers to the discoverer of the method —
Christian Gram. The simplified diagram (figure 3.3) shows that Gram-negative cells
have an additional structure, the outer membrane, which is linked to the outside of
the rigid cell wall by divalent cations; this is lacking in Gram-positive cells. This outer
membrane confers the differential staining property and in many cases contains toxic
material responsible, if ingested or injected, for disease and elevated temperature
(pyrogen). It may also contribute to the resistance of some Gram-negative bacteria

toward certain antibacterial agents (Baird & Denyer, 2007).
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Figure 3.3 The difference between a gram positive and gram negative cell
(Wikipedia, 2009c).

3.1.2 The fungal cell

Whether unicellular (yeasts) or filamentous with or without cross-walls (molds), both
types of spoilage fungi have a rigid cell wall of cellulose and another polymeric
material called chitin, chemically related to the shells of crustaceans. Within this rigid
wall hies the cell membrane consisting of phospholipids and proteins. in addition, and
here is a fundamental difference from bactena, the fungal membrane contains
sterols. Typical sterols found in fungal membranes are ergosterol and zymosterol
(Baird & Denyer, 2007).
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Lying within this membrane is the cytoplasm. This contains the nuclear material
surrounded, uniike bacteria, by a pore-containing nuclear membrane. It directs
proiein synthesis as in the bacierial cell. Also within the cytoplasm are found the
ribosomes, as before, sites of the directed protein synihesis. These ribosomes differ

in size and structure from those in bacterial cells (Baird & Denyer, 2007).

3.2 Prokaryote and eukaryote

This very brief ouiline of the structure of a bacterial and fungal cell has drawn
attenfion to fundamental differences between these cell types. These differences,
detected by the technigues of sub cellular biology, have enabled biologists io suggest
a fundamental division in the Iliving world. Bacteria were named prokaryofic
organisms or prokaryotes, a name derived from their unenclosed nucleus, and fungi
(and, in fact, all other living plants and animals) were calied eukaryotic or eukaryotes;
they possessed a nuclear membrane. Some of these differences have been

summarised in table 3.1 (Baird & Denyer, 2007).

Table 3.1 Differences between bacterial and fungal cells

Some Differences between Bacterial (Prokaryotic) Cells and Fungal

(Eukaryotic) Cells

Feature Prokaryotic Eukaryotic
Nucleus No enclosing membrane Enclosed by a membrane
Flagella Simple Complex
Cell Wall Peptidoglycan Celiulose, chitin, and
other polymers
Cytoplasmic membrane Generally does notf | Contains sterols

contain sterols

Ribesome 7087 80%°
Oxidative In cytoplasmic membrane | in mitochondria
phosphorylation

Mitochondria

Absent

Present

# S is a measure of riboscme size (calculated from sedimentation in a centrifuge); 80S ribesomes are larger than

708.
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3.3 The bacterial and fungal spore

Spore s a word common to both bacterial and fungal morphology, but it is in the
spore that the largest difference in function between the two groups can be seen. In
brief, bacterial spore formation, which is limited to two genera imporiant in
contamination, constitutes a survival package that is formed under adverse
conditions and from which; when conditions are again suitable, vegetative bacteria
arise. Fungal spores, however, are part of the normal iife cycle of these organisms
(Baird & Denyer, 2007).

3.4 Bacterial and fungal growth

It is important fo realise from the outset that a large number of bacteria and fungi,
inciuding many of those associated with contamination, can grow in what may appear
fo be nutritionally very simpie systems and often at quite low temperatures. Cold is
not lethal, although growth is slowed at low temperatures. The notion that bacteria
and, to a lesser extent, molds require a rich and often exotic nutritional environment
and careful and conirolled incubation at 37°C (bacteria) or 25°C (moids) arose
because of the dominance of medical bactericlogy and mycology where such

conditions were almost invariably mandaiory (Baird & Denyer, 2007).

Process water is an acceptable culture medium for many bacteria and, to a jesser
extent, molds, and can be a dangerous commodity in the pharmaceutical, food, and
cosmetic industries unless carefully handied, The causal organism of Legionnaire’s

disease grows in water-cooled heat-exchangers (Anon, 1989).

For each bacterial and fungal species, a set of conditions is necessary for optimum
growth and, if correctly balanced, will give maximum yields. It shouid be realised that
although faboratory studies often seek fo optimise growth, in the case of
contamination, conditions may not be optimal but nevertheless may allow growth to

proceed, giving rise to spoilage (Baird & Denyer, 2007).

3.4.1 Requirements for growih

These can be divided conceptually into two categories: first, the range of substrates,
the consumables needed; and second, the nature of the environment, which is,

temperature, pH, osmotic pressure (Baird & Denyer, 2007).
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3.4.1.1 Consumables

A formula that supporis the growth of many bacterial and fungal contaminants
consists of an aqueous solution containing (g.L"): (NH,),HPO,, 0.6; KH,PO,, 0.4;
glucose, 10.0. Growth will be slow and can be enhanced by the presence of trace
elements (in addition to those present in the laboratory reagents) and carbohydrates,
fats, proteinaceous material, amino acids, sugars, and vitamins such as nicofinic
acid, riboflavin, and thiamine. Notwithstanding the simple nutritional requirements of
some organisms, others exhibit specific needs that form the basis of selective and

diagnostic media (Baird & Denyer, 2007).

3.4.1.2 Environmental factors

Water — The presence of water is essential and dry products or intrinsically
anhydrous matenal are not fiable to spoitage. From very early in history, man has

exploited the drying of foods to preserve them (Baird & Denyer, 2007).

Gaseous nutrient — Some microorganisms grow in the absence of oxygen and are
termed anaerobic; most, however, require oxygen and are called aerobic. Some
bacteria possess the faciiity fo grow in either the absence or presence of oxygen and
are termed facultative organisms. In general terms, this means that the exclusion of
oxygen {(air) may not prevent some spoilage organisms from growing (Baird &
Denyer, 2007).

pH — There Is an optimum pH range over which microorganisms can grow. In
particular, bacteria grow best around pH 7 but many molds can tolerate more acid
conditions, pH 5 to 6. Some microorganisms are surprisingly tolerant of hostile pH
environments and confamination can occur in products where pH is outside the

optimum growth value although the growth may be slower (Baird & Denyer, 2007).

Temperature — As with pH, there Is an optimum temperature range. Low
temperatures will slow growth and rising temperatures will increase growth rate. As
the temperatures rises above the optimum, however, growth is inhibited and
microorganisms are killed, a phenomenon exploited in heat sterilisation (Baird &

Denyer, 2007).
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3.5 Pathogenicity

Historically, microorganisms have been grouped into pathogenic or non-pathogenic
fypes, according to their abiiity fo cause disease. in recent years, increasing interest
has also been shown in the so-called opportunistic pathogens, which are capable of
causing disease when given the opportunity to do so. These inciude the free-living
Gram-negative bacteria such as pseudomonads and members of fthe
Enterobacteriaceae, for example, Klebsielfa and Serrafia spp., all of which have
simple nutritional reguirements, thus enabling them to survive in some uniikely
environments, including disinfectant and antisepiic solutions. Opporiunist pathogens
pose a particular threat to cerfain groups of patients at risk, especially neonates, the
elderly, and those compromised by trauma, bums, or immunosuppressant therapy
(Baird & Denyer, 2007).

True pathogens, such as Clostridium fetani and Salmonella spp., rarely occur in
phbarmaceutical products but inevitably cause serious problems when present.
Opportunist pathogens are more common contaminanis in these products,
particularly in agueous preparations where total viable counts may well exceed 10°
CFU.mL" (Baird & Denyer, 2007).

3.6 General properties of selected microorganisms
3.6.1 Gram-negative organisms
3.6.1.1 Pseudomonas aeruginosa

Pseudomonas aeruginosa bas acguired some noforiety as a contaminant of
pharmaceutical products. Widely distributed in the environment, it is a free-iving
opportunist pathogen and can cause particutar problems in susceptible groups of
patients, especially neonates, the elderly, and the immunocompromised. It is a
flageliated rod-shaped organism that does not form spores and grows aerobically. it
does ndt ferment carbohydrates and thus will not produce gaseous products when
growing in the presence of carbohydrates. Under appropriate conditions of growth, it
may produce a blue or green fluorescent pigment. Pseudomonas asruginosa grows
readily on standard laboratory media, but will grow even in distilied water provided
trace amounts of organic matter are present. As a mesophile, P. aeruginosa will grow
over a temperature range from 20 to 42°C, with optimal growth occurring at 37°C. it
is commonly found in biofilm growth (Baird & Denyer, 2007).
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3.6.1.2 Escherichia coii

Escherichia cofi is a motile, nonsporing rod typically of dimensions 1 pm x 4 ym and
is a member of the Enterobacteriaceae. It differs from P. aeruginosa in that it Is able
also to grow anaerobically. When i grows on carbohydrates, it does so by
fermeniation, producing gaseous products. Media with only a single carbon source
are sufficient for promoting E£. cofi growth. It can grow at jow temperatures and also
at temperatures as high as 40°C. Optimal growth occurs at 37°C. It forms part of the
gut flora of man; its presence is therefore indicative of faecal contamination and
gross defects in hygiene. It has gained particular notoriety through the verotoxigenic
strain E. coli 0157:H7 (Baird & Denyer, 2007).

3.6.2 Gram-positive organisms
3.6.2.1 Staphylococcus aureus

This is a spherical organism of approximately 1 gym in diameter. It is nonmotile and
does not form spores. It is able to grow aerobically and anaerobically and will grow
readily in a chemically defined medium containing glucose, essential salts, selected
amino acids, thiamine, and nicotinic acid. It is relatively resistant to antimicrobial
preservatives such as phenol, can remain alive at temperatures as coid as 4°C and
as wamm as 60°C, and will grow in media containing up to 10% sodium chloride
(Baird & Denyer, 2007).

If present in phammaceutical products, S. aureus and the closest related S.
epidermidis may indicate contamination from a human source, for example, from the
hands, skin, or hair. In particular, S. epidermidjs is frequently implicated in medical-
device-related infection. Staphylococcus aureus is a common cause of boils, middie
ear infection, pneumonias, and osteomyefitis. It can proliferate in foods, secreting an

exotoxin that can give rise to food poisoning (Baird & Denyer, 2007).

3.6.3 Fungi
3.6.3.1 Aspergiflus niger

This organism grows only in the filamentous (mycefial) form and is familiar to most
people as a white, turmning to black, disk of growth on jams and other exposed
foodstuffs. Colonies grow over a wide temperature range, up to 50°C, although
optimal temperature for growth is 24°C. The characteristic fruiting bodies, which
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when formed are responsible for the colour change from white to black, may be seen

under the microscope (Baird & Denyer, 2007).

Spores of Aspergillus are commonly present in air and can infest and germinate in
pharmaceutical and cosmetic products, causing discolouration and spoitage. They
are generally not as resistant to antimicrobial agents as are bacterial spores. Some
Aspergillus strains produce characteristic carcinogens, the aflatoxins (Baird &
Denyer, 2007).

3.6.3.2 Candida albicans

This is a commensal yeast, which may cause oral and vaginal thrush. It has been
occasicnally implicated in infusion-related infections. It grows readily on conveniional
mycological media at room temperature (optimal growth at 25°C) or at 37°C. It is
dimorphic, growing first as yeast cells, but with aging will form chiamydospores,
which are more difficuli to destroy. There are no temperature folerance differences
between the two forms. Viewed microscopically, it appears to possess septate
hyphae, known as pseudomycelia, among the yeastlike cells. It is unpigmented and

colonjes have a creamy white appearance (Baird & Denyer, 2007).

3.7 Principles of preservation
3.7.1 The need for preservation of pharmaceutical products

Bacteria, yeasts, and molds bave diverse metabolic reguirements and are able to
grow in agueous pharmmaceutical products when nufrients are available and when
environmental conditions are suitable. The regulation of microbial growth by physical
and chemical agents was presented by Moat & Foster (1988). An understanding of
how these factors control microbial growth is necessary to determine the most

suitable preservative system needed in any product (Orth, 2007).

Growth of bacteria, yeasts, or molds on, or in, products may make those products
unsafe and unacceptable for use. The hazards of using contaminated products are
due to the effect of microbial infections or harmful microbial by-products on human
health. Several surveys conducted between 1969 and 1877 revealed contamination
of cosmetfc, toiletry, and pharmaceutical products (Baird, 1977; Bruch, 1971;
Dunnigan & Evans, 13870). McCarthy (1980) reported that similar patterns of

contamination for nonsterile products were observed in both the pharmaceutical and
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cosmetic indusiries. Although most manufacturers have identified the critical control
points in their processes and have implemented [validated] procedures to prevent
microbial contamination, occasional contaminatiion problems occur and have resulted
in product recalls (Orth, 1999).

in the 1960s and 1970s, there were several reports of infections due to use of
contaminated products. Hand lotions and creams were identified as sources of
nonsocomial infections that resulted in septicaemia due to Gram-negative bacteria,
particularly Escherichia cofi, Klebsiella pneumonia, Enterobacter spp., and Serratia
spp. (Morse et al., 1967; Morse & Schonbeck, 1968). Noble and Savin (1966)
reporied Pseudomonas aerugincsa contamination of a steroid cream preserved with
chiorocresol, following modification of that cream by the addition of final
concentration of chlorocresol of 0.1% w/v, which should have been sufficient to
inactivate contaminating P. aeruginosa, this microorganism persisted in the product.
(Note: Noble and Savin reported that 0.01% w/v chlorocresol was sufficient to inhibit
several strains of P. aesruginosa on nutrient agar.) The cause of contamination was
traced to a decrease in preservative level in the aqueous phase of the product, due
to pariitioning of the preservative into the oil phase. Contamination of the product
(possibly with adapted organisms) was faciiitated by the practice of refilling used
containers. It had been assumed that use of the same preservative system in the
modified product would be satisfactory, but unfortunately, it was not. This
demonstrates why a preservative system must be tailored to a specific product
(Cowen & Steiger, 1977).

The relative hazard created by microbiological contamination of cosmetic or
pharmaceutical products may be related to the severily of infection or disease it
causes. Dunnigan classified Pseudomonas, Profeus, Staphylococcus, Serratia,
Streptococcus, Penicillium, Aspergillus, and Candida genera as health hazards
(Dunnigan, 1968). Bruch (1972) refined the classification of objectionable
microorganisms according to product type. Orth (1993) updated the fist of
objectionable microorganisms based on product type. The classification appearing in
table 3.2 has been further updated by inciusion of Burkholderia spp (Orth, 2007).
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Table 3.2 Classification of Objectionabie Microorganisms by Product Type
(Orth, 1993).

Sterile drugs Any organism orF pyrogen in a sterile product is objectionable.

Pseudomonas aeruginosa is always objectionable. Other
Pseudomonas spp., Burkholderia spp., Staphylococcus aureus,
Serratia marcescens, and S. liguifaciens are usually
objectionable.

Eye products

Any enteric pathogen (i.e., Salmonella spp., Yersinia spp.,
Campylobacter spp.) and Escherichia coli are always
objectionable. Other enteric organisms, such as Enterobacter

Nonsterile oral . .
spp., Citrobacter spp., Pseudomonas spp., Burkholderia spp.,

products ) or PR
proteolytic Clostridium spp., enterotoxigenic Staphylococcus
aureus, pathogenic yeasis (Candida albicans), and mycotoxin-
producing fungi are usually objectionable.
Pseudomonas aeruginosa, Klebsiella spp., Staphylococcus
Nonsterile aureus, Serratia marcescens, and S. liguifaciens are always

objectionable; whereas Pseudomonas putida, P. multivorans,
Burkholderia cepacia, Clostridium perfringens, C. tetani, and C.
novyi are usually objectionable.

topical products

Escherichia  coli, Profeus spp., Serratia marcescens,
Genitourinary | Pseudomonas aeruginosa, and P. multivorans are always
tract products | objectionable; whereas Klebsiella spp., Acinetobacter anitratus,
and A. calcoaceticus are usually objectionable.

Although the direct effects of microorganisms in infections and disease have been
appreciated for many vyears, the insidious role they play in inflammation,
immunomodulation, and altering buman physiology is only beginning to be
appreciated (Orth, 2007).

Products intended for use on, or in, the body must be safe. Even though the aerobic
plate count and total viable counts of the finished product may reveal the presence of
<10 colony-forming units (CFU) mL™", residual microbial by-products may produce
undesirable reactions. The problems created by microbial contamination can be
minimised by the use of raw materials that do not have a history of unacceptable

microbial load, by adherence to validated manufacturing practices to reduce the risk
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of microbial contamination during processing, and by sterilising products or using

effective preservative systems in agueous formulations (Orth, 2007).

3.7.2 Preservaiion of the product during use

In 1970, Halleck published the recommendations of the Preservation Subcommities
of the Toiletry Goods Association (TGA) Microbiology Committee (Halleck, 1970).
These recommendations stated that preservation studies should consider product
formulation, manufacturing conditions, packaging, product stability, and continued
effectiveness of the preservative system during the intended use by the consumer
(Orth, 2007).

in 1984, Ejermann noted that data obtained from surveys and during U.S. Food and
Drug Adminisiration (FDA) inspections of cosmetic manufaciurers suggested that
microbiological contamination of cosmetics during manufacturing was no longer a
major regulatory issue (Eiermann, 1884). He indicated that the question of whether
these products remain uncontaminated when used by consumers had not been
resolved. This is addressed in the tentative final order regulating over-the-counter
(OTC) antimicrobial drug products, in which the FDA used the phrase “effectively

preserved” to include preservation during use by the consumer (Eiemmann, 1984).

it is believed that normmal use of some products by consumers repeatedly subjects
ithese products to contamination. For example, hair care products (shampoos,
conditioners, antidandruff products) are used while showering, which exposes these
products to dilution with water and contamination with microorganisms. Repeated
use of creams, which requires dipping a finger into a jar to obtain the product, may
expose the cream to contamination and dilution with soil, microorganisms, and
moisture on fingers. Also, adaptation may occur in product residues present on the
threads of the cap or neck of ihe container if the residues present on the water or
contaminated with body fluids (blood, urine, tissue fluids). These microorganisms
may become adapted to the product and may be introduced into that product when
the cap is next removed, resulting in microbial contamination of the remaining
product (Orth, 2007).

3.7.3 The ideal preservative

Understanding the characteristics of an ideal preservative helps fo provide the basis

for rational selection of the most suitabie agent(s) for a given formulation. The
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desired characteristics of an ideal preservative have been discussed by many

authors and include the following:

It should have a broad spectrum of activity. Ideally, a single preservative should be
used as this will reduce costs and possibly may reduce the irritation or potential
toxicity of the formula (Orih, 2007).

It should be effective and stable over the range of pH values encountered in cosmetic
and pharmaceutical products. ideally, the preservative should be able to function
effectively at any pH compatibie with any product applied topically or taken intemnally.
In addition, it should be chemically stable so that there is no loss of preservative
efficacy during the expected sheff life of the product (Orih, 2007).

It should be compatible with other ingredients in the formulation and with packaging
materials. This atiribute would prevent loss of preservaiive potency as a result of
interactions with formula components or packaging material. It should not alter the
therapeutic properties of a drug (i.e., loss of potency of acfive ingredients or
alteration in the pharmacokinetic behaviour of the active ingredients), a phenomenon

that may occur if the preservative reacted with formulation components (Orth, 2007).

it should not affect the physical properties of the product (i.e. colour, clarity, odour,
flavour, viscosity, texture). Iideally, it should not produce any texture, aroma, or

performance of the formulation (Orth, 2007).

ft should have a suitable O/W partition coefficient to ensure an effective
concentration of the preservative in the aqueous phase of the product. Biological
reactions take ptace in aqueous systems or at the interface of oi-in-water systems;
consequently, it is necessary to have sufficient preservative in the water phase to

ensure adequate preservation of the product (Orth, 2007).

lt should inactivate microorganisms quickly enough to prevent microbial adaptation to
the preservative system. Preservatives are used in aqueous products to make them
bactericidal and fungicidal in a short enough time to meet acceptance criteria,
prevent adaptation and growth (Orth, 1997; Orth, 1998), and to reduce the likelihood
of microbial persistence in anhydrous products that may be contaminated and
moistened during use. It is believed that contaminating microorganisms may be able
to develop resistance to a product if the preservative system does not inactivate them

guickly enough to prevent genetic or biochemical modifications (i.e., enzyme
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induction, modification of metabolic pathways, detoxification mediated by
hydroperoxidases and oxygenases) that enable microorganisms to adapt to the
product (Orth, 2007).

It should be safe to use. Safety includes handiing of pure or conceniraied materals in
the manufacturing plant as well as the effect of preservatives in the finished
formulation on the consumer. Ideally, the product should be used in accordance with

permissible levels, where applicable (Orth, 2007).

it should be cost-effective to use. From a commercial perspective, an effective

concentration should add liitle o the cost of the formulated product (Orth, 2007).

The parabens have been used more often than any other preservative in cosmetic
products (Steinberg, 2004). However, no single preservative meets all the above

characteristics of the ideal preservative for all formulations (Orth, 2007).

3.7.4 Rational development of a product preservative system

The first step is o review the product formula and type to determine what are the
most likely to challenge organisms, then to decide which preservatives are indicated,
and finally which preservative test method is the mest appropriate. Sampies of the
product may then be prepared, with at least one sample containing an inadeguate
preservative system, one or two samples with the preservative level close to the
expected target concentration, and at Jeast one sample with excess preservative.
This provides samples with a range of concentrations of the preservative under

investigation and which may now be tested for preservative efficacy (Orth, 2007).

Several preservative efficacy test methods may be used (Lorenzetti, 1884; Orth,
1984; Parker, 1984). However, it is important to employ a test method that is reliable
and is capable of indicating the concentration of preservative required for the
preservative system of the product to meet acceptance criteria. The linear regression
method is recommended because it provides quantitative data on the kinetics of
inactivation. Thus, the D value jor each concentration of the preservative used may
be determined with each test organism. If the preservative concentrations were
selected correctly, a family of curves wili be obtained. It is necessary to select the
concentration of preservative required to achieve the desired rate of death so that
microorganisms are Killed too quickly to allow them to adapt and grow. Orth et al.

(1998) reported that Gram-negative bacteria may survive and grow if initial rates of
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killing are too slow, when D values were about 30h or greater. This suggests that
formulations that kil Gram-negative bacieria at rates approaching the maximum
aliowable limits of the United States Pharmacopoeia and Cosmetic, Toiletry, and
Fragrance Association methods shouid be used only with special manufacturing
precautions (aseptic filling) or with packaging that prevents water or microbial
intrusion into the product (Orth, 2007).

3.7.5 Cross-resistance of preservatives with other antimicrobial agents

Antibiotic resistance iIs increasing and is a serious problem. Whereas antibioiics are
known to have specific targets in microbial cells, biocides (including preservative
agents) are believed o have multiple actions on the cell, including altering membrane
permeability, inactivating enzymes, and interfering with nucleic acids.: It has been
assumed that bacteria cannot develop resistance fo biocides because they do not
have specific targets. This beiief is being challenged by findings in recent years, and
it has been demonstrated that bacteria have developed resistance to triclosan,
chlorhexidine, quarternary ammonium compounds, and other biocides (Levy, 1938;
McDonnell & Russell, 1999; McMurry ef al., 1998; Russell ef al., 1998). Increased
resistance to antibiotics and disinfectants may be due fo mutation or the acquisition
of genetic material by horizontal gene transfer or plasmids (Orth, 2000). Growih
conditions may affect resistance to aniimicrobial agents. Exposure to aerobic
conditions enables cells to develop tolerance to oxidative stress (i.e. the SOS
response, which includes production of enzymes to detoxify reactive oxygen species
and repair DNA lesions). Exposure of cells to subinhibitory doses of hydrogen
peroxide was reported to increase resistance of Escherichia coli and Salmonella spp.
to that agent (Demple & Halbrook, 1983; Winquist ef al., 1984). Starvation or low a,,
resulted in slower rates of death (larger D values) for P. aeruginosa during
preservative efficacy testing (Crth ef al., 1888). Although these workers did not
demonstrate the presence of different levels of heat shock pro{eins, their findings
showed that exposure to one stress helps prepare a population to survive another
type of stress (Orth, 2007).

Pine oil disinfectant, salicylate, and other weak acids (benzoate) may induce multiple
antibiotic resistances in a number of organisms (Cohen ef al., 1893; Gustafson ef al,,
1099; Lambert ef al, 1997; McDonnell & Russell, 1989; Moken et al., 1997).
McDonnell and Russell (1899) reported increased cross-resistance to heat, ethanol,

and hypochlorous acid. These reports suggest that exposure to sub-lethal
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concentrations of biocides may foster the development of microorganisms with
increased tolerance to biocides and other antimicrobial agents (Orth, 2000). At this
fime, we do not have suificient data to state that development of antibiotic resistance
caused by antimicrobials or biocides in laboratory studies occurs under actual
product-use conditions. However, manufacturers of cosmetics and drugs should
consider programs to ensure that their products will not encourage the development

of drug-resistant microorganisms (Orth, 2000).

3.8 Conciusion

It is a fact that preservatives, disinfectanis and antimicrobials play an important role
in the pharmaceutical industry. They protect both the person using the product as
well as the product itself from microorganisms. These microorganisms can, although
very small, cause very serious to fatal infections if given the chance. lt is therefore of
the utmost importance to protect the consumer against infections by correctly
preserving a product for human consumption or use. Although there is an important
human protective role of the preservative, it is also exiremely important in the formuta

o keep the product stable and therefore increase the shelff life of the product.

A wide range of preservatives are availabie on the market, each one different in its
own way. Some preservatives work betiter against gram-positive bacteria, others
against gram-negative bacteria, while a few works against both. You get hydrophiiic,
hydrophobic, lipophilic and lipophobic preservatives. Some preservatives are pH-
sensitive, while others are not. Thorough research on the compatibility and suitabiity
of the preservative is thus needed before it can be added as an ingredient in the

formutation of the intended product.

By adding the appropriate preservative fo a formulation, diseases can be treated

safely and lives can be extended.
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CHAPTER 4

SAMPLE ANALYSIS

4.1 Infroduction

Everything made by human hand is subject to decay. Phammaceuticals are no

exception.

The rate at which drug products degrade varies dramatically. Some
radiopharmaceuticals must be used within a day or so. Other products may, if
properly stored and packaged, retain integrity for a decade or moré, although in
many jurisdictions the maximum shelf life that a regulatory agency will approve for a

drug product is five years (Carstensen & Rhodes, 2000).

Stability testing inciudes long-term siudies, where the products are stored at room
temperature and humidity conditions, as well as accelerated studies where the
product is stored under conditions of high heat and humidity. Proper design,
implementation, monitoring and evaluation of the studies are crucial for obtaining

useful and accurate stability data (Microbac Laboratories, 2005).

In this chapter the assay and the results for the nevirapine and butyiparaben in the

pro-Pheroid formulation are discussed.

4.2 Reasons for stability testing

Stabiiity testing is performed to ensure that drug products retain their full efficacy up
to the end of their expiration date. Stability in terms of both analyiical and

microbiological aspects is tested.

The information gathered from these tests s used fo formulate the stability
information, which ensures the quality, efficacy and safety of the drug product
(Grimm & Krummen, 1993).

This means that all organoleptic, physic-chemical, chemical and microbial test results
relevant to the stability of the product must be within the predefined tolerance ranges
unill the end of the expiration date. The stability information is thus an important

element in the guality assurance of a drug product (Grimm & Krummen, 1993).
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Stability testing accompanies the development of a drug product from the
experiments with the drug substance over formulation development up to the final
dose and formula for infroduction, but it coniinues during production and necessary

major changes (Grimm & Krummen, 1993).
Reasons for stability testing inciude:

« Concerns for patients’ welfare and safety;
¢ To protect the reputation of the manufacturer;
e To obey to the requirements of the regulatory agencies; and

e To provide a database that may be of value in the formulation of other
products (Carstensen & Rhodes, 2000).

In order that the quality of ithe drug product can be assured by the stabiiity

information, the following aspects must be taken inio account;
e Expiration daie or shelf-life: The expiration date must always refer fo ithe
climatic zone or zones in which the drug product is to be distributed.

e Storage instructions: Sheli-life can only be guaranteed if certain specific

storage instructions are complied with.

» Use life, stability in opened container: It is necessary to specify a period within

which the product must be used after the container has been opened.

e Overage: For certain drug products an overage is necessary in order to
achieve an acceptable shelf-ife. And overage may only be added if the

formuiation is already optimised (Grimm & Krummen, 1993).

4.3 Problems/ adverse effects due to instability

There is a variety of mechanisms by which drug products may degrade, and thus a

quite wide range of adverse effects that can occur:

Loss of active;

Increase in concentration of active;

Alteration in bioavailability;

Loss of content uniformity;
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« Decliine of microbiological status;

+ Loss of pharmaceutical elegance and patient accepfabiliity;
¢« Formation of toxic degradatfion products;

e Loss of package integrity;

e Reduction of label quality; and

e Modification of any factor of functional relevance (Carstensen & Rhodes,
2000).

All reactions and the changes resulting there from can be influenced by:

s Factors relating to manufacture: Batch size, equipment sequence in which
consfifuents of the formulation are added or different quality of active
ingredients, excipients, packaging materials, although they were all analysed

before use and compiied with the folerances.

+ External factors: Temperature, humidity, light, oxygen and pH (Grimm &
Krummen, 1883).

There are four major modes of degradation. Firstly, chemical degradation which is
very common and includes solvolysis and oxidation of chemicals. Secondly, physical
degradation which can be caused by a range of factors for example impact, vibration,
abrasion, and temperature fluctuations such as freezing, thawing or shearing.
Biological, especially microbiological, degradation is very likely to cause stability
problems. And finally the I[imitations of this classification which may over-
compartmentalise the approach to drug product stabiiity (Carstensen & Rhodes,
2000).

4.4 Stability programme

The stability of both nevirapine and butylparaben in the pro-Pheroid formulation was

tested. This formulation includes the anti-oxidant, tert-butylhydroguinone (TBHQ).

Stability testing was performed according to the Intemational Conference and
Harmonisation (ICH) guidelines. The stability of the nevirapine and the butyiparaben
in the pro-Pheroid formulation was conducted over a period of three months, in order
to fulfil the technical requirements for the registration of pharmaceuticals for human
use (ICH QBA, 1899).
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4.4.1 Storage conditions

Conirolled storage faciiifies were used during the stability period. The formulation
was sfored at four different temperature and humidity conditions according to ICH

guidelines:
s 5°C;
» 25°C +60% RH:
s 30°C + 65% RH; and

s 40°C+75% RH.

4.4.2 Stabilify tests conducted

The master batch was divided into smaller containers, labelied and stored under the
four different conditions for the three different time periods. At months 1, 2 and 3 the
samples were removed from the stabiiity environment for testing. The samples were
jet fo reach room temperature before the assay iesis for nevirapine and

butylparaben would be performed according o the methods described.

The samples were analysed in duplicate and the averages are fabulated under the

assay results below.

4.5 Method for HPLC analysis
451 Method for nevirapine and butyiparaben in pro-Pheroid

The method for nevirapine in pro-Pheroid was developed and validated by Kihn,
2008.

Chromatographic conditions
The analylical procedure was performed under the following isocratic condifions:

Analytical instrument: Shimadzu Prominence series HPLC eguipped with a
LC-20AD guarternary pump, SIL-20AC auio sampler, SPD-
M20A diode array deiector and Shimadzu LC Soiution data

acquisition and analysis software.
Column: Phenomenex Luna C18 (2), 250 x 4.6 mm, 5 um

Mobile phase: Methanol: Water (60:40)
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Flow rate: 1.0 mL/min

Injection volume: 20 ¥

Detection: UV at 215 nm and 254 nm

Retention time: + 4.5 minutes

Stop fime: 30 minutes

Solvents: Assay: methanol (100%) for standard as well as for sample

preparation,

Standard preparations

Dissolve an accurately weighed quantity of nevirapine and butylparaben in the mobile
phase and dilute guantitatively with the mobile phase to obtain a solution having a

known concentration of about 0.024 mg/mL and 0.03 mg/mL, respectivaly.

Sample preparation

Samples of each formulation were stored at the stability conditions: 5°C;
25°C+60%RH; 30°C+65%RH and 40°C+75%RH. Samples were prepared for
analysis in dupficate. Dissolve and dilute each of the samples tested for nevirapine
and butylparaben with methanol to a known concentration of about 0.072 mg/mL and

0.08 mg/mL, respectively. Sonicate for approximately 15 minutes.

4.6 Assay results
4.6.1 Nevirapine in pro-Pheroid

The samples were measured at two different wavelengths as io see which
wavelength is more ideal for which ingredient analysed. The two wavelengths used

were 215 nm and 254 nm.
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4.6.1.1 Results for nevirapine measured at 215 nm

The assay resulis for nevirapine measured at 215 nm are given in fable 4.1 and

ilustrated in figure 4.1. The acceptance criteria jor this product are 90.0 — 110.0%

(USP, 2009).
Tabie 4.1 Assay results of nevirapine in pro-Pheroid at 215 nm
Inidial Temperature & Month 1 Month 2 Month 3 T
(%(;AS)D) Humidity (%) (%RSD) (%) (%RSD) (%) (%RSD)
5°C 94.04 (5.72) 118.69 (0.43) 58.50 (1.58)
100.13 " 25°C + 60% RH 90.47 (3.78) | 115.60 (0.29) | 63.38 (1.47) |
(1.38) 30°C + 65% RH 91.00 (0.45) | 119.94 (0.79) | 66.04 (7.09)
40°C + 75% RH 91.21 (0.75) L1 15.60 (0.25) | 63.60 (0.63)

The percentage difference in the assay results of the samples in refation to the initial

assay resulis was calculated according fo the following eguation:

% Difference = (Value obfained — iniiial vaiue) x 100

(Initial value)
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Figure 4.1 Nevirapine in pro-Pheroid measured at 215 nm

The results obtained for nevirapine samples measured at 215 nm are summarised in

table 4.2.

Table 4.2 Percentage difference in assay resuits of nevirapine (215 hm) in
pro-Pheroid
| Month1 | Month?2 Month 3
Temperature & Humidity
(%) (%) (%)
5°C -6.08 18.54 -41.58

25°C + 60% RH -9.65 15.45 -36.70

30°C + 65% RH -9.12 19.78 - -34.05 W

40°C + 75% RH -8.91 15.45 -36.48
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4.6.1.2 Resuilts for nevirapine measured at 254 nm

The assay results for nevirapine measured at 254 nm are given in table 4.3 and
illustrated in figure 4.2. The acceptance criteria for this product are 90.0 - 110.0%
(USP, 2009).

Table 4.3 Assay results of nevirapine in pro-Pheroid af 254 nm
Initial Temperature & Month 1 Month 2 Month 3
(%) Humidity (%) (%RSD) (%) (%RSD) (%) (%RSD)
(%RSD)
5°C 112.48 (2.43) 132.15 (8.30) 90.25 (4.49)

99.32 | 25°C + 60% RH 103.49 (1.21) | 121.61(1.93) | 124.69 (27.18)
(0.15)

30°C +65% RH | 100.79 (0.62) | 129.14 (3.22) | 211.31 (3o.o7ﬂ

i 40°C +75% RH | 103.47 (2.35) | 139.44 (14.54) | 187.92 (43_981

L
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Figure 4.2 Nevirapine in pro-Pheroid measured at 254 nm
The percentage differences in the assay results of the nevirapine samples measured

at 254 nm in relation to the initial assay results are given in table 4.4,

Tabie 4.4 Percentage difference in assay results of nevirapine (254 nm) in

pro-Pheroid

Month 1 Month 2 Month 3
Temperature & Humidity

(%) (%) (%)

5°C 13.26 33.05 -8.13

25°C + 60% RH 420 22.44 25.54

L

L 30°C + 65% RH 1.48 30.02 112.76
40°C + 75% RH 418 40.39 89.21

50




Sample Analysis

4.6.1.3 Discussion

The assay results for nevirapine in pro-Pheroid measured at 215 nm showed that
nevirapine was within the specification range during month 1 of the stability program.
The assay results of the four samples after one monih were between 90.47% and
94.04%. When the percentage relative standard deviation of each sample is
evajuated, one can see that it is relative small fractions, between 0.45 for 30°C +
B85% RH and 5.72 jor 5°C, which iliusirates good repeatability of the peaks obtained

during month one of stability testing.

An increase in concentration was observed in month 2. The samples had percentage
differences of between 15.45% and 19.78% when compared to the initial sample.
Although slightly above the range that is specified in the acceptance criteria for this
product, the peaks had very good repeatability because the percentage relative

standard deviation jor all the samples was <1%.

A drastic decrease in concentration for all four sampies was the result of sample
testing during month 3. The concentrations of the four sampies anaiysed were
between 58.5% for 5°C and 66.04% for 30°C + 65% RH. Repeatability of the peaks
was siill good with %RSD of between 0.63 — 7.09. A reason for this decrease could

be degradation of nevirapine in this system.

The assay results for the samples measured at 254 nm had some differences
compared to the results for 215 nm. During montH 1 the concentrations of all four
samples increased with comparison to the initial sample. Three of the four samples
were within the specification range, only 5°C was 2.5% out of specification.
Repeatability was excellent, the %RSD ranged from 0.62 for 30°C + 65% RH {0 2.43

for 5°C, which reveals little interference of other peaks.

Month 2 had, as with 215 nm, an increase in concentration. An increase of between
22.44% for 25°C + 60% RH and 40.38% for 40°C + 75% RH when compared to the
initial sample was obtained. Relative good repeatability was achieved with the three
jower temperatures, but 40°C + 75% RH revealed a %RSD of 14.54, which gives the

idea that some meddiing with other peaks started.

During month 3 of the stability testing of nevirapine in pro-Pheroid measured at 254
nm random results was obtained. 5°C had a decrease in concenfration, but was still
within the specification range. 1t had a %RSD of 4.49 which demonstrates good

repeatability for the peaks and only little interference, but good and reliable results.
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The three higher temperatures had an increase in concentration which ranges from
25.54% to 112.76% when compared fo the iniffal sample. Poor repeatability of the
péaks was obtained with percentage relative standard deviations of between 27.18
for 25°C + 60% RH and 43.88 for 40°C + 75% RH. The assumption is made that
there might have been a great deal of interferences from other peaks and that the

results obtained does not reveal the real concentration of nevirapine.

When the two different wavelengths are compared, one sees much bigger
differences in month to month results at 254 nm. Where the nevirapine concentration
decreased with <10% in month 1 at 215 nm, the concentration increased at 254 nm.
In month 2 nevirapine concentration increased with <20% at 215 nm, whilst at 254
nm 1t increased with 22.44 — 40.39%. The results of month 3 measured at 215 nm
showed that all four conditions had a noticeable decrease in concentration, whilst
only the 5°C sample had a decrease at 254 nm and the other three samples had in
increase in concentration. This off course raises some questions about ihe stability of
the product, but also opens hidden truths about chromatography and waveiengths.
As mentioned in ihis discussion, there might have been interference from other
peaks that could also be picked up at the higher wavelength and so could increase
the AUC and thus increase the concenfrations of the samples. What Is seen is that
the more ideal wavelength for measuring nevirapine is supposedly 215 nm as it has
beiter repeatabiiity of peaks. This should however be confirmed with more advanced

analytical technigues.

4.6.2 Butylparaben in pro-Pheroid

As with nevirapine, the butyiparaben was also analysed at both 215 nm and 254 nm.

4.6.2.1 Results for butylparaben measured at 215 nm

The assay results for butylparaben measured at 215 nm are given in table 4.5 and
illustrated in figure 4.3. The acceptance criteria for this product are 20.0 — 120.0%
(BP, 2009).
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Table 4.5 Assay results of butylparaben in pro-Pheroid at 215 nm
Injtial Temperature & Month 1 Month 2 Month 3
(%) Humidity (%) (%RSD) (%) (%RSD) (%) (%RSD)
(%RSD)
5°C 86.50 (2.08) | 188.48(0.43) | 60.20(1.79)
85.17 25°C +B60% RH | 85.13 (1.24) 83.18 (0.91) 59.50 (2.83)
(3.63
) 30°C + 65% RH 91.10 (11.33) | 86.07 (1.46) | 61.78 (12.84)
40°C + 75% RH 99.08 (0.36) 85.87 (1.07) 65.82 (10.76)
200 -
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Figure 4.3 Butylparaben in nevirapine pro-Pheroid formulation measured at

215 nm
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The percentage difference in ithe assay results of ihe butylparaben samples

measured at 215 nm in relation to the initial assay results is given in table 4.6.

Table 4.6

in pro-Pheroid

Perceniage difference in assay results of butylparaben (215 nm)

Month 1 Month 2 Month 3
Temperature & Humidity
(%) (%) (%)
5°C 1.56 121.30 -29.32
25°C + 80% RH -0.05 -2.34 -30.14
[ J
30°C + 65% RH 6.96 1.06 -27.48
40°C + 75% RH 16.33 0.82 -22.72
|

4.6.2.2 Restuilts for buiylparaben measured at 254 nm

The assay results for butylparaben measured at 254 nm are given in table 4.7 and

ilustrated in figure 4.4. The acceptance criteria for this product are 90.0 — 120.0%

(BP, 2009).
Tabie 4.7 Assay results of butyiparaben in pro-Pheroid at 254 nm
initial Temperature & Month 1 Month 2 Month 3
(%) Humidity (%) (%RSD) (%) (%RSD) (%) (%RSD)
(%RSD)

o 5°C 88.44 (3.13) | 95.80 (0.48) | 61.86(3.20)
99.30 25°C + 60% RH 91.18 (0.89) | 115.36 (17.97) L71.7o (9.96) |
12.80

( ) 30°C + 65% RH 80.74 (5.04) 88.88 (0.75) ‘ 70.97 (9.49)
40°C + 75% RH 81.24 (3.00) 95.64 (1.08) I 66.92 (2.14)
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Figure 4.4 Butyliparaben in nevirapine pro-Pheroid formulation measured at

254 nm

The percentage difference in the assay results of the butylparaben samples

measured at 254 nm in relation to the initial assay results is given in tabie 4.8.

Table 4.8

in pro-Pheroid

Percentage difference in assay results of butyiparaben (254 nm)

Month 1 Month 2 Month 3
Temperature & Humidity
(%) (%) (%)

5°C -10.94 -3.43 -37.70

I
L 25°C + 60% RH 8.18 16.17 2779
30°C + 65% RH -18.69 0.42 -28.53
40°C + 75% RH -18.19 -3.69 32,61

L
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4.6.2.3 Discussion

The assay done on butylparaben in the nevirapine / pro-Pheroid formulation
measured at 215 nm had relatively stable assay results. Month 1 showed an increase
in sampie concentrations, except for 25°C + 60% RH, that had a decrease of 0.05%
compared to the initial sample. The percentage relative standard deviation of each
sample was reasonably good for all except the 30°C + 5% RH sample with a %RSD
of 11.33. It can thus be assumed that little to none interference from other peaks

happened during the HPLC analysis of the samples in monih 1.

During month 2 of sample testing the three higher conditions had differences of
between -2.34 1o 1.06% compared to the initial sample. This gives one the idea that
the 5°C sample’s assay result might be an ouilier as it is not in trend with the other
assay results. It is assumed that the results obtained for the 5°C sample are due fo a
mistake made by the analyst. All four samples bad very good peak repeatability as
they all had excelient %RSD’s.

As expected, the sample concentrations of all four stability conditions decreased
during month 3 of the stability period. Although the sample concentrations
decreased, ranging in persentage from 22.72% for 40°C + 75% RH to 30.14% for
25°C + 60% RH, and was well beneath the minimum specification range of 30%, it
seemed to be sflill effective enough to prevent micro-organism growth (the
preservative efficacy study is discussed in chapter 5). The decrease is suspected to

be degradation of the butylparaben in this system.

When the assay results of butylparaben measured at 254 nm is analysed, one will
notice a decrease in concentration for all samples during analysis in month 1. The
decrease in concentration ranged between 8.18 - 18.68%. The percentage relative
standard deviation of the four samples ranged from 0.89 for 25°C + 60% RH to 5.04
for 30°C + 65% RH, and shows good repeatability and only minor interferences from

other peaks.

The assay results for month 2 revealed that all four samples were within the
specification range of 90 — 120%. The 25°C + 680% RH had a concentration increase
of 16.17% compared to the initial sample, but had a %RSD of 17.97 which shows
possible interference from other peaks and could possibly have an incorrect

concentration, The other three temperatures and humidities all had a decrease in
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concentration and had excelient percentage relative standard deviations. This shows

good repeatability and trustworthiness of the assay results.

Sample concentrations of bufylparaben for month 3 uncovered a decrease of
between 27.79% for 25°C + 60% RH and 37.70% for 5°C compared to the initial
sample. The percentage relative standard deviations of the four samples ranged
between 2.14 — 9.96. Fairly good repeatabiliy is thus revealed, although the 9.49 and
9.96 %RSD’s of 30°C + 65% RH and 25°C + 60% RH, respectively, is questionable.

When the two wavelengths are compared, one will again notice huge differences
amongst them. With the exception of the 25°C + 60% RH sample, there was an
increase of butylparaben concentration during month 1 at 215 nm, but at 254 nm a
decrease within all four samples. During month 2 the 215 nm assay resulis showed
that the 5°C sample had an increase of 121.3% (which is explained to possibly be an
outlier), whilst the 30°C + 65% RH and 40°C + 75% RH samples had an increase of
1.06 and 0.82%, respectively, and the 25°C + 60% RH sample a decrease of 2.34%
in concentration compared to the initlal sample. The decrease in concentration during

month 3 was relatively the same for both wavelengths.

4.7 Physico-chemical analysis
4.7.1 pH-values

The pH-value of the initial sample as well as all four of the stability conditions after
each month was determined to further investigate the stability of the nevirapine / pro-
Pheroid formulation in terms of physical stabifity. The results are given in table 4.9

and are shown in figure 4.5,

Table 4.9 pH-vajues
Initial Temperature & Month 1 Month 2 Month 3
Humidity
7.58 5°C | 847 L 8.44 8.57
| 25°C + 60% RH 8.49 L 8.59 9.40
" 30°C +65% RH 837 | 851 027 |
40°C + 75% RH 8.23 L 8.25 9.00 ]
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Figure 4.5 pH-vaiues of the pro-Pheroid sampies measured over three

months

47.1.1 Discussion

As one can clearly see in figure 4.5, the pH-vaiues of the sample remained relatively
constant during the stability period of three months. The difference between the
smallest pH-value (initial sample: 7.58) and the greatest pH-vaiue (Month 3, 25°C +
B80% RH: 9.40) is only an increase of 1.82 over a period of three months. The
standard deviation of all the pH-values is 0.47 and the relative standard deviation is
5.49%.This shows that the pro-Pheroid system is very stable in terms of pH, and that
neither nevirapine nor butylparaben has any influence on the system to bring about

that the pH of the system will be altered.

47.2 Particle size and confocal

The particle size of the samples was measured at the same intervals at which the
HPLC analysis was done, initially, after 1, 2 and 3 months. The samples were stored
under the exact same conditions, i.e. 5°C; 25°C+60%RH; 30°C+65%RH and
40°C+75%RH. The average distribution of all the samples troughout the stability
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period was as foliows: d(0.1) was 0.144 um; d(0.5) was 0.199 um; and d(0.9) was
0.293 um. The pariicle sizes ranges from 0.112 pm 1o 0.564 pm. The pariicle size
measured is supposedly only the pro-Pheroid pariicles as nevirapine is dissoived in
the pro-Pheroid. The parficle size of the nevirapine powder used was 25 ym. The
size of the pariicles is ideal for the pro-Pheroid system as it falls in the ideal range for
the Pheroid™ system described in chapter 2. The histogram of the particle size
distribution of the initial sample is given in figure 4.6 as an example. The other

particle size analysis reports are given in annexure 1.
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Figure 4.6 Particle size distribution analysis report for initial sample of

nevirapine in pro-Pheroid

The particle size of each sample is summarised in figure 4.7.
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Figure 4.7 Particle size distribution of each sample over a period of three

months

On the confocal pictures taken from the samples during the stabiiity study, one can
see how small the particles of the pro-Pheroid system is. The picture taken of the

initial sampie is shown in figure 4.8.
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Figure 4.8 Confocal picture taken of initial sampie
47.2.1 Discussion

The pariicle size of the samples stayed stabie throughout the whole stability period.
This shows that the nevirapine and butylparaben included in the formutation did not

have any effects on the pro-Pheroid system in ferms of particle size.

4.7.3 Colour

The colour of each sample was examined by taking photo's of each sample at time
zero, month 1, month 2 and month 3. These piciures were compared and it was
noficed that the colour of the samples changed both over time and because of
temperature and humidity. The colour changed from a transparent yellow initially, fo a
darker yellow at 5°C and a very dark yellow at 40°C + 75% RH and became more
and more intensified as time went by. These colour changes could possibly be the
result of oxidation that the product underwent. Further studies could probably find a

way to prevent oxidation from occurring.

4.8 Conciusion

The assays done on the pro-Pherod samples showed random and sometimes
unexplainable results. This confusion was exacerbated by measuring the samples at

two different wavelengths. By carefully examining the results, it was noticed that
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there might be hidden results at ithe lower wavelength that was possibly shown at the
higher wavelength. This can possibly be the reason for the confusion and the random
results obiained from the assay. With this said, it Is also now very ciear that each
chemical structure has its own ideal wavelength where optimum assay results can be

obtained.

Both the pevirapine as active ingredient and the butylparaben as the preservative did
not comply with the speciiications in the official pharmacopoeias, and therefore it is
recommended that the formulation for the pro-Pheroid product should be

reconsidered or should be investigated further in the future.

Although the chemical analysis of the nevirapine in pro-Pheroid revealed some
instabilities and uncertainties, the physico-chemical analysis showed excellent
results. Both the pH and the particle size of the product remained constant
throughout the stability period, showing great stabilities in terms of the physico-

chemical properties of the product.

The preservative efficacy of butylparaben is discussed in chapter 5.




CHAPTER 5

PRESERVATIVE EFFICACY STUDY

5.1 Introduction

Disinfectants, antiseptics and preservatives are chemicals that have the ability to

destroy or inhibit the growth of micro-organisms and that are used for this purpose.

Preservatives are included in pharmaceutical preparations to prevent microbial
spoilage of the product and to minimise the risk of the consumer acquiring an
infection when the preparation is administered. Preservatives must be able to limit
proliferation of micro-organisms that may be infroduced unavoidably into non-sterile
products such as oral and topical medications during their manufacture and use. it is
essenfial that a preservative is not toxic in relation to the intended route of
administration of the preserved preparation. Preservatives therefore tend to be
employed at low concentrations, and conseguently levels of antimicrobial action also
fend to be of a lower order than for disinfectants or antiseptics (Hugo & Russell,

2004).

Preservation of the pharmaceutical product is therefore of utmost importance.
According to Hugo and Russell (2004) micro-organisms can source from the

following during the manufacturing process:

» the atmosphere;

o waler;

+ skin and respiratory tract florg;
o raw materials;

s packaging;

e buildings;

e equipment; and

» cleaning equipment and utensils.

Pharmaceutical products used in the prevention, freatment and diagnosis of disease
contain a wide variety of ingredients, often in guite complex physicochemical states.
Such products must not only meet current pharmaceutical Good Manufacturing
Practice (GMP) reguirements for quality, safety and efficacy, but also must be stable

and sufficiently elegant fo be acceptable to patients. Products made in the
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phamnaceutical industry must meet high microbiological specifications, i.e. if not
sterile, they are expected fo have no more than a minimal microbial population at the

time of products release (Hugo & Russell, 2004).

Nevertheless, from time to time a few rogue products with an unacceptable level and
fype of contamination will occasionally escape the quality assurance pet. The
conseguences of such contamination may be serious and far-reaching on several
accounts, particularly if contaminants have had the opportunity to multiply to high
levels. Firstly, the product may be spoiled, rendering it unfit for use through chemical
and physicochemical deterioration of the formulation. Spoilage and subseguent
wastage of individual batches usually results in major financial problems for the
manufacturer through direct loss of faulty product. Secondly, the threat of litigation
and the unwanted, damaging pubiicity of recalls may have serious economic
impiications jor the manufacturer. Thirdly, inadvertent use of contaminated products
may present a poiential health hazard to patients, perhaps resulfing in outbreaks of
medicament-related infections, and ironically therefore contributing to the spread of
disease. Most commonly, heavy contamination of product with opportunist
pathogens, such as Psewudomonas spp., has resulted in the spread of nonsocomial
infections in compromised patients; less frequently, low levels of contamination with
pathogenic organisms, such as Safmonelffa, have atfracted considerabie atiention, as

have products contaminated with foxic microbial metabolites (Hugo & Russell, 2004).

A series of alkyl esters (figure 5.1) of p-hydroxybenzoic acid was originally prepared
to overcome the marked pH dependence on activity of the acids. There parabens,
the methyl, ethyl, propyl and buty! esters, are less readily ionised, having pK, values
in the range 8-8.5, and exhibit good preservative activity even at pH levels of 7-8,
although optimum activity is again displayed in acidic solutions. This broader pH
range allows extensive and successful use of the parabens as phammaceutical
preservatives. They are active against a wide range of fungi but are less so against
bacteria, especially the pseudomonads, which may utilise the parabens as a carbon
source. They are frequently used as preservatives of emulsions, creams and lotions
where two phases exist. Combinations of esters are most successful for this type of
product in that the more water-soluble methyl ester (0.256%) protects the aqueous
phase, whereas the propyl or butyl esters (0.02%) give protection to the oil phase.
Such combinations are also considered to extend the range of activity. As

inactivation of parabens occurs with non-ionic surfactants due care should be taken

64



Preservative Efficacy Study

in formulation with both materials (Hugo & Russell, 2004). Butylparaben was used as
ihe preservative in the pro-Pheroid formulation and was tested to determine the
capability of this preservative to protect the product against microbial growth during

accelerated stability testing.

-
"t

0—R

-
L=

R= CH,; C,H,; C,H,; CH,

37

Figure 5.1 Alkyl esters of p-hydroxybenzoic acid

The samples were sent to EnviroCare Laboratories to undergo the necessary and
prescribed testing to determine the adequacy of the incorporated preservative. The
guideiines of the tests are specified by the British Pharmacopoeia (BP, 2005). All
tests were done by using calibrated and validated apparatus and standard operating
procedures. The five micro-organisms used were Staphylococcus aureus,
Escherichia coli, Pseudomona aeruginosa, Candida albicans and Aspergilius niger

as specified by the British Pharmacopoeia.

52 Method for the preservative efficacy test

Preparation of inoculums

Preparatory to the test, inoculate the surface of agar medium TSA (Triptic soy agar)
for bacteria and SDA (Sabouraud dexirose 4% agar) for fungi, with the recently
grown stock culture of each of the specified micro-organisms. Incubate the bacterial
cultures at 30-35°C for 18-24 h, the culture of C. albicans at 20-25°C for 48 h, and
the culture of A. niger at 20-25°C for 1 week or until good sporulation is obtained.
Subcultures may be needed after revival before the micro-organism is in its optimal

state, but it is recommended that their number be kept to a minimum.

To harvest the bacterial and C. albicans cultures, use a sterile suspending fluid,
containing 9 g/l of sodium chlonide R, for dispersal and transfer of the surface growth
into a suitabie vessel. Add sufficient suspending fluid to reduce the microbial count to

about 10? micro-organisms per miliilitre.
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To harvest the A. niger culture, use a sterile suspending fluid containing @ g/l of
sodium chloride R and 0.5 g/l of polysorbate 80 R and adjust the spore count to

about 10® per milliiitre by adding the same solution.

Remove immediaiely a suitable sample from each suspension and determine the
number of colony-forming units per mililiifre in each suspension by plate count or
membrane filiration. This value serves to determine the inoculums and the baseline

fo use in the test. The suspension shall be used immediately.

Method

To count the viable micro-organisms in the inoculated products, use the agar medijum

used for the initial cultivation of the respeciive micro-organisms.

Inoculate a series of containers of the product io be examined, each with a
suspension of one of the test organisms to give an inocuium of 10° to 10° micro-
organisms per miliilitre or per gram of the preparation. The volume of the suspension
of inoculum does not exceed 1 percent of the volume of the product. Mix thoroughly

to ensure homogeneous distribution.

Maintain the inoculated product at 20 - 25°C, protected from light. Remove a sultable
sample from each container, typically 1 m! or 1 g, at zero hour and at appropriate
intervals according to the type of the product and determine the number of viabie
micro-organisms by plate count or membrane filtration. Ensure that any residual
antimicrobial activity of the product is eliminated by diiution, by filtration or by the use
of a specific inactivator. When dilution procedures are used, due to allowance is
made for the reduced sensitivity in the recovery of small numbers of viable micro-
organisms. When a specific inactivator is used, the ability of the system to support

the growth of the test organisms is confirmed by the use of appropriate controls.

The procedure Is validated to verify its ability to demonstrate the required reduction in

count of viable micro-organisms.

5.3 Results and discussion

The criteria for the evaluation of antimicrobial activity are shown in table 5.1,
expressed in terms of the log reduction in the number of viable microorganisms and
compared to the values obtained for the inoculum. The criteria in table 5.1 express

the recommended efficacy to be achieved.
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Tablje 5.1 Oral preparation acceptance criteria
] Log reduction
14 days 28 days
Bacteria 3 NI
Fungi 1 NI

NI: No increass

In this preservative study conducted, butylparaben acted as the preservative. it
appeared efficient in the specific formulation, with the exception of a few border
cases. For example, the preservative efficacy test of butylparaben in the nevirapine
in pro-Pheroid formulation compiied with the requirements of the BP, except for
Pseudomona asruginosa where the log reduction values was smalier than the

required 3 during month 1 and 2 at the four stabiiity conditions (table 5.2).
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Table 5.2

Preservative efficacy

test

results of butyiparaben

in the

nevirapine/pro-Pheroid formulaiion (initial and month 1}

*ND; None detected

Total viable cell count (Cfu/mL)
Test organism Log Reduction
0 hours 14 days 28 days oh —14 oh — 28
days days
initial |
S. aureus 25 x 10* 8x 102 ND >3 NI
P. aeruginosa 5x10° ND ND >3 NI
E. coli 2 x 108 ND ND >3 NI
A. niger 36 x 10° ND ND >1 NI
| C. albicans 2x10°8 ND ND >1 NI
Month 1
5°C
S. aureus 15x 10° 13 x 10" 6 >3 NI
P. aeruginocsa 19x 10° 13x10° ND 1.7 NI
E. coli 19 x 10° 3 x 102 ND >3 NI
A. niger 4x10° ND 2x 10" >1 NI
P. albicans 7 x 10° ND ND >1 NI
- 25°C + 50% RH
S. aureus 19 x 10° 2x10° 5x 10! >3 NI
P. aeruginosa 47 x 10° 11 x 107 ND 2.3 NI
E. coli 48 x 10° ND ND >3 Nf
A. niger 5x10° 10 x 10" ND >1 NI
C. albicans 7x10° ND ND >1 NI
30°C + 65% RH
S. aureus 27 x 10° 15 ND >3 NI
P. aerugincsa 29x 10° 18 x 10° ND 22 NI
E. coli 4x10* ND ND >3 NI
A. niger 12 x 10° 8 x 107 ND >1 NI
C. albicans 55 x 10% ND | ND >1 NI
40°C + 75% RH
S. aureus 23 x 10° 1x 10 1x 107 >3 NI
P. aeruginosa 33x10° 12 x 107 7 x 10° 2.3 NI
E. coli 15 x 10* ND ND >3 NI
A. niger >10° 3x10° ND >1 NI
C. albicans 7x10° 66 x 102 6 x 102 >1 NI |
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Table 5.3 Preservative efficacy fest results of butylparaben in the
nevirapine/pro-Pheroid formutation (month 2)
Test Total viable cell counf (Cfu/mL)}
organism 0 hours 14 days 28 days Log Reduction
Oh - 14 Oh — 28
days days
5°C
S. aureus 25 x 10* ND ND >3 NI
P. aeruginosa 87 x 10° 11x10° | 12x10? 2.3 NI
E. colf 273 x 10° ND ND >3 NI
A. niger 83 x 10° 2x 10" ND >1 NI
C. albicans 2x10° ND | ND >1 NI
25°C + 60% RH
S. aureus 243 x 10° ND ND >3 NI
P. aeruginosa | 103x10°! 11x10%| 85x10? 2.3 2.9
E. coif 75 x 10* ND ND >3 NI
A. niger 17 x 10? ND ND >1 NI
C. albicans 1x10° ND ND | > NI
30°C + 65% RH
S. aureus 394 x 10° ND ND >3 NI
P. aerugincsa 73x10%|  53x10? 7 x 10° 2.5 2.4
E. coli 65 x 10° ND ND >3 NI
A. niger 9 x10° 1x 10’ ND >1 NI
C. albicans 3x10° ND ND >1 NI
40°C + 75% RH
S. aureus 395 x 10° ND ND >3 NI
P. aeruginosa | 166x10*| 115x10'| 12x10° 2 1.5
E. colj 210x 10° ND ND >3 NI
A. niger 10 x 107 1x10° ND >1 NI
C. albicans 5 x 10° ND ND > NI

“ND: None detecied

During months 1 and 2 of the stability program, butylparaben seemed inadequate fo

preserve the pro-Pheroid formulation against P. aeruginosa at all four different

conditions. The possible explanation for these unexpected results is that the amount

of inoculated Pseudomonas aeruginosa was much higher than the other months. It is

thus due to a human mistake that butylparaben seemed inadequate to preserve the

pro-Pheroid formulation against P. aeruginosa. The recommendation is to increase

the concentration of butylparaben in the formulation. Butylparaben was successful in

preventing growth of any of the other four micro-organisms during month 2.
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Table 5.4

Preservative efficacy iest

results of butylparaben

nevirapinefpro-Pheroid formuiation {(month 3)

in the

Test Total viable cell count (Cfu/mL) ]
organism 0 hours 14 days 28 days Log Reduction
Oh — 14 oh — 28
days days
5°C
S. aureus 117 x 10* ND ND >3 NI
P. aeruginosa | 274 x 10* ND ND >3 NI
E. coli 42 x 10* ND ND >3 NI
A. niger 66 x 107 5x 107 86 >1 NI
C. albicans 3x10* ND ND >1 NI
25°C + 60% RH |
S. aureus 174 x 10* ND ND >3 NI
P. aeruginosa 77 x 10* ND ND >3 NI
E. colf 6x 10* ND ND >3 NI
A. niger 33x 107 2 x 10% ND >1 NI
C. albicans 5x10* ND ND >1 NI
30°C + 65% RH
S. aureus 41 x 10* ND ND >3 NI
P. aeruginosa | 468 x 10* ND ND >3 NI
E. coli 30x 10* ND ND >3 NI
A. niger 46x 10%| 13x10% ND >1 NI
C. albicans 133 x 10° ND ND >1 NI
40°C + 75% RH |
S. aureus 71 x 10* ND|] =~ ND >3 . NI
P. aeruginosa | 676 x 10° ND ND >3 NI
E. coli 429 x 10* ND ND >3 NI
A. niger 5x10° | 16x 102 53 >1 NI
C. albicans 106 x 10 ND ND | >1 NI

*ND: None detected

The results received from the EnviroCare Laboratory for the preservative efficacy test

for month 3 of the stability process showed that butylparaben was successful in

preventing growth

in any of the micro-organisms,

requirements of the British Pharmmacopoeia.

as it complied with the
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5.4 Conclusion

Preservation of any pharmaceutical product is of uimost importance. The
preservative efficacy study done by the EnviroCare Laboratory showed that
butylparaben is a very suitable preservative in a formulation that is lipophiiic. lt is also
recommended that either the concentration of ithe butylparaben is increased or a
second preservative is used fo secure the stability of ithe product against
microbiological damage. When increasing the concentration of the preservative, one
should be very careful not to increase it to such an extent that it will become harmful
fo the patient's health when using the product. Hf is important to remember that the
preservative is an additive and should not be the alpha and omega of a formulation,

but it should raiher “protect” the product without being noticed.

in light of the possibility that a human error might have occurred during the
inoculation with Pseudomonas aeruginesa during months 1 and 2, it would be wise 1o
repeat the preservative study to gather necessary information to make a wel-thought

decision and to verify the resuiits.
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CHAPTER 6

CONCLUSION

After the completion of this study, various conclusions could be made. HIV / AIDS is
most definitely one of the most problematic and destructive diseases known to
mankind in the twenty-first century. It affects all of us, from the homeless to the rich
and famous, any race, any culture, any gender and every age. Milfions, if not bilfions,
- of dollars are spent on research and treatment of this disease each and every year.
Governments spend a significant amount on informing communities and their peopie
on the prevention and treatment of HIV and AIDS. [t is thus clear that it is the
responsibility of each and every one of us to try to prevent further spreading of this
virus by practising safe sex, informing friends, colieagues, children and family
members on the dangers of the disease, and to make sure that those infected with
the virus are not treated differently and that they get the necessary support to heip
them lead a normal and full fife. If everybody works together, we can make it possibie

io have an HIV free future.

The Pheroid™ delivery system has shown various exciting and promising
characteristics to make it a very important factor to consider when formulating a
product. It promises to change the way future phammaceutical products will be
formulated. The Pheroid™ technology has various advantages in terms of absorption
and/or efficacy of pharmaceutical active compounds and other useful molecuies. As
described in chapter 2, the Pheroid™ system aliows for manipulation of both its
structural and functional features, which makes it a delivery system to be reckoned
with in the pharmaceutical industry. The product that was formulated for this study
manipulated the Pheroid™ delivery system with increased concentrations and larger
polymers, 1.e. pro-Pheroid, during the manufacturing process. Nevirapine is the active
ingredient in the product and was formulated to be used as an oral antiretroviral for
paediatric patients. The formulation included a suitable preservative to keep the
product safe against the growth of micro-organisms and to protect the consumer

against the harmful effects of the consumption of micro-organisms in targe quantities.

The pharmacological and physico-chemical properties of nevirapine were discussed
in chapter 2. The solubility of nevirapine was taken into consideration when it was

formutated into the pro-Pheroid delivery system as nevirapine in lipophiiic. As the
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product is lipophilic, it was only apparent to use butyiparaben as the preservative

because of its solubility in an oil-based formula.

The formulated product, from here on further referred io as nevirapine in pro-Pheroid,
was sfored at four different temperature-humidity condifions and underwent an
accelerated stability study over a period of three months. Initially (time=0) the
following studies were performed: HPLC assay analysis, pH determination, pariicle
size analysis and a preservative ejficacy study. The confocal microscope picture as
well as the physical colour of the various samples were also taken. After months 1, 2
and 3, these studies were repeated, the results processed and compared with other

results in the same category.

During the HPLC assay analysis of nevirapine in pro-Pheroid the samples were
analysed for nevirapine as the acfive ingredient and butylparaben as the
preservative. Both were analysed at two separate wavelengths, L.e. 215 and 254 nm.
Thus, the assay results could be compared with each other in terms of time of
analysis, wavelengih and temperature-humidity conditions. The following conclusions

can thus be made regarding ihe use of nevirapine in pro-Pheroid:

¢ Nevirapine can successfully be formulated in the pro-Pheroid system.

e It seems that bufyiparaben can be used together with nevirapine as
preservaiive.

e 5°C, 25°C +60% RH, 30°C + 65% RH and 40°C + 75% RH all showed similar
results throughout the stability program for both wavelengths and both
ingredients, however, 25°C + 80% RH, 30°C + 85% RH and 40°C + 75% RH
had a different patiern during month 3 of testing for nevirapine at 254 nm and
5°C revealed an outlier during month 2 of testing for butylparaben at 215 nm.

s The opfimum and ideal wavelength for the UV detection of nevirapine seems
to be 215 nm.

¢ Both 215 nm and 254 nm can be used to detect butylparaben in the pro-

Pheroid system.

The preservative efficacy study showed that butylparaben is effective in pro-Pheroid,
although it is suggested that the concentration of butylparaben be increased and/or
butylparaben be combined with another preservative fo secure the efficacy of the
preservative(s). The HPLC assay analysis and preservative efficacy had contrasting

results because HPLC analysis showed that butylparaben had a concentration short
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of that of the specification by the British Pharmacopoeia, but ihe preservative efficacy
siudy showed that the Jow conceniration of butylparaben was still sufficient enough fo
prevent the growth of the five inocuiated micro-organisms. It can thus be suggested

that the specifications shouid be reconsidered.

The stability of both the pH-value and the particle size of nevirapine in pro-Pheroid
show that the product is very stable in terms of the physico-chemical properties of the
product. The extremely small pariicies of the pro-Pheroid system make this product

very vaiuable in the delivery of nevirapine.

It is finally concluded that before nevirapine in pro-Pheroid is further formulated into

viable products, the foliowing issues will have o be addressed:

¢ The pro-Pheroid manufacturing process should be assessed and validated fo
ensure batch to batch uniformity.

¢ The pro-Pheroid analytical method should be validated and be evaluated over
a period of six months to confim the stability of the system, without any
added active compounds.

¢ The specific UV detection wavelengths of both nevirapine and butylparaben
should be assessed and validated fo get the optimum wavelength for HPLC
assay analysis to ensure the integrity of the results obtained.

s The physical properties (colour, smell and taste) of the pro-Pheroid system

need to be addressed to make the product acceptable to the consumer.

Future sfudies on the pro-Pheroid delivery system would thus focus on formulating a

product that is affordable, effective, save and have excellent quality fo treat HIV in

paediatric pafients.
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ANNEXURE A

PARTICLE SIZE DISTRIBUTION ANALYSIS REPORTS

Month 1 5°C

MASTERSIZER €codp

Result Analysis Report

Sample Name: S0P Name: Measured
Pheroid vesicles Phieroid vesicles Lsmp Hyaro 2000 MU 10 Maren 2000 10°57 24 Al
Sample Source & type: Measured by: Analysed:
POY002 Liezl-Marie 10 hMarch 2009 10:57 3% AM
Sample bulk lot ref: Resuit Source:
1 month £ C Measurement
Particle Name: Accessory Name: Analyars madsl: Sensitivity:
Olerc Acsd Hydra 2000MU (A) General purpose Enhanced
Particle RI. Absorption: Size ranpe: Obscuration:
1458 cA uoza To 2000040 um 12.64 %o
Disparsant Name: Dispsrsam Rt Weighted Residual: Result Emuiation:
Water 1.330 22001 B Off
Concentration: Span ; Unlformity: Regult units:
0.0027 %Vol 0728 0.22¢ Volume
Specific Surface Area: Surface Weighted Mean DJ[3.2): Vol. Weightad Maan D[4.3]:
311 g 0193 um D.207 um
dfC.1; 0123 um di{.5} 0198 um dft.B G285 um
Particie Size Distribution
2
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G
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Paricle Size (pm)

IPheraid vesicles. 10 March 2008 10:57:34 AM
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Aud 2ml sample and aflow: the Obscuration lavar to Stabilize before starting measurement. The

Operator notes:
ohscuration shauld be benveen 10 - 30 % helore measuremean; Takes place

Mazegize 2000 v 5.0
Serial Numzer | MALAGITESE

Fut name 0 b ¢
Fezere numoar. 46
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Annexure A

Month 1 25°C + 60% RH

MASTERSIZER <o

Resuit Analysis Report

Sample Name: S0P Name: Measured:
Pherowd vesicies Pharoid vesicles using Hydro 200¢ MU 10 March 200¢ 11:01.24 AW
Sampie Source & type: Measured by: Analysed:
PO4nG2 LigzHMarié 10 March 2004 11:01.30 AM
Sample bulk lot ref: Result Source:
1 month 25 C Measurement
Particie Name: Accessory Name: Analysis modet: Sensitivity:
Oletc Acid Hvdro 2000MU (&) General purpose cnhanced
Particie Rl Absorption: Slze range: Obscuration:
14358 0.1 0020 10 200000 um 10.401 %
Dispersent Neme: Dispersam Ri: Weightst Residual: Result Emulation:
Water 330 21.720 % Off
Concentration: Span : Uniformity: Resuit units:
0.0022 ol 0733 023 Valume
Specific Surtace Aree; Surface Weighted Mean D[3.2}: Vol. Weighted Mean D{4.3}:
304 m3g D104 um 0.208 um
HE Y 0.ad urn dit.5) &7 um alo.g C2BE urr
Particle Size Distribution
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Senal Numbe: ; MAL1CD7542 Razom Number. 47

taalvemn UK

84


mailto:CIt:I'-'UfnL.l@'r

Annexure A

N

Month 1 30°C + 65% RH

MASTERSIZER €2

Result Analysis Report

Sample Name: S0P Name: Measured:

Pheroid vesicles Bherold vesicles usinp Hydro 2000 MU 10 March 2006+

Sample Source & type: Measured by: Analysed:

POga02 iLiezi-Marié 1C March 2008 i

Sample bulk lot ref: Result Source:

[ month 30 C Measuramen!

Particle Name: Accessory Nams: Analysis modetl: Senslitivity:
Olaic Acid Hydro 200U (A) General purpose Enhanced
Particle Rl Absprption: Size ranpe: Obscuration:
1.458 01 0020 to 2000.000 um 122 %
Dispercant Name: Dispersant Ri: Weighted Residual: Result Emulation:
Water 1330 21827 % Gt
Concentration: Span Unftormity: Resuit units:
0.0024 oMol 072¢ 0.226 Volumg

Specific Surface Aree:

Surface Weighted Mean B{3,2}:

Vol. Weighted Mean D{4.3}:

31 mg 0194 um 0.207 um
dft.1): D43 um die.5;; G188 um d{08). 02ET um
Particle Size Distribution
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Annexure A

Sample Name:

Fheroid vesicles
Sample Source & type:
POIDEY

Sample bulk iot ref:

1 month 40 C

Month 1 40°C + 75% RH

MASTERSIZER

Result Analysis Report

SOP Name:

Pheroid vasicles using Hvdro 2008 MU

Measured by:
Liazi-Mari¢
Result Source:
Maesursment

Measured:
10 March 200 11:08 22 AW
Analyaed:

10 March 208 11:06.23 AM

Particie Name: Accessory Name: Anelysis modet: Sensitivity:
Oleic Acd Hydro 200004 (Al General purpose Znhanced
Particle Ri: Absomtion: Size range: Obscuration:
1456 01 0.02¢ o J000.006 um 12.54 %
Dispersant Name: Dispersant Rl Weighted Residual. Result Emulation:
Water 1.330 20 246 Yo Of
Concentration: Span : Uniormity: Resuft units:
0.0034 Vol 0764 024 Volutme
Specific Surface Ares: Surface Weighted Mean D{3.2]: Vol. Weighted Mean Dj4.3};
KIOK] maiq 0 tas um 0213 um
a1y 0.94E um dil.6): L2200 um dil & 029k urr
Particle Size Distribution
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Month 2 5°C

MASTERSIZER

Result Analysis Report

Sampie Name: S0P Name: Measured:
Pro-Fnerog Pharoit! vesicles using Hydro 200C MU OF April 2004 02:05°45 P
Sample Saurce & type: Measured by: Analysed:.
P0Og0G2 Liezl-Marie 0¢ April 2006 02:08:46 PV
Sampie bulk iot ref: Resuit Source:
aC Maasurement
Particle Name: Accessary Name: Analysis modat: Senslitivity:
Dlexc Acid Hydro 2000MU (&) General purpose =nhancad
Particie Rl: Absormption: Size range: Chbscuration:
1456 0. ©.020 o 2000000 um 1111 %
Disperzant Name: Disparsant Rt: Weighted Residuat: Result Smulation:
Water 1.330 20662 % Of:
Caoncentration: Span : Uniformity: Result unirs:
0.0022 Gal o772 0243 Velume
Speclfic Surface Area: Surface Weighted Mean D[3,2}: Vol. Weighted Mean D[4,3}:
302 meig Glge um 0.212 um
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Operator notes:
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Sample Name:
Fro-Pheroid

Sample Source & type:
POY0G2

Sampile bulk lot ref:
26C

Month 2 25°C + 60% RH

SOP Name:

MASTERSIZER

Pheroig vesicles using Hydro 2000 MU
Measured by:

Ligzl-Marig:

Result Source:
Measurement

Result Analysis Report

=L T
s
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Analysed:

08 April 2009 Q{41 PV

Particie Name: Accessory Name: Analysis modet: Sensitivity:
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Dispersant Name: Disparsant Rl Woeiphted Residual: Result Emulation:
Water 1330 21108 % oft
Concentration: Span : Uniformity: Result unhs:
Q0027 “eVol 0758 0238 Volume
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Aad 2mi sample and allow the Obscusauon leve! 1o stapilize belore starling measuremant. The

Operator notes:

curalion shonic be bat

KAV, sTUments L
Matverr, U¥.

tosesoe” XU ver L1
B4nal Numba: MAL 1007542

10 - 30 % bafore measurement takes place.

Fle name. 14 v 06
Fecore Numbar. 85
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Annexure A

Month 2 30°C + 65% RH

Resutt Analysis Report
Sample Name: SOP Name:; Measured:
Pro-Pherowg Pneroid vesicles using Hydro 2000 MU 0% Aprii 2006 02:15.424 P,
Sample Source 8 type: Meesured by: Analysed:
Pogoa2 Liezi-Mané 0% April 200¢ 02:15°45 P
Sample bulk iot ret: Result Source:
LU Measurament
Particie Kame: Accessory Name: Analysis modet: Sensitivity:
Olatc Acid Hydro 2000MU (A) General purpose Znhancad
Particle RL: Abaorphicn: Size range: Cbscuration:
1458 0.1 0.020 o 2000000 um 1050 %
Dispersant Name: Disparsant Rt Woeighted Residual: Result Emulation:
Water 1330 21267 %e of
Concentration: Span : Uniformity; Result uniss:
0.6022 Vol 0.755 D238 Volume
Specific Surface Aree: Burface Weighted Mean D{3,2): Vol. Weighted Mean D[4.3):
305 mg ca7 um o2 um
a1} 04945 um dit.5} 0.108 um dfe.g; 0285 um
Particie Size Distribation
16 ——— e —
14 —— -
— 12
5
< 10 -- -
g
El g
o
> 8
4
2 -
Gor 0.1 1 0 100 1000 3000

Particie Size {pm)

Pro-Pheroid, 09 April 2009 02:13:44 PM

——
D 1 % |

G| vome in

S (U] Verome T

Operator notes:

Natvem inszuments L
Maivarr,. UK

Aad Zml sample anc &llow the Obscuraton ievel 1. stabifize belore siating meosuremen!
obscuration shoule be bisiwaen 16 - 30 % before measuremen! [okes place

Mayiersse 000 Ve 5,31
Sena) Numbe~ : MAL S007548

The

Flie rame (& 1 D%
RecoT Number. £
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Annexure A

7 N

Sample Name:
Pro-Pherad

Sempie Source & type
POOD02
Sample butk iot ref:

Month 2 40°C + 75% RH

MASTERSIZER

Result Analysis Report

S0P Name:
Pheroid vesicles using Hydro 2000 kU

Measured by;
Micran Scientific
Resuit Source:

Meesured:
0& April 2006 0216:05 P
Analysed:

0% April 2000 02:18°07 PN

40C Maasuremem

Particle Name: Accessory Name: Analysis modet: Senstitvity:

Oleic 4cid Hydro 2000MU (41 Ganeral purpase Enhancad
Particie RI: Absorption: Size range. Obscuration:
1458 i 0.020 1 2000000 um 13.88 e
Dispersant Name: Dispersant Rl Weighted Residual: Result Emulation:
Water 1.230 20.667 e oft
Cancentration: Span : Uniformlty: Result unlts:
0.0030 “oVal G767 0.221 vaolume

Specific Surface Aree:
303 mig

did.1): 0948 i

Surface Welghtsd Mean D[3,2]:
(108 um

dit.5}: 20 L

Voi. Weighted Mean D}4.3]:
0213 um

dib.g}: b.29 U

Particle Size Distribution
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16— — e

C.1

1 0

Particle Size (um)

100 1000 3000

Pro-Pheroid. 09 April 2008 02:18:06 PM
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Operator notes:

Kialvemn Inarument L
Mavsm UK

Nasersse 2000 ver 539

Senal Numoe:* WAL 1CITS4e

Add 2mi sample and aliov. the Obscurafion lavs! 10 Slabikze before atanuing measurement The
obscurption snauid be betwsen 16 - 3¢ % before measyrement takes place

Fiename 0 M DE
RecoT Number. S8
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Month 3 5°C

MASTERSIZER €22d

Result Analysis Report

Sample Name S0P Name: Measured:
Pro-Pneroid Pheroic vesicles usmg Hydro 2000 MU 0€ Moy 2000 11:0C.12 A
Sampie Source & type: Measured by: Analysed:
Pogo0Z Ligz-Marié OF May 2000 11:00:1% A
Sample bulk ot ref: Result Source:
% montn 5C Measurament
Particle Name: Accessory Name: Analysis modet: Sensltiviyy:
Olerc Acid Hydro 2000MU (A) General purnose Snhanced
Particle RI: Absorption: Size range’ Obscuration:
1436 01 0.020 o 2000000 am 1260 %
Dispersant Name: Dispersant Rl Weighted Residual. Result Emulation:
Water 1.230 16013 “ro Ot
Concentration: Span Uniformity: Resuft units:
00027 Vol o7a7 02 Volume
Specific Surtace Ares: Surtace Weighted Mean D[3.2): Val. Welghted Mean D{4,3}:
208 m/g 0.201 um 0218 um
[ IR} RT3 um 0.5} £2ps um dfC.9} L.308 um
Particie Size Distribution
M - —— = -
4 -— =
i2 -
B FT -
@
5 B
o =
> 5 —
b
2 R -
%,01 0.1 1 10 100 1000 3000
Particle Size (um)
EPm-P'nsroid. 08 May 2008 11:00:12 AM
[Coewm] voome s  [Sze@nu] voumer s )50E (0] VauTe £ o TR (U, | VO IN
- e |- T I m

L@

2

Operator notes:

*alvem Insturmens L
Havem UK

Adg zm! sampte and allov: the Obscuranon isve: 16 siabllize before stanmo measurament

atscuration showkd be batwesn 10 - 30 % belore measurement 1okes place

Mamersze: 2000 Ve 5.31
Senat Numpe” * MALC)754E

Fik name Ba b B
Recore Number 105
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Annexure A

Month 3 25°C + 60% RH

\

MASTERSIZER <o

Result Analysis Report

Sample Neme: S0P Name: Measurec:
Fyo-Pherowd Pharoid vesicles usmp Hydro 2000 MU OF May 2008 [1:04:02 aM
Sample Source & type: Measured by: Anaiysed:
P080G2 LizziMarie OF ey 2008 1 1:04:0% 4Alv
Sample buik lat ret: Result Source:
Zmontn 25 C Measurament
Particie Name: Accessory Name: Analysis modet: Sensitivity:
Olerc Acid Hydro 200040 (A) General purpose Enhanced
Particie RL: Absomtion: Size ranpe: Obsacuration:
14356 0.1 0.020 o 20000000 um 10.06 e
Dispersant Name: Dispersant Rt: Weighted Residuat: Result Emulation:
Wwaler 1.220 21 464 N off
Concentration: Span : Untformity: Result units:
0.0021 YoVl 0745 234 Volume
Specific Surface Aree: Surface Weighted Mean D[3,2): Vol. Welghted Mean Dj4.3):
3u.e m3g 0146 um 0.210 um
dic.Ar 0.aad urr oMo 5); iR 1] wm dibe: 0282 um
Particle Size Distribution
16 - e e e —
14 - =
—_ 12 —- -
=
© 10 - —
s g --—
°
> &
4 -~ —
R
Yo7 10 100 1000 3000
Particle Size {um)

Pro-Pheroid, 08 May 2008 11:04:02 AM
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ETe U] VaEDR T S TSI (0T | VORI B % ¢ Sz (omp) Voo n s
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Operator notes:

Apg 2m! somple and aliow ths QObscuration ievel ic- stabilize belora siaung maosuremen! The

obscuration should be betwean 10 - 30 % before maasurement takes place

Lavem Instument; Liz
Laverm UK

asers2e” 2002 Ver 5.3
Sarial Numee: : 3401007542

Fie rame 0 pr S
Recore Numbas, 185
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Annexure A

Month 3 30°C + 65% RH

- MASTERSIZER

Result Analysis Report

Sample Name: SOP Name: Measured:
Pro-Pheraid Pheroid vesicles usmg Hydro 2006 MU 08 May 2009 11-07:56 AWM
Sampie Source & type: Measured by: Analysed:
POA0G2 Liezi-Marig 08 May 2009 [ 1:G7:57 AM
Sample bulk Jot ret: Result Source:
3 month 30C Measurement
Particle Name: Accessory Name: Analysis modetl; Sensitivity:
QOlsic Acid Hydre 2000MU (A) General purpose Znhanced
Particle Rl: Ansorption: Size range; Obscuration:
1458 01 0020 © 2000.000 um 1081 %o
Dispersant Name: Dispersant Ri: Welghted Residuat: Result Emulation:
Water 1330 21.605 % Ot
Concentration: Span Uniformity: Result tmlis:
0.0022 “aVol 0.736 0231 Volume
Specific Surface Aree: Surface Wetighted Mean D[3.2): Vol. Weighted Mean D|4,3}:
308 ms/g 0195 | um 0208 um
diD. 1% 0944 um - 11 3 .10E um dit.8t: 280 um
Parficle Size Bistribution
16 —_— ~—— il et e — =t — s -
4 ——
12—
&
o 10 —— - B
5 g — - .
©
> 6 —— - -
4 - B -
2 —
01 0.1 1 10 70D 1000 3000
Particle Size {(pm)
Pro-Pharoid, 08 May 2009 11:07:56 AM
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Add zmi sampie and allow. the Obscuration lavei i stabllize before starting measurement. The

Qperator notes:
obscuration should be benveen 10 - 30 % before measurement takes place.

Mastersee: 2000 Ver 5.21

Kavem tnsrumenes Lus.
Serial Number : WAL 1E0754¢

balvem UK

Flte name & M 06
Recoms humber 107
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Annexure A

/N

Month 3 40°C + 75% RH

MASTERSIZER

Result Analysis Report

Sample Name: S0P Name; Measured:
Pre-Pherard Pharoig vesicizs using Hydro 2008 kU 08 Mav 200¢ 11°11:3¢ AW
Sample Source & rype: Meeasured by: Analysed:
PRDGZ Ligzl-Mané OF tay 2006 1111740 AM
Sampie bulk lot ret: Result Source:
3 month 4(1C Maasurement
Particle Name: Acceasory Name: Analysis modet; Sensltivity:
QOlsic Acid Hydro 2003ML! (A) General purpose =nhancad
Particle R!: Absorption: Size range’ Obscuration:
1456 04 0.020 to 2000000  um 1076 %
Dispersant Name: Dispersant Rl Weighted Residuat: Result Emulation:
Water 1330 21.383 % o
Concentration: 8pan : UnHormity: Result units:
0.0023 %Yol 0.752 0257 Volume
Specific Surface Area: Surtace Weighted Mean D[3.2): Vol. Welghted Mean Dj4.3}:
30.6 maig 0146 um 0211 um
dit. 1) 0.5£5 um dii.5) 0.10e dio.sn OO0 um
Particle Size Distribution
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1 10 100 1000 3000

Particle Size (um)

Pro-Pheroid. 08 May 2008 11:11:38% AM
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Operator notes:

tatverm insTumens L0
Watam UK

And 2mi sample ana aliow the Obscuration igvel 1o stabifize betore slating msasurement

obscuration should be banwvesr 10 - 30 % before measuremeant 1akes place

Maserszes IE00 Ver, 921
Seml Mumoy” | MAL1037RAZ

Fie nyme (L M OF
RacorT umbse 108

64



ANNEXURE B

e e —

Poster presented at the 5™ international Conference on Pharmaceutical and
Pharmacological Sciences




Annexure B

Nevirapine in pro-Pheroid:
A Preservative efficacy and stability study
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