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ABSTRACT

ABSTRACT

The human race has had to endure a variety of disabling and life threatening
diseases which include leprosy, plaque, Black Death and numerous other infamous
viruses, none of which awaken terror like the Human Immunodeficiency Virus
(HIV). HIV mfection has produced one of the most dreaded eptdemics of the
twentieth century, or rather, of all time, leaving no country or race untouched. Until
this time, no cure for this disease has been discovered, and sufferers have to tolerate
the frustrating adverse effects of the numerous Antiretroviral (ARV) drugs that
have to be taken in order to live an average life. Whilst combination antiretroviral
therapy has proven to be the most effective approach in treating HIV positive
patients, Fixed Dose Combination (FDC) therapy seem to assure better patient

adherence.

An oral hquid dosage formulation 1s desired for paediatric HIV patients,
and for those who cannot swallow other oral dosage forms such as capsules and
tablets. The focus of this study was to combine lamivudine, zidovudine and
nevirapine into a powder for oral suspension, and to identify imcompatibilities and
other factors that could possible affect the physical and chemical stability of the
formulation. Formulations were designed according to the UNICEF/AVHO (2004)

dosage suggestions.

The first step in the product development was an investigative literature
study into the stability and possible interactions between the three active
pharmaceutical ingredients (APIs) and excipients. Compatibility was confirmed by
means of DSC and High Performance Liquid Chromatography (HPLC) -studies.
The optimal mixtng time for the powders for suspension was determined before

formulation of the bulk formulae began.

Six suspension formulations according to patient mass were formulated
containing the dosage régime for one month as suggested by WHO. Sodium propyl

hydroxybenzoate and sodium methyl hydroxybenzoate were added as preservatives.

Xl



ABSTRACT

The physical and chemical stability of pharmaceutical substances do play a
vital role in the success of a specific product. Stability tests, physical and chemical,
and preservanve efficacy studies were therefore performed on all six formulations
over a period of twelve weeks, at three temperature conditions, namely
25°C+60%RH, 30°+65%RH and 40°C+75%RH. In that period, t-use stability

testing, to ensure the stability during patient use, was also conducted.

Results obtamed for pH, relative density, viscosity and moisture content
indicated that no signmificant changes took place during the accelerated stability
testing, as well as the in-use test period. There was a change in the physical
appearance, especially the colour, with time at the 30°C+65%RH and

40°C+75%RH storage conditions, as well as durtng mn-use testing after 12 weeks.

Dissolution results showed that lamtvudine, zidovudine and nevirapine were
immediately dissolved, with 100% dissolution after 10 minutes. The assay results
for lamivudine, ztdovudine and nevirapine remained within the specification of 90-
110%, but a downward trend m lamivudine assay was observed in the 300 m! and
900 ml formulation, where a result of 89.3% was measured after 12 weeks at

40°C+75%RH.

Results for sodium methy! hydroxybenzoate were all within the 90-110%
limit. Results higher than the upper limit of 110% were calculated for sodium
propyl hydroxybenzoate in some samples. This could be due to integration
inconsistencies during assay due to the very small peak. Preservauve Efficacy Test
(PET) results were all within the USP 28 specifications, even during in-use studies,

and confirmed the effectiveness of the preservative system.

In conclusion 1t can be satd that lamivudine, zidovudine and nevirapine
were successfully combined in a FDC for use in paediatric, adult and genatric

AIDS patients.

The powder for suspension formulations have definite marketing

possibilities and could become an essential part in the fight against AIDS.
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UITTREKSEL

UITTREKSEL

Die mensdom het deur die eeue heen met ‘n verskeidenheid ondraaglike en
lewensgevaarlike siektetoestande te doen gehad waaronder melaatsheid, pes, die
Swart Dood en ander dodelike virusse, waarvan Menslike Immuniteitsgebrek-virus
(MIV) van die laaste groep die grootfste vrees aanwakker. MIV-infeksie 1s die
oorsaak van een van die mees gevreesde epidemies van die twintigste eeu, of
eerder, van alle tye, en laat geen land of ras onaangeraak nte. Tot en met die hede 1s
daar nog geen kuur vir Verworwe Immuniteitsgebrek -sindroom (VIGS) ontdek nie.
VIGS-pasiénte moet die frustrerende newe-effekte van die vele antiretrovirale
(ARV) geneesmiddels verdra om ‘n gemiddelde lewe te let. Hoewel kombinasie
anuretrovirale terapte ‘n koste-effektiewe wyse is om MIV-positiewe pasiénte te

behande!, 1s vastedosis terapie dalk die antwoord op beter pasiént meewerkendheid.

‘n Orale vloeistof doseervorm word benodig vir pediatnese MIV pasiente
en vir diegene wat dit moeilik vind om vaste orale doseervorme in te neem, bv.
tablette en kapsules. Die fokus van hierdie studie was om lamivudien, zidovudien
en nevirapien m ‘n poeier vir orale suspensie te kombineer, en sekere
overenigbaarhede en ander faktore wat die fisiese en chennese stabiliteit van die

formulerings kan béwnvioed, te 1dentifiseer. Formules 1s ontwerp volgens

UNICEF/WGO (2004) doserings nglyne.

Die eerste stap in die nuwe produkontwikkehng was ‘n uitgebreide
literatuurstudie om die stabtliteit en moontiike interaksies tussen die drie aktiewe
bestanddele en hulpstowwe te ondersoek. Verenmigbaarheid was bevestig met behulp
van DSC en HPLC-studies. Die optimale mengtyd vir die poeiers vir suspensie 1s

bepaal voordat formulering van laboratoniumlotte begin het.

Ses suspensieformules, gegrond op die pasiént se liggaamsmassa, 1s
aeformuleer en bevat die behandelingsdosis vir een maand soos voorgestel deur die
Wereld Gesondheids Organisasie (WGO). Natoummetielhidroksiebensoaat en

natriumpropielhidroksiebensoaat s ingesluit in die formules as preserveermiddels.
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UITTREKSEL

Die fisiese- en chemiese stabiliteit van farmaseutiese produkte speel 'n
kernrol in die sukses van die betrokke produk. Stabiliteitstoetse, fisies en chennes,
en preserveermiddeleffektiwiteitstoetse 1s ungevoer op al ses formules oor "n
periode van twaalf weke by drie temperatuurtoestande, naamhk 25°C+60%RH,
30°C+65%RH en 40°C+75%RH. In hierdie tydperk is in-gebruik studies, om die

stabiliteit gedurende pasient gebruik te verseker, ook gedoen.

Resultate verkry vir pH, relatiewe digtheid, viskositeit en voginhoud du
daarop dat geen noemenswaardige veranderinge tvdens  versnelde
stabtliteitstoetsing of die in-gebruik toetsing plaasgevind het nie. Daar was ‘n
verandering in die fisiese voorkoms, veral t.o.v. kleur, waargeneem by monsters
gestoor by 30°C+653%RH en 40°C+75%RH, asook by monsters tydens mn-gebruik

studies, na 12 weke.

Dissolusieresultate wys dat lamivudien, zidovudien en nevirapien dadehk
oplos, met 100% dissolusic na 10 minute. Dte konsentraste van lamivudien,
zidovudien en nevirapien het binne die spesifikasies van 90-110% gebly, maar 'n
afwaartse neiging in famivudien konsentrasie Is waargeneem in die 300 ml en 900
ml formulerings, waar ‘n waarde van 89.3% na 12 weke in laasgenoemde geval

agemeet 1s,

Resultate vir natrtummetielhidroksiebensoaat konsentrasie was binne die
90-110% limiet. Resultate hoér as die boonste limiet is bereken vir natrium propiel
hidroksiebensoaat in sekere monsters, wat toegeskryf kan word aan moontiike
foutiewe integrasie parameters tydens HPLC-analise.
Preserveermiddeleffektiwitentstoetse (PET) se positiewe uitslag, tvdens versnelde
stabilitett en 1n-gebruk toetsing, het die eftektrwitert van die preserveermiddels

bevestip.

Samevattend kan gesé word dat lamivudien, zidovudien en nevirapien
suksesvol gekombineer 15 in ‘n vaste dosis kombinasie vir die gebruik in

pediatriese, volwasse en bejaarde VIGS-pasiénte.
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UITTREKSEL

Die poeier vir suspensie formulerings het defimtiewe bemarkingspotensiaal

en kan ‘n essensiéle rol speel in die bekamping van VIGS.
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AIM AND OBJECTIVES

AIM AND OBJECTIVES

Lamivudine (3 TC), zidovudine (AZT), and nevirapime (NVP) are
antiretroviral drugs used in the Highly Active Antiretroviral Treatment (HAART)
regime for paediatric, adult and geriatric AIDS sufferers across the world (Gibbon,
2001:310). There 15 a desperate need for a Fixed Dose Combination (FDC) product
which combines the abovementioned drugs n a single product which can be easily
administered to paediatric, adult and geriatric patients, preferably in a liquid dosage

form.

The aim of this study was to adhere to the need for FDCs for paediatric,
adult and genatnic use. The stability of lamivudine, zidovudine and nevirapine in
combination has never been studied. Literature studies suggested that the three
actives might be more stable 1n pH ranges 4-7. The insoluble nature of nevirapine

also posed a problem, forcing the formulation of a suspension, instead of a solution.

The main objectives of this study were:

o Development and validation of a stabtlity indicating assay method for the
stimultaneous determtnation of the APIs and preservatives present in the
formulation.

*» To formulate a FDC in the form of a powder for oral suspension, with
acceptable organoleptic properties.

e The determination of the physical and chemical stability of the formulated
powder for suspension during accelerated stability condittons.

e To determine the chemical and physical stability of the reconstituted
suspenston during in-use testing to simulate patient use.

* To establish the effectiveness of the preservatives chosen.

e To explore the marketing possibtlities of these newly formulated products.
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GLOSSARY

API - Active Pharmaceutical Ingredient

ART - Antiretroviral Therapy

ARY - Antiretroviral

BD - Twice a day

CDC - Center for disease control

DSC - Differential Scanning Calorimetry

FDC - Fixed Dose Combination

HAART - Highly Active Antiretroviral Therapy
HPLC - High Performance Liquid Chromatography
IPEC - International Pharmaceutical Exctpient Council
LAY - Lymphadenopathy Associated Virus

QID -Four times a day

SIV - Sinman Immunodeficiency

TDS - Three times a day

UNAIDS - Joint United Nations Programme on HIV/AIDS
UNICEF - United Nations Childrens Fund

WHO - World Health Organisation
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CHAPTER ! HIV AND AIDS

CHAPTER 1
HUMAN IMMUNODEFICIENCY VIRUS (HIV) AND

ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS)

“*One may not reach the dawn save by the path of the night.”

-Kahtil Gibran-

1.1 INTRODUCTION

HIV infection has produced onc of the most feared cpidemics of the twenticth century.
It has spread world wide, leaving no race or country unaffected (Cossarizza & Kaptan, 2002;
ix). “The acquired immunodeficicney syndrome (A1DS) epidemic is onc of the greatest

challenges facing the medical community today” (Raffanti & Haas, 2002;1349),

Since the summer of 1981, when the first cascs of AIDS were starting to emcrge. an
estimated 38 million adults and children were living with the human immunodeficiency virus
(HIV). The AIDS death toll up to 2003 was an cstimated 2.9 million. At the rate at which this
merciless discasc is being spread an additional 14,000 new HIV infections can be added to the
list, daily (UNAIDS, 2004).

1.2 DISCOVERY OF H1V

Although it 1s clcar todav that HIV is the cause of AIDS, its precisc ongin remains
unknown. According to Parsvn (2003:433) recent findings suggest that HIV-1 and -2 might
have been transmitted from primates to humans 13 or 20 vears ago. but carlicr unrecogniscd

infcetions might have occurred.

In 1959 the first recorded spectmen of HIV was discovered in a blood specimen
obtained at Leopoldville (row Kinshasa) in the Belgian Congo. This was the first known death
caused by AIDS (Nalural treatments for AIDS, 1998).
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According to the theory of Bette Korber, the discasc can be traced to a single viral
ancestor that could have emerged between 1910 to 1950, Korber contends, through an analysis
donc at the Los Alamos National Laboratory in New Mexico, thal thc pandemic may have

come [fom onc or more infccted humans around 1930 (Natural treatment for AIDS. 1998).

American philosopher, Louis Pascal, brought forward another highly controversial, but
plausible theory, first spelt out in 1987. According to him the carly cases of AIDS originated in
the Central African states of Congo, Rwanda or Burundi. It was this arca that was subjecled to
trials of a live polio vaccine on as many as 300,000 mcn, women and children (Natural

trecatment for A1DS, 1998).

Pascal's argument was that the abovementioned vaccine, which was grown [rom
culturcs obtained from chimpanzee kidnevs, might have carried the virus, Dr Albert Sabin
(polio rescarcher) had reported that such a batch had been contaminated with an unknown virus
(Natuoral treatment for AIDS, 1998).

Reports of Kaposi's sarcoma and Prewmocystis carinii pneumonia in vounyg men
began to appear in the early 1980°s, and it was subscquently rcalised they were both
homoscxual and immuno compromised (Adler, 1993:1). Though the condition became known

carly on as AIDS, its cause or modes of transmisston werce not immediately clcar.

It was in 1983 at the Instilut Pastcur, Pans, that Barre-Sinoussi, Mountagnier and
collcagucs discovered HIV and named it Lymphadenopathy Associated Virus (LAV). In 1984
Popovic, Gallio and co-workers described the development of cell hines infected with the virus,
and designated the virus LAV, HTLV-III (Mortimer, 1993:3). Viruscs isolated from patients
with AIDS in America, Central Africa and Europe were all the same virus, and it was named
HIV-1 (Mortimer, 1993:5).

During 1983 another retrovirus, different from HIV-1. was 1solated in patients living in
West Africa or having West Alrican conncctions. Institut Pastcur, Paris, named it LAV-2,
better known today as HIV-2 (Morctimer, 1993:5),

This particular HIV-2 virus is closely related Lo the Simian immunodeficiency Virus
(SIV) camicd by African green monkevs, SIV causes AIDS-like discasc in captive rhesus
monkeys. thus supporting the theory that at somc stage HIV-1 and HIV-2 might have been

transmilted from primates to humans (Mortimer, 1993:5).
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1.3 TRANSMISSION OF HI-VIRUS

The most common mode of transmission of the virus throughout the world is
unprolccted sexual intercourse with muttiple paniners, whether it is vaginal- or anal

intercourse is irrelevant (Natural treatment for AIDS, 1998).

Other methods of transmission are;

* Through the receipt of infected blood or bloed products and donated organs. Donating
blood docs not mun the rnisk of disease contraction since the necdles used for such
purposes arc always sterile. Dried blood is not infectious since the HI-virus is unablc to
survive outstde the human body bevond a short period of time (Natural trcatment for
AlIDS, 1998).

¢ From mother to child, which occurs in utero and at birth,

e Through therapeutic procedures ¢.2. surgical operations,

¢ By re-usc or sharing of contaminated ncedles used by drug abusers.
¢  Through the breast milk of an infected mother {Adler, 1993:2),

HIV has also been isolated from samples of lymphocytes, cervical secretions, cerebrospinal
flud, tears, urinc and cell free plasma. The concentrations of the virus in the diffcrent fluids vary
considerably and thereforc cannot without a doubt be considered as sure means of HIV transmission
(Adler, 1993:2).

AIDS is not contracted through:
¢ Touching, hugging, kissing.
e Drinking or cating from utensils used by an infected person.
e Sharing toilet scats.

+ By any other mode of casual contact, including working, socialising and living with

infected people (Natural trcatments for AIDS, 1998).

No cvidence of transmission through saliva has been documented, but 1t is surc
that the virus is not spread through social or casuval conltaclt, nor is it air-bome, water-borne

or transmilted through mosquitocs (Natural treatment for AIDS, 1998).
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1.4 LIFE CYCLE OF THE HI-VIRUS

HIV can be called “immunosuppressive™ because it infects the cells of the
immune system and ultimately leads to their demolition (Beverley & Sattentau, 1993:9).
HIV is an RNA (nibonuclcase) retrovirus that infects CD4” lymphocvics, dendritic cclls
and macrophages (Raffanti & Haas. 2001:1350). The reproduction of HI-virus in the
human body (scheme 1.1) can be divided into six steps (Raffanti & Haas, 2001:1350-

1351). Step 1
v

L

Binding: HIV has protcins on its surface with a high affinity for the CD4’

receptor on the T4 cell. The viral capsid is released into the host cell.

Step 2
v

Reverse transcription: Viral cnzyme (reverse transcriplase) makes a
pro-viral DNA copy of the RNA.

Step 3
v

Integration: Intcgrase (viral cnzyme) hides the pro-viral DNA in the

ccll’s DNA, which produces new HI viruses in the nucleus.

Step 4
v

Transcription: Strands of viral DNA in the nuclcus separate. cnzymces

crcate messenger RNA (mRNA).

Step 5
\ 4

—— - — — — h S — — SSm— -

Translation: Each scction of mRNA is translated into a specific protein

building block to form a pant of a ncw HI-virus.

Step 6
v

Viral Assembly: Protcasc (viral cnzyme) cuts long protcins into smaller

proteins which become elements of new HI-viruscs or enzymes.

Scheme 1.1: Reproduction of the H virus in the human body.
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Once the new viral units are asscmbled they Icave the host cell and create new viruses that are

able to infeet new cells, and undergo reproduction (Raffanti & Haas, 2002:1350-1351).

1.5 DEFINITION OF AIDS

Although wc use the term “discase’ when referring to AIDS, AIDS is strictly speaking
not a specific illness. It is a collection of many conditions that mantfest in specific parts of the
body. as a result of a scverely weakened imimune system. The Hi-virus weakens the immunc
system over a period of time which differs from palicnt to patient, and gradually prevents the
body’s immunc system from fighting pathogens that invade the body (UNAIDS, 2004).

Originally, AIDS was defined by the Centre for Discase Control (CDC) in North-

Amgcrica as occurring In a person:

{a) With a rchiably diagnosed discasc that is moderatcly indicative of an undcriving

cellutar immune deficiency.

(b) Who has no known underlving causc ol cellular immune deficicney or any other

causc of immune suppression associated with the discase (Adler, 1993:1).

A change in definition took place in September 1987 and the definition now includes
cncephatopathy, HIV wasting syndrome and a wider range of discascs indicative of AIDS such
as ocsophagecal candidosis, extrapulmonary cryptococcosis and progressive multifocal

leucoencephatopathy (Adler, 1993:1),

Adult patients are divided into three groups:

a) Thosc without laboratory ¢vidence of an HIV infection, but with positive diagnosis

of an indicator discase.

b) Thosc wath laboratory cvidence of the prescnee of an HIV infection, regardless of
the presence of other causcs of immunodeficiency, or any of the specificd indicator discascs

whether diagnosed presumptively or delinitively,

¢) Thosc with laboratory cvidence against an HIV infection. AIDS 1s diagnosed in this
group only when all the other major causcs of immunodeficicney have been excluded - for
cxample, a high dosc of any long term sysicmic corticosteroid or other immunosuppressive

cvtotoxic discasc - and the patient has had uncquivocal Prenmocystis carinii pncumonia or any
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other discasc indicative of AIDS and a T helper (CD4") lvinphocyie count of less than
0.4x10°/€ (Adler, 1993:1).

Children with HIV are in two respects defined differently from adults:

a) In children, recurrent or multiple serious bacterial infections and lvmphoid

mterstitial pneumonitis or pulmonary lvmphoid hyperplasia are accepted as indicative of AIDS.

b) More strict cnteria are usced for children who are Icss than five months old and
whose mothers are thought to have been infected with HIV during the child’s perinatal period
(Adler, 1993:1).

The CDC published an expanded dcfinition of AIDS in December 1992, which
includes persons with confirmed HIV infcction who have a CD4" T Ivinphocyte count of less
than 0.2x10°/€, irrespective of clinical manifestations. Along with the abovementioned criteria,
thrce new AIDS indicative discascs were added to the existing list, namely pulmonary

tubcrculosis, bactcrial pncumonia and invasive cervical cancer (Adler, 1993:2).

1.6 PATHOLOGY OF H1V

A clintcal problem is triggered by HIV and snowballs into the development of the
discase, from the time of seroconversion (prunarv HIV) and ending with AIDS and death
{Mindcl & Tenant-Flowers 2001:17).

Classification svstems for the HIV discase are bascd on the presence of clinical
svinptoms and signs, CD4" count, investigative signs and the availability of HIV
screening (Mindel & Tenant-Flowers 2001:17).

The World Health Organization (WHO) staging systein for HIV infection n
adults and adolescents divides patients into four stages of which some of the symptoms

arc mentioned below:
e Stage 1. Asvmptomatic
o Stage 22 Weight loss <10% body weight
Minor mucolancous manifcstations

Reeurrenl upper respiratory tract infections
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e Stage 3: Weight loss >10% body weight
Chronic diarrhoga > | month
Oral candidacics
Prolonged fever > 1 month
Pulmonary TB
Bacterial infections
e Stage 4. HIV wasting syndrome: Weight loss >10% body weight
Chronic diarrthoea or weakncess and prolonged fever
Preumocystis carinii pncumonia

Kaposi's sarcoma.

1.7 TREATMENT FOR H1V

The swift discovery of cffective antiretroviral therapy (ART) was made possible
by alreadv devcloped drug trcatment programmes for cxisting diseases including

hypertension, cancer and other viral infections (Raffanti & Haas, 2002;1352).

1.7.1 GOALS FOR ANTIRETROVIRAL THERAPY
The Primary goals of ART are;

s  Torcduce the viral load to undeteciable levels of less than 400 copies/ml.

To restore and/or preserve the immunological function in the body.
¢  Toimprove the quality of lilc.

Reduction of HIV related morbidity and mortality (Naidoo, 2005:1).

ART 1s gencrally reccommended if:
¢ The patient manifests significant svmptoms related to HIV.

e  Extra pulmenary TB is diagnosed (Naidoo, 2005.:40).
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¢ A viral load greater than 5000-10000 copics/ml, is present.

s The CD4' cell count is below 500/mm” (AIDS Information Center, 1999).

Inappropriate drug prescription may cause development of drug resistance, as

HIV mutatcs rapidly and there is a high viral turnover (Gibbon, 2001:308).

Standardised treatment regimes for HIV arc based on Highly Active Antiretroviral
Treatment (HAART), a triple therapy rcgimen designed to minimisc drug resistance and

poor antiretroviral efficicney (Naidoo, 2005:1). Advantages of HAART includc:
. HIV rcplication suppression, which in turn causcs partial immune recovery.

. Development of resistance is prevented with the suppression of viral

replication.

. Patient adhcrence can be improved by simplifving dosage regimes (Gibbon,
2001:308) (Refer to tables 1.2, 1.3, and 1.4),

Guidelines for the use of HIV ireatments advocate the use of two Nucleoside
Reverse Transcriptase Inhibitor’s (NRTIs) + one Non Nucleoside Reverse
Transcriptase Inhibitor (NNRTI) or one Protease Inhibitor (PlIs) (Naidoo, 2005:1).

Mono therapy, because of iis high level of resistance and poor antirctroviral
cfficiency, 1s reserved for the prevention of mother to child transmission, ideally when the

mother has a viral load of less than 1000 copies/ml and is asymplomatic (Naidoo, 2005:1).

Dual drug therapy also has a high level of resistance and poor antiretroviral
cfficacy, but the trcatment inay be continued if the paticnt is already on it and the viral

load and CD4" count goals are maintaincd (Nardoo, 2005:1-2).
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Table 1.1: Examples of ARV drugs currently on the market.

Drug Drug Name Examples of Trade Abbreviations
Class Names
NRTI » Zidovudine Retrovir” AZT/ZDV
» Stavudine Zenit” d4T
e Abacavir Ziagen® ABC
¢ Didanosine Videx™ ddl
¢ Emtncitabine Emiriva” FTC
¢ Lamivudine Epivir® 3TC
s Zalcitabine Hivid” ddc
NNRTI ¢ Nevirapine Viramune™ NVP
e Efavircnz Stocrin® EFV
¢ Dclavirding Rescriptor” DLV
Pl  Indinavir Crixivan” 1DV
» Rilonavir Norvir” RTV
e Nelfinavir Viracept” NFV
e  Amprenavir Agenerase” APV
e  Saquinavir Invrase™ SQV
Fi ¢ Enfluvinide Fuzeon” T20

1.7.2 ARVs: CLASSIFICATION AND MECHANISM OF ACTION

All ARVs arc designed to inhibit specific steps in the viral reproduction cycle. Each class of
ARYV inhibits an HIV cnzyme directly (NNRTIs) or indirectly (NRTIs) (Refer to paragraph 1.4).

Refer to scheme 1.1 for the reproduction cvele of the Hl-virus in the human body.
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» Nucleoside Reverse Transcriptase Inhibitors (NRTIs): Inhibit the enzyme “reverse

transcriptase” by mimicking the building blocks of HIV DNA.

e Non Nucleoside Reverse Transcriptase Inhibitors (NNRTIs): Inhibit the enzyme

reverse transcriptase dircetly.

* Protease Inhibitors (PlIs): Inhibit the protcasc enzyine nceded for late stage HIV
production.

¢ Fusion Inhibitors (FIs): Inhibit GP-41 mcdiated fusion, works synergistically with all
other ARV classes (Naidoo, 2005.37),

Tablc 1.1 lists examples of ARV drugs in cach catcgory currently on the market.

1.7.3 ARVs: ADVERSE EFFECTS

All ARVs have cxtreme adverse effect that cause one of the forcmost problems in treating
HIV patients, namclv poor paticnt adherence. This not only leads to therapeutic fatlure, but also

causes the Hl-virus to develop a certain kind ol resistance towards specific ARVs.

All patients will not experience the same adverse cffects when treated with certain ARV, bul

the following will normally occur when treated with:

* NRTIs: Pancreatitis
Peripheral ncuropathy
Hypersensitivity rcactions (Abacavir)
Headache
« NNRTIs:  Maculopapular rashes (scvere or life threatening)
CNS cffcets (abnormal drcams, headache. )
Deprecssion
Diarrhoca
Hepatinis
* Pls: Lipodystrophy
Hyvpercholesterolacmia
Hyvpertnglvecridagmia
Insulin resistance {Gibbon, 2001:313-319),
*« Fls Hvpersensitive rcactions

Immunc-mediated recacuons

10
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Respiratory distress
Nausca and vomiting (Umitcd States Department of Health and

Human services: 2005:19).

(Refertotables 1.5, 1.6 and 1.7 for further discussion of adverse effects and possible

patient adherence problems).

1.7.4 AVAILABLE TREATMENT REGIMES AND DOSAGE FORMS
When treating a patient for HI'V, there are numerous treatment regimes to consider.

All ARVs present with a high incidence of adverse cffects, ranging from a mere
headache to lifc-threatening Stevens-Johnson syndrome. To cnsure paticnt adherence, a
treatment regime with minimum adverse effects and maximum therapeutic satisfaction

should be identificed.

In the following tables the advantages and disadvantages of three categories of ARVs
will be discussed.

Table 1.2: Advantages and disadvantages of Nuclecoside Reverse Transcriptase Inhibitor

(NRTI) treatment {United Statcs Department of Health and Human services: 2005:40).

Advantages and disadvantages of NRTI-treatment

Advantages Disadvantages
e Mimmal drug-drug e Life threatening cascs off
interactions lactic acidosis and hepatic

o steatosis are rare but scrious
¢  Proicasc inhibitor and

NNRTI-sparing e  Useof ZDV/3TC/ABC
(Trizivir) co-formulation

s Only limited cross
. has potential for ABC
resistance among NRTIs
hvpersensitive reaction

*  Better adherenee than Pls

¢ Combination therapy is co-
formulated as a singlc piii;

low pilt burden
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Table 1.3: Advantages and disadvantages of Non-nucleoside reverse transeriptase inhibitor
(NNRTI) treatment (United States Department of Health and Human Serviees: 2005:42).

Advantages and disadvantages of NNRTI treatment

Advantages Disadvantapes
s  Proteasc inhibitor- sparing ¢  Serious and potentially lifc

C threatening hepatic toxicity and
¢  Lcss fat maldistribution and less B AP ;

- . skin rashes (Stevens-Johnson
dvslipidacmia than protease

inhibttors Svndromc)
e Lower pill burden than Pls (solid ¢  Potential for various drug

mieractions duc to mctabolism via
dosage forms)

hepatic cnzymces
» Easicr to adhere to than Pl- based
¢  (Cross-rcsislance may oCcur among

NNRTIs

regines

Table 1.4: Advantages and disadvantages of Protease inhibitor (PI) treatment (Umted States

Departuent of Health and Human Scrvices: 2003:43).

Advantages and disadvantages of PI treatment

Advantages Disadvantages

e  NNRTI- sparing *  Potennal for multiple drug

_ . mtcractions duc to metabolism via
e Targets viral reverse transcriptasc _
hepatic enzymecs
and protcase cnzymes (Iwo steps

in the viral replication cyvcle) ¢ Poor palatability of liquid
prcparations
¢  Mulbple mutations arc requircd
for resistance to devclop against ¢ Mctabohc complications including
Pls fat maldistribution and insulin
resistance
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Table 1.5: (Continue)
Drug Name Dosage Combination Dose per Day (single Possible
Forms Therapy drug) Adherence
problems
Emtricitabinc Oral solution: 10 mg/ml | - Tablets: 200 mg FTC+ 300 Neonatal: Not uscd Fixed dosc combination
(FTC) {investigational). mg TDF. Pacdiatric: (age: threc thcrapy shquld ot be
Capsules: 200 mg. months-17 ycars) uscd in pamlznls with )
6me/kg twice a day (>33 i/r‘caumng clearance o
ke: 200mg capsule 30 m/minute.
daily). In resource-poor scitings
creatining clearance may
C / 5: 200 . L
:?ﬁoc];szi?;s d;?ll: fllz')RUz 4 be difficult 1o determine
ml&’(?.aﬁ) mg) oral duc 10 lack of stafT.
solution dagil\- training and insufficicnt
o equipntent.
Lamivudine Solution: 5mg /ml - Tables: 360 mg ZDV+150 Neonatal: (<30 days) 2 Assuming that a nconaial
3TC) and 10 mg/ml. mg 3TC. mgkg twice a day. baby weighs 2 kg, the
i dose would then be 0.8 ml

Tablets: 100 mpg, 150
mg and 300 mg.

- 300mg ZDV+150ng
STC+300mg ABC.

- 300mg 3TC+600 mg
ABC.

Pacdiatric: 4 mg/kg
twicc a day.

Adolcscent: (age: = 16
vears) Body weight: 2 50
ka: 300 mg dailv

<30 kg: 4+ mp/kg
{maxmmum dosc; 150mg)
Lwice a dayv.

hwice a dav.

In resource-poor seltings.
it couid be difficult 10
measure the correct dosc
duc to insulTicient stafT.
equipment or training,
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Table 1.7: The different dosage forms available for protease inhibitors (United States Department of Health and Human Services:

2005:12-18).

l Possible Adherence

Drug Name Dosage Form Combination Dose per Day

Therapy (single drug) Problems
Amprenavir Pacdiatric Oral - No fixcd dose Nconatal: Not uscd Because there is no fixed
(APV) solution: 15 mg/ml. combinations available. Pacdiatric: (age 4 1o 12 dosc combination

Capsulcs: 50 mg and
150 mg.

vears) or (131016 vears
weighing < 50 kg) Oral
sotution: 17 mg/kg three
timcs a day. Capsules:
20 mg/ke twice a day.
Children aged 13 10 16
vears weighing > 30 kg:
Oral sotution: 1400 mg
1wice a dav.

Adolcscents: (weighing
=50 kg orage > 16
vears): Capsules: 1200
mg twice a dav.

Adulis: Capsules: 1200
mg twice a dav.

therapy available,
patients will be forced to
take many tablets or
capsules daily in order 1o
receive combination
ARV therapy.

The oral solution
contains 530 mg
propvlene glveol/ml and
46 IU vitamin E/ml.
Paticnts should therefore
be switched to capsules
as soon as they arc able
o 1ake acapsule The
pill burden will be as
high as 16 tablcts a dav.,
and could cause poor
paticnt adhcrence.
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Table 1.7: (Continued)

HIV AND AIDS

Drug Name

Dosage Form

Combination

Therapy

Dose per Day

(single drug)

Possible Adherence

Problems

Ritonavir
(RTV)

Oral solution: 80 mg/ml.

Capsules: 100 mg.

- Soli capsules: 1333
mg Lopinavir (LPV)
+33.3 mg RTV,

- Oral solutions: 80
mg LPV+ 20mg/ml
RTV.

Neonatal: Not approved for
usc in paticents under the age
ol onc month.

Norvir” (ritonavir oral
solution} contains 43%/v
alcohol.

Pacdiatric: (age > | month)
350-400 mg per m” of bodv
surlacc arca twice a dayv.

Adolescents: 600 mg twice a
dayv.

Adulis: 600 mg twice a dav.

Scvere nausca and vomiting
occur during the first few wecks
of trcatment.

In resource-poor sctlings, 1 1s
complicated to determine dose
according 1o m™ of body surface
arca, duc to lack of cquipment
and stafl.

Saquinavir

(5QV)

Soli gel capsules: 200
mg

Hard gel capsules: 200
mg

Film-coatcd tablets:
500 mg,

- Capsules: 400 mg
SQV + 400 mg RTV.

Nconatal: Not used
Pacdiatric: Not used

Adolescent: (age > 16 vears)
1200 mg (soft gel capsule)
three times a day.

Adults: 1200 mg (soll gel
capsules) three times a day.

High pill burden (18 capsules a

dailv) could cause poor paticnt
adherence.

Sun exposurc may cause
pholoscnsilivity reactions:
sunscreen or protecuve clothing
must be worn, which could be too
hot in summcr.
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CHAPTER | HIV AND AIDS

1.7.5. PRINCIPLES FOR PAEDIATRIC TREATMENT

A set of principles for treating pacdiatric paticnts with currently availablc
ARV formulations in resource-poor settings has been set by UNICEF and the WHO
(UNICEF/WHOQ, 2004).

For small infants (<10 kg) syrups, solutions and dissolvable formulations

containing;
s Zidovudine, abacavir and lamivudine,
e Ncvirapine
e Lopinavir or Ritonavir
arc histed as the best option (UNICEF/AWHO, 2004).

The following ARV are not recommended due to dispensing-, acceptability

problems or need for refrigeration:
* stavudine liquid
s didanosine sachets
o nelfinavir powders,

UNICEF/WHO rccommends that infants and children above 10 kg should
switch to available solid dosage forms as soon as they can be tolerated. If difticulty in
swallowing is expericnced. dosage forms i.c. tablets, mayv be halved (UNICEF/WHO.
2004).

As the number of pacdiatric patients grows, frequent dosage changes are
required. which can be a complicated matter when solid dosage forms arc used. Liquid

or suspension formulations can be adjusted according to weight more accurately.

UNICEF and the WHO pomted out three fixed dose combinations (FDC)

alrcady avaiable for adults, for which a need for paediatric formulations exists:
o d4T+3TC+NVP
o ZDVH3TC+NVP

o  ZDV+3TC+ABC (UNICEF/WHO: 2004).
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CHAPTER 1 HIV AND AIDS

1.8 CONCLUSION

ARV trcatment should be started with onc goal in mind. t.c. to ensurc a better

and longer quality life, for all users.

Carcful consideration has been given 1o each of the treatments dosage forms
in this chapter. Different dosage forms do plav an enormous role in paticnt adherence.
A treatment rcgime such as the Pls that requircs a patient to swallow up to 18 1ablets
or capsules cach dav 1s surc to fail over a long period of time. Furthermore Fls, having
only the injcction as the administering route. will also be a less tolerated treatment due

to the pain causcd during administration.

Treatment regimes should be easily understood by the patient self, as well as
bv the patient’s caregiver. Dosages requiring the measurement of m- of body surface
arca can casilv be administered wrongly in resource-poor sethings duc to the lack of
traiming or equipment (UNICEF/WHO, 2004).

HAART suggests that two NRTIs and onc NNRTI arc to be used in ARV
therapv, as mentioned wn paragraph 1.7.1. Lamivudine (NRTI), z1dovudine (NRTI)
and nevirapinc (NNRTI) arc threc ARVs that are suitable for nconatal, paediatric.

adult and gertatric use.

I{ a pacdiatric patient aged 4 months (weight: 6.5 kg) reccived HAART, the

patient would be expeeted to take the following medication:
e Zidovudine (30 mg/Sml): 6 ml 12-hourlv.

s Nevirapine (50 mg/Sml): 2.6 ml per day for 14 davs. then 4.55 ml

lwice a day.

¢ Lamivudine (10 mg/ml); 2.6 ml twice a dav.

The abovementioned HAART treatment is very complex and could easily be
misunderstood in resource-poor seltlings. Funthermore. it would add up to 26.3 mi of

medication per day.

Genatne patients receiving HAART consisting of the same drug regime will be

expected to take 4 tablets dailv consisting of:
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CHAPTER | HIV AND AIDS

e Zidovudine (300 mg) in combination with Lamuivudine (130 mg): |

tablel twice aday

e Nevirapine (200 mg): | tablet a dav for 14 days, then | tablet twice a

dav.

There is no doubt that these paucnts will adhere to the treatment regime at
first. but 1t is speculated that they will, as their health declines, have difficulty

swallowing the solid dosage forms, influeneing therr compliance.

Fixed dose combination therapy is the answer 1o the question betng asked all
over the world. namely what is to be done to improve patient adherence when it

comnles to ARV treatment regimes?

Unlortunateh. verv few fixed dosc combinations exist in the form ol a

solution or suspension.

An FDC contaning lamivudine. ztdovudme and nevirapine n the form of a
powder for oral suspension would address the abovementioned problems ol paticnt
adhcrence o a treatment regime as it would reduce the mnnber of daily doscs
significantlv. It was therclore decided combine the ARVs lanuvuding, zidovudine and

nevirapine in a powder lor oral suspension.

The chemical. physical and pharmacological charactenstics of these three

ARVs. will be discussed in detail in the next chapter.
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CHAPTER 2 ACTIVE PHARMACEUTICAL INGREDIENTS

CHAPTER 2

ACTIVE PHARMACEUTICAL INGREDIENTS (APIs):
LAMIVUDINE, ZIDOVUDINE AND

NEVIRAPINE

“It is through science that we prove, but through intuition that we discover.”

- Henri Poincare-

2.1 LAMIVUDINE

Lamivudine (3TC) is a nucleoside reverse transcriptase inhibitor (NRTI), cyvtosine
nucleoside analog that shows activity against HIV-1 and HIV-2, as well as (in virro)
hepatitis B virus (Yuen ef /.. 1995:1174; Raflanti & Haas, 2001:1338).

Lamwvuedine has two critical centres (Yuen er of., 1993:1174) which was found to
be the negative enantiomer of 2 -deoxy-3'thiacytidine, which is less toxic and has greater
antiviral activity than the positive enantiomer (Raftanti & Haas. 2001:1338). Through
inracciular kinases. it undergoes anabolic phosphorvlation to form the active metabolite,

lamivudine 3 -triphosphate, which prevents HIV-1 replication (Johnson et al.. 1999:41),

2.1.1 CHEMICAL PROPERTIES
Lamivuding 1s a white to ofl-while crvstalling solid (GlaxoSmithKling, 2003:1).
o  Molecular formula: Cs Hy; N; O; S
e (AS Regisiry Number: 134678-17-4

e CAS Name: (2R-cis)-4-Amino-1-{-2-(thvdroxymethvl)-1,  3-oxatholan-3-v1|
2(1Hj-primidinong

» Additional Name(s): (-)-2 -deoxy-3 -thiacytidine;

3 -thia-2 , 3 -dideoxycvtidine:
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CHAPTER 2 ACTIVE PHARMACEUTICAL INGREDIENTS

e  CX Number: X1010490-8
e Molecular Weight: 229.25
s Percent Composition: C 41.91%, H 4.84%, N 18.33%, O 20.94%, S 13.99%
¢ Melting Range: 172-178°C

*  Solubility: 70 mg/ml, in water at 20°C (Merck, 1999).

2.1.2 STABILITY

Nguven er al. (1993:1671-1682) conducted a study of the prescrvauve efficacy
and chemical stability of lamivudine in oral liquid formulations. The chemical stabifity was
mainly influenced by the pH, and it was foumd that lamivudine stability improved when the
pH increased from 4.5 10 7.5 (Nguyen et al,, 1995:1671-1682).

2..3ANALYTICAL METHODS FOR DETECTION

Mecthods of identifying lamivudine in oral solution and human plasma usually
include high performance liquid chromatography (HPLC) with or without ultraviolet
detcction (Hoetelmans et al., 1998:387-394),

2.1.4 ABSORPTION, DISTRIBUTION AND ELIMINATION

+ Lamivudine rcaches peak plasma lcvels tn approximately one hour and
shows a high oral bioavailability of 80% in or withoult the presence of food
{Ratfanti & Haas. 2001:1339. Gibbon, 2001:313).

¢ Plasma protein binding of lamivudine is minimal {(Gibbon, 2001:313).

¢ About 70% of lamivudine 1s primarily ¢xcreted unchanged in the urine
(RafTanti & Haas. 2001;1359; Gibbon, 2001:313).
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2.1.5 ADVERSE EFFECTS

In general, lamivudine tends to causc far fewer adverse cffects than most other
NRTIs and is therefore frequently used in combination with other ARVs when treating

paediatric and genatric paticnts (Gibbon, 2001:313).
The following adverse effects may occur:
¢  Penipheral neuropathy and pancreatitis.
¢ Vomiling, nausca, upper abdominal pain.
» Hcadache. fatigue, fever.
e Rash, pruritis and sweating.

There have been reports of elevated liver enzymes (Gibbon, 2001:313).

2.1.6 PAEDIATRIC AND ADULT DOSE

Dosing adjustments arc required when treating paticnts with renal impatrment due
10 HIV, chronic hepatitis and old age. An increased ability to clear the drug is shown by
pacdiatric paticnts, and therefore they require a higher mg/kg dose than adults (Johnson et
al., 1999:41-46).

Nconates tess than 30 days old arc given 2 mg/kg twice daily. Pacdiatric patients
between 3 months and 12 vears of age receive 4 me/kg Lwice dailv with a maximum of 150

mg per day (Gibbon, 2001:313; Takectomo er al,, 200):553).

The adult dosc is 150 mg every 12 hours and for patients weighing less than 50 kg,
2 mg/kg 12 hourly (Gibbon. 2001:313; Takctomo er al.. 2001:553).

2.2 Z1IDOVUDINE

Zidovuding (AZT) is a nucleoside reverse transcriptasc inhubitor (NRTI), a
synthetic thvmidine analogue and has antretroviral activity against HIV-1 and HIV-2, as
well as human T-cell lvmphotrophic virus (HTLV) (Goodman er af., 2001:1353), The
drug’s sclectivity of action against HIV can be ascribed to #ts ligh affinity as a substrate
for the enzyvme viral reverse transcriptasc, compared to mammahan ccllular DNA
pohvmerases (Collins & Unadkat, 1989: 1),
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2.2.1 CHEMICAL PROPERTIES

Zidovudine 15 a crystalhine, odourless and white to off-white solid (Scthi,
1991:732).

» Molecular formuta: C,3H;:N:O,

e CAS registry number: |30516-87-1]

¢ CAS names : 3’-Azido-3"-deoxythymidine

¢ Additional name(s); Azidothvinidine:
AZT

¢  CX number: X1001940-4

e Molecular weight: 267.24

e Percent composition; C 44.94%, H 490%, N 26.21%, O
23.95%

e Melting range: 121-125 C

e Solubility: Soluble in water, 25 mg/ml (Merck, 1999).

2.2.2 STABILITY

Zidovudine was placed in solution {(isotonic phosphate bufler) with a pH
of 7.4 and found 10 be stable. No degradation was detected within 30 hours at
37C {(Kim & Chien. 1995:1062), Kawaguchi er ol (1989:1944) found

zidovudine to be stable in aqueous solution over the pH range 1.0-10.8.

Thermal analvsis of zidovudine was conducted by Aranjo er al
(2003:313). Zidovudine showed decomposition in three steps, the first
mtermediate  product being thymine. Thercaller followed decomposition of

thvmine and climination of a carbor residue (Aranjo er al., 2003:313).

2.2.3 ABSORPTION, DISTRIBUTION AND ELIMINATION

¢ Zidovudine is completelv absorbed through the gastrointestinal

tract and has a bioavailabilitv of 63% due 10 first-pass
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metabolism by conversion to 3-glucuronyt zidovudine (Scthi.
1991:750; Gibbon, 2001: 315; Goodman er af., 2001: 1334),

» Zidovudine shows good penctration of the central nervous
svstem and has a plasma protcin binding of approximatcly 30%
(Scthi, 1991:752; Gibbon, 2001:313),

e Zidovuding its mclaboliscd in the hver by the enzyme
glucuronidase, to the major inactive mctabolite 3 -azido-
3'deoxy-5-0-p-D-glucopyranosyl thyvmidine, which 1s excreted in
the urinc as metabolite (65-73%) and as unchanged drug (15-
17%) (Setha, 1991:753; Gibbon, 2001:313).

2.2.4 ADVERSE EFFECTS

The most common adverse effcets reported with the use of zidovudine
arc anacrma and leucopema, manly neutropenia, manifesting a few wecks after

starting trcatment (Gibbon, 2001:313).
Other adverse ctfects include:

¢ Hcadache. insomnia, nausca, myalgia and rarcly lactc acidosis,
scizurcs, confusion and hepatoloxicity (Gibbon, 2001:315:
Takctomo er af., 2000:990).

» Zidovudinc may causc musclc damage possibly by inhibiting
mitochondrial DNA polymerase-y, associated with reduced

amounts of milochondnal DNA (Raffanu & Haas, 2001: 1354).

Zidovuding should be used with caution in patients with bonc marrow

suppression or anacmia (Gibbon, 2001:315: Takctomo er al.. 2000:990).

2.2.5 PAEDIATRIC AND ADULT DOSE

When treaung patients who suffer from age-related renal impairment.

dosage adjusiments should be considered (Gibbon, 2001:315).

The standard nconatal dosc may be excesstve when treating premature

infants. and it 1s advised that the dosc be changed to 1.5 mg/kg every 12 hours
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from birth to 2 weeks, thercafier, 2 mg/kg evervy 8 hours (Taketomo er al.,
2000:991). Pacdiatric dosc for children between 3 months and 12 years is 180
mg/m" of body surfacc arca every 12 hours, with a maximum of 800 mg per day
(Gibbon, 2001:315).

The oral adult dosc is 300 mg cvery 12 hours, which can be reduced to
250 mg 12-hourly if needed. Mother-to-child transmission prevention requires an
oral dose of 300 mg 12-hourly for the last 4 wecks of pregnancy, to be increascd
to 300 mg everv 3 hours from the onset of labour to delivery (Gibbon, 2001:313).

2.3 NEVIRAPINE

Nevirapine 1s a non-nuclcoside reverse transcriptase inhibitor (NNRTI)
that also has potent activity against HIV-1, but has no mentionable aclivily
agamsl HIV-2 or other retroviruses (AIDS Information Center, 1999). Nevirapine
binds dircctly to the allostenic sitc on reverse transcriplase and inhibits the
activitics of both RNA and DNA dependent DNA polymerase (Kaul et al.,
2004:843). The drug works by diffusing into the cell and binding to the enzyme,
rcverse transcriptase, causing inactivation of the cnzyme duc to conformational

changes (AIDS Information Center. 1999).

2.3.1 CHEMICAL PROPERTIES

Nevirapine is derived from the sencs of dipyridodiazepones and 1s
presenicd as the free base form. There 1s one polymorphic form and onc
pscudopolymorphic form in which the active substance can exist. anhvdrous and
hemihvdrate. Both forms arc white to off-white crvstalline powders (Viramune;
Scientific Discussion, 2000).

e  Molecular formula: C,-H,:N;O
¢ CAS registry number : [129618-40-2]

e CAS names : t1-Cyclopropyvl-3.11-dihvdro-4-methy]-6/4-
dipyrido[3.2-h:27.3 -¢][1.4]diazepin-6-0nc

+ Additional names: BI-RG-387
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¢ Molecular weight : 266.30

¢ Percent composition: C 67.65%, H 530%, N 21.04%, O
6.01%.

s Melting range : 247°-249°C

¢ Solubifity: Ahnost insoluble in water (0.1 mg/ml), sparingly
soluble in dichloromethane R and methanol R (Merck, 1999).

23.2 STABILITY

The anhvdrous form of nevirapine was found to be non-hygroscopic and
cven when exposed to 92% relative humidity for 24 months at 30°C, conversion

1o the hemihydrate did not occur (Viramune: Scientific Discussion, 2000).

Stability tests were done on scveral pilot and production siz¢ batches of
nevirapime, and results show that nevirapine was cxtremcly stable during the
studv of 24 months under stressed conditions. No degradants were detected

(Viramune: Scientific Discussion, 2000).

Chan Li er al. (2000:249) subjccted nevirapine samplcs to stress by
adding base. acid, UV light, hvdrogen peroxide, as well as heat and humidity. An
assay was performed on the stressed samples 1o determine the percentage of
remaining nevirapine. Table 2.1 summarizes the stress conditions together with

the results obtained.
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Table 2.1: The influence of various stress conditions on the stability

of nevirapine samples (Chan Li et af,, 2000:249).

Stress conditions Duration Peak integrity % Nevirapine
remaining
IN HCI 31 days pure 29.64
IN NaOH 31 days purc R1.50
3% H-0, 31 days purc 71.75
Light (600 foot candlcs) 31 days pure 99.99
Temperature and humidity 31 days pure 99.81
40°C/75%RH

Table 2.1 illustrates that nevirapine 1s more stable at basic pH conditions

and 1s not influenced by excessive light or hunudity.

2.3.3 ABSORPTION, DISTRIBUTION AND ELIMINATION

e Nevirapine is rapidly and rcadily absorbed after oral

administration and has a bioavailability of tess than 90%.

e It 1s widely distnbuted with a V, of 1.21 f/kg. crosscs the

placenta and 1s excreted in the breast mulk,

¢ 45% of the plasma concentration is prescnt in the cerebrospinal

fluid, protein binding is 60%.

¢ Nevirapine 1s metabolised by the cytochrome P-430 isozymes,
metabolism occurs more rapidly in pacdiatric paticnts than in

adults.
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e T, =45 (singlc dose), auto induction of the¢ metabolism occurs
after 2-3 weeks and causes Ty, to decreasc to 25-30 hours after

multiple dosing,

» 81.3% is excreted in the urine as mictabolites, 10.1% in the facces
and more than 3% 1s excreted in the urine as parent drug (Takctomo
et al, 2000:684; Gibbon, 2001:316),

2.3.4 ADVERSE EFFECTS

Of all of the adverse effects of neviraping, the most infamous of all 1s the
rash that occurs in the first six wecks of treatment. It usually manifests as
maculopapular erythcmatous cutancous eruptions with or without pruritis, and

can be seen on the face, runk and extremitics (Taketomo er af.. 2000:684).
Other frequent adverse eftects include:

» Fever, headache, sedation, nauseca, diarrhoea, clevated liver
cnzynmes and myalgia (Gibbon, 2001:316; Takctomo et al.
2000:684),

2.3.5 PAEDIATRIC AND ADULT DOSE

Nevirapine must be administered with caution in patients suffering from
renal of hepatic faillure or dvsfunction (Taketomo et af., 2000:684). It is also
advised that frequent lver function monitoring should take place during
treatment.  When patients present with a scvere rash or rash accompanied by

abnormal liver function tests. treaument must be discontinucd immediately
{Gibbon, 2001:316).

When nevirapine is administered orally, nconates to threc months reccive
5 mg/kg once dailv for 14 davs. followed by 120 mg/kg twice a day for 14 days,
then 200 mg/m” every 12 hours (Taketomo et al.. 2000:684).

An ntial dose of 4 mg/kg once a dav for 14 days is prescribed for
children aged between lwo months and cight vears, H no rash or adverse effects

occur, the dosc can be increased 10 4 mg/kg twice dailv. The mamtenance dose
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for this age group is 7 mg/kg cverv 12 hours, the maximum dose being 200 mg
cverv 12 hours (Gibbon. 2001:316; Taketomo ¢r af.. 2000:684).

Adults and adolescents arc treated with an inttial dose of 200 mg once a
day for 14 days. In the absence of a rash and adverse cffects, the dose can be
mcreased 10 a [ull dose. with a maximum of 200 mg ¢verv 12 hours {Gibbon,
2001:316: Taketomo er al.. 2000:684).

2.4 CONCLUSION

The chemical stablity and dosage regime for each of the three chosen
ARVs was discusscd. In theorv. the chemical characteristics of these three APIs
lcad us to believe that they seem to be compatible, and scem Lo be able to remain

stable when combined in an ARV powder for oral suspension.

In the next chapter. characicristics and advantages ol the oral suspension
will be discussed along with the excipients nceded to  formulate a

pharmaccutically elegant suspension.
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CHAPTER 3

SUSPENSION FORMULATION

“Your results should be reproducible-
all experiments should fail in the same manner.”
- Anon-

3.1 THE PHARMACEUTICAL SUSPENSION

Suspensions can be defined as “prcparations containing finely divided drug
particles distnbuted somewhat uniformly throughout a vehicle in which the drug exhibits a

minimum degree of solubility” {Ansel, 1976:142),
There are two basic forms of suspensions commercially avatlable:

¢ Readyv-to-use: the active substance 1s alrcady suspended or

dispersed in a solution, with or without excipients or stabiliscrs.

e Dry oral powders: containing the active ingredicnt and the
excipients nsed to cnsure proper suspending or dispersing of the
active substance, which immcdiately, when in contact with the
proper dilution agent c.g. distilled water. resulls in a proper
suspension suitable for immediate oral admimistration (Anscl,
1976:142).

3.1.1 ADVANTAGES OF ORAL SUSPENSIONS

The advantages of the use of liquid oral suspensions are endless and depend

somewhat on the charactenistics of the active mgredient used tn the particular suspenston.

Onc of the main rcasons for preparing an oral suspension is the instability of
certain actives in solution and their stability in suspension. In this wnstance the oral
suspension provides chemical stability whilst a liquid dosage form is still provided (Ansel,
1976:143).
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Patients who suffer from HIV present with minor to major oral and throat
infections, which causc scvere pain when swallowing items such as food, tablets or

capsules. An oral suspension 1s morc suitable for these patients.
Further advanltages includc:

» Liqud dosagc forms provide greatcr convenience in

administration when very large doses are required.

e Mocdicine can be administered to infants and children with case
(Anscl, 1976:143),

3.1.2 DESIRED CHARACTERISTICS OF A PHARMACEUTICAL
SUSPENSION

When developing a pharmaceutically clegant delivery system, various factors
should be taken into consideralion. Amongst other things, the system should be chemically

stable, acccptable to the user, and therapeutically cfficient. to name but a few {Anscl,
1976:143),

Features that apply to pharmaceutical suspensions arc:
¢ A slow scttling ratc.

o The suspension should be rcadilv suspended when shaken

eently,

» The particle size of the suspended powder should remain more or

less constant throughout long periods of storage.

¢ When the suspension is poured, it musl flow cvenly from the
container (Anscl, 1976:143).

Pharmaccutical cxcipients make it possible for the formulator 1o crecatc an elegant

suspension that cxhibits all of these charactenistics.

3.2 PHARMACEUTICAL EXCIPIENTS

An cxciptent can be defined as “an inert substance. which is added to a drug to

provide bulk. e.g. in tablet formulae™ (Pharmaceunical Technology: 2003).
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According to the International Pharmaccutical Excipient Council (IPEC)

pharmaccutical cxcipients are: “Any substance other than the active drug or pro-drug

which has been appropriatcly cvaluated for safety and is included in a drug delivery sysiem

to either:

Aid processing of the svstem during manufacture, or

Protect, support or cnhance stability, bicavailability or paticnt

acceptability, or
Assist in product identification, or

Enhance any other attmbute of the overall safety and
cffectiveness of the drug product during storage or use™ (Garg er
al., 2001:13).

Various cxcipicnls were used to ensure that the formulated ARV suspensions

comply with these standards for a pharmaccutical suspension.

The excipients were:

Sodium saccharin

Sorbttol

Scdium citrate

Citric acid

Methviccllulose

Sodium methyl hvdroxvbenzoate
Sodium propyl hvdroxybenzoate

Flavourant (passion fruit)

Each of the excipients used will be discussed shortiy in the following paragraphs.
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3.2.1 SODIUM SACCHARIN

Sodium saccharin is an intense sweetener regularly used in food products, drinks.
oral hygiene products and a range of other generally used products. 1t has a sweetening

power more than 300 imes thal of sucrose.

Iis main function in pharmmaccutical formulations, is masking unpleasant tastc
characteristics or to cnhance flavour systems (Russel & Thurgood, 2003:532). This makes

it the ideal sweetener for a formulation containing the cxtremely bitter neviraping APL

3.2.1.1 DESCRIPTION

Sodium saccharin is a white odourless cryvstalline powder with an intense sweet 1aste.

and a metallic aftertaste (Russel & Thurgood. 2003:532).

3.2.1.2 STORAGE AND STABILITY

Under normal conditions, sodium saccharin tends to be quite stable. No decomposition
is found when it is stored in bulk. The decomposition product, ammonium-o-sulpho benzoic
acid. is formed when cxposcd to high tempcratures (125°C) and low pH (pH 2) for an hour or
longer (Russel & Thurgood, 2003:533).

Sodium saccharin should be siored in a dry, cool place. m a ughtly scaled container
(Kibbe, 2000:262).

3.2.1.3 SAFETY AND ADVERSE EFFECTS

Considerable controversy has anisen surrounding the question of safelv of sodium
saccharin since the tate 1970s. This has led extensive rescarch into this topic. The World
Hcealth Organization (WHO) has published a temporary maximum dailv intake for sodium

sacchartn, namely 2.5 mg/kg body weight (Russel & Thurgood, 2003:533).

The Commitice on Toxicity of Chemicals tn food, Consumer Products and
Environment (COT) has set the maximum daily intake for sodium saccharin at up 1o 3

mg/kg bady weight,
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Adverse cflects of sodium saccharm include:
» Urticania with pruritis, and

»  Photosensitisation reactions (Russct & Thurgood, 2003,532).

3.2.2 SORBITOL

Sorbitol is commonly used in pharmaceutical and cosmetic formulations as a
sweetening agent, plastieizer and humectant. It is used in this particular formulation for it’s
sweclening characleristics, as well as its stabilising cffect on drug suspensions (Nash.
2003:596).

3.2.2.1 STORAGE AND STABILITY

Sorbitol 1s hvgroscopic and should be stored in an airtight container, in a cool dry
surrounding. Becausc sorbitol is chemically inert, it can be used in formulations with

nearly everv other excipient (Nash, 2003:397).

3.2.2.2 SAFETY AND ADVERSE EFFECTS

Sorbitol occurs naturally in different fruits and berrics, and is absorbed from the
gastrotntestinal tract morc slowly than sucrosc. It is also better tolerated by diabetics than
sucrosc (Nash, 2003:598).

It is advised that sorbitol be used in quantities no grealer than 20 g/dav in adults.
Sorbitot is metabolised to fructose by the liver and can be dangerous when administered to

fructosc-intolerant paticnts (Winck, 1999:68).

3.2.3 SODIUM CITRATE
Sodium citrate is mainly used in the food and medicinal industrics as an alkalising
agent, emulsifving agent and sequestering agent. 1t was included in these ARV

formulations because of its capacily 10 act as a butlering agent (Amidon, 2003:360).
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Many of the excipients included in the suspensions function best within a specific
pH range {Amidon, 2003:360) and it was found that the chemical stability of lamivudine
was mainly influcnced by the pH. Stability improved when the pH increased from 4.3 to
7.5 (Nguyen et al, 1995:1671-1682).

3.2.3.1 STORAGE AND STABILITY

Sodium citrate is a stabie material which should be stored in airight containers in a
cool dry place (Amidon, 2003;561),

3.2.3.2 SAFETY AND ADVERSE EFFECTS

Although sodium citrate can be rcgarded as a safc., non-toxic and non-irmtant
cxcipient. extrcme consumption mayv causc gencral gastrointestinal  discomfort and
diarrhoca (Amidon, 2003:561).

Adult doses arc as much as 15 g of sedium citrate per day, in divided doscs
(Armidon. 2003:361).

3.24 CITRIC ACID

Citric acid ts widcly used in the pharmaceutical industry as an acidifving agent or
buflering agent. Other functional catcgories include antioxidants, plasticiser and flavour
enhancer {(Amidon, 2003:138). It was included into this formulation because of iHs

buffering and flavour enhancing capacitv.
124 g )

3.2.4.1 STORAGE AND STABILITY

Bulk citric acid should be storcd i a cool dry place in an airtight container. Citric
acid tends to loose water of crystallisation in dry air, or if icmperatures nise to 40°C and
higher (Amdon, 2003:139).
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3.2.4.2 SAFETY AND ADVERSE EFFECTS

Citric acid is generally regarded as a nontoxic cxciptent when consumed orally, It
occurs naturally in the human body, especially in the skeleton. Frequent consumption may
Icad to tecth erosion {(Amidon, 2003:159),

Patients who suffer from renal falure and recetve aluminum compounds to control
phosphatc absorplion arc advised not to consume citric acid or products containing citrc

acid as an ¢xcipicnt (Amidon, 2003:139),

3.25 METHYLCELLULOSE

Methvlcellulose 1s commonly used in oral, as well as topical pharmaceutical
formulanons. Diffcrent grades of viscosity of mcthyleellulose arc used in various
pharmaccutical formulations. High viscosity grades are used in tablet formulations as
disintcgrators, low to medium grades function as binding agents and low viscosity gradcs

as suspending or thickening agents in oral suspensions (Allen & Luner, 2003:386).

Of the three actives present in the formulated ARV suspensions. nevirapine has the
poorcst solubility characteristics, and thus 1t was of cardinal importance than a suspending
agent was added to ensurc that the correct dose of nevirapine was admimstered to the

pattent.

3.2.5.1 STORAGE AND STABILITY

Methvlcellulose powder shows slight hygroscopic characteristics and should be
storcd in an airtight contamner. In solution, it secms to be very stable between the pH values
of 3 to Il at 25°C. When cxposcd 1o conditions of cxtreme acidity. the viscosity of

methylcellutose is reduced (Allen & Luner. 2003:387).

Mcihvlcellulose solutions tend to be aflected by microbal spoilage, and it 1s
advised that an antimicrobial preservative should be present in such formulations (Allen &
Luner. 2003:387).
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3.2.5.2 SAFETY AND ADVERSE EFFECTS

Methyleellulose 1s widely used in food, as well as cosmetic formulations, and is
regarded as a non-irritant, gencrally safe substance (Allen & Luner, 2003:388). Most of the
adverse effects listed below relate to the excessive usc of methyleellulose as a bulk laxative

and are not applicable when used as an cxciptent in pharmaceutical suspension
formulations (Allen & Luncr, 2003:388).

¢ Flatulence
*  Oesophagcal obstruction

¢  QGastrointestinal distension,

3.26 SODIUM METHYL HYDROXY BENZOATE AND SODIUM
PROPYL HYDROXYBENZOATE

Duc to the use of excipicnts that are scnsitive lo microbial organisms it i1s
important 10 include an antimicrobial preservative to improve pharmaccutical stability of
the suspension. Sodium methvl hvdroxvbenzoale is such an agent, which can be used alone

or in combination with other hvdroxvbenzoates such as propyl hvdroxybenzoate (Ricger.
2003:392).

Sodium methyl hvdroxybenzoatc and sodium propyvl hydroxybenzoate sodium
salls arc morc soluble than the other hyvdroxybenzoate salts (Ricger. 2003:392), and were

therefore used in these particular ARV suspensions.

3.2.6.1 STORAGE AND STABILITY

Aqucous solutions at pH values ranging from 3 to 6 were shown 1o be stable for up
to four vecars at room temnperature. The hvdroxybenrzoates arc most aclive against
microbials at pH levels ranging from 4 to 8, and arc active against veasts and moulds, but
lcss active aganst bacteria. Gram-positive bacteria arc more aflected by the prescrvatives

than gram-ncgative bacteria (Ricger, 2003:391).
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3.2.6.2 SAFETY AND ADVERSE EFFECTS

Sodium methyl- and sodium propy]l hydroxyvbenzoate are widely used as
antimicrobtals in food, medicinal and cosinctic formulations. To datc no svslemnic reactions
to hydroxyvbenzoates have been reported. The WHO has set acceptable daily intake for
sodium methyvl- and sodium propyl hydroxybenzoate at no more than 10 mg/kg body
weight {Rieger, 2003:392).

3.3 CONCLUSION

The excipients discussed, have charactenstics that make their inctusion in the

formulation lor an ARV powder for oral suspenston extremely valuable.

[n thcorv. thc combination ol lamivudine, Zidovudine, nevirapine and these
excipients looks promising. However, it remains imporiant to conduct a compatibility

study to prove what was found n theory.

Compatibility studics were conducied with the aid ol differential scanning
calorimetry (DSC) and high performance liqud chromatography (HPLC). and will be

discussed in chapter 4.
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CHAPTER 4

PREFORMULATION

“Why think? Why not try the experiment?”

- John Hunter-

Synthetic and organic programs mitiated by several companies between the 1950°s
and 19607s. paved the way for prclonmutation. Phammacists were faced with the task of
rapid formulation and nceded a last and dependable wav to lommulate mtelitgently

(Carstensen & Rhodes. 2000:238),

When attempting to recognisc an incompatibility in a 10-component product.
many hours in the laborators' are lost. It would therefore be sensible and cost effeclive to
prematurely invesligaie the drugs™ incompatibilitics beforchand (Carstensen & Rhedes.
2000:238).

4.1 GOALS FOR PREFORMULATION

Preformulation studics aim to:
e Detcrming the compatibility of the APIs with commonly used ¢xcipients.
o Establish the kinetic ratc profile of the actives.
o Identily the phyvsical characieristics of the actives,

* Ascertain the cssential physicochemical parameters ol a new drug

substance (Carstensen & Rhodces. 2000: 239).

4.2 COMPATABILITY TESTING

Before aitempting the imitial formutation the majority of product development

groups perform compatibtlity tests. The standard 1s to make vp a mixture of 111 drug and
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excipient to determine which excipients mav be used with the drug (Carstensen & Rhodes,
2000:252).

Commonly uscd methods include chemical assav. thin laver chromatography
(TLC). high performance liquid chromatography (HPLC), difTerential scanning calonmetry
(IDSC) and microcalerimetric methods (Carsiensen & Rhodes., 2000:232).

The methods chosen for this preformulation study were DSC and HPLC,

4.2.1 DIFFERENTIAL SCANNING CALORIMETRY (DSC)

During the formulation of new drug products. 1t is useful to have rcadily accessible

knowledge of anv drug - drug, or ¢xcipient — drug intcractions (Botha et al.. 1987:346).

Differential scanning calonmetry (DSC) s an accurale and straightforward
mcthod of opimusing formulations (Ultrasensitive Calonimetry for the Life Sciences.
2005). Potential compatibilites and incompatibilitics of scveral commonly  uscd

pharmaceutical excipients can be cvaluated by using DSC (Mura ¢ al.. 1998.747).

Interpretation of thermal dala 1s not alwavs simple. Nevertheless. DSC screening
for compatibility provides further knowledge concerning possible interactions (Botha e/
al.. 1987:347).

A study lo deiermine the compatbility of picotamide with common ¢xcipients
namely palmitic acid. stearic acid, stcanvl alcohol, PEG 20 000 and sorbitol. was carried
out using thermal analvsis by Mura ¢r a/. (1998:747). Results showed that interaclions

were mainly due to disselution in the melied excipient.

Botha er al. (1987:345) conducted a DSC study to idennifv possible drug — drg
intcractions in polypharmaccuticals imended for the alleviation of the svmptoms of colds

and flu. Results indicated that scveral drugs used in the formulauon were incompatible.

4.2.1.1 MATERIALS

The compaubilitv of Lamivudine, zidovudine and nevirapine with the following
excipicnts was examined: sodium  sacchanin, sorbitol. sodum citrate, citric  acid.

mcthyvlecllulose. sodium methyl hvdroxyvbenzoate and sodium propyl hvdroxyvbenzoate.
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4.2.1.2 METHOD

Lamivudiae, zidovudine, nevirapine and excipients were combined in physical

mixtures ol ratios 1:1 active and excipient. The samples were considered uniform.

Weighed samples (5 - 10 mg, Mettler M3 Muicrobalance, Schwerzenbach,
Switzerland) of the individual components and physical mixtures were scanncd 1n
aluminium pans with a perlorated lid in the 23 - 300°C tcmperature range under static air.
The Shimadza DSC — 30 (Shimadzu, Tokyo, Japan) was used. nitrogen purge flow was 33
ml/min and the heating rate was 10°C/min. Indium was used lor calibration purposcs. At

least two replicates were made for each DSC thermogram.

4.2.1.3 RESULTS

From the results summarised in table 4.1, it 1s evident that the only incompatibility

detected using DSC studies was between zidovudine and citrie acid.

In figurc 4.1 the DSC thermogram of the iteraction between zidovuding and citrie

acid 1s given.

4.2.1.4 DISCUSSION

When two substances are mixed. the purity of cach of the involved substances is
reduced. which gencrallv results in lower melung points (Botha er al. 1987:347).

Incompatibilitics can be identificd when the peaks
o Disappear
e Shilt
e Grow larger

e Another peak appears.

In figure 4.1.1 the exathermic reaction (c) is the thermogram of citnic acid. 1t 1s
clear that in thermogram (b). the physical mixture ol zidovudine and citric acid. the
exothermic reaction is not as clear as in thrmogram (¢). This mav indicale an

incompatibility.
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Table 4.1: DSC results of the compatibility study between lamivudine,

zidovudine, nevirapine and various excipients.

APIs and Excipicnts Active Pharmaceutical Ingredients (APTy)
Lamivudine Zidovudine Nevirapine
Lamivudine _ v v
_Zi;lovudi;e o | vV o B - o y
Nevirapine v v ~
Sorbitol | ) | v v
Sodium saccharin v v ¥
Sodium citrate v v v
Ciu;c m:i-(l - O - X | o v
Sodium methyl | v v y .
hydroxybenzoate
Sodium propyl v ) v
hydroxybenzoate
Methylcellulose v v v _
Flavourant N V Vv

X - Incompatible

vV - no interaction. thercforc compatible
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Thermogram (a) represents zidovudine. It is clear that in thermogram (b) the
melting endotherm of zidovudine is minimized and shifted to a lower temperature range.
This may indicate an incompatibility.

The extreme conditions that the samples were subjected to during DSC testing
were extraordinary. During formulation and patient administration the formulation would

never be under similar extreme conditions. These extremitics may be the cause of the

interactions.

It was decided to perform further studies with the aid of HPLC.

CEG

iy

50.0F

1]

RTs

Ll

B0L0E

Figure 4.1: DSC thermograms of zidovudine (a), citric acid (¢) and 1:1 physical mixture

of zidovudine and citric acid (b).

4.2.2 HIGH PEREFORMANCE LIQUID CHROMATOGRAPHY (HPLC)

High performance liquid chromatography has many applications, including

identification, scparation, purification and quantification of various compounds
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(Applications for HPLC:2003). Each compound should have a characteristic peak under

certain chromatographic conditions (Applications for HLPC. 2605).
4.2.2,1 METHOD

Samples comaining [:1 ratios of active and excipient were prepared and difuted

with methanol 1o 100 ml as stipulated in annexurc G, paragraph 2.

The Hewlett Packard Agilent 1100 scrics HPLC was used together with the
GI1322A  degasser. G1312A binary pump and the GI329A ALS autosampler.

Chromatographic conditions arc desenibed in Annexure G.

4.2.2.2 RESULTS

No incompatibilitv between lamivudine, zidovudine, nevirapine and the various
excipicnts could be detected by HPLC studies (lable 4.2). In figures 4.2 and 4.3 the
chromatograms of zidovudine and the physical mixture of zidovudine and citric acid can be

SCel.
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Table 4.2: HPLC results of the compatibility study between lamivudine,

zidovudine, nevirapine and various excipients.

APIs and Excipicents

Active Pharmaceutical Ingredients (APIs)

Lamivudine Zidovudine Nevirapine

Lamivudine B y v
Zidovudine V - V
Nevirapine v ) =
Sorbitol v \ vV
Sodium saccharin V y v i
Sodium citrate ¥ ) ¥
Citric acid v v _ v
Sodium methyl v ¥ v
hydroxybenzoate

Sodium propyl v v vV
hydroxybenzoate

Methylcellulose ) v y
Flavourant v v vV

V- no interaction. therefore compatible
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Figure 4.2: HPL.C chromatogram of zidovudine during the HPL.C compatibility study.
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Figpure 4.3: HPLC chromatogram of a 1:1 mixture of zidovudine and citric acid during
the HPLC compatibility study.

4.2.2.3 DISCUSSION

The HPLC compatibility tests confirmed the DSC results obtained for lamivudine
and ncviraping. but showed compatibitity: between zidovudine and citric acid. Peak purity
was performed to determine the purity of the zidovudine peak. and 1t was found o be

satislactory.,
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After carcful consideration of both thc DSC and HPLC results. it was decided to

include ciiric acid the formulations as discussed in chapter 3.

4.3 CONCLUSION

The aim of this chapler was to determine the compatibility or incompatibility of
lamivudine, zidovudine, nevirapine and exciptents. Two analvhical procedures were

preformed. namely DSC and HPLC.

Results oblained from DSC testing provided no evidence of incompalibihity
between lamivudine, nevirapine and the excipients. Zidovudine was compatible wath all
excipients other than citric acid. A further compatbility study was preforined by using
HPLC to veniy the results obtained through DSC studics.

The HPLC compatibility tests provided results that confirmed thosc obtained
through DSC for lamivudine. nevirapine and excipients. Results obtained for adovudine
compatibility with citric acid through HPLC testing was diftercnt from resulls obtained
from DSC screcning. HPLC provided evidence of a compaubility between zidovudine and

citric acid.

The extreme cenditions 1o which samples were subjected to during DSC testing
were extraordinary. During formulation and patrent admmistration the formulation would
never be under sinmlar extreme conditions. These extremitics mav be the cause of the

interactions.

It was thercfore decided 1o include citric acid in the formulations for ARV powder

for suspension for pacdiatric. adult and genatric paticnts,

Determinatton of an ideal mixing time for the bultk formulated powders is also
discussed. Discussions of the specific formulas for ARV powdcrs for suspension. together

with the dosage reghmes and containers follow in chapter 5.

LA
2



CHAPTER 3

ANTI-RETROVIRAL SUSPENSION FORMULATION

CHAPTER 5

ANTIRETROVIRAL SUSPENSION FORMULATION

“Anything can be made to work if you fiddle with it long enough”

-Wyszowski’'s Law-

Powders for oral suspension were formulated, as shown in Table 3.5, In order to

ensurc that an optimum amount of cach of the APIs. as well as each preservative is present

in every contamner. an ideal mixing time had 1o be detcrmined. The mixing time

cxperiment will be discussed in paragraph 3.5 and onward.

5.1 MATERIALS USED IN THE FORMULATIONS

5.1 ACTIVE PHARMACEUTICAL (APIs) INGREDIENTS

Details of the APls that were used in all the formufations in this study arc given in

lable 5.1

Table 5.1: APIs used in the formulations.

APls

Supplier

Batch Number

Grade
Lamivudine Xiamen Mchem Laboratorics 040801 99 9%
Ltd. Yiemen. China.
Zidovudine Xiamen Mchem Laboratories 040903 100.4%
Lid. Yiecmen, China.
Neviraping Fischer Chemicals AG. 100003 99.2%

{Anhydrous)

Zurich. Switzerland.
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5.1.2 PRESERVATIVES

Table 5.2 lists the prescrvatives used in all ARV formulations.

Table 5.2: Preservatives used in the formulations.

Preservative Supplier Grade
Sodium methyl hyvdroxybenzoale Merck, Damstadt. Germany. usp
Sodium propyl hydroxybenzoate Merck. Damstadt, Germany. USsp

5.1.3 EXCIPIENTS
Table 5.3 hsts all the excipients used n the ARV formulations.

Table 5.3; Excipients used in the formulations,

Material Supplier Function Grade
Sorbitol Ccerestar, Vilvoorde, Sweelener 98%
| Belgivm.
Sodium saccharin Mecrck, Damstadt, Sweelener USP
Germany.
Citric acid Roche. Switserland. Flavour enhancer USP
Sodium citrate Merck. Damstadt. Buffcring agent USP
Germany,
l_ .
Methvicellulose Shin-Etsu Chemical Suspending agent UsP
Co. Ltd. Niigata,
Japan.
Flavourant (Passion fruit) International Flavours Flavourant Usp
and Fragrances, South
Africa.
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5.2 PAEDIATRIC ARY DOSE RANGES

The six different ARV powder formulations for suspension were designed, based

on recommendations made by the WHO during a technical consultation in Geneva
(UNICEF/WHO: 2004). Five of the formulations covered the different weight stages

during the first vears of the paediatric paticnt’s life. The sixth formulation addressed the

need of adult and geriatric patients experiencing difficulty when swallowing solid dosage

forms. Table 3.4 contains the dosage regime for cach weight category as specified by the

WHO.

Table §.4: ARV dosage range as specified by UNICEF/WHO (2004).

Weight (kg) Dose Lamivudine Zidovudine Nevirapine
3-6 2.5ml BD* 15 mg/2,5 ml emmeee 40 mg/2.5 ml
6-10 5ml BD 25 mg/5 ml 50 mg/3 ml 75 mg/3 I;|
10-15 7mi BD 50 mg/7 ml 100 mg/7 ml 100 mg/7 ml
15-20 10 ml BD 75 mg/10 ml 100 mg/10 ml | 150 mg/10 ml
20-29 15 ml BD | 100 mg/15 ml 200 mg/15 ml 100 mg/15 mi
Adulis 16.6 ml BD 130 mg/16.6 ml 275 m-g/l()_(: ml 200 mg/16.6 ml

*BD- Twice a day.

5.3 CONTAINERS

Clear PV was chosen for the containers for the powders for suspension duc 10 1ls

durability. The target group of the paticnts using the ARV (reatment live in resource poor

scttings and. in most cases, arc only able to visit the chinic or hospital once a month.

Glass contamners have a higher risk of shattering. and n such cases. the ARV

suspension would be unsuitable for use. Icaving the patient without medicinal carc for a

period of up to one month.
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A transparcnt container was chosen to ¢nable the paticnt or caregiver to identfy
and rectifv sedimentation. This will ensure that the patient receives a more uniform dose.
Other advantages arc that the patient or caregiver may quicklv identify changes such as

scparation of the suspension and physical changes such as colour changes.

Six different sized containers were nceded for the six different volumes of
suspension. Unfortunately, the volumes of the formulated suspensions were non-standard

and PVC containers matching the volume of every suspension could not be found.

Containers with volumes of 150 ml. 300 ml, 300 m] and 1000 ml were uscd.

5.4 METHOD OF FORMULATION

The objective for the formulation of the powders for suspenston was to provide
patients with ARV (reatment in suspension form for a period of onc month. Therefore,
based on the information given in table 3.4, the volume necded for paticnts (3-6 kg) would
be the daily dose (3 ml) multiplied by 30 davs. thus 130 ml (1 month’s supplyv). The
volumes for the other dosage ranges were determined in the same manner. The [inal
formulae for the powdcrs for suspension are given in table 5.5 The specific volumes of

water necessany for reconstitution of the suspension are given in table 3.6.

Bulk quantitics of these tormulations were preparcd. and undenvent thorough
mixing. The mixing process and the determination thereof arc discussed in paragraph 3.3,
The correct amount of mixed powder was placed into different sizes of clear PVC bolties

(as discussed i paragraph 3.3) and scaled with white PVC screw tops.
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CHAPTER 5 ANTI-RETROVIRAL SUSPENSION FORMULATION

Table 5.6: Reconstitution of the ARV suspension.

ARY suspension formulation (ml) Amount of purified water needed for
reconstitution of the suspension (ml)
o |50 100
» 300 200
e 420 281
s 600 400
. 9-00 ] | :";9—8 ) 7
. e 000 667

5.5 DETERMINATION OF MIXING TIME

In pharmacy, the mixing obyectives during every formulation process are. 1) to
obtain dosage units that will cach hold the identical quantity of active substance and. 2) to

produce thousands of these uniform batches {Lantz & Schwarlz. 1990: 1),

Unfortunately. the nuxing process will never vield a perfect mix. Perfect meaning
“that stale m which any sample removed [rom the mixture will have exactly the same

composttion as atl the other samples taken [rom the mix™ (Lants & Schwartz. 1990:1).

There arc alternatives for crcating the ideal mix. These are randomisation and

ordered mxing (Lantz & Schwartz. 1990 13).

Ordcered mixing compriscs vanous mechanisms lor crcating a nearly perfeel mix,
namely mechamical mixing. coatng. and adhesion (Lantz & Schwartz, 1990:13).
Mechamical mixing was used to mix thesc particular ARV lormulations. This can be

described as tollows:
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» the desired mixture ts obtained by dividing and recombining the powder
substances until the desired subdivision unit s oblained. However. if
particle adhesion is not present, segregation of the mix could take place
when handled (Lantz & Schwarlz, 1990:13).

5.5.1 EXPERIMENTAL PROCEDURE

Due to the extremcly high cost of the active substances present in the ARV
formulations, it was decided that the mixing experiment swould be conducted using the
formulation for the 300 ml ARV suspension. and nol for cach formulation scparately. The

data retnieved would represent the mixing trme used for all the formulations.

The formulation for the 300 ml ARV suspension was prepared cightfold and
placed in eight scparate, clearly marked glass jars. Each jar was emptied into the mixer
separatcly. and the mixer was turncd on for the specificd duration. The cight jars

represented eight ditferent mixing time trials. namely 2. 4. 6. 8, 10, 12, 14 and 16 minutes.

Samplcs were taken afler cach time trial from the lell. right. and middle paris of

the mixcr.

The Turbula rx 20003 mixer (Switzerland) was used in the experiment. Rotation
speed was sel at 40 rpm and samples were taken from different pans of the mixer container
al each specifted ume interval. The samples were assaved for APl content according lo the

HPLC methed described im Annexure G. and the ideal mixing time was determined.

5.5.2 RESULTS

The results obtained by using HPLC analvsis to determine the amount of aclive

present in every sample arc given in table 3.7,
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CHAPTER S ANTL-RETROVIRAL SUSPENSION FORMULATION

5.5.2.1.1 APIs

The results of the mixing time for tamivudine, zidovudine and nevirapine arc

presented graphically in figure 5.1,

100

80 :
70 —_ =

60 S . —e— Lamivudine
40 | : —s— Zidovudine
30 2:—‘——— ) N
20 M — ~ Nevirapine
10 | =1
o L

0 2 4 B8 8 10 12 14 186 18 20

API Concentration
(mg/5ml)
3

Mixing time {minutes)

Figure 5.1: Graph of the mixing time results obtained for lamivudine,

zidovudine and nevirapine,

5.5.2.1.1 DISCUSSION

The optimum theorctical concentrations per 3 ml for lamivudine, zidovudine,
and nevirapine were 25 mg, 50 mg, and 75 my respectively. The graph shows that,
atter six minutes, the optimum concentration tor all three APls has been reached,
When considering the results for the three actives, it can be concluded that the ideal

mixing time for the ARV powder for suspension is six minutes

5.5.2.2 PRESERVATIVES

The results of the mixing time for sodium methyl hydroxybenzoate and

sodium propyl hydroxybenzoate arc presented graphically in figures 3.2 and 5.3,
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Sodium methyl hydroxybenzoate

0.25

0.2

935 '—— Sodium methyl |

| hydroxybenzoate

Concentration (%m/v)

0 B 10 15 20
Mixing time (minutes)

— L — —— e — —_—

Figure 5.2: Graph of the mixing time resuits for sodium methyl hydroxybenzoate,

Sodium propyl hydroxybenzoate

QO
2 4

—e— Sodium propy!
L___hydroxyhsnzoate

0.08
0.04

Concentration (%em/fv)

0 5 10 15 20

Mixing time (minutes)

—— = N —_— — e — S _

Figure 5.3: Graph of the mixing time results for sodiusn propyl hydroxybenzoate.

5.5.2.2.1 DISCUSSION

The  optimum  theoretical  concentrations per 5 ml  for  sodium  methyl
hydroxybenzoate ond sodium  propyl hvdroxvbenzeate are 0.15 mg and 0.02 mg
respectivety. When constdering the results shown in figures 5.2 and 5.3, it is clear that the

idecal mixing time for the two preservatives is cight minutes,
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The threc APls have an ideal nuxing time of six minutes. bul also show
satisfactory resulis after a mixing iime ol cight minutes. The two preservatives have the
desired concenltrations afier eight minutes.

Afler reviewing the results of the mixung tnne experiment. it was decided that a

mixing time of cight minutes would be suitable lor the ARV suspension.

5.6 CONCLUSION

The aim of this study was to create an ARV powder for suspension for
paediatric, adull, and genatnc patients. Five different ARV powder formulations
for suspension were specifically created for the different weight categories during
the paediatric patient’s life, namely 3-6, 6-10, 10-15, 15-20, and 20-29 kg. A sixth
formulation was created for adult and genatric use.

Specific volumes of each powder for suspenston were created to supply the
patient with one month’s ARV treatment. Each volume was determined by using
the datly dosage as recommended by UNICEF/WGO (2004).

Mixing time experiments were preformed on laboratory batches to
determine the ideal mixing time. Results showed that a mixing time of eight
minutes would be most suttable for this formulation.

Various laboratory batches of the six ARV powder formulations for
suspension were created, and underwent thorough mixing for eight minutes.
Thereafter the powders for suspension were placed in clear PVC contamers and
were sealed with a screw cap.

These laboratory samples underwent stabihity testing for a period of three
months. Reasons for stability testing together with the stability testing programme

and the stability tests will be discussed in the subsequent chapter.
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CHAPTER 6
STABILITY TESTING: A VITAL QUALITY

ATTRIBUTE FOR DRUG PRODUCTS

“There never was anything by the wit of man so well devised or so sure established

which hath not in the continuance of time become corrupted...”

-Thomas Cranmer-

All things formed by the human hand, from the exquisite Parthenon to the
frivolous muilkshake. arc subject to discomposure. Pharmaccuticals in shis case are no

different (Carstensen & Rhodes. 2000:2).

The rate of degradation of an assortment of drug products vanes dramatically. If
appropriately packed and stored. some drug preducts mamtain imtegrity for more than ten
vears. Other products such as radiopharmaceuticals arc, in the best of environments. only

usable lor two to threc davs (Carstensen & Rhodes, 2000:2).

6.1. REASONS FOR STABILITY TESTING

Stabilitv 1s an indispensable property of drug producis: this causes stability
cvaluation 10 be onc of the most essential procedurcs in drug development and

manulacturing. Reasons for stability testing arg:
» Paticnt safety and wellbeing.
e To keep a reputable namic as a manufacturer,
o Stability testing mayv be compulsory because of legal requirements.

» In lhe [uture, a dalabase can be used lor formulation of different products
(Carstensen & Rhodes. 2000:11),
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6.2 MECHANISMS OF DEGRADATION
6.2.1 CHEMICAL

Onadation. solvolvsis and reduction are all micthods of chemical degradation.
Kinctics and the knowledge thereof are of nnmense assistance in dealing with chenucal

decomposition (Carstensen & Rhodces. 2000:12).

6.2.2 PHYSICAL

Vibration. abrasion and temperature flucluations are all causes of physical
decomposition, which can be tested for with methods such as suspension resuspendability

and sedimentation rate, 1abict fmabiity. cel. {(Carstensen & Rhodes, 2000:12).

6.2.3 BIOLOGICAL AND MICROBIOLOGICAL

All over the world. microbiological and non-microbiological organisms play a rolc

in product degradation and cause stability problems (Carstensen & Rhodes. 2000:10).

6.3 ADVERSE EFFECTS DUE TO INSTABILITY

A varnety of mechantsms exist by which pharmaccutieal products mav decompose

as discussed in paragraph 6.2, This results in an immensc array of adverse cifects.

6.3.1 DECOMPOSITION OF APIs

Loss of thc AP 1s of great significance when conducting stability studics on
pharmaceutical products. Generally any product that contains less than 90% of the API
statcd on the label 1s regarded as being of unacceptable quality (Carstensen & Rhodes.
2000.3).

6.3.2 ESCALATION IN API CONCENTRATION

For certain pharmaceutical products. loss of vchicle may result in an elevated

concentration of the active drug. One example of such behaviour bv a drug product is

()_‘_;
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lidocaine gels. Sometimes perfusion bags allow solvent 10 cvaporate and causc the product in

the bag to present an incrcase in AP concentration (Carstensen & Rhodes. 200(:3).

6.3.3 LOSS OF CONTENT UNIFORMITY

The suspension 1s the drug delivery svstem that is most likelv to lose its uniformity
of content with time. Determination of sedimentation volume and redispersion is thercfore

incorporated into the stability protocol (Carstensen & Rhodces. 2000:3).

6.3.4 DECLINE OF MICROBIOLOGICAL STATUS

Though 1t 15 not expecied that atl pharmaceutical products be sterile (totally devoid
ol all forms of both vegetative and spore lifc). the microbiclogical status of all drug

delivery systems is of great concern (Carstensen & Rhodes. 2000:5),

There are (wo probable wavs in which the microbiological status of a product can

change considerably over ime:

e Micro-orgamisms present in the product during manulacture may reproduce and

increase the quantity of organisms in the product.

o Package mtegnity ts compromised during storage or distribution (Carstensen &

Rhodes. 2000:35).

Other adverse effects include: Loss of package reliability, decrease tn label
quality. decline in pharmacculical clegance and patient acceptability, and the formation of

toxic degradatton products (Carstensen & Rhodes. 2000:7).

6.4 STABILITY PROGRAMME

Six ARV formulations were prepared in this studs. namely 150 ml. 300 ml. 420

ml, 600 ml. 900 ml and 1000 m] powder for suspension {Refer to chapter 3).

The laboratony batches of these formulations were put on a stability programme for
three months according o (he International Conference on Harmonisation (ICH) on
techmcal requirements for the registravon of pharmaceuticals tor human use (ICH 1996

and 2003).
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6.4.1 STORAGE TEMPERATURES

The physical and chemical stabtlity of preparations should be determined over a
wide range of ilcmperatures. Laboratory batches were stored at three temperatures
according to ICH conditions. Controlled storage facilitics were used dunng the stability

period.
s 2°C+60%RH
o 30°C+065%RH

o 40°C+73%RH

6.4.2 STABILITY TESTS CONDUCTED

All tests were done using calibrated and / or validated test apparatus. where

approprale.
Stabtlity tests conducted on the ARV suspension laboratory batches included:
*  Visual asscssment
e pH
e Relative density
»  Viscosily
e Moislure content
* Rcsuspendability and sedimentation rate
e APl rcleasc (dissolution)
» APl and preservative concentration assay

¢ Prescrvative efficacy

Table 6.1 lisis the stability tests preformed. as well as the intervals after winch the

tests were preformed on the laboratory batches of the ARV powders for suspension.
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Table 6.1: Stability tests conducted on laboratory batches of all six ARV powders for

suspension.
[
| Formulation form J Test intervals
Tests = = , — - R —— g
l Powder  Reconstituted | Initial | Imitial | 6 | 12 12 weeks
Suspension | | in-use weeks = weeks | inuse
Visual assessment | v v vV ! ! | o | A v
pH ] v v V VoA
Relative density | v N v v v
= = i — o S, —a I— | = | —
Viscosity _ v | ¥ v | o I
Moisture content V o v o ! v N
Resuspendability . v v v v v v
Sedimentation o v v v v v vV
rate ‘
API release . = — - o A -
{dissolution)
APl and [ v I v v v
preservative '
assay
Preservative . ) LN [ L v v
efficacy (PET)
e o —

Conmonea sroracee ienmeranne in deorces (elsiie — 29 U or AD deorepe The mmbor
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6.4.2.1 IN-USE STABILITY TESTS

Stability testing of the suspension after rcconstitution, should be conducted 1o
provide information for the labeling on the on the suspension, the slorage conditions and
the in-use period of the reconstituted suspension (ICH stability guidelinc under storage

conditions).

In-usc stabtlity testing was performed on the reconstituted suspension al the nitial
time interval and after 12 weeks storage at 23°C+60%RH, 30°C+65%RH and
40°C+73%RH. To simulate paticnt usage, the rcconstituted suspension was kept at
uncontrolled room temperaturc owt of direct sunlight for a period ol 30 days. Each morning
and late afternoon. the correct dosc for each suspension was removed [rom the container.

Full testing was performed afler 15 and 30 davs.

6.4.2.2 BATCH NUMBERS

The powder for ARV suspension. as previously mentioned. underwent an
extensive range of stability mdicative tests. The different time and temperature parameters

will be indicated in the following manner in the tables of results.

The duration {in weeks) of cach stability test is represented by the first number
present. 1.c. 12 W. represents a period of twelve weeks. The in-usc stability testing on day
13 or 30. 1s represented by the number 15 or 30, 1.e. 30. The following Ngure represents the
controlled storage temperature in degrees Celsius — 25, 30 or 40 degrees. The number in
bracket represents the percentage relative humidity at which the powder for suspension was

slored.

Example: 12 W.30/ 30 (63) = Twelve weeks. 30 davs. 30°C+65% RH.

6.5 TEST METHODS

All tests were carricd ouwt under Good Laboratory Practice (GLP) conditions. to
cnsure the accuracy of the test results. Al tests were performed on the reconstituted
suspensions except for the determination of moisture content. where dry powder samples

were used (Refer to table 6.1}
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Reconstitution of the ARV suspensions: Each of th¢ ARV powders for

suspension requires a specific amount of punificd water for reconstitution. Refer to chapler
3. table 3.6 for the specificd amounts of purified water to be added to the different

formulations.

6.5.1 VISUAL ASSESSMENT

A visual asscssment of each stored laboratory batch was carried out. Colour. odour

and physical appearance were exanuned.

6.5.2 pH

The pH was measured using the Mettler Toledo MP 220 pH mcter. The pH meter

was cahbrated with buffer solutions of pH 4 and 7 before use.

6.5.3. RELATIVE DENSITY

An Anton Paar DMA 38 Densitv/Specific Gravit/Concentration meter was used
to determine the rclative density of the reconstiluted suspension. The instrument was

calibrated before usc.

6.5.4 VISCOSITY

The viscosity of the test samples was measured using a Brookfield Programmable
Model DV-II + Viscomeler. together with the Helipath stand and the Labcon low
temperature water bath. The temperature was sct at 25°C and the SC4-18 spindlc was used
to determing the viscosity. The spindle rotated for 10 minules at speeds increasing at 1-
minute inlervals from 0.3 0.6, 1,5, 3, 6. 12, 30. 60 and back 1o 30 mpm. Ten readings were

taken ot each sample.
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6.5.5 MOISTURE CONTENT

The mosture content of cach of the powders for suspension was determined using
the Mctrohm Karl Fisher 701KF Titrino. along with the 703Ti stand. A mass of 0.25 g of

cach sample was weighed. Samples were tcsted in duplicatc.

6.5.6 RESUSPENDABILITY AND SEDIMENTATION RATE

Resuspendability and sedimentation rate tests were done on cach of the laboratory
batches. During testing 100 ml of the reconstituted suspension was poured into a 100 ml
volumetric cvlinder and left for 24 hours. After 24 hours the volumc of scdimentation
formed may not be more than 5 em. The sediment must also be resuspended within |

minuie of vigorous shaking.

6.5.7 DISSOLUTION
6.5.7.1 APPARATUS
e VanKel 7000

» USP apparatus 2 — paddle

6.5.7.2 MIETHOD
o Stirring speed: 30 rpm
* Dissolution medium: 900 ml 6.1 M HCl at pH 1.25
« Dissolution samplc: 3 ml rcconstituted suspension
+ Withdrawal times: 10, 13, 20. 30 and 45 minutes

¢ Volume withdrawn: 5 ml

The amount of active released after cach time interval was determined by means of

HPLC (Refer 10 chapler 7-12 for results and discussions).
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658 ASSAY: LAMIVUDINE, ZIDOVUDINE, NEVIRAPINE AND
PRESERVATIVES

The Hewlett Packard Agilent 1100 serics HPLC instrument was wsed. together
with the G1322A degasser, G1312A binary pump, and the G1329A ALS autosampler.
Mcthanol was uscd as a solvent to enhance the solubility of nevirapine, as il has low

solubility in watcr.

Standard preparation: Refer to Annexure, G paragraph 4.

Sample preparation: Refer to Annexure, G paragraph 3.

6.5.9 PRESERVATIVE EFFCTIVENESS TESTING (PET)

Sodium methyl hvdroxybenzoate and sodium propyvl hvdroxvbenzoate were used
as preservatives in the formulations in this study. This test determined the ability of these
preservatives Lo prevent contammation of the lormulated product by microbial organisms.
This test was donc on the imtial formulation and afier three months al 23°C+60% RH.
30°C+65% RH and 40°C+75% RH.

The PET was subcontracted to Cosi Pharmaccuticals. All 1est samples were
compared to standards set for category 3 products in USP 28 (USP 28:2242). namely > 2.0

log reduction at 14 davs and no mcrease at 28 days for
s coll,
e [ acruginosa
o S aqurens
And no ercase {from imual moculum for
o A mger

e (" alhicans
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6.6 CONCLUSION

Stability testing is a vital part of pharmaccutical product development. In this
chapter, all test procedurcs performed on the laboratory batches of the ARV powders for
suspension were discussed. All tests were performed under GLP conditions and comply

with the set standards as mentioned in USP 28,

The results of the test procedurcs described in this chapter are discussed in
chaplers 7-12. and are graphically represcnted in Annexures A to F. The data gathered
during thesc test procedurcs will be discussed separatety in these chapiers and relevant

coneclusions will be drawn,
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CHAPTER 7

RESULTS AND DISCUSSION: POWDER FOR
SUSPENSION FOR
PAEDIATRIC PATIENTS: 3-6 KG

“Unnamed Law: If it happens, it must be possible.”
-Anon-

The powder for suspension thal. if reconstituted, has a volume of 130 ml and provides
ARV 1trcatmem for pacdiatnic patients with a body mass ol 3-6 kg for 1 month, was
subjected to accelerated stabtlity testing for a period of twelve weeks (refer to chapter 6 for

the discussion of the stability program).

The results of ¢cach test will be discussed and graphic presentalions of these results

can be seen 1n annexure A-F.

7.1 VISUAL ASSESSMENT
7.1.1 RESULTS

Visual asscssment was performed on reconstituted suspensions. Imitial laboratory
samplcs were stored al uncontrolled room temperature. Results for the visual asscssment

are given in Table 7.1,
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Table 7.1: Visual assessment results of the 150 ml reconstituted ARY suspension, during stability and in-use testing.

Visual assessment

Initial Storage temperatures 6 Weeks | 12 Weeks
Snow white, homogencous 25°C+60%RH Snow white, uniform White, milky suspension, larger
thick whit¢ suspension. suspension. particles than intially visible are
present.
30°C+65%RH White uniform suspension. Off white suspension, larger
particles than initially visible are
present.
40°C+75%RH White suspension, larger OIT white suspension. larger

particles than initially

visible are present.
i

particles than initially visible arc
present.

In-use stability

Storage temperatures

15 Days

30 Days

Initial Uncontrolled room temperature Snow white, homogeneous Snow white, homogeneous thick
thick suspension, suspension.

12 Weeks 25°C+60%RH Milky white suspension, larger Milky white suspension, larger
particles than nitially visible particles than initially visible arc
arc present. presenl.

30°C+65%RH Off white suspension. larger Off white suspension, larger
particles than initially visible particles than iniually visible are
ar¢ present. present.

40°C+75%RH Off white, larger particles than Crecamy whilc larger particles

initially visible are present.

than inittally visible are present,

-]
th
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7.1.2 DISCUSSION

A change in colour in the reconstituted powder for suspension from white to off-
white was obscrved alter storage at 20°C+635%RH and 40°C+75%RH for 12 weceks. The
physical appearance showed a slight decomposition. Much larger dispersed particles, than
werc initially noticed were present throughout the suspension. The passion [ruit flavour of

the suspension remained stable throughout the stabtlity and in-use test periods.

7.2 pH
7.2.1 RESULTS

The pH results alter acceleraled stability and n-usc testing tor the reconstiluted

suspension arc given in table 7.2,

Table 7.2: pH results of the reconstituted ARV suspension after accelerated stability and
in-use stability testing,

pH
Initial Storage conditions 6 Weeks 12 Weeks
4.54 o 25_“(_"-%(5%{2H : 4.63 - *4.55—
30°C+65%RH 4.69 4.53
40rC+73%RH 4.66 4.57

In-use stability testing

Storage conditions 15 Days 30 Days
lital | Unconwolledroom 450|447
tempcralure
_I 2 Weeks- 25°C+60%RH 4,54 4.5]
30“C+(>5"-0RH | 4 59 i 453
iﬂ“CHS%RH 4,53 452
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7.2.2 DISCUSSION

There was no significant change in the pH of the reconstituted suspension afier
accelerated stability testing for a peniod of 12 weeks at three different temperaturcs. pH

values during the in-usc stabtlity, representing patient usage, also remained unchanged.

7.3 RELATIVE DENSITY
7.3.1 RESULTS

The relative density results afler accelerated stability and in-use stability testing are

given in table 7.3.

Table 7.3: Relative density results (g/ml) of the reconstituted ARV suspension after
accelerated stability and in-use studies,

Relative density (g/ml)
Initial Storage conditions 6 Weeks 12 Weeks
1.156 25°C+60%RH 1.153 1.153
30°C+65%RH 1.162 1.153
. HPC+75%RH 1.168 1.151
}_ — -
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolied room 1.156 | 1.155
temperature.
12 Weeks 23°C+60%RH 1153 1.151
~1
30°C+63%RH 1.149 1.147
40°PC+75%RH 1.148 1.145 J
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7.3.2 DISCUSSION

The relative density of the rcconstituted ARV powder for suspension rematned
rclatively stable dunng accelerated stability testing over a period of 12 weeks, as well as

duning in-usc testing for 135 and 30 days.

7.4 VISCOSITY
7.4.1 RESULTS
The viscosity results for the reconslituted suspension are given in table 7.4,

Table 7.4: Viscosity results (cp) of the reconstituted ARY suspension during accelerated

stability and in-use testing.

Yiscosity {(cp)
lniii;i | o Slo;e coaid_it*i;;s- | GWee—ks; - l;‘-\\’eekisﬁ 7
48.5 25°C+60%RH 48.5 49.6
30°C+65%RH 48.5 48.4
40rC+75%RH 484 48.5

In-use stability testing

Storage conditions IS Days

| Initial Uncontrolled room 48.3 483
tempcerature

12 Weeks 23°C+60%RH 497 49.7

30°C+65%RH 485 48.5

HPC+75%RH 48.5 485

7.4.2 DISCUSSION

During the 12 week stabilily test period. the viscosity values of the reconstituted
ARV suspension remained stable. During the in-usc stability test period. no change was

observed n the viscosity values.
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7.5 MOISTURE CONTENT
7.5.1 RESULTS

The moisture content results Tor the ARV powder for suspenston are listed in Lable
7.

th

Table 7.5: Moisture content of the ARV powder for suspension during the accelerated
stability test period.

Moisture content (%)

Initial Storage conditions 6 Weeks 12 Weeks

1.068 25°C+60%RH 1.075 1.076
30°C+63%RH 1.091 1.079
JO°C+73%RH 1.087 1.089

7.5.2 DISCUSSION

The moisture content of the ARV powder for suspension showed no significant

change over a period of 12 weeks during the accelerated stabihity study.

7.6 RESUSPENDABILITY AND SEDIMENTATION RATE
7.6.1 RESULTS

All the samplcs tested complied with the sct standards, namely not more than 3 cm
of sediment should be present aficr 24 hours, and the sediment formed should be casily

resuspended.
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7.7 API RELEASE (DISSOLUTION)

7.7.1 RESULTS

The dissolution results for the reconstituted ARV powder for suspension arc

presented in figures 7.1-7.2.

Percentage (%)
o))
o

Figure 7.1:

Lamivudine dissolution: 150 ml

-

! e =

/ T T | —e—25°C+60%RH

_ —8— 30°C+B5%RH|

I/ - J ‘—a— 40°C+75%RH
‘ 3
0 10 20 30 40 50

Time (minutes)

Dissolution results of lamivudine in 150 ml formulation obtained after 12

weeks accelerated stability testing,

120 -
~ 100
o~
o 80
o
8 80
o
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]
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Figure 7.2:

Nevirapine dissolution: 150 mi

__Tk—lf L=== ——
Ta—— / | —+—26°C+60%RH
- Z - —=—30°C+65%RH
/ . | —4— 40°C+75%RH
0 10 20 30 40 50
Time (minutes)
Dissolution results of nevirapine in 150 ml formulation obtained after 12

weeks accelerated stability testing,
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7.7.2 DISCUSSION

The dissolution results obtained after 12 weeks accelerated stability 1esting showed
that lamivudine and ncvirapine were immediately dissolved with a dissolution of 101% and

102% respecuvely after 10 minutes.

7.8 AP1 AND PRESERVATIVE CONCENTRATION ASSAY
7.8.1 LAMIVUDINE

The assav results for lamivudine during the accelerated stability and in-usc

stability studv 1esting arc given in table 7.6,

Table 7.6: Lamivudine assay results after 12 weeks accelerated stability testing and 30
days in-use stability testing,

Lamivudine (%)

lnitiii_ LStomge conditions rii‘\r-\feeks 12 Weeks
103.4 25“C+60%I-‘1H 100.5 - 104.2
30°C+65%RH 101.9 100.8
40°C+75%RH 100.4 97.8
In-use stability testing
Storage conditions -15 Days 30 Days
ln;i_a_l Uncm;t-r.ollcd roon? - 102.6 - _‘)9.8
tenperature.
12 Weeks 25°C+60%RH 97.8 97.2
30°C+65%RH 96.0 939
APC+75%RH 96,6 96. 1

7.8.2 NEVIRAPINE

The assay results for nevirapine during the accelerated stability and in-usc stabihity

study testing arc given i table 7.7
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Table 7.7: Nevirapine assay results after 12 weeks accelerated stability testing and 30
days in-use stability testing,

Nevirapine (%)

Initial Storage conditions 6 Weeks 12 Weeks

95.5 25°C+60%RH 90.6 96.3
30°C+65%RH 91.1 94.0
40°C+75%RH 92.6 933

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 85.7 94.8
lcmperature.
12 \\’eel;s— N 25‘;t+6(]%RH i EH _ 92.;
30°C+65%RH 94.2 93.2
40°C+75%RH 93.1 929
7.8.3 DISCUSSION

A downward trend n the assav for lamivudine was obscrved. especially afler
storage for 12 weeks at 40°C+73%RH. However, all results were within the specified

limits of 90 -110% for stabiliy testing,

The assav results tor nevirapine showed vanation between test intervals. All results
were within the 90 -110% limit. except for the assav valuc obtained after storage for 13
davs at uncontrolled room temperature during the in-use testing at the mtial stage. This

result eonld be attribuled to laboratory error.

7.8.4 RESULTS: SODIUM METHYL HYDROXYBENZOATE

The assav results for sodiom methyvi hvdroxybenzoate are given in table 7.8.
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Table 7.8: Sodium methyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium methyl hydroxybenzoate (% m/v)

Initial Storage condilions 6 Weeks 12 Weeks
0.157 25°C+60%RH 0.161 0.154
30°C+65%RH 0.163 0.153
40°C+75%RH 0.142 0.157
In-use stability testing
Storage conditions 15 Days 30 Day
Initial Uncontrolled room 0.158 0.149
tIemperalure.
12 Weeks 25"C+60%RH 0.152 0.152 B
30°C+65%RH 0.159 0.158
A0°C+73%RH | 0.152 0.149

7.8.5 RESULTS: SODIUM PROPYL HYDROXYBENZOATE

The assav results for sodium propyvl hvdroxybenzoate arc given i table 7.9,
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Table 7.9: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium propyl hydroxybenzoate (%om/v)

Initial Storage conditions 6 Weeks 12 Weeks
0.020 25°C+60%RH 0.022 0.020
30PC+65%RH 0.023 0.021
40°C+75%RH 0.023 0.020
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 0.020 0.021
temperaturc
12 Weeks 25°C+60%RH 0.021 0.020
30°C+63%RH 0.020 0.020
40°C+75%RH 0.020 0.021
7.8.6 DISCUSSION

Theoretical concentrations for sodium methyl hvdroxybenzoate and sodium propyi
Ihvdroxybenzoate are 0.13% m/v and 0.02% m/v  respectivelv.  Sodwm  propyl
hvdroxybenzoate concentrations accelerated at the 6 weeks time period at 30°C and 40°C.
Accept for the above mentioned acceleration, results oblaimned during the accelerated
stabihity trial and in-use stability remained well within the Iimit of 90 — 110% (0,135 -
0.165% m/v for sodium methyl hvdroxvbenzoate and 0.018 — €.022% m/v for sodium

propv] hvdroxybenrzoate).
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7.9 PRESERVATIVE EFFICACY TESTING (PET)

7.9.1 RESULTS

The PET resulis for the mnial, 6 weeks, 12 weeks and 12 weeks 30 days laboratory

batches can be scen in tables 7.10-7.19.

Table 7.10: Preservative Efficacy Test results of the initial ARV reconstituted

suspension.
Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category3
products
E coli 2.0x 10° =3.0 >3.0 >3.0 >2.0 Jog reduction at
P. aeruginosa 24x 10 =3.0 =30 > 3.0 14 days and no
§ aureus 21 x10° ~30  >30 >3 | Wercaseal 28days.
D. niger 1.6x 10° =30 =3.0 =30 No increase from
C. albicans 20x10° 3.0 >3.0 >3.0

J nitial inoculum

Table 7.11: Preservative Efficacy Test results of the 6 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction ] Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products '
F. coli 2.0x10° > 3.0 >3.0 >3.0 =2.0 log reduction at |
P.acruginosa 24x10° =30 =30 »3.0 I4 days and no
S, anrens 21x10° > 3.0 % 3.0 = 3.0 increase a 28 days
— . RN T
A. niger Lox 107 =30 > 3.0 > 3.0 No incrcasc from
C. alhicans 20x 10° >30 »3.0 >3.0 initial inocutum

A
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Table 7.12: Preservative Efficacy Test results of the 6 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E coli 20x 10° >3.0 >30 >3.0 >2.0 log reduction at
P. acruginosa 2.4x 10 >30 > 3.0 >30 14 days and no
S. aureus 21x10° 530  »30  »30 | mereasa8dus
A, niger 16x10° >3.0 >3.0 >30 No increase from
C. albicans 20x 10° >3.0 >3.0 >3.0 initial inoculum

Table 7.13: Preservative Efficacy Test results of the 6 weeks 40°C+75%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
\ E. coli 20x 10 >3.0 >3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24x10° =30 >3.0 >3.0 14 days and no
S anreus 2.1x 10° > 3.0 >30 > 3.0 increasc al 28 days.
A. niger 1.6x 10’ >3.0 =30 = 3.0 No increase from
C. albicans 20x 10 > 3.0 >3.0 > 3.0 inilial inoculum
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Table 7.14: Preservative Efficacy Test results of the 12 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

L. coll 2.0x 10° =30 >3.0 =30 =2.0 log reduction at
P. aeruginosa 2.4 x 10" > 3.0 >3.0 > 3.0 14 days and no
S aureus 2.1 x 10 3.0 =3.0 =30 increase.at 28 days.
A. niger 1.6x 100 >3.0 =30 >30 No increase [rom
C. albicans 20x10° > 3.0 > 3.0 >3.0 initial inoculum

Table 7.15: Preservative Efficacy Test results of the 12 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified himits
Inocutum Day7  Day 14 Day 28 | for category 3
products
E coli 20x 10° ~30  »30 >3.0 ~2.0 log reduction at
P. aeruginosa 24x 10° > 3.0 > 3.0 >3.0 14 days and no
8. aurens 21x10° =30 > 3.0 >3.0 Increase at 28 days.
A. niger 1.6 x 10° 30 > 3.0 >3.0 No increase from
C. alhicans 20x10° =30 >3.0 >3.0 tnitial inoculum
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Table 7.16: Preservative Efficacy Test results of the 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

k. coli 20x10° >30 >3.0 >3.0 >2.0 log reduction at
P. acruginosa 2.4 x10° >30 > 3.0 >3.0 14 days and no
S aurens 2.1x10° =30 > 3.0 > 3.0 increase al 28 days.
A. niger 1L.6x 10° =30 >3.0 >3.0 No increase from
C. alhicans 2.0x 10 >3.0 >3.0 >3.0 initial inocutum

Table 7.17: Preservative Efficacy Test results of the 12 weeks 25°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day?7  Day 14 Day 28 | for category3
products
E col 20x10° =30 =3.0 >3.0 =2.0 log reduction at
P. aeruginosa 24x10° >3.0 >3.0 >3.0 14 days and no
S anreus 21 107 =30 >30 =30 increase at 28 days.
A. niger I 1.6x 10° =3.0 =30 >3.0 No increase from
| C. albicans 2.0x 10° =30 >3.0 >3.0 initial inocutum
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Table 7.18: Preservative Efficacy Test results of the 12 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specifted limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E coli 20x 10 >30 >3.0 >3.0 >2.0 log reduction at
P. qeruginosa 24 10° > 3.0 >3.0 >3.0 14 days and no
S, aureus 2.1x 107 >3.0 >3.0 >3.0 increasc al 28 days.
A. niger Lox 108 >30 >30 >30 No increase from
¢ albicans 2.0x 10° >3.0 >3.0 >3.0 mitial inoculum

Table 7.19: Preservative Efficacy Test results of the 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day7  Day 14 Day28 | for category 3
products
E coli 20x 107 >3.0 >3.0 >30 =2.0 log reduction at
| P. aeruginosa 24x 107 >3.0 >30 >30 14 days and no
S. aureus 2.1x 10° >3.0 >3.0 >30 L
A. niger 1.6x 10 =30 >3.0 >3.0 No increase from
C. albicans 2.0x10° >3.0 >3.0 >3.0 initial inoculum
7.9.2 DISCUSSION

All laboratory samples complicd with the requircments for category 3 producis as

deseribed in USP 28. Therefore it can be concluded that the preservatives chosen for the
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CHAPTER 7 RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 3-6 KG

formulation were effective in protecting the suspension from microbial contamination.

cven after simulating paticnt usage for a period of 30 davs.

7.10 CONCLUSION

In this chapter, vanous test samples of the 150 ml ARV powder for suspension,
after reconstitution with distilled watcr. undenwvent cxtensive testing during a period of
twelve weeks and in-use testing for thirty days. The Lest samples represented lamivuding

and nevirapine at concentrations of 13 mg/2.5 ml and 40 mg/2.5 ml.

The ARV powder for suspension was stored at three storage conditions, namely
23 CH60%RH. 30°C+65%RH and 40°C+75%RH. The in-use stability tests were performed

on reconstituted suspensions kept at uncontrolled room temperature.

Visual asscssment tests included assessment of the colour, flavour and physical
appearance of the test samples. Changes in colour drastically occurred in the 12 W.30/ 30
(63) and the 12 W30/ 40 (75). were il changed from snow white 10 a watery sec-through
colour. The physical appearance undenwent change. solid particics were dispersed
throughoul the suspension. which appearcd during the accelerated stability period. This

may causc an incorrect dose of ARVs 1o be adminisiered to the paticnt

Relative density showed neghigible decline. The viscosity and the pH remained
stablc. The moisture content of the powder {or suspension was unchanged throughout the
stabibty  testing period. All samples tested comphied with the specifications  for

scdimentation rate and resuspendability.

Dissolution results  indicated that both lamivudine and neviraping  were

immediately dissolved after 10 minutes.

By using the stabilitv indicating HPLC method developed and deseribed
Anncxure G. the congentratton of lamivudine and nevirapine was determined over the
stabtlity test period. A downward trend tn the lamivudine assay valucs was observed but all
test results remained within the 90-110% specification. Nevirapine assay results showed
inconsistency. but remained within the specificanons of 90-110%. except for the 15 day tn-
usc sample after 12 weeks at 25°C+60%RH. Laboratory crror could be responsibie for the

result of 85.7% which was obtained.
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Preservative concentration of sodium methyl hvdroxvbenzoate was within
specitication throughout the aceelerated and in-use testing peniod, sodium  propyl
hvdroxybenzoate concentrations at storage (cmperaturcs of 30°C and 40°C  were
accclerated during the 6 wecks stability testing, 12 week stability and in-usc testing
revealed concentrations in the specificd ranges. These results were confirmed by the

positive cutcome of the PET testing.

From these findings it can be concluded that the 130 ml ARV powder for
suspension has potential as a pacdiatric ARV treatment for paticnts with a body weight of
3-6 kg. Further stability testing including a longer stability period will be required to more

accuratcly reflect the stability potental of this formulation.
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CHAPTER 8

RESULTS AND DISCUSSION: POWDER FOR
SUSPENSION FOR
PAEDIATRIC PATIENTS: 6-10 KG

“Research is to see what everybody else has seen,
and think what nobody else has thought.”
-Albert Szem-Gyérei-

The powder for suspension that. if reconsittuled, has a volume of 300 ml and
provides ARV treatment for pacdiatric patients with a body mass of 6-10 kg for | month,
was subjeeted to accelerated stability testing for a period of twelve weeks (refer to chapter

6 for the discussion of the stability program).

The results of cach test will be discussed and graphic presentations of these results

can be scen in annexure A-F.

8.1 VISUAL ASSESSMENT.

8.1.1 RESULTS

Visual assessment was performed on reconstituted suspenstons. Imtial laboratory
samplcs were stored at uncontrolied room temperature. Results for the visual assessment

arc given in Table 8.1




to

“uosaud Judsaud ale
am 2[qusta L[{eniun uey sapanted 21qISIA Ajjerniut ety sajarued
1351e] ‘uotsuadsns 2ym Aleal) 1981e| ‘uoisuadsns suym JJO HY%SL+D.0t
Judsaud uosaud aue
aJe 2JqIsiA A[jeniui uety) sajorted 2[qIstA Aj[eniun ueyy soparued
1081e[ ‘uoisuadsns 1M JJO 193] ‘uoisuxdsns anym JJO HY%$9+2:0€
uosaud ussaad oue
21 2]qQISIA Ajje1ul uely) sojonJed AQISTA A[feriu ueyy sajared
J051e] "uorsuadsns My SN[y 1281e] ‘uosuadsns AN 10O HY%09+05T SPM T1
‘uotsuadsns ‘uoisuddsns youg
NIILJ} SNOJUSTOWIOY “ONYM MOUg SNOAUITOLLOY NI Moug amprado) wWoot pajjonuodun) [eniuj

skeq of sde(] §1 sanjeaaduwd) Isea0)g
Lmqe)s asn-uj
Jusaid uasald ale I[qisia

a8 2[QISIA A[[enIIu uey) sapansed

Aljeniur ueyl sa(oiued

1051e] *uoisuadsns ATy JJO 1a81e] ‘uotsuadsns iy HY%SL+D.0F

‘uoisuadsns waojium ‘dym Jj0 ‘uoisuadsns uriojiun a1ym HY%59+0€
uasaud oae 2|qisia A[[eNIUr uLy) ‘uoisuadsns ‘uorsuxdsns oy Yo
so[orued 105ue[ ‘uoisuodsns wLIoJIun *alym moug HH%09+Ds5C SNOJUITOWOY DI MOUS

SAN T

P9

seanjeIadurd) I5e.1015

[enu]

JUIWISSISSE [ENSIA

“Bu13sa] asn-ul puk AJIqeIs Bulinp ‘uo1suadsns AYY PIAINMMNISUCIAL [W GOE Y] JO S) NSII JURLSSISSE [BNSIA T1°g I[QEL

8 ddLdVHD




CHAPTER 8 RESULTS AND DISCUISSION; PAEDIATRIC PATIENTS: 6-10 KG

8.1.2 DISCUSSION

Some changes n the physical appearance of the suspension were apparent. The
flavour stayed identical throughout the whole test perrod. but the colour changed {rom
white to off-white afler 12 wecks storage at 30°C+65%RH and 40°C+75%RH.

After 12 wecks larger particles than those inttially observed, were present at all

storage temperatures, including the in-usc samples at 15 and 30 dayvs

8.2 pH
8.2.1 RESULTS

The pH results after accelerated and in-use stability testing for the reconstituted

suspension are given m table 8.2,

Table 8.2: pH results of the reconstituted ARV suspension after accelerated stability and
in-use stability study.

pH
Initial | Storage conditions 6 Weeks l 12 Weeks ‘
‘ 25°

| 4.68 C+60%RH 4.65 ‘ 446

‘ 3(?‘C+(,5%R?__—‘ 477 = A—\‘:q‘z»— —
‘ 40“(‘-%75%R—H 4.(—)6 453 ; ‘

‘ Storage conditions 15 Days ‘ 30 Days ‘

{ In-use stability testing \

40°C+75%RH 4.53 4.50

Initial Uncontrolled room T; 60 4.58 R
| temperature ‘
| 12 Weeks 25°C+60%RH 442 s |
| e =y
30°C+65%RH 4.52 | 451
) B CE R TN
Lo e P
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8.2.2 DISCUSSION

The pH of the rcconstinuted suspension staved relatively unchanged during the

accelerated stability and in-usc studics.

8.3 RELATIVE DENSITY

8.3.1 Results

The relative density resulis after accelerated and n-use stability testing for the

reconstituted suspension are given intable 8.3

Table 8.3: Relative density results (g/ml) of the reconstituted ARV suspension after

accelerated stability and in-use studies.

 Relatiedensiygn) .
Initial Storage conditions 6 Weeks 12 Weeks
1.159 23'C+60%RH 1158 1.149
3 30°PC+65%RH 1.157 l—l‘S:
l 40°C+75%RH i.157 1.152 |
In-use stability testing
Storage conditions 15 Days B 30 Days
Initial Uncontrolled room 1.139 TI_S‘}
temperature
12 Weeks 25°C+60%RH 1.146 1.145
30°C+65%RH 1151 1.130
3 4()"C+7S%RH—_— 1.149 147 )

8.3.2 DISCUSSION

The relative density of the reconstituted suspension remained stable over the

stabilitv and in-usc test periods.
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8.4 VISCOSITY
8.4.1 RESULTS

The viscosity results after accelerated and n-use stabihily testing for the

reconstituled suspension are given in table 8.4

Table 8.4: Viscosity (cp) results of the reconstituted ARV suspension during accelerated

stability and in-use testing.

Viscosity (cp)
Initial Storage conditions 6 Weeks 12 Weeks
2.4 | 25°C+60%RH 224 203
30°C+65%RH 203 202
40"C+73%RH _ 203 202

In use-stability testing

| Storage conditions 15 Days 30 Days
Initial Uncontrolled room 203 202
lemperature
12 Weeks 25°C+60%RH 20.1 . 20.1
30°C+63%RH 20.2 20.2
40°C+753%RH 202 202

8.4.2 DISCUSSION

No signiftcant change from the mitial value for viscosity was observed atter 12

weeks aceelerated stability testing. as well as during in-use testing,
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8.5 MOISTURE CONTENT
8.5.1 RESULTS

The motsture content results after accelerated stabilily testing for the powder

suspension are given in table 8.5,

Table 8.5: Moisture content of the ARV powder for suspension during the accelerated
stability test period.

Moisture content (%)

Initial IrStorage ;ondilions 6 Weeks 12 Weeks
1.126 25°C+60%RH 1.131 1.137
| 30PC+65%RH | 1.129 1.132
40°C+75%RH 1126 | 1.131

8.5.2 DISCUSSION
The motslure conlent of the ARV powder for suspension remained stable over the

stability test period of 12 weeks.

8.6 RESUSPENDABILITY AND SEDIMENTATION RATE
8.6.1 RESULTS

All samples tested complicd with the set standards. namely not more than 5 ¢m
scdiment should be present alier 24 hours. and the sediment formed should be castly

resuspended.
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8.7 API RELEASE (DISSOLUTION)
8.7.1 RESULTS

The dissolution results for the rcconstituted ARV powder for suspension arc
presented in figures 8.1-8.3.

Lamivudine dissolution: 300 mi

120 —— -
< 100 e —f————————— |
g 80 ' —+— 25°C+60%RH
£ e —&— 30°C+65%RH.
8 i |, A0CHTEURH,
& oo IO B .
0 .
0 1 20 30 40 50

Time (minutes)

Figure 8.1: Dissolution results of lamivudine in 300 m! formulation obtained after 12 weeks
accelerated stability testing.

Zidovudine dissolution: 300 m!

1

100 ,
80 7 | |~ 25°C+B0%RH|
80t — | —s— 30°C+85%RH
0+—Af————on —t40°C+75%RHi
20 '

Percentage (%)

0 10 20 30 40 50
Time (minutes)

Figure 8.2: Dissolution results of zidovudine in 300 ml formulation obtained after 12 weeks
accelerated stability testing,
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r— e —— e —— —

| Nevirapine dissolution: 300 m|

< e
Y |—4—25°C+60%RH!I
g ~a— 30°C+65%RH
8 |——40°C+75%RH
£ s A

o

0 10 20 30 40 50
Time (minutes)

Figure 8.3: Dissolution results of nevirapine in 300 ml forinulation obtained after 12 weeks
accelerated stability testing,

8.7.2 DISCUSSION

The dissolution results obtained after 12 wecks accclerated stability testmg showed
that lamivudine, sdovudine and nevirapine were immediately dissolved with a dissolution

of 103%. 102% and 100% respectively afier 10 minutes.
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8.8 API AND PRESERVATIVE CONCENTRATION ASSAY
8.8.1 RESULTS: LAMIVUDINE

The assav results for lamivudine during the accelerated stability and in-use

stability study Lesting are given in table 8.6,

Table 8.6: Lamivudine assay results after 12 weeks accelerated stability testing and 30
days in-use stability study.

r Lamivudine {%a)
Initial Storage conditions 1 6 Weeks - 12 Weeks
(- o
100.0 23°C+60%RH 101.8 97.4
3PC+63%RH 101.7 100.6
B 40°C+75%RH 103.6 104.6
In-use stability testing
8 | Storage conditions 15 Days 30 Days __J
Initial Uncontrolled room 101.9 959

temperalure

12 Weeks 253°C+60%RH 973 96.9
30°C+63%RH 90.2 90.1
40°C+753%RH 9.9 89.3

—d
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8.8.2 RESULTS: ZIDOVUDINE

The assay results for zidovudine during the accelerated stabihity and in-usc stability

studv testing arc given in table 8.7,

Table 8.7: Zidovudine assay results after 12 weeks accelerated stability testing and 30

days in-use stability study.

Z-i'dov—u dine (%)
E\iﬁal Storage conditions _6 Weeks 12 Weeks
_99.4 25°C+60%RH 107.0 103.7
30°C+65%RH 103.4 936
40PC+75%RH 1033 97.0
4 © In-usestability testing -
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 102.0 _9?_1
temperaturc
12 Weeks 25°C+60%RH 102.5 100.6
30°C+65%RH 93.3 92.8
40°C+75%RH 95.2 953
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8.8.3 RESULTS: NEVIRAPINE

The assav results for nevirapine during the accelerated stability and in-use stabihty

sludy testing are given in table 8.8

Table 8.8: Nevirapine assay results after 12 weeks accelerated stability testing and 30

days in-use stability study.

Nevirapine (%)
Initial Storage conditions 6 Weeks 12 Weeks
1 985 25°C+60%RH 96.5 92.6
r—3_0"€|():S%RH _91.3 95.1
I I)”C;?S“;)R};- . 96.3 B ‘;!_9-7 N B
B In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 87.3 _9::7._—
temperature
12 Weeks 25°C+60%RH 96.6 913
_ 3&’C-;GS%RP]' - 91.—5 ) B 9_5.7_
40°C+75%RH 96.4 0929
8.8.4 DISCUSSION

The assav resulls obtained for lamivudine, zidovudine and nevirapine were all

within the speeificaiions of 90-110%.

There was a defimte downward trend in the assay results obtained for lamivudine
duning the in-use study with the 30 day result after 12 weeks at 40°C-+75%RH below the
limit of 90%. In-use assayv values for ztdovudine and nevirapine showed inconsistency with
the result for 13 davs for the initial sample. namcly 87.3%. below 90%. This could be duc

to cxpenmental error,
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8.8.5 RESULTS: SODIUM METHYL HYDROXYBENZOATE
The assav results for sodium methyl hydroxybenzoate arc given in table 8.9.

Table 8.9: Sodium methyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing,

Sodium methyl hydroxybenzoate (%om/v)

lni-ti-z;l_ Storage conditions 6 Weeks 12 Weeks

0.147 25°C+60%RH 0.150 0.149
30°C+65%RH 0.149 0.152
4(PC+75%RH 0.151 - 0.151

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 0.147 0.147
lemperature

12 Weeks 25°C+60%RH 0.152 0.148

3°CH63%RH 0.149 0.151

40°C+753%RH 0.151 0.154
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8.8.6 RESULTS: SODIUM PROPYL HYDROXYBENZOATE

The assay results for sodivm propyl hvdroxvbenzoate are given in table 8.10.

Table 8.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium propyl hydroxybenzoate (Yom/v)

Initial Storage conditions —6 Weeks W 12 Weeks -
0.021 25°C+60%RH 0.025 0.025
30°C+63%RH 0.026 0.023
40°C+75%RH 0.023 0.020
In-use stability testing
) ;Xge ;ndilions ’ lS— I;;iys - 3[-1 Days :
Initial 1 Uncontrotied room 0.022 0018
temperature
12 Weeks 25°C+60%RH 0.023 0.024
30°C+63%RH 0.024 0.022
40°C+75%RH 0.021 0.021

8.8.7 DISCUSSION

Theorctical concentrations for sodium methyvl hvdroxybenzoate and sodium propyvi

hvdroxvbenezoate are .15% m/v and 0.02% m/v respectively. All results obtained for

sodmim methyvl hvdroxvbenzoate during the accelerated stability trial and in-usc stability

remamed well within the limit of Q0 — 110% (0133 — 0.163% m/v).

Some of the results obtained for sodium propyl hvdroxvbenzoate were above the

limit of F10%. Duc to the very small peaks representing sodium propy! hvdroxybenzoate n

the HPLC chromatogram, the above specification results could be due to faulty integralion

parameters.
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RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 6-10 KG

8.9 PRESERVATIVE EFFICACY

8.9.1 RESULTS

The PET results for the initial, 6 weeks, 12 weeks and 12 wecks 30 davs laboratory

batches can be scen in tables 8.11-8.20.

Table 8.11: Preservative Efficacy Test results of initial ARV reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E coli 20x10° >3.0 >30 >30 =20 log reduction at
I aerugimosa 2.4x 10° > 3.0 =30 >3.0 J4 days and no
S qureus 21x 10" >30  »30  »30 | Mmereascat2Bdus
A niger 1.6x10° >3.0 >3.0 =30 No increase from
C. albicans =30 >3.0 =30 mitial inoculum

Iz.f)xm‘

Table 8.12: Preservative Efficacy Test results of 6 weeks 25°C+60%RH ARY

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E. coli 20x 107 > 3.0 =30 =30 =2.0 log reduction al
P. acruginosa 24x 10° =30 > 3.0 > 3.0 14 days and no
S. aureus 21x 10° 530 530 w30 | eeecuidas
A. niger 1.6x 10° >3.0 > 3.0 >3.0 No increase from
. albicans 20x 10 >3.0 >3.0 =30 initial inoculum
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Table 8.13: Preservative Efficacy Test results of 6 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for categoryd
products

L coli 2.0x10° =30 =30 >3.0 >2.0 log reduction at
P aeruginosa 2.4 x 10° > 3.0 >3.0 >3.0 14 days and no
S anreus 2.1x 100 >3.0 > 3.0 =30 increase at 28 days.
A niger 1.6x 10° > 30 > 3.0 > 3.0 No increase from
C. alhicans 2.0x 10° > 3.0 =30 >30 iitial noculum

Table 8.14: Preservative Efficacy Test results of 6 weeks 40"C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E coli 20x 10° >30 >3, >3.0 =2.0 log reduction at
P. aeruginosa 24x 10 >3.0 >3.0 >3.0 14 days and no
S. aureus 2.1 x 1Y =30 =30 >3.0 ingrease it ZBviays.
A. niger 1.6x 108 =30 =3.0 30 No increase [rom
C. albicans 20x10° >3.0 >3.0 >3.0 initial inoculum
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Table 8.15: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E. coli 20x10° >3.0 >3.0 =30 >2.0 log reduction at
P. aeruginosa 24 x 10° =3.0 >3.0 >3.0 14 days and no
S aureus 2.1x10° >30 >3.0 >3.0 Incrense 8t 24 daps,
A. niger 1.6x 10° >3.0 =30 >3.0 No increase from
C. athicans 20x 10° >30 >3.0 >3.0 inttial inoculum

Table 8.16: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Dav 14 Day 28 for category 3
products

E. coli 2.0x 107 =30 =3.0 =3.0 =2.0 log reduction al
P. aeruginosa 24 x 107 >3.0 = 3.0 >3.0 14 days and no
S, aureus 2.1x 10’ >30  >3.0 >3.0 increase af 23 days.
A niger 1.6 10° >30 - 3.0 >3.0 No increase from
O albicans 2.0x 10° >30 > 3.0 >3.0 mitial moculum
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Table 8.17: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category3
producis

I coli 2.0x10° = 3.0 =30 =30 >2.0 log reduction at
P. aeruginosa 24x10° >3.0 > 3.0 > 3.0 14 days and no
S anerens 2.1 x10° > 3.0 > 3.0 >3.0 increase at 28 days.
A niger 1.6x 10° =30 >3 >3.0 No increase from
C. albicans 20x10° >3.0 >3.0 >3.0 initial inoculum

Table 8.18: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARV

reconstituted suspension,

Test Organism Initial l Log Unit Reduction Specified limits
Inoculum ' Day 7 Day 14 Day28 | for category 3
products

E coli 2.0x 10° 3.0 3.0 - 3.0 ~2.0 log reduction at
P. aeruginosa 2.4 x 10° ~3.0 > 3.0 > 3.0 14 days and no
§ aureus 21x10° =30 >3 30 | ‘vercasem2Bdays.
A. niger 1.6x 10° =3.0 >3.0 >34 No increase from
' albicans 2.0x 10° =3.0 > 3.0 >3.0 initial inoculum
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Table 8.19: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | [for category3
products

E coli 2.0x10° > 3.0 > 3.0 >3.0 >2.0 log reduction at
P. aeruginosa 2.4 x10° > 30 =30 >30 14 days and no

i . . | §
S, anreus 2.1x 100 >30 > 3.0 >3.0 mercass al. 28 days:
A niger 1.6x10° =30 =3.0 >3.0 No increase from
C. alhicans 20x10° > 3.0 >30 =30 intial inocutum

Table 8.20: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARY

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
E coli 20x 10° =30  >30 530 | >2.0 log reduction at
P. aeruginosa 24 10° 30 =30 >30 14 days and no
S aurens 21x 10° 30 P38 »3p [ eessenaSdns
A. niger 1.6x 10 > 3.0 >3.0 >3.0 No increase from
C. albicans 20x10° =130 >3.0 >3.0 initial moculum
8.9.2 DISCUSSION

All laboratory samples complied with the requirements for category 3 products as

described in USP 28 Thercfore 1t can be concluded thal the preservatives chosen for the
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formulation were cffcctive in proteeting the suspension from microbial contamination.

cven after simulating patient usage for a period of 30 davs.

8.10 CONCLUSION

This chapter summarised results for various test samples of the 300 ml ARV
powder for suspension, which underwent cxlensive testing during a period of twelve wecks
and 1n-use testing for thirty days. The test samplcs represented lamivudine, zidovadine and

nevirapine al concentrattons of 23 mg/ S ml, 75 mg/ 3 ml and 50 mg/ 5 ml, respectively.

The ARV powder for suspension was stored at three storage conditions, namely
23°CHO0%RH. 30°C+63%RH and 40°C+75%RH. The in-use stability tests were performed

at uncontrolled room icmperalure.

Visual asscssment tests included assessment of the colour, lavour and physical
appearance of the test samples. No changes in flavour occurred during the stability pertod.
Colour changed from snow white to off-whilc and watcry, especially the test samples
stored al 40°C+73%RH. which suggests temperatures as high as 40°C to be oo high for the

physical stability of the suspension.

The results obtained for pH. relative density. viscosity and moisture content did not
change significantly throughout the stability testing period. All samples complied with the

sct specificaons for sedimentation rate and resuspendability.

Dissolution results indicated that lamivudine. zidovudine and nevirapine were

mmmediately dissolved alier 10 minutes.

Assav testing by means of HPLC showed a downward trend in the resulis obtained
for lamivadine dunng in-use lesting. Results obtained for zidovudine and nevirapine
showed some inconsistency. bul remained within the specification limit of 90-110%.
cxeept for the [5 davs m-use sample at the imitial slage where a below specification result

was obtained for nevirapme. This result could be due to experimental error.

Results obtained for sodium methyt hvdroxybenzoate remained stable and within
the Tt of 90-110%. Above specificaton results were obtained for sodium propyl
hvdroxybenzoate m some samples. PET testing confirmed efficacy of the preservalive

svstein uscd.
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The detentoration in the physical appearance of the suspension might be grounds
for poor paticnt compliance. Further stability testing including a longer stability period will

be required to more accurately reflect the stability potential of this formulation.

From thesc findings 1t can be concluded that the 300 ml ARV powder for
suspension has potential as a paediatric ARV trcatment for patients with a body weight of

6-10 kg.
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CHAPTER9

RESULTS AND DISCUSSION: POWDER FOR
SUSPENSION FOR
PAEDIATRIC PATIENTS: 10-15 KG

“It’s a good morning exercise for a researcher to discard a pet hypothesis
every day before breakfast.”
-Konrad Lorenz-

The powder lor suspension that, 1 rcconstiluted, has a volume of 420 ml and
provides ARV trcatment for paechatric paticnts with a body mass of 10-15 kg for | month.
was subjected to accclerated stability testing for a pertod of twelve weeks (refer to chapter

6 Tor the discussion of the stability program).

The results of cach test will be discussed and graphic presentations of these results

can be seen in annexure A-F.

9.1 VISUAL ASSESSMENT.
9.1.1 RESULTS

Visual assessment was performed on reconsinuted suspensions. Imitial laboratory
samples were stored al uncontrolled room temperaturc. Resulis for the visual assessment

are given 1 Tabic 9.1.
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Table 9.1: Visual assessment results of the 420 ml reconstituted ARV suspension, during stability and in-use testing.
Aable 9.1 P g h 2

Yisual assessment

Initial Storage temperatures 6 Weeks 12 Weeks
Snow white, homogeneous 25°C+60%RH Snow white, uniform White, milky suspensions, larger
thick white suspension. suspension. particles than intmally visible are
present.
30°C+65%RH White uniform suspension. OIT white suspensions, larger
particles than initially visible arc
present.
40°C+75%RH White suspension, larger OfT white suspension, larger

particles than imiually
visible are present.

particles than initially visible are
present.

In-use stability

Storage temperatures

[ 15 Days

30 Days

Initial Uncontrolled room temperature Snow white, homogencous Snow white, homogencous thick
thick suspension, SUSpPENSION.

12 Weeks 25°C+60%RH Milky white suspension, larger Milky white suspension, larger
particles than initially visible particles than inmtially visible arc
are present. present.

30°C+65%RH OfT white suspension, larger Off white suspension, larger
particles than initially visible particles than imually visible are
arc present. present.

40°C+75%RH Off white suspension, larger Crcamy white suspension, larger

particles than initially visible
arc present.

particles than imtially visible are
present.
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9.1.2 DISCUSSION

Some changes in the phvsical appearance of the suspension were apparent. The

flavour staved identical throughout the whole test period, but the colour changed from

wihite to off-white after 12 weeks storage at 30°C+63%RH and 40°C+75%RH.

After 12 weeks larger particles than thosc intially observed, were present at all

storage temperatures. including the in-use samples at 15 and 30 davs

9.2 pH

9.2.1 RESULTS

The pH results alter accelerated and in-usc stability testing for the reconstituted

suspension arc given in table 9.2.

Table 9.2: pH results of the reconstituted ARV suspension after accelerated stability and
in-use stability study.

pH

Initial Storage conditions | 6 Weeks 12 Weeks
4.75 25°C+60%RH 4,70 4.65
| B(PC-J-GS"A.RH_ 4.77 463
40°C+753%RH 4.72 4.64

In-use stability testing
. Storage conditions 15 Days 30 Days
Initial Uncontrolied room 4.75 | 4.65
| lemperature

12 Weeks 25°C+60%RH 4.65 4,63
_3(J"C+65%R_H 4.65 4.61
40°C+75%RH 4.64 4.60
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9.2.2 DISCUSSION

The reconstituled suspension showed little change in pH over the accelerated

stabihity and n-use test periods.

9.3 RELATIVE DENSITY
9.3.1 RESULTS

The relative density results after accelerated and in-use stability testing for the

reconstituted suspension are given in tablc 9.3

Table 9.3: Relative density results (g/ml) of the reconstituted ARV suspension after
accelerated stability and in-use studies,

Relative density (g/ml)

Initial Storage conditions 6 Weeks 12 Weeks
1.160 o —2—5“C+;‘:(i"uRH B I.l()ilﬂ | 1139
30°C+63%RH 1160 1.157
I 40°C+75%RH 163 1.160

In-use stability testing

Storage conditions 15 Days 30 Days
Initial Uncontrolled room 1161 1.160
temperature
12 Weeks 25°C+60%RH 1.156 1.155
30°C+65%RH 1.154 1.152
40°C+75Y uﬁH 1.158 1;]56 .

9.3.2 DISCUSSION
The relative density of the reconstituted ARV suspension remained satisfactory

during the accelerated stability and in-usc stability test periods. No significant change m

densily was observed.
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9.4 VISCOSITY

9.4.1 RESULTS

The viscosity results after accclerated and in-use stability testing for the

rcconstituted suspension arc given in table 9.4

Table 9.4: Viscosity (cp) results of the reconstituted ARV suspension during accelerated

stability and in-use testing.

Viscosity (cp)

Initial Storage conditions 6 Weeks 12 Weeks
50.7 25°C+60%RH 0.7 473
30°C+63%RH 52.8 484
40°C+75%RH 528 48.7
In-use stability testing
Storage conditions [ 15 Days 30 Days
Initial Uncontrolted room 528 528
temperature
12 Weeks 25°C+60%RH 46.9 46.3
30°C+63%RH 472 _4(5.8
40°C+75%RH 479 47.4

9.4.2 DISCUSSION

No signilicant change n the viscosity results obtained was observe

accelerated and m-use stabihity testing.

d afier
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9.5 MOISTURE CONTENT
9.5.1 RESULTS

The moisture content results aficr accelerated stability testing for the powder for

suspension are given in table 9.5,

Table 9.5: Moisture content of the ARV powder for suspension during the accelerated
stability test period.

Moisture content (%)

Initial Storage conditions 6 Weeks 12 Weeks

1.209 25°C+60%RH _' 1.22] 1.223
30PC+63%RH 1.219 1.220
40PCH+73%RH 1.216 \ 1.224

9.5.2 DISCUSSION

The moisture content of the ARV powder for suspension remained slable over the

accclerated stability test period ol 12 weeks.

9.6 RESUSPENDABILITY AND SEDIMENTATION RATE
9.6.1 RESULTS

All samples tested complied with the sct standards. namely not more than 5 ¢m
scdiment should be present after 24 hours. and the sediment formed should be casily

resuspended.
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9.7 AP1 RELEASE (DISSOLUTION)

9.7.1 RESULTS

The dissolution results for the reconstituted ARV powder for suspension arc

presented in figures 9.1-9.3.

Lamivudine dissolution: 420 ml

120 —
] = x
el -
2 = / ; > —— 25°C+B0%RH
g 60 / —=— 30°C+65%RH,
8 40 7 —4—40°C+75%RH.
Q
a 20 L
0

20 30

Time (minutes)

o

10

40 50

Figure 9.1: Dissolution results of lamivudine in 420 ml formulation obtained after 12

weeks accelerated stability testing.

Zidovudine dissolution: 420 ml

120 —
~ 100 ———7——1-—1 S r—
o~ . o
g 80 - 25°C+B0%RH
g 60 — | | —+—30°C+65%RH
8 40 — | —4—40°C+75%RH
& 7 =
o 20 / : —

0
0 10 20 30 40 50

Time (minutes)

Figure 9.2: Dissolution results of zidovudine in 420 ml formulation obtained after 12

weeks accelerated stability testing.
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CHAPTER 9

| Nevirapine dissolution: 420 ml

| Time (minutes)

weeks accelerated stability testing.

9.7.2 DISCUSSION

| —+— 25°C+60%RH.
—=— 30°C+65%RH
—4—40°C+75%R H_]

Figure 9.3: Dissolution results of nevirapine in 420 ml formulation obtained after 12

The dissolution resulls oblained after 12 weeks accclerated stabilily testing showed

that lamivudine, zidovudine and nevirapine were immediatchy dissolved with a final

dissolution concentration ol 103%. 101% and 101% respectively alter 10 minutes.
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9.8 AP1 AND PRESERVATIVE CONCENTRATION ASSAY
9.8.1 RESULTS: LAMIVUDINE

The assav results for lamivudine during the accclerated stability and in-use

stabilitv studv testing are given in table 9.6.

Table 9.6: Lamivudine assay results after 12 weeks accelerated stability study and 30
days in-use stability study,

Lamivudine (%o)

Initial Storage conditions 6 Weeks 12 Weeks

100.5 25°C+60%RH 1059 925
30°PC+65%RH 101.7 101.5
40°C+75%RH 1015 92.1

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 103.1 102.1
lemperature

12 Weeks 25°C+60%RH 98.7 97.9
30°C+65%RH 92.7 1.7
40°C+75%RH 96.2 9335
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9.8.2 RESULTS: ZIDOVUDINE

The assav results for zidovudine during the aceelerated stability and in-use stability

study testing arc given intable 9.7,

Table 9.7: Zidovudine assay results after 12 weeks accelerated stability study and 30

days in-use stability study.

Zidovudine (%)

Initial Storage conditions 6 Weeks 12 Weeks
100.9 25°C+60%RH 105.1 100.8
30°C+63%RH 98.1 0.1
4G‘C+7S%k}‘1 _ ;08.8 ;2
- In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolied room 101.5 102.2
tempcralure
i2 Weeks 25°C+60%RH 98.7 97.9
30‘;+65%RH. N ‘)-2:3 o '_7—9-17.7
40"C+75%RH :)6. 1 933
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9.8.3 RESULTS: NEVIRAPINE

The assav results for nevirapine during the accclerated stability and m-use stability

study tesling are given in table 9.8,

Table 9.8: Nevirapine assay results after 12 weeks accelerated stability study and 30 days

in-use stability study.

Nevirapine (%)

Initial Storage conditions 6 Weeks 12 Weeks
| 114 25°C+60%RH 913 94.9
3PC+63%RH 95.0 97.6
40“(‘.+775"0RH ‘)-34 - ?)O'? o

In-use stability testing

| Storage conditions 15 Days 30 Days
| Initial Uncontrolied room 103.4 101.5
temperature
12 Weeks 25°C+G0%RH 95.0 93.2
MRC+65%RH %62 | 963
40°C+75%RH 95.6 943
9.8.2 DICUSSION

Assav results obtained for lamuivudine. zidovedine and nevirapine during
accclerated and m-use stability were all within the specification of 90-110%. with onc
cxceplion. nevirapine concentration was extremely high duning mitial 1csting, Laboratory

crror could be responsible for the result of 111.4% obtatned.
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9.8.4 RESULTS: SODIUM METHYL HYDROXYBENZOATE
The assay results for sodium methy] hvdroxyvbenzoale are given in table 9.9,

Table 9.9: Sodium methyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium methyl hydroxybenzoate (% m/v)

Initial Storage conditions 6 Weeks _IZWeeks -
0.153 25°C+60%RH 0.139 0.147
30°C+63%RH 0.141 0.155
40°C+75%RH 0.144 0.151

In-use stability testing

Storage conditions I5 Days 30 Days

Initial Uncontrolted room 0.149 0.151
lempcrafurc

12 Weeks 25°C+60%RH 0.153 0.154

30°C-+63%RH 0.160 0.139

40PC+73%RH 0.152 0.132
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9.8.5 RESULTS: SODIUM PROPYL HYDROXYBENZOATE
The assay results for sodium propyl hydroxybenzoate are given in table 9.10.

Table 9.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium propyl hydroxybenzoate (% m/v)

;{tial f;torage conditic;r: B A(ST’V_ee_k; 12 iifeeks -
0.021 25°C+60%RH 0.026 0.024
30PC+65%RH 0.023 0.026
40°C+75%RH 0.021 0.019 N
= -
In-use stability testing
- S;orage fo:;;l;c;ns 77—-15 Days rigl_)ays'
| Initial Uncontrolled room 0.023 0.02]
temperature
Storage conditions 15 Days 30 Days
12 Weeks | 25°C+60%RH 0.029 0.022
30°C+65%RH .0.019 0.020
40"C+75%RH 0.023 - 0.019
9.8.6 DISCUSSION

Theorctical concentrations for sodium methyl hydroxybenzoate and sodium propyl

hvdroxybenzoate are 0.15% m/v and 0.02% m/v respectively. All results obtained for

sodium methyvl hvdroxvbenzoate during the accelerated stability tnal and in-use stabiliy

remaincd well within the imit of 90 —~ 110% (0.135 - 0.163% m/v).

Some of the resulis obtained for sodium propyl hvdroxybenzoate were above the

limit of 116%. Duc 10 the very small peaks representing sodium propyl hydroxybenzoale in

the HPLC chromatogram. the above specitication results could be due 1o faulty integration

parameters.
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9.9 PRESERVATIVE EFFICACY

9.9.1 RESULTS

The PET results for the initial. 6 weeks. 12 weeks and 12 weeks 30 davs laboratory

batches can be seen in tables 9.11-9.20.

Table 9.11; Preservative Efficacy Test results of initial ARV reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 { forcategoryd
products

E coli 20x10° >3.0 >30 >3.0 =20 log reduction at
P. aeruginosa 24x 10 =30 >30 >3.0 14 days and no
S, aurens 21x10° =3.0 >3.0 =30 inGrease o 26 days:
A niger 1.6x 10 30 >3.0 >3.0 No increase from
C. albicans 2.0x 10° >3.0 >3.0 >3.0 initial noculum

Table 9.12: Preservative Efficacy Test results of 6 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
E coli 20x 10' >30  >30 =30 | >20 log reduction at
P. aeruginosa 24x10° =3.40 >3.0 >30 14 days and no
$ aureus 21 10° 1 E%e sy [NOEEMEEs
A mgcr L6x 10° =30 >3.0 ~3.0 No increase from
C alhicans 20x10° =3.0 =30 > 3.0 initial inoculum
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Table 9.13: Preservative Efficacy Test results of 6 weeks 30°C+65%RH ARV

reconstituted suspension.

L.

Test Organism Initial Log Unit Reduction Specified linvits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E. coli 20x 10° >3.0 >3.0 >3.0 =>2.0 log reduction at
P. aeruginosa 24 x10° > 3.0 > 3.0 >30 14 days and no
S, aureus 21x10° >3.0 >3.0 >3.0 tncrease ol 28 days.
A. niger 1.6x 10° > 3.0 > 3.0 >30 No increase from
O albicans 20x 107 >30 >3.0 >3.0 inittal inoculum

Table 9.14: Preservative Efficacy Test results of 6 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Twitial Log Unit Reduction Specified himits
Inoculum Day 7 Day 14 Day28 1 for category 3
products

E coli 20x10° >3.0 =30 =30 =2.0 log reduction at
P. acruginosa 24x10° >3.0 =30 >3.0 14 days and no
S. aurens 21x10° >3.0 > 3.0 >3,0 iRcsEhat ot Lh sy,
A. niger 1.6x 10 >3.0 >3.0 >3.0 No increase from
C. alhicans 20x 10° > 3.0 >3.0 =30 initial inoculum
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Table 9.15: Preservative Efficacy Test resuits of 12 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 for category 3
products
E coli 2.0x 10 >30 >3.0 >3.0 =2.0 log reduction at
P. acruginosa 2.4x 10° >3.0 >3.0 >3.0 14 days and no
S aureus 21x10° ~30  >30  >3p | '‘mereascat2Bdays
A. niger 1.6x10° >3.0 >3.0 =30 | No increase from
C. albicans 2.0x 10° =30 >3.0 >3.0 mitial inoculum
js—

Table 9.16: Preservative Efficacy Test results of 12 weeks 30"C+65%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E. coli 20x 10 >30 >3.0 >3.0 =2 0 log reduction at
P. aeruginosa 24x10° > 3.0 >3.0 >3.0 14 days and no
S. aureus 21x10° a6 SEb  aEg | ioesseatidis
A. niger 1L.6x10° =>3.0 >30 >30 No increase from
C. albicans 2.0x 10° 3.0 > 3.0 >3.0 initial inoculum
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Table 9.17: Preservative Efficacy Test resuits of 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

k. coli 20x iOJ =30 >3(T s 3,6_ | =20 log re_-du_ction al
P. aeruginosa 24x10° >3.0 >3.0 >3.0 14 days and no
S aureus 2.1x10° >3.0 >3.0 >3.0 icrease B 28 dayk:
A niger 1L6x10° >30 >3.0 >30 No increase [rom
C. alhicans 2.0x10° > 30 > 3.0 =30 initial inoculum

Table 9.18: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | [for category 3
products
L coli 2.0x 10° > 3.0 >3.0 >3.0 =2.0 log reduction al
P acruginosa 24x 10° >30 >3.0 >3.0 14 days and no
. ] zase at 2 HAEE
S. qureus 21x 10° s esg x3p | ImeesEMindes
A niger 1L6x 10 >3.0 =30 = 3.0 No increase [rom
C. albicans 20x 10° >3.0 >3.0 >3.0 initial inoculum
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Table 9.19: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E. coli 2.0x 10° >3.0 >3.0 =30 =2.0 log reduction at
P. aeruginosa 24 x 10 =30 >3.0 >3.0 14 days and no
S aureus 21x10° 530 =30 gy | MeesRstedes
A. niger 1.6 x 10° > 3.0 >3.0 >3.0 No increase from
C. albicans 20x10° >30 >3.0 >3.0 mitial inoculum

Table 9.20: Preservative Efficacy

reconstituted suspension.

Test results of 12 weeks 40°C+75%RH ARV

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E col 20x10° =30 =30 =30 =2.0 log reduction at
P. aeruginosa 2.4 x 10° = 3.0 =30 >3.0 14 days and no
P + s j ’
S aureuy 21x 10 30 =3.0 =30 incecase 3t 28 days.
A. niger L6x 10 =30 >3.0 >3.0 No increase from
C. aibicans 20x 108 >3.0 >3.0 >3.0 tnitial inoculum

9.9.2 DISCUSSION

All laboratory samples complied with the requirements for category 3 products as

described m USP 28, Therelore it can be concluded that the preservatives chosen for the
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formulation were effective m protecting the suspension from microbial contamination,

even after simulating paticnt usage for a period of 30 davs.

9.10 CONCLUSION

This chapter summarised results for various test samples of the 420 ml ARV
powdcr for suspension, which undenwent exiensive testing during a period of twelve weeks
and in-use testing for thirty days. The test samples represented lamivudine. zidovudine and

nevirapine at concentrations of 30 mg/ 7 ml, 100 mg/ 7 inl and 100 mg/ 7inl, respectively.

The ARV powder for suspension was stored at three storage conditions, namely
25°C+060%RH. 30°C+63%RH and 40°C+73%RH, The in-usc stability tests were performed

at uncontrolled room terperature.

Visual assessment ests included asscssment of the colour, flavour and physical
appearance of the test samples. No changes in flavour occurred during the stability period.
Colour changed from snow white to watery vellow. especially the test samples stored at
4°C+753%RH. which suggests temperatures as high as 40°C to be 100 high for the physical

stabthity of the suspension.

The results obtained for pH. relative density. viscosity and moisture content did not
change significantly throughout the stability testing period. All samples complied with the

scl specifications lor sedimentation rate and resuspendability.

Dissolutton results indicaicd that lamivudine. sdovudine and neviraping were

immediately dissolved after 10 minutcs.

HPLC delermination of assav concentrations for lamivudine. zidovudine and
nevirapine showed that all results obtaimed were within the himit of 90-110%. except for
the ininal valuc obtamed for nevirapine. The result of 111.4% could be due to experimental

Ccrror.

Results obtained for sodium methyi hydroxybenzoate remained stable and within
the hmit of 90-110%. Above specification results were obtained for sodium propyt
hyvdroxyvbenzoate in some samples. PET testing confirmed efficacy of the preservalive

svstem uscd.

Further stability testing including a longer stability period will be required to more

accurately reflect the stability potenhial of this formulation.
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From these findings 1t can be concluded that the 420 ml ARV powder for
suspension has potential as a pacdiatric ARV trcatment for patients with a body weight of
10-15 kg,

13]



CHAPTER 1i} _ RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 15-20 KG

CHAPTER 10

RESULTS AND DISCUSSION: POWDER FOR
SUSPENSION FOR
PAEDIATRIC PATIENTS: 15-20 KG

“Medicinal scientists are nice people, but you should not let them treat you.”

-August Bier-

The powder for suspension that, if reconstiluted. has a volume of 600 ml and
provides ARV trcatment for paediatric paticnts with a body mass of 13-20 kg for I month,
was subjected to acceleraled stabiliy testing tor a period of twelve weeks (refer to chapter

6 for the discussion of the stability program).

The results of cach test will be discussed and graphic presentations of these results

can be scen in amnexure A-F,

10.1 VISUAL ASSESSMENT
10.1.1 RESULTS

Visual assessment was performed on reconstituted suspensions. Initial Taboratory
samples were stored at uncontrolled room Icmperature. Results for the visual assessment

arc given in Table 10.1.
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Table 10.1; Visual assessment results of the 600 ml reconstituted ARV suspension, during stability and in-use testing.

[
l

Visual assessment

Llnitial

Storage temperatures

6 Weeks

12 Weeks

particles than initially
visible are present.

In-use stability

Snow white, homogencous 25°C+60%RH Snow white, uniform White suspension, larger particles
thick white suspension. suspension. than ininally visible are present.
30°C+65%RH White uniform suspension. White suspension, larger particles
than imually visible are present.
40°C+75%RH White suspension, larger O[T white suspension, larger

particles than initially visible are
present.

Storage temperatures

15 Days

30 Days

Snow white, homogencous thick

larger particles than initially
visible are present.

Initial Uncontrolled room temperature Snow white, homogencous
thick suspension suspension.

12 Weeks 23°C+60%RH Whitc suspension, larger Off white suspension. larger
particles than initially visible particles than initially visible are
are present. present.

30°C+65%RH OfY white suspension, larger OIf white suspension, larger
particles than iminally visible particles than initally visible arc
are present. present.

40°C+75%RH Watery vellow suspension, Watery vellow suspension, larger

particles than initially visible are
present,

fad
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10.1.2 DISCUSSION

During the accclerated stability and tn-usc stability program. the laboratory
samples showed significant change in colour and physical appearancc. The visual test
results revealed change in the colour from snowy white o watery vellow as the stability
test peniod progressed. The flavour of the suspension remained stable throughout the

accclerated stability and in-use stabihity test penod.

Larger dispersed particles than those inttiallv obscrved werc present at
40°C+75%RH after 6 weeks and 12 weeks accelerated stability, as well as afler 12 weeks

al 30°C+63%RH and in-use testing afier 12 weeks.

10.2 pH
10.2.1 RESULTS

The pH results aller accelerated and in-use stability testing for the reconstituted

suspension are given in table 10,2,

Table 10.2: pH results of the reconstituted ARV suspension after accelerated stability
and in-use stability study.

pH
Initial Storage conditions 6 Weeks rl 2 Weeks
4.76 | 25°C+60%RH 4.71 464
30“C+65%R-ﬁ E) o 4.57‘; o
40°C+753%RH 4.73 4.71

In use stability testing

I Storage conditions 15 Days | 30 Days
Initial Uncontrolled room 4.66 - 4.539
temperature
12 Weeks 23°C+60%RH 4.62 4.60
30°C+65%RH 433 451
L 40°C+75%RH 4.68 4.63
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10.2.2 DISCUSSION

The reconstituted suspension showed httle change in pH over the accelerated

slability and in-usc test periods.

10.3 RELATIVE DENSITY

10.3.1 RESULTS

The relative density results after accelerated and in-use stability testing for the

reconstituted suspension are given in table 10.3,

Table 10.3: Relative density results (g/ml) of the reconstituted ARV suspension after

accelerated stability and in-use studies.

Relative density (g/ml)

Initial | Storage conditions 6 Weeks 12 Weeks
1.156 I 25°C+60%RH 1.136 1.154
! 30PC+63%RH 1.158 1.156
4(PC+75%RH b5 1.156
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 1.159 1.139
lemperature
12 Weeks 25°C+60%RH 1.130 1.149
30°C+63%RH 1.152 1.150
40°C+75%RH 1.154 1.153

10.3.2 DISCUSSION

The relative density of the reconstituted suspension remained stable over the

accelerated stability and in-use test periods.
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10.4 VISCOSITY

10.4.1 RESULTS

The viscosity results after accelerated and n-use stability testing for the

reconstituted suspension arc given in table 10,4,

Table 10.4: Viscosity (cp) results of the reconstituted ARV suspension during accelerated

stability and in-use testing,

Viscosity (cp)
Initial Storage conditions 6 Weeks 12 Weeks
49.6 25°C+60%RH 49.6 475
30°C+65%RH 523 512
40°C+75%RH 523 50.1

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolicd room 323 524
temperalure

12 Weeks 25°C+60%RH 47.2 ! 46.2
30°C+63%RH 49.7 47.1
40°C+75%RH 49.4 48.5

10.4.2 DISCUSSION

During the accelerated stabithiy and the m-use stabilily test pertods the viscosity of

the reconstituted ARV suspension remained relatively stable.
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10.5 MOISTURE CONTENT

10.5.1 RESULTS

The moisture content results after accelerated stability testing for the powder for

suspension arc given in table 10,3,

Table 10.5: Moisture content of the ARV powder for suspension during the accelerated
stability test period.

Moisture content (%)

Initial Storage conditions 6 Weeks 12 Weeks
| 1.025 25°C+60%RH 1.029 1.030
30PC+H65%RH 1.030 1.033
J0°PC+75%RH 1.028 1.031
10.5.2 DISCUSSION

The maoisture content of the ARV powder for suspension remained stable over the

accelerated stabihity period. No significant change in results was observed.

10.6 RESUSPENDABILITY AND SEDIMENTATION RATE

10.6.1 RESULTS

All samples tested comphed with the sct standards. namely not more than 5 ¢cm

scdiment should be present alter 24 hours. and the scdiment formed should be casily

resuspended.
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10.7 API RELEASE (DISSOLUTION)
10.7.1 RESULTS

The dissolution results for the reconstituted ARV powder for suspension are

presented in figures 10.1-§0.3,

Lamivudine dissolution:600 mi

120

.~ 100 ————vf——l e = —

S : I S
'?g’ : | ——25°C+60%RH,
g —{ | —=—30°C+B5%RH
8 | ——40°C+75%RH
i)
o

20 30 40 50

Time (minutes)

Figure 10.1: Dissolution results of lamivudine in 600 ml formulation obtained after 12

weeks accelerated stability testing,

Zidovudine dissolution: 600 ml

120 - -
5 100 - f—. & = —_—
93”, 80 1 : ——  —+—25°460%RH
£ 80 / —=—30°C+65%RH
8 40 | —a—40°C+75%RH
ﬂu. 20 8 .

5 | |

0 10 20 30 40 50

Time (minutes)

Figure 10.2: Dissolution results of zidovudine in 600 ml fornulation obtained after 12

weeks accelerated stability testing.
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Nevirapine dissolution: 600 ml

3

g —+— 25°C+60%RH
ag- —a— 30°C+65%RH
o 4 40°C+75%RH
a

0 10 20 30 40 50
|
Time {minutes)

Figure 10.3: Dissolution results of nevirapine in 600 ml formulation obtained after 12
weeks accelerated stability testing.

10.7.2 DISCUSSION

The dissolution results obtained after 12 weeks accclerated stability 1esting showed

that lamivudine. zidovudine and nevirapine were immediately dissolved with a dissolution
of 102%. 102% and 101% respectively after 10 minutes.
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10.8 API AND PRESERVATIVE CONCENTRATION ASSAY
10.8.1 RESULTS: LAMIVUDINE

The assay resulls for lamivudine duning the accelerated stabtlity and in-usc

stability study testing are given in table 10.6.

Table 10.6: Lamivudine assay results after 12 weeks accelerated stability study and 30
days in-use siability study.

Lamivudine (%)

Initial Storage conditions 6 Weeks 12 Weeks

100.3 25°C+60%RH 99.1 97.8
30°C+65%RH 99.1 98.4
40°C+75%RH 983 08.3

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 1044 97.3
tlemperalure

12 Weeks 25°C+607RH 974 96.2
30°C+63%RH 97.7 97.0

e | — =
40°C+73%RH 98.0 97.7
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10.8.2 RESULTS: ZIDOVUDINE

The assay results for zidovudine dunng the accclerated stability and in-use stability

study testing arc given in table 10.7.

Table 10.7: Zidovudine assay results after 12 weeks accelerated stability study and 30

days in-use stability study.

Zidovudine (%)
Initial Storage conditions 6 Weeks 12 Weeks
[01.4 25°C+60%RH 103.7 974
30°C+65%RH 99.1 100.8

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 107.9 96.7
temperature

12 Weeks 25°C+60%RH 96.7 964
30°C+63%RH 082 97.8
4(rC+75%RH 98.4 98.0
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10.8.3 RESULTS: NEVIRAPINE

The assav results for nevirapine during the accelerated stability and n-usc stability

study lesting are given in table 10.8.

Table 10.8: Nevirapine assay results after 12 weeks accelerated stability study and 30

days in-use stability study.

Nevirapine (%)

Lamivudine. sidovudine and nevirapine assay results obtamed during accelerated

Initial Storage conditions 6 Weeks 12 Weeks
101.8 25°C+60%RH 945 209
30°C+65%RH 95.1 93.7
40°C+75%RH ;5.7277 | 96.2
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrotled room 99.2 939
temperature
12 Weeks 25°C ;6{:%RH_ 91.6 90.9
| 0CHSURH | 929 914
4PC+75%RH 94.8 95.0
10.8.4 DISCUSSION

stabiliy testing and in-usc testing were ali within the specification of 90-110%
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10.8.5 RESULTS: SODIUM METHYL HYDROXYBENZOATE
The assav results For sodium methy! hvdroxyvbenzoate are given in table 10.9.

Table 10.9: Sodium methyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium methyl hydroxybenzoate (%% m/v)

Initial Storage conditions 6 Weeks 12 Weeks

0.152 25°C+60%RH 0.162 0.159
30PC+65%RH 0.157 0.151
4(0PC+73%RH 0.154 0.158

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 0.155 0.139
lemperature

12 Weeks 25°C+60%RH 0.161 0.159
30°C+65%RH 0.134 0.155
40°C+75%RH 0.155 0.151
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10.8.6 RESULTS: SODIUM PROPYL HYDROXYBENZOATE
The assay results for sodivm propy! hvdroxyvbenzoate are given in table 10.10.

Table 10.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated
stability testing and 30 days in-use stability testing.

Sodium propyl hydroxybenzoate (% m/v)

Initial Storage conditions 6 Weeks 12 Weeks

0.024 25°C+60%RH 0.027 0.01%
30°PC+65%RH 0.027 0.020
40°C+75%RH 0.026 0.023

In-use stability testing

Storage conditions 15 Days 30 Days
Initial Uncontrolled room 0.024 0.021
temperature
12 Weeks | 25°C+60%RH 0.024 0.021
30°C+65%RH 0.018 0.019
40°C+75%RH 0.023 0.024
10.8.7 DISCUSSION

Theoretical concentrations for sodium methvl hvdroxybenzoate and sodium propyl
hvdroxvbenzoate are 0.153% m/v and 0.02% m/v respectively. All results obtamed for
sodivm methy! hvdroxvbenzoate duning the accelerated stability tnal and in-use stabihity

remained well within the imit of 90 — 110% (0,135 — 0.163% m/v).

Some of the rcsults obtained for sodium propyl hvdroxvbenzoate were above the
limit of 110%. Dug to the very small peaks representing sodium propvl hvdroxy benzoate in
the HPLC chromalogram. the above specification results could be due to faully integration

parameters.
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10.9 PRESERVATIVE EFFICACY
10.9.1 RESULTS

The PET results for the imitial, 6 weeks, 12 weeks and 12 weeks 30 davs laboratory
batches can be scen in tables 10.11-10.20.

Table 10.11: Preservative Efficacy Test results of initial ARV reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 for category 3
products

E coli 2.0x 10° >3.0 >3.0 >30 >2.0 log reduction at
P aeruginosa 245 10° >30 >3.0 >30 14 days and no
S aureus 21x10° w3 350 w3 | Ieeema2Sdns
A. niger 1.6 x 10’ >3.0 =3.0 >3.0 No increase from
" alhicans 2.0x 10° >3.0 > 3.0 >3.0 initial moculum

Table 10.12: Preservative Efficacy Test results of 6 weeks 25°C+60%RH ARV
reconstituted suspension.
Test Organism Initial Log Unit Reduction | Specified limits
|
Inoculum Day 7 Day 14 Day 28 | for category 3
| products
E. coli 20x 10° > 3.0 =30 =30 =2.0 log reduction at
P. aeruginosa 24x 10 > 3.0 > 3.0 =3.0 14 days and no
S anreus 21x 10 =30 >3.0 = 3.0 inpeass ig 28 s,
A niger 1L.6x 10° >3.0 =30 > 3.0 No increase from
: C. albicans 20x 10° 30 >3.0 >3.0 mitial inoculum
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Table 10.13: Preservative Efficacy Test results of 6 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day I4 Day28 | for category 3
products

E. coli 20x 107 > 3.0 >3.0 =30 >2.0 log reduction at
P. aeruginosa 2.4x10° > 3.0 >3.0 >3.0 14 days and no
S aureus 245 10° =30 > 3.0 > 3.0 incroasc at 28 days.
A niger 1.6 x 10° >30 > 3.0 > 3.0 No increase from
C. alhicans 20x10° >3.0 >30 >3.0 initial inoculum

Table 10.14: Preservative Efficacy Test resnlts of 6 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 for category 3
products

£ coli 20x10° >3.0 > 3.0 >3.0 =2.0 log reduction at
P. aeruginosa 24 x 10° > 3.0 > 3.0 > 3.0 14 days and no
S aureus 21x10° = 3.0 > 3.0 >3.0 increase al 28 days.
A niger 16x10° >3.0 >3.0 >3.0 No increase from
C. albicans 20x 10° >3.0 >3.0 =3.0 initial inoculum

146




CHAPTER 10

RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 13-20 KG

Table 10.15: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E col 20x10° >3.0 > 3.0 >3.0 >2.0 log reduction at
P. aeruginosa 2.4 x 10° >3.0 >3.0 >3.0 14 days and no
S aurens 2.1x10° =30 >3.0 > 3.0 increasc at 28 days.
A niger L6x 1o > 3.0 > 3,0 > 3.0 No increasc [rom
C. albicans 2.0x 10° >3.0 >3.0 >3.0 initial inocutum

Table 10.16: Preservative Efficacy Test results of 12 weeks 3J0°C+65%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
|

E coli 2.0x 107 =30 >30 >3.0 =2.0 log reduction at
P. aeruginosa 24x10° = 3.0 >3.0 =30 14 days and no
S, anrens 21x 10 >3.0 >3.0 >34 ineresse k24 days.
A. niger 1.6x 10 =3.0 =3.0 =30 No increase from
C. albicans 20x10° - 3.0 >3.0 >3.0 inttial inoculum
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Table 10.17: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E. coli | 20x 10° =30 >3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24 x 10} =30 >3.0 >3.0 14 days and no
S aureus 215 10° 530 =30 syp |irewesaItdans
A. niger 1.6x 10° = 3.0 >3.0 >3.0 No increase from
C. albicans 2.0x10° >3.0 >3.0 >3.0 initial inoculum

Table 10.18: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial I Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category3
products
K coli 2.0x 10° >30  >30 >30 | =20 log reduction at
P. acruginosa 24x 10 = 3.0 > 3.0 >3.0 14 days and no
| 1 =23 ¥,
5. anrens 24 2 16 | >3.0 =30 >3.0 increase at 28 days.
|
A niger 1.6x10° >3.0 >3.0 >3.0 No increase from
C. albicans 2.0x 10} >3.0 > 3.0 initiat inoculum

=30
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Table 10.19: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E. coli 20x10° >30 =30 =3.0 2.0 log reduction at
P. aeruginosa 24x10° >3.0 >3.0 >3.0 14 days and no
S, dureus 21x10° >30 =30 53 | idereascal 28 days.
A. niger L6x 10 >30 =30 >30 No increase from
C. albicans 20x 10° >3.0 >3.0 >30 initial inoculum

Table 10.20: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E coli 20x 10° =30 > 30 =30 _20 log reduction at
P. aeruginosa 24x 10 >3.0 >3.0 >3 14 days and no
S aurens 2.1x10° =30 =30 0 s3p | ehedZideg.
A niger Lex 109 >3.0 >3.0 30 No increase from
O albicans 20x10° >30 =30 >3.0 initial inoculum

10.9.2 DISCUSSION

All laboratory samples complied wiih the requirements lor category 3 products as

described in USP 28, Thercfore ot can be concluded that the preservatives chosen for the

formulation were cffective in protecting the suspenston from microbial contamination.

even aller simulabing patient usage for a peried of 30 davs.
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10.10 CONCLUSION

This chapter summarised results for various test samples of the 600 ml ARV
powder for suspension, which underwent cxtensive physical and chemical testing durtng a
pertod of twelve wecks and in-use testing for thirty days. The test samples represented
lamivudine, zidovudine and nevirapine at concentrations of 75 mg/ 10 ml, 150 mg/ 10 ml

and 100 mg/ 10 ml, respectively.

The ARV powder for suspenston was stored al three storage conditions. namely
25°C+60%RH. 30°C+65%RH and 40°C+73%RH. The in-use tests were performed at

uncontrolied room temperature.

Visual asscssment lests tncluded assessinent of the colour. flavour and physical
appcarance of the test samples. No changes mn Navour occurred during the stability period.
Colour changed from snow white to off-white and watery, cspecially the test samples
stored at 40°C+753%RH. which suggests tcmperatures as high as 40°C (o be too high for the

physical siabtlity of the suspension.

The results obtained for pH, rclative density. viscosity and moisture content did not
change significantly throughout the stabihty testing period. All samples comphed with the

sct specifications for sedimentation rate and resuspendability.

Dissolution results indicated that Tamivudine. zidovudine and nevirapine were

immediately dissolved after 10 minutes.

HPLC dectermination of assav concentrations for lamivudine. zidovudine and

nevirapine showed that all results obtamed were within the irmit of 90-110%,

Results obtained for sodium methyvl hvdroxybenrzoate remaned stable and within
the limit of 90-1106%. Above specification results were obtained for sodium propyl
hyvdroxvbenzoate in some samples. PET testing confirmed efficacy of the preservative

SVSicm used.

Further stabitity testing including a longer stabihity period will be required to morc

accuratchy reflcet the stability potential of this formulation.

From these findings it can be concluded that the 600 ml ARV powder for
suspension has potential as a paediatnic ARV trcatment for patients with a body waight of
1320 kg.




CHAPTER 11 RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 KG

CHAPTER 11

RESULTS AND DISCUSSION: POWDER FOR
SUSPENSION FOR
PAEDIATRIC PATIENTS: 20-29 KG

“There are no such things as applied sciences,
only applications of science.”

-Louis Pasteur-

The powder for suspension that. il reconstitutcd. has a volume of 900 ml and
provides ARV treatment lor paediatric patients with a body mass of 20-29 kg for | month.
was subjected to accelerated stability testing for a period of twelve weeks (refer to chapter

6 for the discussion of the stability program).

The results of cach test will be discussed and graphic presentations ol these results

can be seen m anexure A-F.

11,1 VISUAL ASSESSMENT
11.1.1 RESULTS

Visual asscssment was perlormed on reconslituted suspensions. Initial laboratory
samples were stored at unconltrolled room temperature. Results tor the visual asscssment

arc given in Table t1. 1,
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CHAPTER 11

RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 KG

11.1.2 DISCUSSION

A change in colour n the reconstituted powder for suspension [rom white to off-

white was obscrved after storage at 30°C+653%RH and 40°C+75%RH for 12 weeks. The

physical appearance showed a shght decomposition. Much larger dispersed particles, than

were mitally noticed were present throughout the suspension. The passion [ruit flavour of

the suspension remained stable throughout the stability and in-usc test pertods.

11.2 pH

11.2.1 RESULTS

The pH results after accelerated and in-use stability testing for the reconstiuted

suspension are given intable 11.2.

Table 11.2: pH results of the reconstituted ARV suspension after accelerated stability
and in-use stability study.

pH
Initial Storage conditions 6 Weeks 12 Weeks
4.55 25°C+60%RH 4351 4.49
30°C+65%RH 4.54 4352
40°C+75%RH 4.46 4.39
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 449 445
lempcerature
12 Weeks 25°C+60%RH 4.45 443
30°C+63%RH 448 445
40°C+75%RH : 436 434
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11.2.2 DISCUSSION
During the accelerated stability and in-usc stability test period. the pH of the

reconstitules suspension remained relatively stable.

11.3 RELATIVE DENSITY

11.3.t RESULTS

The relative density results afier accelerated and in-use stability testing for the

reconstituted suspenston are given in table 11.3.

Table 11.3: Relative density results {(g/m}) of the reconstituted ARV suspension after
accelerated stability and in-use studies.

Relative density (g/ml)

Initial -Storage conditions 6 Weeks 12 Weeks

1157 | ascieRH |ss s
30°C+63%RH 1.153 1.155
4FC+75%RH 1.1335 1.155

In-use stability testing

Storage conditions 15 Days 30 Days
Initial Uncontrolled room 1.158 1.157
Icmpceralure
12 Weeks 25°C+60%RH 1.153 1151
30°C+63%RH 1.154 1.152
40°C+753%RH 1.132 l._l 32

11.3.2 DISCUSSION
No significant change in the relative density results was observed afiler accelerated

stability for 12 weeks and in-use testing for 30 days.

154



CHAPTER 11 RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 KG

11.4 VISCOSITY
11.4.1 RESULTS

The viscosity results after accelerated and in-use stability testing for the

rcconstifuted suspension arc given in table 11.4.

Table 11.4: Viscosity (cp} results of the reconstituted ARV suspension during accelerated

stability and in-use testing.

Viscosity {cp)
Initial Storage conditions 6 Weeks 12 Wecks
48.5 25°C+60%RH 48.5 49.6
30°PC+65%RH 49.6 512
40°PC+75%RH 49.6 503

In-use stability testing

Storage conditions I5 Days 30 Days
Initial Uncontrolled room 49.6 495
temperalure
12 Weeks .25"‘C +60%RH 492 48.6
IPC+63%RH 50.4 49.8
40°C+75%RH 49.9 49.1
11.4,2 DISCUSSION

The viscosity of (he reconstituted suspension showed no significant change during

the accelerated stability and in-use test pertods.




CHAPTER 11 RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 KG

1.5 MOISTURE CONTENT

11.5.1 RESULTS

The moisture content results after aceelerated stability testing for the powder
suspension are given intable 11.5.

Table 11.5: Moisture content of the ARV powder for suspension during the accelerated
stability test period.

Moisture content (%)

Initial Storage conditions 6 Weeks 12 Weeks
1.261 25°C+60%RH 1.306 1319
| 30°C+63%RH 1.324 1.329
40rC+73%RH 1.317 1.324

11.5.2 DISCUSSION

The moisture content of the ARV powder for suspension showed no stgnificant

change during the accelerated stabihty test perod.

11.6 RESUSPENDABILITY AND SEDIMENTATION RATE

11.6.1 RESULTS

All the samples tested complicd with the set standards. namely not more than 3 cm

of scdiment should be present afier 24 hours. and the sediment formed should be castly

resuspended.
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11.7 API RELEASE (DISSOLUTION)
11.7.1 RESULTS

The dissolution results for the reconstituted ARV powder for suspension are

presented in figures 11.1-11.3.

Lamivudine dissolution: 900 ml

| —4— 40°C+75%RH
: ALH]

120
100 f gt  — - .
T.; 80 | ——25°C+60%RH
g 60 ‘+30°C+65%RH“
8 40
Q
o

0 10 20 30 40 50
Time (minutes)

Ficure 11.1: Dissolution results of lamivudine in Y00 ml formulation obtained after 12

weeks accelerated stability testing,

Zidovudine dissolution: 900 ml

120 ¢ - =
100 ]
S P | _
@ 80 / | —+—25°C+60%RH|
g 80 ~a— 30°C+65%RH
S 40 e . —a—40°C+75%RH
@
o 20 —

0
0 10 20 30 40 50

Time {minutes)

Figure 11.2; Dissolution results of zidovudine in 900 ml formulation obtained after 12

weeks accelerated stability testing.
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Nevirapine dissolution: 900 ml

L

g —+— 25°C+B9%RH
. —»— 30°C+65%RH
8 —a— 40°C+75%RH
£ b 2«

a

Time (minutes)

Figure 11.3: Dissolution results of nevirapine in 900 ml formulation obtained after 12

weeks accelerated stability testing,

11.7.2 DISCUSSION

The dissolution results obtained after 12 weeks accelerated stability testing showed
that lamivudine, adovudine and nevirapine were immediately dissolved with a final

dissolubion concentration of 104%,. 103% and 1019% respectively afier 10 minutes.
spe )
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11.8 AP1 AND PRESERVATIVE CONCENTRATION ASSAY
11.8.1 RESULTS: LAMIVUDINE

The assay results for lamivudine during the accelerated stabiliy and in-use

stability study testing are given in table 1.6

Table 11.6: Lamivudine assay results after 12 weeks accelerated stability study and 30
days in-use stability study.

Lamivudine (%)
Initial Storage conditions 6 Weeks 12 Weeks
100.6 25°C+60%RH i01.8 1021
30PC+65%RH 99.0 106.1

40°C+75%RH 95.3 96.7

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room 101.2 98.3
lcmperature

12 Weeks 25°C+60%RH 98.8 08.2
30°C+65%RH 95.1 94.5
40"C+75%RH 93.7 23.1
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11.8.2 RESULTS: ZIDOVUDINE

The assav resulbts for zidovudine during the accclerated stability and n-usc stability

study testing arc given intable 11.7.

Table 11.7: Zidovudine assay results after 12 weeks accelerated stability study and 30

days in-use stability study.

Zidovudine (%)
Initial Storage conditions 6 Weeks 12 Weeks
1033 25°C+60%RH 102.4 103.9
30°C+65%RH 102.6 190.5
4(PC+7;‘;/IIIJ-}Q}‘I_ - _1_0;9#77 ] I04._6 o

In-use stability testing

Storage conditions 15 Days 30 Days
Initial Uncontrolled room 102.6 94.8
temperature
12 Weeks 25°C+60%RH 103.9 1029
SPCHS%RH | 1004 Clees
40°PC+75%RH 103.7 - 101.5
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11.8.3 RESULTS: NEVIRAPINE

The assay results for nevirapine during the accelerated stabihity and in-usc stabiluy

study testing are given in table 11.8.

Table 11.8: Nevirapine assay results after 12 weeks accelerated stability study and 30

days in-use stability study.

Nevirapine (%)

Initial Storage conditions 6 Weeks 12 Weeks
117.2 25°C+60%RH 91.3 9%.1
30°C-+65%RH 92.7 93.2
wests%RH |76 |90
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 1204 104.0
lcmperaturc
—]; -Weeks 25°C+60%RH 93.1 92.8
CHeS%RH 930|926
40°C+75%RH 929 91.6

11.8.4 DISCUSSION

Assav results obtamed for lamivudine, sdovuding and nevirapine  during
accclerated and n-use testing were all within the specification of 90-110%. with the
cxeeption of nevirapine results at the tnitial and 15 davs in-usc at the inmal stage. Both
these results were above specification. Experimental error could be responsible for the

above speciDeation values obtaingd.
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11.8.5 RESULTS: SODIUM METHYL HYDROXYBENZOATE
The assay results for sodium methyl hvdroxvbenzoate arc given in table 11.9,

Table 11.9: Sodium methyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium methyl hydroxybenzoate (% in/v)
_In;ilial - S*lo;lge cioﬂlllans 6 Weeks TE;e_eks N
0,151 25°C+60%RH 0.148 0.146
30°C+65%RH 0.157 0.158
40°C+75%RH 0.142 0.152
In-use stability testing
;to;lge c(;n_d_iti;ns r#_ls bays 30 i);ays
lnitia-l Uncontrolied room 0.146 0.148
tcmperature
| 12 Weeks 25°C+60%RH 0.146 0.146
30°C+65%RH 0.158 0.157
40°C+75%RH 0.152 0.152
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11.8.6 RESULTS: SODIUM PROPYLHYDROXYBENZOATE
The assay results Tor sodium propyvl hvdroxybenzoale are given in table 1110

Table 11.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated
stability testing and 30 days in-use stability testing.

Sodium propyl hydroxybenzoate (% m/v)

;il;al Stno_rsée_ c_or;(;itio_ns ;\_N;zeks i I. .2 Weel;s

0.024 25°C+60%RH 0.029 0.019
3PC+63%RH 0.031 0.026
40°PC+75%RH 0.024 0.026

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolled room | 0.021 0.021
Iempcrature

12 Weeks 25°C+60%RH 0.024 0.025

30°C+65%RH 0.026 0.622

40°C+75%RH 0.021 0.024

11.8.7 DISCUSSION

Theoretical concentrations for sodium methyvl hvdroxybenzoate and sodium propyl
hvdroxyvbenzoate are 0.153% m/v and 0.02% m/v respectivelv. All results obtained for
sodium methy} hyvdroxvbenzoate during the accelerated stability 1rial and in-use stability

remained welt within the limit of 90 — F10% (0.133 — 0.165% mA).

Somg of the results obtained for sodium propyvl hvdroxybenzoate were above the
limit of 110%. Due to the very small peaks representing sodium propyl hydroxybenzoate in
the HPLC chromatogram. the above specificatton results could be due to laulty miegration

paramcicrs.
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11.9 PRESERVATIVE EFFICACY

11.9.1 RESULTS

The PET results for the initial, 6 weeks. 12 wecks and 12 weeks 30 davs laboratory

batches can be seen in tables [1.11-11.20.

Table 11.81: Preservative Efficacy Test results of initial ARV reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E. coli 2.0x 10° >3.0 >3.0 >3.0 =2.0 log reduction at
P. aeruginosa 24x10° >3.0 > 3.0 >3.0 14 days and no
S aurens 21x 10° s3¢ s xgp | UeeasdZbos.
A niger 1.6x10° =3.0 =30 >3.0 No increase from
C. albicans 2.0x10° >3.0 >3.0 >3.0 mitial inoculum

Table 11.12: Preservative Efficacy Test results of 6 weeks 25°C+60%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
I coli 20x10° =30 _5() >3.0 =20 log reduction al
P. aeruginosa 24x 10 =30 =30 >30 14 days and no
H & X ;

S aureus 21x 10° =30 30 =30 | eeSEElG.
A. niger 1L6x 10° > 3.0 =30 3.0 No increase from
C. albicans 20x10° >3.0 =30 >30 initial inoculum
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Table 11.13: Preservative Efficacy Test resuits of 6 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

E coli 20x10° >3.0 >3.0 > 3.0 >2.0 log reduction at
P. aeruginosa 24x 10° =30 > 3.0 =30 14 days and no
S, awrens 21x10° >3.0 =30 >3.0 increase ol 48 Gays.
A. niger 1.6x 10° =30 >3.0 »= 3.0 No increase from
C. athicans 20x10° >30 >30 >3.0 initial inoculum

Table 11.14: Preservative Efficacy Test results of 6 weeks 40°C+75%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
| products

E col [ 20x 10° =30 30 3.0 | >2.0 log reduction al
P. aeruginosa 24 x10° >3.0 >3.0 >3.0 14 days and no
S, aureus 21%10° >3.0 >3.0 >3.0 InRFRase 25 days.
A mger 1.6x 10° =30 >3.0 =30 No increase from
C. albicans 20x10° =30 >3.0 >3.0 initial inoculum
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Table 11.15: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARY

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

I coli 2.0x 10 >3.0 > 3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24 x 10° =30 >3.0 =30 14 days and no
S. aureus 21x10° S0 FA) 0 a3 | Ewsados
A niger 1.6x 10° =30 > 3.0 = 3.0 No increase from
C. albicans 20x 10° >3.0 >3.0 >3,0 initial inoculum

Table 11.16: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
|k coli 20x10° =30 >3.0 >3.0 =2.0 log reduction at
P. aeruginosa 24x 10° >3.0 =30 =3.0 14 days and no
S aureus 21x10° >30 =30 >3.0 W LD dars
A niger 1.6x 10 >3, > 3.0 =30 No increase from
C. albicans 2.0x10° >3.0 >3.0 >3.0 initial inoculum
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Table 11.17: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction -_Speciﬁed limits
Inoculum Day 7 Day 14 Day 28 for category 3
products

E. coli 20x 10 =30 = 3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24x 10 >3.0 >3.0 >3.0 14 days and no
S aurens 21x 10° $30 30 2 sgp | ‘ecasalioo
A. niger 1L.6x 10° >3.0 =30 >3.0 No increasc from
C. albicans 20x 10’ >30 >3.0 >3.0 initial inoculum

Table 11.18: Preservative Efficacy Test results of 12 weeks 30 days 25°C+60%RH ARV

reconstituted suspension.

| Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E. coli 2.0x 10° =30 = 3.0 >3.0 =20 log reduction at
P. aeruginosa 24x10° >3.0 > 3.0 >3.0 14 days and no
S. curens 21x10° =30 =30 >3.0 ncrease at 28 days.
A niger 1.6x 10 >3.0 >3.0 >3.0 No inercase from
C. albicany 2.0x 10° >3.0 > 3.0 >3.0 initial mocutum
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Table 11.19: Preservative Efficacy Test results of 12 weeks 30 days 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

k. coli 2.0x 10 =30 > 3.0 >3.0 >2.0 log reduction al
P. aeruginosa 2.4x10° >3.0 >3.0 >3.0 14 days and no
S anrews 21x10° >3 =30 = 3.0 increasc al 28 days.
A niger 1.6x 10° >3.0 =3.0 > 3.0 No increase from
C. alhicans 2.0x 10 > 3.0 > 3.4 > 3.0 mitial moculum

Table 11.2G: Preservative Efficacy Test results of 12 weeks 30 days 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for categoryd
products

k. coli 205100 >3.0 > 3.0 =3.0 >2.0 log reduction at
P. aeruginosa 24x10° = 3.0 >3.0 > 3.0 14 days and no
S. aureus 21x10° =30 >30 >3.0 ST LA G,
A. niger 1.6x10° >30 =30 =30 No increase from
C. albicans 20x 10° > 3.0 >3.0 =30 initial inoculum

11.9.2 DISCUSSION

All laboratonv samples complicd with the requirements for category 3 products as

deseribed in USP 28. Therefore it can be concluded that the preservatives chosen for the

formutation were cffective in protecting the suspension from microbial contamination.

even after simulating patient usage tor a penod of 30 days.
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11.10 CONCLUSION

This chapter summarized results for various test samples of the 900 ml ARV
powder for suspenston, which underwent extensive testing during a period of twelve wecks
and in-use testing for thirty days. The test samplcs represented lamivuding, zidovudine and
ncvirapine al theorctical concentrations of 100 mg/ 15 ml, 100 mg/ 15 ml and 200 mg/ 13

ml. respectively.

The ARV powder for suspension was stored at three storage conditions, namely
25°C+60%RH, 30°C+03%RH and 40°C+75%RH. The in-use stability tests were preformed

at uncontrolied room tempcerature.

Visual assessment tests included assessment of the colour, Ravour and physical
appcarance of the test samples. No changes in flavour occurred during the stability period.
Colour changed from snow white to a creamy colour. Test samples stored at 40°C+75%RH
displaved a change in colour six wecks carlier than the samples stored at 25°C+60%RH
and 30°C+65%RH. This may suggest the suspension to be more physically slable at
25°C+60%%RH and 30°C+63%RH.

The results obtained for pH, relative denstty, viscosily and moisture content did not
change significantly throughout the stability testing period. All samples complied with the

scl spectfications for sedimentation rate and resuspendability,

Dissolution results indicated that lamivudine, zidovudine and nevirapine were

immediately dissolved afier 10 minutes.

HPLC dctermmation of assay concentrations for lamivudine. zidovudine and
nevirapine showed that all results obtained were within the limit of 90-110%. except for
the imtial and 15 davs in-use value at the inttial stage for nevirapine. Laboratory crror

could be responsible for the above specification results in these two cases.

Results oblained for sodium methy] hvdroxybenzoate remained stable and within
the limit of 90-110%. Above specification results were oblained for sodium propyl
hvdroxybenzoate m some samples. PET testing confimrmed efticacy of the preservative

svslem used.
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CHAPTER 11 RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 KG

Although most assay valucs of this formulation do comply with the sct standards,
the detcrioration of the physical appearance of Lhe suspension might be grounds for poor
paticnit compliance. Further stability testing including a longer stability period will be

required to more accurately reflect the stability potential of this formulation.

From these findings it can be concluded that the 900 ml ARV powder for
suspension has potential as a pacdiatric ARV treatment for patients with a bodv weight of
20-29 kg,

170



CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

CHAPTER 12

RESULTS AND DISCUSSION: POWDER FOR
SUSPENSION FOR
ADULT AND GERIATRIC PATIENTS

“In theory, there is no difference between theory and practice,
But in practice there is a great deal of difference.”

-Anon-

The powder for suspension that, if reconstituted. has a volume of 1000 ml and
provides ARV trcatment for adult and geriatric patients for 1 month, was subjected to
accelerated stability testing for a peniod of twelve weeks (refer to chapter 6 for the

discussion of the stabtlily program).

The results of cach test will be discussed and graphic presentations of these results

can be secn i anncexure A-F.

12.1 VISUAL ASSESSMENT
12.1.1 RESULTS

Visual assessment was performed on reconstituted suspensions. Inrtial laboratory
samples were stored at uncontrolled room temperature. Results for the visnal asscssment

arc given in Table 12.].
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CHAPTER |2 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12.1.2 DISCUSSION

During the visual assessmienmt. a change m the physical appearance of the
rcconstiluted suspenston was clearlv scen. Larger than originally marked particles werc
dispersed throughout the suspension after 6 wecks storage at 40°C+73%RH and 12 weeks
at 30°C+63%RH and 40°C+75%RH, as wcll as in all the in-usc samplcs afier 12 weeks.
Further changes in colour were obvious, especially during the 12 week 15 days in-use
testing and onward. The passion fruit flavour of the suspension remained stable throughout

the accelerated stabilily and in-usc stability 1cst periods.

12.2 pH
12.2.1 RESULTS

The pH results after accclerated and in-use stability testing for the reconstituted

suspension arc given in table 12,2

Table 12.2: pH results of the reconstituted ARV suspension after accelerated stability
and in-use stability study.

pH
Initial Storage conditions 6 Wecks 12 Weeks ]
4.30 25°C+60%RH 4.54 451
30°PC+63%RH B 4.36 4.47
4(PC+73%RH 4.59 4.54

In-use stability testing

Storage conditions 15 Days 30 Days
Initial Uncontrolled room 452 432
tempcrature
12 Weeks 25"C+60%RH 4.49 4.47
30°C+65%RH 4.45 4.44
40°C+75%RH 4.50 4.49
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CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12.2.2 DISCUSSION

During the accclerated stability and m-use stabihity study the pH of the

reconstiluted suspension showed no sigmficant change.

12.3 RELATIVE DENSITY

12.3.1 Results

The relative density results afler accelerated and in-use stabiliy testing for the

reconstituted suspension arc given in lable 12.3.

Table 12.3: Relative density results (g/ml) of the reconstituted ARY suspension after
accelerated stability and in-use studies.

Relative density (g/ml)

Initial : Storage conditions 6 Weeks 12 Weeks
1136 25°C+60%RH 1,158 1.156
SO’CIGS%RH | I-.-I;{ B lil'n -
40C+73%RH 1.156 1.153 i
In-use stability testing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room 1.158 1157
temperalure
12 Weeks 25°C+60%RH 1.154 1.152
30°C+65%RH 1.153 1.152
I 40°C+75%RH 1 1.1530 1.149
12.3.2 DISCUSSION

The relative density of the 1000 ml reconstituted suspension remained relatively

stable during the aceclerated stability and mn-use testing penod.
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CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12.4 VISCOSITY
12.4.1 RESULTS

The viscosity results after aceclerated and in-use stability testing for the

reconshiluted suspension are given in table 12.4.

Table 12.4: Viscosity (cp) results of the reconstituted ARV suspension during accelerated

stability and in-use testing.

Viscosity (cp)
Initial Storage conditions 6 Weeks 12 Weeks
523 25°C+60%RH 523 516
30°C+63%RH 517 503
40°C+75%RH 516 50.8
In-use stability tesiing
Storage conditions 15 Days 30 Days
Initial Uncontrolled room I 3.7
lemperature
12 Weeks 25°C+60%RH 50.0 496
30°C+65%RH _ 49.7 492
40°C+753%RH 50.1 i 495
12.4.2 DISCUSSION

During the accelerated stabihiy test and in-use stability 1csting period. the viscosily

of the reconstined suspension showed no significant changes.




CHAPTER ]2 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12,5 MOISTURE CONTENT
12,5.1 RESULTS

The moisture content results after accelerated stability testing for the powder for

suspension are given in table 12,5,

Table 12.5: Moisture content of the ARV powder for suspension during the accelerated
stability test period.

Moisture content (%)

Initial Storage conditions 6 Weeks 12 Weeks
1.438 25°C+60%RH 1.468 1.470
30°C+65%RH 1.471 1.476
40°C+753%RH 1.478 1.483
12.5.2 DISCUSSION

No sigmficant change in the moisture content of the powder for suspension was

observed after accclerated stability Lesting,

12.6 RESUSPENDABILITY AND SEDIMENTATION RATE
12.6.1 RESULTS

All the samples 1ested complied with the scl standards. namely not more than 5 em
of scdiment should be present after 24 howrs. and the sediment formed should be casily

resuspended.
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CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12.7 API RELEASE (DISSOLUTION)

12.7.1 RESULTS

The dissolution results for the reconstituted ARV powder for suspension arc

presented in figures 12.1-12.3,

Lamivudine dissolution: 1000 ml

120 |
— 100 / il — $ \
& . .- Il
9 80 / | —»— 25°C+60%RH|
£ 60 7 | —=— 30°C+85%RH
8 40 7 | —a— 40°C+75%RH.,
o i
20 /
0 ‘ |
0 10 20 30 40 50

Time (minutes)

Figure 12.1: Dissolution results of lamivudine in 1000 ml formulation obtained after 12
weeks accelerated stability testing.

Zidovudine dissolution: 1000 ml

120

| : | _e— 25°C+60%RH
| e —a— 30°C+65%RH
J - —a— 40°C+75%RH

Percentage (%)
(9]
o

0 10 20 30 40 50

Time (minutes)

Figure 12.2; Dissolution results of zidovudine in 1000 ml formulation obtained afterl2

weeks accelerated stability testing,
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CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

Nevirapine dissolution: 1000 ml

S .
% e 25°C+60%RH\
£ —s— 30°C+65%RH |
8 —a— 40°C+75%R H‘
&

0 10 20 30 40 50
Time {minutes)

Figure 12.3: Dissolution results of nevirapine in 1000 ml formulation obtained after 12

weeks accelerated stability testing.

12.7.2 DISCUSSION

The dissolution results obtained after 12 weeks aceclerated stabilily testing showed
that lamivudine. zidovudine and nevirapine were immediately dissolved with a dissolution

ol 101%. 103% and 102% respectively afler 10 minutes.
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CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12.8 API AND PRESERVATIVE CONCENTRATION ASSAY
12.8.1 RESULTS: LAMIVUDINE

The assav results for lamivadine during the accelerated stabilitv and in-use

stability studv testing arc given in table 12,6

Table 12.6: Lamivudine assay results after 12 weeks accelerated stability study and 30
days in-use stability study.

Lamivudine (%)
Initial Storage conditions 6 Weeks 12 Weeks
- 100.6 25°C+60%RH 993 97.0
30°C+65%RH 103.0 4.7

40PC+75%RH 993 038

In-use stability testing

Storage conditions 15 Days 30 Days

|_lnih'a| Uncontrolled room 98.4 994
temperaturce
12 Weeks 25°C+60%RH 97.0 96.6
30°C+65%RH 94,7 943
7 40“C+7S'£RH ) 94.?7 ‘)3‘; o
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CHAPTER 12 RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

12.8.2 RESULTS: ZIDOVUDINE

The assay results for z1idovudine during the accelerated stability and in-usc stability

study testing arc given tnlable 12,7,

Table 12.7: Zidovudine assay results after 12 weeks accelerated stability study and 30
days in-use stability study.

Zidovudine (%)
Initial Storage conditions 6 Weeks 12 Weeks
997 25°C+60%RH 97.9 94.2
MPC+65%RH 93.0 940
awersvRe o0 le2

In-use stability testing

Storage conditions 15 Days 30 Days

Initial Uncontrolied room 082 035
lemperature

12 Weeks 25°C+60%RH 94 .4 93.2
3PC+65%RH 04 4 95.0
40°C+73%RH 93.2 92.6
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12.8.3 RESULTS: NEVIRAPINE

The assay results for nevirapine during the accelerated stability and in-use stability

study testing are given intable 12.8.

Table 12.8: Nevirapine assay results after 12 weeks accelerated stability study and 30

days in-use stability study.

Nevirapine (%)
Initial Storage conditions 6 Weeks 12 Weeks
99.8 25°C+60%RH 94.8 93.0
30°C+65%RH 919 952 _
APCHIS%RH a3 |oa0

In-use stability testing

i Storage conditions 15 Days 30 Days
Initial Uncontrolled room 90.2 96.1
lemperature
12 Weeks | 25°C+60%RH 90.5 91.6
- 30“C+55“/’UR-JT _9!2 B | 20.8 -
40°C+75%RH 922 91.9

12.8.4 DISCUSSION
A downward trend i the assav results obtained for lamivudine, zidovudine and
nevirapine was observed after accelerated and in-usc stability testing, However, all results

remained within the 90-110% specification.
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12.8,5 RESULTS: SODIUM METHYL HYDROXYBENZOATE
The assay results for sodium methyl hvdroxybenzoate arc given m table 12.9.

Table 12.9: Sodium methyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium methyl hydroxybenzoate (% m/v)

_l_ni--ti-al — Storage c;ldih'ons 6\;eeks ) IZ‘;i’;:eks o
0.162 25°C+60%RH 0.158 0.166

30°C+65%RH 0.151 0.154

40rC+75%RH 0.153 0.159

In-use stability testing

] “Slrorage conditions lg Days i 30 Days
Initial N Uncontrolled room 0.162 0.160
lemperalure
12 Weeks 25°C+60%RH 0.169 0.161
30"C+65%RH 0.159 0.152
40°C+75%RH 0.158 0.160
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12.8.6 RESULTS: SODIUM PROPYL HYDROXYBENZOATE
The assay results for sodium propy] hvdroxybenzoate are given in table 12.10.

Table 12.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated

stability testing and 30 days in-use stability testing.

Sodium propyl hydroxybenzoate (%o m/v)

iﬁitial Storage conditions D 6 Weeks 12 Weéks
0.021 25°C+60%RH 0.022 0.025
30PC+65%RH 0.028 0.026
40°C+75%RH 0.021 0.024
In-use stability testing
Sfot;;;ge conditions 15 Days o ;(_lil)a_vs—
Initial Uncontrelled room 0.022 0.019
lemperature
12 Weeks 25°C+60%RH 0.025 0.027
30°C+65%RH 0.026 0.025
40°C+75%RH 0.020 0.018
12.8.7 DISCUSSION

Theorctical concenlrations tor sodium methyvl hvdroxybenzoate and sodium propyl
hvdroxvbenzoate are 0.15% mA and 0.02% n/v respectively. Results oblained for sodium
methyvt hvdroxybenzoate during the accelerated stability trial and mn-usc stability showed a
shght inchne in concentration of the laboratory sample stored at 25°C+60%RH. atl of the
other laboratory samples remained well within the limit of 90 — 110% (06.135 - 0.163%

n/v) during the in-usc and stabihity testing,

Some of the results obtained for sodium propyl hydroxybenzoate were above the
Limit of 110%. Duc to the very small peaks representing sodium propyl hvdroxvbensoate in
the HPLC chromatogram. the above specification results could be due to faully integration

paramelers.
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12.9 PRESERVATIVE EFFICACY

12.9.1 RESULTS

The PET results for the initial. 6 weeks, 12 weeks and 12 weeks 30 davs laboratory

baiches can be scen in tables12.11-12.20.

Table 12.11: Preservative Efficacy Test results of initial ARV reconstituted suspension.

- -_—

| 20x 10

Test Organism Initial Log Unit Reduction Specified limits |
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E coli 2.0x 10° >3.0 >3.0 >3.0 =2.0 log reduction al

P. aernginosa 24 x to! >30 >3.0 >30 14 days and no

S aureus 2.1x10° =30 > 3.0 >3.0 ncrease it 23 days,

A niger 1.6x10° =30 =30 >3.0 No increase from

C. albicans =30 >30 >3.0 initial inoculum

Table 12.12: Preservative Efficacy Test results of 6 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction TS])eciﬁed limits
Inoculum Day 7 Day 14 Day28 | for category 3
products
E coll 2.0x 10° >3.0 >3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24x 10 >30 > 3.0 >30 I4 days and no
' z b o
S. aureus 21x10° -30  >30  >30 | incroasc s 28days
A. niger 16X 10° >3.0 =>3.0 =30 No increasc from
C. athicans 2.0x 10° >3.0 >3.0 >3.0 initial inoculum
o |
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Table 12.13: Preservative Efficacy Test results of 6 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | forcategory3
products
E coli 2.0x 10° =30 >3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24x10° >3.0 >3.0 >3.0 14 days and no
5 . ¥ '

S aurens 20x 10° >30  >30  >3p | 'nereasoat28days,
A niger 1.6 x 107 =30 > 3.0 >30 No increase from
C alhicans 20x10° >30 >3.0 >3.0 iitial inoculum

Table 12.14: Preservative Efficacy Test results of 6 weeks 40°C+75%RH ARV

reconstituted suspension,

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E coli 20x 10° >3.0 23,0 >3.0 >2.0 log reduction at
P. acruginosa 24x 10 30 >3.0 >3.0 | 14 days and no
S aurens 2.1x10° : > 3.0 > 3.0 =30 increaseal 28 days.
A mger 1.6x10° =3 >3.0 >3.0 No increase from
C. albicans 2.0x 10° =30 >3.0 =3.0 initial inoculum
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RESULTS AND DISCUSSION: ADULT AND GERIATRIC PATIENTS

Table 12.15;: Preservative Efficacy Test results of 12 weeks 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products

k. coli 20x10° >3.0 3.0 >3.0 >2.0 log reduction at
P. aeruginosa 24x10° >30 >3.0 >3.0 14 days and no
S aureus 21x10° 530 380 s3g | merenseatiRadys,
A niger 1L.6x 10 >3.0 >3.0 > 3.0 No inercase from
C. albicans 2.0x 10° > 3.0 >3.0 >3.0 initial inoculum

Table 12.16: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 for category 3
products
k. colr 20x 107 >3.0 =30 >3.0 =2.0 log reduction at
P. aeruginosa 24x10° >3D =30 > 3.0 14 days and no
S aurens 2.1 x 10 > 3.0 =30 =30 increase at 28 days.
A. niger L6 x 10° >3.0 > 3.0 >3.0 No increase from
| C. albicans 20x 10 > 3.0 > 3.0 >3.0 mitial inoculum
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Table 12.17: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day28 | for category 3
products
L coli o 20x 10° > 3.6ﬁ =30 >3.0 >2.0 log reduction at
| P. aeruginosa 24x10° >3.0 =30 >3.0 14 days and no
S, aureus 2.1x 10° >3.0 >30 > 3.0 increase at 28 days.
A. niger 1.6 x 10° =30 >3.0 >3.0 No increase from
C. albicans 20x10° >30 >3.0 >3.0 initial inoculum

Table 12.18: Preservative Efficacy Test results of 12 weeks 30 days 25°C+60%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E. coli 20x 10° -30  >3.0 230 | =20 log reduction at
P. aeruginosa 24x10° =3 =30 >3.0 14 days and no
S aurens 21x 10° 2310 >3 wgpy | Mecmesealiidaye
A. niger 1.6x 101 =3.0 =30 >30 No increase from
C alhicans 2.0x 10° =30 >390 >30 initial inoculum
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Table 12.19: Preservative Efficacy Test results of 12 weeks 30 days 30°C+65%RH ARV

reconstituted suspension.

Test Organism Initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products

E col 20x10° ~30 >30 >3.0 | >20 log reduction at
P. geriginosa 2.4x10° =30 >3.0 >3.0 14 days and no
S aureus 21x 10° 530  >30  »30 | 'mereaseat28days
A. niger 1L6x10° > 3.0 >3.0 >3.0 No increase from
C. albicans 20x 10° >30 >3.0 >3.0 mitial inoculum

Table 12.20; Preservative Efficacy Test results of 12 weeks 30 days 40°C+75%RH ARV

reconstituted suspension.

Test Organism initial Log Unit Reduction Specified limits
Inoculum Day 7 Day 14 Day 28 | for category 3
products
E coli 20 10° =30  >30 =30 | >20log reduction ai
P. aeruginosa 24x10° 3.0 >3.0 >3.0 14 days and no
S aureus 21x10° =30  >30 >3, infreiaa g R,
A miger 1.6x 10° > 30 = 3.0 >3.0 No increase from
C. albicans 20x10° >30 >3.0 >3.0 imitial inoculum
12.9.2 DISCUSSION

All laboratory samples complied with the requirements for category 3 products as

descnibed in USP 28. Therefore it can be concluded that the preservatives chosen for the

formulation were cffective in protecting the suspension from microbial contamination,

cven after simalating patient usage for a period of 30 days.
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12,10 CONCLUSION

This chapter summarised results for various test samples of the 1000 mi ARV
powder for suspension. which underwent extensive testing during a period of twelve wecks
and in-use testing for thirty davs. The test samples represented lamnvudine, nevirapine and
zidovudine at theorctical concentrations of 130 mg/ 16.6 ml, 200 mg/ 16.6 ml and 275 mg/

16.6 ml. respectively.

The ARV powder for suspension was stored at three storage conditions, namely
253°C+60%RH. 30°C+65%RH and 40°C+75%RH. The in-usc stability 1csts were preformed

at uncontrolled room temperature.

Visual asscssmient tests included asscssment of the colour. flavour and physical
appearance ol the test samples. No changes in flavour occurred during the stabilily peniod.
Colour dramatically changed from snow white 1o a watery vellow. A change in physical
appearance was apparent in test samples stored for 6 weeks at 40 C+753%RH, and 12

weeks 23°C+60%RH and higher. as well as the in-use samples afler 12 wecks storage.

The results obtained for pH. relative densily, viscostly and moisture content did not
change significantly throughout the stability 1csting period. All samples complied with the

sct specifications for sedimentation rate and resuspendability,

Dissolution resulls indicated that lamivudine., zidovudine and nevirapine were

immediatcly dissolved after 10 minutes.

HPLC determination of assay concentrations for lamivudine, zidovudine and

nevirapine showed that all results obtained were withun the limitl ol 90-110%,.

Results obtained for sodium methy] hvdroxybenzoate indicated a shight increase in
concentration of the laboratony samples stored at 25°C+60%RH for 12 wecks during in-usc
and stability studics. the rest of the laboratory samples remained stable and within the
limit of 90-110%. Above specification results were obtained for sodium  propyl
hvdroxvbenzoate in some samples. PET testing confirmed efficacy of the prescrvative

svslem used.
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Although the assayv valucs of this formulation do comply with the set standards the
deterioration ol the physical appearance of the suspension might be grounds for poor

paticnt compliance.

Further stability testing including a longer stability pertod will be required to

morc accurately reflect the stability potential of this formulation,

From these findings it ¢an be concluded that the 1000 ml ARV powder for
suspension has potential as an aduit and genatric ARV trcatiment for patients who

cxpertence difficulty when swallowing sohd dosage fonns.
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CHAPTER 13

SUMMARY AND CONCLUSION

“The great tragedy of science — the slaying of a beautiful hypothesis
by an ugly fact.”
- T.H. Huxley-

Fixed Dose Combination (FDC) of Antirctroviral (ARV) drugs could 1 future
become somcwhat of a comfort for those who suffer from HIV or AIDS, Because of the
user friendlincss of FDCs, paticnt adhercnce will improve remarkably. Workloads upon the
shoulders of medical statt and caregivers will drastuicallv decrease and wrongly

administered dosagces due to complicated dosage regimes will be something of the past.

Before the completion of this study. no FDC containing tamivadine, zdovudine

and nevirapine has been available.

13.1 SUMMARY

The focus of this study was 10 combine lamivuding, zidovudine and neviraping into
an oral powder for suspension. Six powder for suspension formulas were preparcd. of
which five contained the dosage regimes for five growth stages during the pacdiatric HIV /
AIDS patient’s life. The sixth formulation contamed the dosage regime for adult and
genatne HIV/AIDS patients as suggested by UNICEF/WHO (2004).

All six formulations were subjected 10 aceclerated stabihiy studics over a period of
twehe weeks. Initial and bwelve week batches undenwent in-use stability testing. where the

stability of the reconsutuled suspensions during patient usage was studied.

Assayv dctermination ol APIs and preservative contenl was donc by means of
HPLC. Phvsical stabilitv of the formulations were vestigated by conducting pH. relative

densityv. viscositv. moisturc content. scdimentation rate and resuspendability experiments..

Neviraping on two occasions did present an extremely low assay concentration
during in usc stabihity testing. This mav be due to faulty laboratory equipment used at the

specific ume.
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The pH. relative density. viscosity and moisture content of the formulations
remained  stable  throughout the given stabitity perieds. Sedimentation ratc and
resuspendabihity results also complicd wath the set standards. Visual asscssment of the
reconstituted suspensions did indicate possible instability. Large dispersed panticles. which
were absent during mitial testing, were present after 12 weeks storage at 30°C+63%RH and
40°C+73%RH, as well as during in-use testing afier 12 weeks. The colour of the
reconstituted suspensions also changed over time, gradually tuming from snow white to a
watery vellow colour. The sweel passion fruit flavour remained stable during accelerated

stability and in-use periods.

Dissolution results showed that lamivudine, zidovudine and nevirapine were
immediately dissolved, with 100% dissolution after 10 minutes. The assay results
for lamivudine, zidovudine and nevirapine remained within the specification of 90-
110%, but a downward trend in lamivudine assay was observed in the 300 ml and

900 mi formulation, where a result of 89.3% was measured after 12 weeks at

40°C+75%RH.

Results for sodium methyl hvdroxybenzoate indicated a slight increase n
concentration i the [30ml and 1000m! contamner. the rest of the laboratory batches
remained within the 90-110% limit throughow accelerated stability and in-use testing,
Above specification results were also obtained for sodium propyl hvdroxyvbenzoale 1n some
samples wiich could be ascribed o faulty imtegration paramelers due 10 the very small
peak representing sodium methy! hvdroxybenzoate and sodium propyvi hvdroxybenzoate in

the HPLC chromatogram.

Preservative ellicacy testing confinned the sufficiency of the prescrvative sysicm

used in the formulations.
13.2 CONCLUSION

The cliecuve treatment of HEV and AIDS in this day and age is dependent on three
major factors. namely cffective medicinal therapy, uncomplicated dosage regimes and
patient compliance. The formutaied FDC conmtaming lamnivudine, sidovudine and
nevirapine in a powder for oral suspension has the possibilitics to become an essential part

in the light against HIV and AIDS.

There are additional requirements that need further investigation which mclude:
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SUMMARY AND CONCLUSION

Conducting accelerated stability studics over a longer peniod of time.
Possible reformulation of the products to climinate visual instability.

Container volumes that match the exact volume of the rcconstituted

suspension,

In vivo testing of these six ARV powders for oral suspension.
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CONFERENCE CONTRIBUTIONS

The Combination of Lamivudine, Zidovudine and Nevirapine

In a Powder for Oral Suspension.

Janene O de Villiers ', Antonie P Litter ', Erna Swanepoel

'Research Institute for Industrial Pharmacy, School for Pharmacy, North-West University,
Poichefstroom Campus, Potchefstroom 2520, South Africa.

Purpose:

Combination antiretroviral therapy has proven to be the most effective approach
in treating HIV positive patients. An oral liquid dosage formulation ts desired for
paediatric HIV patients, and for those who cannot swallow other oral dosage forms such
as capsules and 1ablets. The focus of this study was to identify incompatibilities, and
other factors that could possibly affect the chemical stability of Nevirapine, Zidovudine
and Lamivudine in combination in a powder for oral suspension. Six suspenston
formulations according to patient mass were made contatning the dosage régime for one
month as suggested by the WHQO. Sodium propylhydroxybenzoate and sodium methyl-
hydroxybenzoate were added as preservatives.

Methods:

A preformulation study was preformed to e¢liminate any incompatibihity between
the excipients and the actives. The formulated products were submitted to accelerated
stability studies for a three month penod at 25%/60%RH, 30°C/65%RH and 40°C/75%RH.
HPLC was used to determine the concentration of the active mgredients. Preservative
efficacy tests were done to determine the effectiveness of the preservative system. Other
tests included appearance, pH, viscosity, density, resuspendability and rate of
sedimentation. Also, an 1n use stabihty study was done to simulate patient use.

Results:

No mcompatibilities were detected between the excipients and the actives. There
was no change tn odor or physical appearance of the formulations, the suspensions had a
sansfactory sedimentation rate, and the sediment was easily resuspended. The pH,
viscosity and densities of the formulations were relatively constant. The assay values of
all actives and preservatives remained within specification. Preservative efficacy results
proved the effectiveness of the preservative system.

Conclusion:

The results obtatned indicate that Lamivudine, Zidovudine, Nevirapine and
excipients are compatible and can successfully be combined in a powder for oral
suspenston.




J.0. de Villlers', A.P. Lotter!, E. Swanepoel!
1 Research Institute for Industrial Pharmacy, School of Pharmacy, North-West University,
Potchefstroom Campus, Potchefstroom, 2520, South Africa.
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ANNEXURE A GRAPHIC REPRESENTATION: pH

ANNEXURE A

pH: Initial in-use stability study

o 150 ml A2
e 300 ml A2
e 420 ml A3
e 600 ml A3
e 900 ml Ad
e 1000 ml Ad

pH: Accelerated stability study

e 150 mi AS
e 300 ml AS
e 420 ml A6
e 600 ml A6
e 900 ml A7
¢ 1000 ml A7

pH: 12 Week in-use stability study

e 150 ml A8
e 300 ml A8
o 420 ml A9
¢ 600 ml A9
e 900 ml Al0
¢ 1000 ml Al0O
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ANNEXURE A GRAPHIC REPRESENTATION: pH

A.l: pH: INITIAL IN USE STUDY

150ml Initial in-use study

Time (Days)
- =

Figure A.1.1: Graphic representation of the pH results obtained for the 150 ml ARV
suspension during in-use stability testing.

300ml Initial in-use study

| | —s—nitial in-use study

Time (Days)

Figure A.1.2: Graphic representation of the pH results obtained for the 300 m! ARV
suspension during in-use stability testing,




ANNEXURE A GRAPHIC REPRESENTATION: pH

420ml Initial in-use study

| [——Initial in-use 5tudy|

Figure A.1.3: Graphic representation of the pH results obtained for the 420 ml ARV
suspension during in-use stability testing.

Time (Days)

600ml Initial in-use study

| | —s—Inifiaf in-use study

0 15 30

L Time (Days)
. . I |

Figure A.1.4: Graphic representation of the pH results obtained for the 600 ml ARV
suspension during in-use stability testing
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ANNEXLURE A GRAPHIC REPRESENTATION: pH

900ml Initial in-use study

—+— Initial in-use study|

0 15 30
Time (Days)

Figure A.1.5: Graphic representation of the pH results obtained for the 900 ml ARV
suspension during in-use stability testing.

1000ml Initial in-use study

—— Initial in-use study||

Time (Days)

Figure A.1.6: Graphic representation of the pH results obtained for the 1000 ml ARV
suspension during in-use stability testing.
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ANNEXURE A GRAPHIC REPRESENTATION: pH

A.2: pH STABILITY STUDY

150mi Stability study

|
i
4.8 -
47 _ ' P ——
: —a— 25°C+60%RH | |
| ¢ 46 -

& 45 _ —s— 30°C+65%RH

' —— 40°C+75%RH

44 — - :

43
0 6 12
Time (Weeks)

Figure A.2.1: Graphic representation of the pH results obtained for the 150 ml ARV
suspension during accelerated stability testing,

300mi Stability study

48
47 — . _
—e— 25°C+60%RH
- 46 |
o 45 —s— 30°C+65%RH
' —a— 40°C+75%RH
44 3 - T
43 ; '
0 8 12
Time (Weeks)

Figure A.2.2: Graphic representation of the pH results obtained for the 300 ml ARV
suspension during accelerated stability testing,

AS



ANNEXURE A GRAPHIC REPRESENTATION: pH

420ml Stability study
—o— 25°C+80%RH
—a— 30°C+65%RH
—a— 40°C+75%RH|
Time (Weeks) |

Figure A.2.3: Graphic representation of the pH results obtained for the 420 ml ARV
suspension during accelerated stability testing.

600ml Stability study

|
e 25°C+60%RH |
—a— 30°C+B5%RH

—— 40°C+75%RH

Time (Weeks) |

Figure A.2.4: Graphic representation of the pH results obtained for the 600 ml ARV
suspension during accelerated stability testing.
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ANNEXURE A GRAPHIC REPRESENTATION: pH

—e— 25°C+60%RH| |
—=— 30°C+65%RH
C+75%RH|

—a— 40°

Time (Weeks)

Fno, ure A.2.5: Graphic representation of the pH resulls oblamed for the 900 ml ARV

suspension during accelerated stability testing.

| 1000mi Stability study

—— 25‘”C+60%RH |
—a— 30°C+65%RH
| —a— 40°C+75%RH

e~ ————

Time (ﬁeeksj

Fno, ure A.2. 6 Graphic repreeentatlon of the pll results obtained for 1he 1000 ml ARY

suspension during accelerated stability testing,
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ANNEXURE A GRAPHIC REPRESENTATION: pH

A.3: pH STABILITY STUDY

150 ml In-use study

—o— 12 Weeks i
25°C+60%RH!

—=— 12 Weeks i
30°C+65%RH

—a— 12 Weeks ‘
_ 40°C+75%RH j

Figure A.3.1: Graphic representation of the pH results obtained for the 150 ml ARV
suspension during 12 week in-use stability testing.

—_— = —— —

| 300 ml In-use study
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—m— 12 Weeks |
30°C+65%RH |
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isure A.3.2: Graphic representation of the pH results obtained for the 300 ml ARV

F
————
suspension during 12 week in-use stability testing.
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ANNEXURE A _GRAPHIC REPRESENTATION: pH

420 ml| In-use study

—o— 12 Weeks
25°C+60%RH

-s— 12 \Weeks
30°C+65%RH

—a— 12 Weeks
4G°E+?E£'BRH

0 15 30
Time (days)

Figure A.3.3; Graphic representation of the pH results obtained for the 420 ml ARY
suspension during 12 week in-use stability testing.

—— 12 W?eks 3
25°C+60%RH

—=— 12 Weeks
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|
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Figure A.3.4: Graphic representation of the pH results obtained for the 600 ml ARV
suspension during 12 week in-use stability testing



ANNEXURE A GRAPHIC REPRESENTATION: pH

I . : . -

900 ml In-use study
48 _
47 —— 12 Weeks
25°C+60%RH
x 48 _=— 12 Weeks
® 45 30°C+65%RH
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43 : :
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Figure A. 3 5: Graphic representation of the pH resul(s obtained for the 900 ml ARV
suspension during 12 week in-use stability testing,

I mcm ml In-use study '
|
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—s— 12 Weeks
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|
|
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Figure A.3.6: Graphic lepresentauon ofthe pH results obnmed for the 1000 ml ARV
suspension during 12 week in-use stability testing.
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY

ANNEXURE B

Relative density: Initial in-use stability study

e 150 ml B2
e 300 ml B2
e 420 ml B3
e 600 ml B3
e 900 ml B4
¢ 1000 ml B4

Relative density: Accelerated stability study

e 150 ml B5
e 300 ml BS
e 420 ml B6
e 600 ml B6
¢ 900 ml B7
e 1000 ml B7

Relative density: 12 Week in-use stability study

e 150 ml B8
e 300 ml B8
e 420 ml B9
¢ 600 ml B9
e 900 ml B10
e 1000 ml B10



ANEXURE B GRAPHIC REPRESENTATION: DENSITY

B.1: RELATIVE DENSITY: INITIAL IN-USE STUDY

150 ml Initial in-use stability study

1.18
117
1.16 |
1.15 +
1.14 |
1.13 ¢
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0 15 30

Time (days) |

—e— Initial ir‘t—ua‘sti,'|I

Density {g/ml)

Figure B.1.1: Graphic representation for the relative density results obtained for
the 150 ml reconstituted suspension during the initial in-use stability testing,

| 300 mi Initial in-use stability study

—e— Initial in-use ',
|

Density (g/ml}

‘ Time (days)

Figure B.1.2: Graphic representation for the relative density results obtained for the
300 ml reconstituted suspension during the initial in-use stability testing.




ANEXURE B GRAPHIC REPRESENTATION; DENSITY

[_ 420 mi Initial in-use stability study
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Figure B.1.3: Graphic representation for the relative density results obtained for
the 420 ml reconstituted suspension during the initial in-use stability testing.

600 ml Initial in-use stability study
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Figure B.1.4: Graphic representation for the relative density results obtained for the
600 ml reconstituted suspension during the initial in-use stability testing,
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ANEXUREB GRAPHIC REPRESENTATION: DENSITY

900 mi Initial in-use stability study ‘
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Figure B.1.5: Graphic representation for the relative density results obtained
for the 900 ml reconstituted suspension during the initial in-use stability testing.
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Figure B.1.6: Graphic representation for the relative density results obtained for the
1000 ml reconstituted suspension during the initial in-use stability testing.
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY

B.2: RELATIVE DENSITY: STABILITY STUDY

150 mi Stability study

| 118 =
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Figure B.2.1: Graphic representation for the relative density results obtained for the
150 m] reconstituted suspension during the accelerated stability testing.

300 ml Stability study

118 ————
117 e e S
116 g — —s— 25°C+60%RH
1.1 ‘%—— —s- 30°C+65%RH
114 - | 4 40°C+75%RH

113 =
1.12

Density (g/ml)

0 6 12
Time (Weeks)

Figure B.2.2: Graphic representation for the relative density results obtained for the
300 ml reconstituted suspension during the accelerated stability testing,
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ANEXLIRE B

GRAPHIC REPRESENTATION: DENSITY

1.18

420 ml Stability study

1.17

1.14

Density (g/ml)

1.12

1.16 -
1.15 -+

| | _e—25°C+60%RH
—u 30°C+65%RH
|~ 40°C+75%RH
143 =
0 6 12
Time (Weeks)

Figure B.2.3: Graphic representation for the relative density results obtained for the

420ml recons

tituted suspension during the accelerated stability testing.

1.18
117
1.16
1.15
1.14

Density (g/ml)

1.12

13-

600 mi Stability study

— |—e— 25°C+B0%RH
= | —a— 30°C+65%RH
| —a— 40°C+75%RH
0 6 12
Time (Weeks)

Figure B.2.4: Graphic representation for the relative density results obtained for the
600 ml reconstituted suspension during the accelerated stability testing.
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY

| 900 mi Stability study

1.18
1.17
1.16
1.15
1.14
1.13
1.12

| —e— 25°C+B0%RH
—=— 30°C+65%RH
| —+— 40°C+75%RH

Density (g/ml)

“ Time (Weeks)

900 mi reconstituted suspension during the accelerated stability testing.

1000 ml Stability study

1.18
1.17
1.16
115 -
1.14 -
1.13
1.12

. 25°C+60%RH|
—=— 30°C+65%RH
—a— 40°C+75%RH

Density (g/ml)

Time (Weeks)

1000 ml reconstituted suspension during the accelerated stability testing,

Figure B.2.5: Graphic representation for the relative density results obtained for the

Figure B.2.6: Graphic representation for the relative density results obtained for the
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY

B.3: RELATIVE DENSITY: 12 WEEK IN-USE STABILITY STUDY

150 ml In-use stability study

1.18 - |
= 117 _ B —o— 12 Weeks |
£ 1 : - X 25°C+60%RH;
5 115 RS = —n— 12 Weeks
B2 + —» 30°C+65%RH
€ 114 = | 12Weeks
0 113 40°C+75%RH

1.12

0 15 30

Time (days)

Figure B.3.1: Graphic representation for the relative density results obtained for the
150 ml reconstituted suspension during the 12 week in-use stability testing.

300 ml In-use stability study

1.18 -
E 1.17 —e— 12 Weeks
£ 116 25°C+60%RH
L 115 — e . —a—12 Weeks
& 30°C+65%RH
c 1.14 12 Weeks
8 113 i — 40°C+75%RH |

112 | ‘

0 15 30
Time (days)

Figure B.3.2: Graphic representation for the relative density results obtained for the
300 ml reconstituted suspension during the 12 week in-use stability testing.
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY

420 ml In-use stability study

1.18
= 1.17 —o— 12 Weeks
E 25°C+60%RH
B, 115 —a— 12 Week
— eeKs
z 115 30°C+65%RH
c 114 12 Weeks
0O 113  40°C+75%RH

1.12 - -

0 15 30
Time (days)

Figure B.3.3: Graphic representation for the relative density results obtained for the
420 ml reconstituted suspension during the 12 week in-use stability testing,

‘ 600 ml In-use stability study
1.18 o
=1 E —o— 12 weeks ;i
E 25°C+60%RH
S 116 |
> 1.15 —=— 12 Weeks
| g 30°C+65%RH |
g 114 12 Weeks
0 113 | 40°C+75%RH
112

| Time (days)

Figure B.3.4: Graphic representation for the relative density results obtained for the
600 ml reconstituted suspension during the 12 week in-use stability testing.
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY

900 ml In-use stability study

118 — - )
= "1.%F —4— 12 Weeks
-E. 116 25°C +60%RH
o 115 —a— 12 Weeks
%‘ ° 30°C+65%RH
s 114 12 Weeks
0 113 ¢ 40°C+75%RH

1.12 -+

0 15 30

| Time (days)

Figure B.3.5: Graphic representation for the relative density results obtained for
the 900 ml reconstituted suspension during the 12 week in-use stability testing.

1000 ml In-use stability study

1.18
= 117 —e— 12 Weeks
E 6L 25°C+60%RH
2 15 w12 Weeks
| %‘ k3 30°C+65%RH
£ 114 12 Weeks
0 113 +— ' 40’0+?5%RH!
1.12 |

Figure B.3.6: Graphic representation for the relative density results obtained for the
1000 m] reconstituted suspension during the 12 week in-use stability testing.
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ANNEXURE C _ GRAPHIC REPRESENTATION: VISCOSITY

ANNEXURE C

Viscosity: Initial in-use stability study

s 150 ml C2
s 300 ml C2
e 420 ml C3
e 600 mi C3
e 900 ml C4
e 1000 ml C4

Viscosity: Accelerated stability study

e 150 ml 5
e 300 ml Cs
e 420 ml Cé6
e 600 ml Co6
e 900 ml C7
o [000 ml C7

Viscosity: 12 Weeks in-use stability study

e [50ml C8
e 300 ml C8
e 420 ml 9
¢ 600 ml C9
e 900 m] C10
e 1000 ml Clo

Cl



ANNEXURE C _GRAPHIC REPRESENTATION. VISCOSITY

C.1: VISCOSITY: INITIAL IN-USE STABILITY STUDY

150 mi Initial in-use stability study

—o— nitial in-use|

Viscosity {cp)
oo 3838 88

0 15 30
Time {days)

(' 1.1: Graphic lepresentatmn of the viscosity resulls of the 150 m! ARV
reconstituted suspension during the initial in-use stability test period.

—_—

300 ml Initial in-use stability study '

| —— lnntrai m—use

Viscosity (cp)

‘ Time (days)

C.1.2: Graphic mpresenlmlon of the nscosm results of the 300 ml ARV
reconstituted suspension during the initial in-use stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY

420 mi Initial in-use stability study

| —+— Initial in-use

Viscosity (cp)

Time (days)

R —

C.1.3: Graphic representation oflhe viscosity results of the 420 ml ARV
reconstituted suspension during the initial in-use stability test period.

e e
600 ml Initial in-use stability study

588

] F’* Mal wuse]

[0
o

Viscosity (cp)
S

Time (days)

C 1.4: Graphic representation of the viscosity results of the 600 ml ARV
reconstituted suspension during the initial in-use stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY

900 ml Initial in-use stability study

—e— Initial in-use,

Viscosity (cp)

Time (days)

C.1.5: Graphic representation of the viscosity results of the 900 ml ARV
reconstituted suspension during the initial in-use stability test period.

— —_— —————— —— —_—— e —

1000 mi Initial in-use stability study |
I

— | —+—Initial in-use

Viscosity (cp)
oo 38 838 8 3

Time (days)

C.1.6: Graphic representation of the viscosity results of the 1000 ml ARV
reconstituted suspension during the initial in-use stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY

C.2: VISCOSITY: STABILITY STUDY

150 mi Stability study

60
— 50
S —_
= 40 —o— 25°C+60%RH
2 % [ —a 30°C+65%RH
g 20 | ATCHTSHRH
> 10 |

D o

Time (Weeks)
|

— S —— A - - ——

C.2.1: Graphic representation of the viscosity results of the 150 ml ARV
reconstituted suspension during the accelerated stability test period.

| 300 ml Stability study
80
l 3 50 |
— 40 | | ——26°C+60%RH |
£ a0 | s 30°C+65%RH |
8 2 | A0CHTSNRA
Z 10
0

\ Time (Weeks)

C.2.2: Graphic representation of the viscosity results of the 300 ml ARV
reconstituted suspension during the accelerated stability test period.




ANNEXURE C _GRAPHIC REPRESENTATION: VISCOSITY

420 ml Stablity study
60
— 90
& 40 .
E ——25°C+60%RH
0 m +30°C+55%RH
8 oo —a 40°CH75%RH
s
10
0
0 6 12
Time (Weeks)

b — -

C.2.3: Graphic represent'mon of the viscosity tesulls of the 420 ml ARV
reconstituted suspension during the accelerated stability test period.

A e =

600 mi Stabitity study

| e—25°C+60%RH |i
—m— 30°C+65%RH
| 40°C+75%RH

Viscosity (cp)
cao 888828

C24: (‘mphlc representallon of the uscosnl} results ofthe 600 ml ARV
reconstituted suspension during the accelerated stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY
900 ml Stability study
60
& .
s 49 —e—25°C+60%RH
B 30 | ~»—30°C+65%RH
8 20 : —4—40°C+75%RH |
2
10 |
0 I
0 6 12
Time {(Weeks)

e —— e — p—

C.2.5: Graphic representation of the viscosity results of the 900 ml ARV
reconstituted suspension during the accelerated stability test period.

1000 mi Stability study

g 3

B
(=]

—e— 25°C+60%RH
—=— 30°C+65%RH
woTsR

Viscosity (cp)
38

0 6 12
Time (Weeks)

C.2.6: Graphic representation of the viscosity results of the 1000 ml ARV
reconstituted suspension during the accelerated stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY

C.3: VISCOSITY: IN-USE STABILITY STUDY (12 WEEKS)

ey
150 ml In-use stability study
60
/80 e T2 Weeks
< 40 25°C+60%RH,
oy 20 —@- 12 Weeks
- 30°C+65%RH
? 20 { { | —=— 12 Weeks
> { 40°C+75%RH
10 ot
| 0=
|
Time (days)
|
C.3.1: Graphic representation of the viscosity results of the 150 mi ARV
reconstituted suspension during the 12 week in-use stability test period.
300 mi In-use stability study
|
= —— 12 Weeks
5 l 25°C+60%RH
| 2 —=— 12 Weeks |
g 30°C+65%RH
i —&— 12 Weeks
=  40°C+75%RH
|
|
|‘ Time (days)

C.3.2: Graphic representation of the viscosity results of the 300 m! ARV
reconstituted suspension during the 12 week in-use stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY

| 420 ml In-use stability study

| —e— 12 Weeks
25°C+60%RH’

--m— 12 Weeks
30°C+65%RH

—a—12 Weeks
40°C+75%RH

Viscosity (cp)
o388 388 3

sr o e ——

C.3.3: Graphic representation of the viscosity results of the 420 ml ARV
reconstituted suspension during the 12 week in-use stability test period.

—— e —ee e ——

| 600 ml In-use stability study l

| = oeas |
— 25°C+60%RHl
-8— 12 Weeks
30°C+65%RH.
1 —— 12 Weeks l‘
N | _4P_°°i7_5_?5@'.‘~.|

Viscosity (cp)

— e —

C.3.4: Graphic representation of the viscosity results of the 600 ml ARV
reconstituted suspension during the 12 week in-use stability test period.
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ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY

900 ml In-use stability study

60
50 | | e
= —o— 12 Weeks
© 40 25°C+60%RH
2 a9 —=— 12 Weeks
w o
o 30°C+65%RH
é 20 ¢ —&— 12 Weeks
40°C+75%RH
10 ¢ il s i3 |
0
Time (days)
- R —
C.3.5: Graphic representation of the viscosity results of the 900 ml ARV

reconstituted suspension during the 12 week in-use stability test period

| 1000 ml In-use stability study

—o—12 Weeks ]
25°C+60%RH
—m— 12 Weeks |
30°C+65%RH

—&— 12 Weeks ll
| | 40°C+75%RH

Viscosity {cp}

|
| Time (days) I

—_ —_— e

C.3.6: Graphic representation of the viscosity results of the 1000 ml ARV
reconstituted suspension during the 12 week in-use stability test period.
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ANNEXURE D GRAPHIC REPRESENTATION: MOISTURE CONTENT

ANNEXURE D

Moisture content: Accelerated stability study

e 150 ml D2
¢ 300 ml D2
o 420 ml D3
e 600 ml D3
¢ 900 ml D4
e 1000 mi D4

Di



ANNEXURE D GRAPHIC REPRESENTATION: MOISTURE CONTENT

D.1: MOISTURE CONTENT: STABILITY STUDY

— I — —

Moisture content: 150 mi

g

E —

g —e— 25°C+60%RH
8 —s— 30°C+65%RH
g —a— 40°C+75%RH
ﬁ i

)

=

Time (weeks)

D.1.1: \lmsture content of the 150 mt ARV po“der fm suspension during the
accelerated stability study.

S — —— . i, S

g |
€ e
g [ ecpm 25'C+60%RH|
A —=—30°C+65%RH
g —A— 40"c+75%RH‘
@

'

=

Time (weeks) |
|

D.1.2: Moisture content of the 300 ml ARV powder for suspension during the
accelerated stability study.




ANNEXURE D GRAPHIC REPRESENTATION: MOISTURE CONTENT

I Moisture content 420 ml

1.5
Fl
- 1.4 4 s = o
E 1.3 —— 25°C+60%RH
it ~»— 30°C+65%RH
g2 —a— 40°CH+75%RH
B 1.
s |

0 6 12

Time (weeks)

—— e )

-

D.1.3: Moisture content of the 420 ml ARV powder for suspension during the
accelerated stability study.

I prE——— —

Moisture content: 600 mi

2 |

‘E‘ | |'—’—_' = =

2 —e— 25°C+60%RH
| 3 | | —=—30°C+65%RH

£ —a— 40°C+75%RH

3 R

(o]

=

Time (weeks)

D.1.4: Moisture content of the 600 ml ARV powder for suspension during the
accelerated stability study.
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ANNEXURE D GRAPHIC REPRESENTATION: MOISTURE CONTENT

r E—
| Moisture content: 900 mi

15

5 14 -
5 12 +25=c+50%R—|
o —a— 30°C+65%RH
g ~a— 40°C+75%RH
=

—
=

—_

0 6 12
Time (weeks)

D 1.5: Moisture content of the 900 ml ARY powder for suspension during the
accelerated stability study.

‘ Moisture content: 1000 ml T
|
£ o
g 1 ‘—.— 25°C+60%RH.
\ 3 | [—i— 30°C+65%RH
¢ o
2 = D7
(o]
=

Time (weeks) \

D 1.6: Moisture content of lhe 1000 ml ARV powder for suspension during the
accelerated stability study.
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ANNEXURE E GRAPHIC REPRESENTATION: API ASSAYS

ANNEXURE E
Lamivudine assay: 150 ml E2
Lamivudine assay: 300 ml E2
Lamivudine assay: 420 ml E3
Lamivudine assay: 600 ml E3
Lamivudine assay: 900 ml E4
Lamivudine assay: 1000 ml E4
Zidovudine assay: 300ml ES
Zidovudine assay: 420ml ES
Zidovudine assay: 600ml E6
Zidovudine assay: 900ml E6
Zidovudine assay: 1000ml] E7
Nevirapine assay: 150ml E7
Nevirapine assay: 300ml E8
Nevirapine assay: 420ml E8
Nevirapine assay: 600ml [ DAY
Nevirapine assay: 900ml E9
Nevirapine assay: 1000ml E10

El



ANNEXUREE

GRAPHIC REPRESENTATION: APl ASSAYS

E.l: LAMIVUDINE

125
120
115
110
105
100

Percentage %

90

85 -

80

Lamivudine in 150 ml formulation

95 -

O Initial in-use

W In-use15 Days

O In-use 30 Days

O 6 Weeks 25°C+60%RH
W 6 Weeks 30°C+65%RH
0O 6 Weeks 40°C+75%RH

| W12 Weeks 25°C+60%RH

0 12 Weeks 30°C+65%RH

B 12 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH 15 Days -
O 12 Weeks 30°C+65%RH 15 Days |
O 12 Weeks 40°C+75%RH 15 Days |
B 12 Weeks 25°C+60%RH 30 Days

H 12 Weeks 30°C+65%RH 30 Days

B 12 Weeks 40°C+75%RH 30 Days

Figure E.1.1: Assay concentrations for the lamivudine 150 ml suspension formulation,
during in-use and accelerated stability testing.

125

120
115
110
105
100
95
90
85

Percentage %

80:.

Lamivudine in 300 mi formulation

|
| a
a
|
[ |
u

0O nitial in-use

W In-use 15 days

; Oln-use 30 days

06 Weeks 25°C+60%RH
W 6 Weeks 30°C+65%RH
06 Weeks 40°C+75%RH
M 12 Weeks 25°C+60%RH

| O 12 Weeks 30°C+65%RH

M 12 Weeks 40°C+75%RH

12 Weeks 25°C+60%RH 15 Days
12 Weeks 30°C+65%RH 15 Days
12 Weeks 40°C+75%RH 15 Days
12 Weeks 25°C+60%RH 30 Days | |
12 Weeks 30°C+65%RH 30 Days
12 Weeks 40°C+75%RH 30 Days |

Figure E.1.2: Assay concentrations for the Iamivudine 300 ml suspension formulation,
during in-use and accelerated stability testing,




ANNEXURE E

GRAPHIC REPRESENTATION: AP ASSAYS

125
120
116
110
105

Percentage %

90
85
80

| @ nitial in-use
i BIn-use 15 Days

100 -
95 8

Lamivudine in 420 ml formulation

B In-use 30 Days
86 Weeks 25°C+60%RH

{ OB Weeks 30°C+65%RH

m 6 Weeks 40°C+75%RH
A 12 Weeks 25°C+60%RH
012 Weeks 30°C+60%RH

'l 12 Weeks 40°C+75%RH

m® 12 Weeks 25°C+60%RH 15 Days
@ 12 Weeks 30°C+65%RH 15 Days
0 12 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
B 12 Weeks 30°C+65%RH 30 Days
B 12 Weeks 40°C+75%RH 30 Days

Figure E.1.3: Assay concentrations for the lamivudine 420 m] suspension formulation,

during in-use and accelerated stability testing.

125
120
115
110 -
105

100 -
95
90

Percentage %

85 -

80

Lamivudine in 600 ml formulation

B nitial in-use
B in-use 15 Days
O In-use 30 Days
06 Weeks 25°C+60%RH

. B 6 Weeks 30°C+65%RH

26 Weeks 40°C+75%RH
B 12 Weeks 25°C+60%RH
012 Weeks 30°C+65%RH

'MW 12 Weeks 40°C+75%RH

W 12 Weeks 25°C+60%RH 15 Days
012 Weeks 30°C+65%RH 15 Days
012 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days
W 12 Weeks 30°C+65%RH 30 Days
W 12 Weeks 40°C+75%RH 30 Days

Figure E.1.4: Assay concentrations for the lamivudine 600 ml suspension formulation,

during in-use and accelerated stability testing.




ANNEXURE E

GRAPHIC REPRESENTATION: API ASSAYS

125
120
115
10

100

Percentage %

20

85 -
80

Lamivudine in 800 ml] formulation

" @ Initial in-use

@ In-use 15 Days
B In-use 30 Days

105 -

B 6 Weeks 25°C+60%RH
| | O6 Weeks 30°C+65%RH

W 6 Weeks 40°C+75%RH

95 ¢

B 12 Weeks 25°C+60%RH
O 12 Weeks 30°C+65%RH

| W12 Weeks 40°C+75%RH

@ 12 Weeks 25°C+60%RH 15 Days
@ 12 Weeks 30°C+65%RH 15 Days
B 12 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days
B 12 Weeks 30°C+65%RH 30 Days
M| 12 Weeks 40°C+75%RH 30 Days

Figure E.1.5: Assay concentrations for the lamivudine 900 ml suspension formulation,
during in-use and accelerated stability testing,

125
120
115

Lamivudine in 1000 ml formulation

O nitial inuse

M in-use 15 Days
O In-use 30 Days

110
105
100

Percentage %

95
20
85 1

06 Weeks 25°C+60%RH
. W 6 Weeks 30°C+65%RH

80

06 Weeks 40°C+75%RH
| | B12 Weeks 25°C+60%RH

0 12 Weeks 30°C+65%RH

- | 12 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH 15 Days
0 12 Weeks 30°C+65%RH 15 Days
0 12 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
1 | 12 Weeks 30°C+65%RH 30 Days

M| 12 Weeks 40°C+75%RH 30 Days

Figure E.1.6: Assay concentrations for the lamivudine {000 ml suspension formulation,
during in-use and accelerated stability testing,




ANNEXURE E

|

GRAPHIC REPRESENTATION: AP] ASSAYS

E.2: ZIDOVUDINE

125
120

115

110

105
100
S5
90
85
80

Precentage %

Zidovudine in 300 ml formulation

| O Initial in-use
B Initial in-use 15 Days
O Initial in-use 30 Days
| 06 Weeks 25°C+60%RH
B 6 Weeks 30°C+65%RH
O 6 Weeks 40°C+75%RH
B 12 Weeks 25°C+60%RH
O 12 Weeks 30°C+65%RH
B 12 Weeks 40°C+75%RH
8 12 Weeks 25°C+60%RH 15 days
0 12 Weeks 30°C+65%RH 15 days
0 12 Weeks 40°C+75%RH 15 days
. W12 Weeks 25°C+60%RH 30 days |
| B 12 Weeks 30°C+65%RH 30 days
| B 12 Weeks 40°C+75%RH 30 days |

Figure E.2.1: Assay concentrations for the zidovudine 300 il suspension formulation,

during in-use and accelerated stability testing.

125 5

120

115

110
105
100

Percentage %

95
90
85

80

Zidovudine in 420 ml formulation

O Initial in-use

B Initial in-use 15 Days

O Initial in-use 30 Days

0 6 Weeks 25"C+60%RH

B 6 Weeks 30°C+65%RH

O 6 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH

0 12 Weeks 30°C+85%RH

B 12 Weeks 40°C+75%RH

| 12 Weeks 25°C+60%RH 15 days
0 12 Weeks 30°C+65%RH 15 days
3 12 Weeks 40°C+75%RH 15 days
| 12 Weeks 25°C+80%RH 30 days
B 12 Weeks 30°C+65%RH 30 days

W12 Weeks 40°C+75%RH 30 days

Figure E.2.2: Assay concentrations for the zidovudine 420 wml suspension formulation,

during in-use and accelerated stability testing,




ANNEXURE E GRAPHIC REPRESENTATION: APl ASSAYS

Zidovudine in 600 m! formulation

125 - T lfy’e e —
{ @ Initialin-use
120 . B Initial in-use 15 Days ‘
O Initial in-use 30 Days
15 | 06 Weeks 25°C+60%RH
£ 110 W 6 Weeks 30°C+65%RH
o B 6 Weeks 40°C+75%RH
D 405 — W 12 Weeks 25°C+60%RH
8 0 12 Weeks 30°C +65%RH
§ 100 - W 12 Weeks 40°C+75%RH
9 W 12 Weeks 25°C+60%RH 15 days
o 9 0 12 Weeks 30°C+65%RH 15 days
90 | @12 Weeks 40°C+75%RH 15 days
' W12 Weeks 25°C+60%RH 30 days
85 W 12 Weeks 30°C+65%RH 30 days
W 12 Weeks 40°C+75%RH 30 days |
80 - -

Figure E.2.3: Assay concentrations for the zidovudine 600 ml suspension formulation,
during in-use and accelerated stability testing.

Zidovudine in 900 ml formulation

125 —————— - _
B Initial in-use
120 = m Initial in-use 15 Days
115 O Initial in-use 30 Days
| a6 Weeks 25°C+60%RH
110 . il B 6 Weeks 30°C+65%RH
W6 Weeks 40°C+75%RH
105 +— - 0 12 Weeks 25°C+60%RH

B 12 Weeks 30°C+65%RH

m 12 Weeks 40°C+75%RH

O 12 Weeks 25°C+60%RH 15 days

0 12 Weeks 30°C+65%RH 15 days

W 12 Weeks 40°C+75%RH 15 days

B 12 Weeks 25°C+60%RH 30 days

W 12 Weeks 30°C+685%RH 30 days
T W12 Weeks 40°C+75%RH 30 days

100

Percentage %

95
90
85

80

Figure E.2.4: Assay concentrations for the zidovudine 900 ml suspension formulation,
during in-use and accelerated stability testing,
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ANNEXURE E GRAPHIC REPRESENTATION: APl ASSAYS

Zidovudine in 1000 ml formulation

125 —— —
i Initial in-use
120 | W nitial in-use 15 Days
| O nitial in-use 30 Days
e 3 | 06 Weeks 25°C+60%RH
o 110 | W6 Weeks 30°C+65%RH
% | D6 Weeks 40°C+75%RH
2 105 | 12 Weeks 25°C+60%RH
b= 0 12 Weeks 30°C+65%RH
§ 100 m 12 Weeks 40°C+75%RH
o W 12 Weeks 25°C+60%RH 15 days |
e RNy O 12 Weeks 30°C+65%RH 15 days |
90 | 012 Weeks 40°C+73%RH 15 days |
B 12 Weeks 25°C+60%RH 30 days
85 ' W12 Weeks 30°C+65%RH 30 days |
B 12 Weeks 40°C+75%RH 30 days
- | = PEKs 4V

Figure E.2.5: Assay concentrations for the zidovadine 1000 m) suspension formulation,
during in-use and zccelerated stability testing,

E.3: NEVIRAPINE

Nevirapine in 150mi formulation

125 77— = =
.| O lnitial inruse
120 +—— = | W In-use 15 Days
| | On-use 30 Days
15 | 06 Weeks 25°C+60%RH
~8 110 L [ B 6 Weeks 30°C+65%RH
P @ 6 Weeks 40°C+75%RH
105 | W 12 Weeks 25°C+60%RH
= O 12 Weeks 30°C+65%RH
& 100 B 12 Weeks 40°C+75%RH
o W 12 Weeks 25°C+60%RH 15 Days
o % 0 12 Weeks 30°C+65%RH 15 Days
90 0 12 Weeks 40°C+75%RH 15 Days
| 12 Weeks 25°C+60%RH 30 Days
85 | W 12 Weeks 30°C+65%RH 30 Days
W 12 Weeks 40°C+75%RH 30 Days

80 ~

Ficure E.3.1: Assay concentrations for the nevirapine 150 ml suspension formulation.
during in-use and accelerated stability testing.
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ANNEXURE E

GRAPHIC REPRESENTATION: APl ASSAYS

Nevirapine in 300 ml formulation

125 T ¥ Re——— p——)
'@ Initial in-use |
120 — | B In-use 15 Days |
. |0 In-use 30 Days
15 1. 06 Weeks 25°C +60%RH
2 110 | H 6 Weeks 30°C+65%RH
= '@ 6 Weeks 40°C+75%RH
> 105 |- ' 12 Weeks 25°C+60%RH
8 012 Weeks 30°C+65%RH
g 100 W 12 Weeks 40°C+75%RH
E ” W 12 Weeks 25°C+60%RH 15 Days
0O 12 Weeks 30°C+65%RH 15 Days| |
90 - '8 12 Weeks 40°C+75%RH 15 Days| |
| W 12 Weeks 25°C+65%RH 30 Days| |
85 |l 12 Weeks 30°C+65%RH 30 Days|
" |l 12 Weeks 40°C+75%RH 30 Days

Figure E 3.2: Assay concentrations for the nevirapine 300 mi suspension formulation,
during in-use and accelerated stability testing.

Nevirapine in 420 mlformulation

125 -

120

e

115

110

105 -

100
95

Percentage %

50
85
80 -

@ Initial in-use
0 Inuse 15 Days
W In-use 30 Days
E1 6 Weeks 25°C+60%RH
06 Weeks 30°C+65%RH
| W6 Weeks 40°C+75%RH
| B 12 Weeks 25°C+60%RH
| 012 Weeks 30°C+65%RH
W 12 Weeks 40°C+75%RH
@ 12 Weeks 25°C+60%RH 15 Days
| @12 Weeks 30°C+65%RH 15 Days
B 12 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
W 12 Weeks 30°C+65%RH 30 Days
{ W12 Weeks 40°C+75%RH 30 Days

Figure E.3.3: Assay concentrations for the nevirapine 420 ml suspension formulation,
during in-use and accelerated stability testing,
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ANNEXURE E GRAPHIC REPRESEMTATION: API ASSAYS

Nevirapine in 600 mi formulation

125 _— I
a Initial in-use
120 . m In-use 15 Days
115 'O Inuse 30 Days
== 006 Weeks 25°C+60%RH
2 110 m 6 Weeks 30°C+65%RH
- 0 6 Weeks 40°C+75%RH
o 105 1 W12 Weeks 25°C+60%RH
2 012 Weeks 30°C+65%RH
?__; 100 B 12 Weeks 40°C+75%RH
@ n 12 Weeks 25°C+60%RH 15 Days
o 95 'O 12 Weeks 30°C+65%RH 15 Days|
90 012 Weeks 40°C+75%RH 15 Days, :
W 12 Weeks 25°C+60%RH 30 Days | |
85 . W 12 Weeks 30°C+65%RH 30 Days
55 B 12 Weeks 40°C+75%RH 30 Days

Figure E.3.4: Assay concentrations for the nevirapine 600 ml suspension formulation,
during in-use and accelerated stability testing.

Nevirapine in 900 ml formulation

125 = — _
O Initial in-use
120 H B In-use 15 Days
s H b | | mInuse 30 Days
' | 6 Weeks 25°C+60%RH
= 110 I 0 6 Weeks 30°C+65%RH
) B 6 Weeks 40°C+75%RH
& 105 m 12 Weeks 25°C+60%RH
IS 0 12 Weeks 30°C+65%RH
@ 100 = W 12 Weeks 40°C+75%RH
o 95 1 0 12 Weeks 25°C+60%RH 15 Days
o @ 12 Weeks 30°C+65%RH 15 Days
80 H B 12 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days
85 B 12 Weeks 30°C+65%RH 30 Days
- o 12 Weeks 40°C+75%RH 30 Days

Figure E.3.5: Assay concentrations for the nevirapine 900 ml suspension formulation,
during in-use and accelerated stability testing,
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ANNEXURE E GRAPHIC REPRESENTATION: API ASSAYS

Nevirapine in 1000 ml formulation

125 —_— =
O Initial in-use
120 —= B In-use 15 Days
115 ; ;O In-use 30 Days
06 Weeks 25°C+60%RH
110 W 6 Weeks 30°C+65%RH
o B 6 Weeks 40°C+75%RH
g’ 105 12 Weeks 25°C+60%RH
et 012 Weeks 30°C+85%RH
& 100 B 12 Weeks 40°C+75%RH
& . W 12 Weeks 25°C+60%RH 15 Days | |
a % 0012 Weeks 30°C+65%RH 15 Days| |
00 0 12 Weeks 40°C+75%RH 15 Days| |
B 12 Weeks 25°C+60%RH 30 Days | |
85 | W12 Weeks 30°C+65%RH 30 Days | |
| 12 Weeks 40°C+75%RH 30 Days
80 - it il

Figure E.3.6: Assay concentrations for the nevirapine 1000 ml suspension formulation,
during in-use and accelerated stability testing.
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ANNEXURE F _ GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY

ANNEXURE F

Sodium methyl hydroxybenzoate assay: 150 ml F2
Sodium methyl hydroxybenzoate assay: 300 mi F2
Sodium methyl hydroxybenzoate assay: 420 ml 3
Sodium methyl hydroxybenzoate assay: 600 ml F3
Sodium methyl hydroxybenzoate assay: 900 ml F4
Sodium methyl hydroxybenzoate assay: 1000 ml F4
Sodium propyl hydroxybenzoate assay: 150 ml FS
Sodium propyl hydroxybenzoate assay: 300 ml F5
Sodium propyl hydroxybenzoate assay: 420 ml 6
Sodium propyl hydroxybenzoate assay: 600 ml Fo6
Sodium propyl hydroxybenzoate assay: 900 ml F7
Sodium propyl hydroxybenzoate assay: 1000 ml K7
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ANNEXURE F GRAPHIC REPRESENTATION. PRESERVATIVE ASSAY

Fi: SODIUM METHYL HYDROXYBENZOATE

Sodium methyl hydroxybenzoate in 150 ml

formulation
0175 O Initial in use
017 - | M Initial in use 15 Days
| O Inetial in use 30 Days
— 0165 (S | O 6 Weeks 25°C+60%RH
ié. 016 B 6 Weeks 30°C+65%RH
2 ) 0O 6 Weeks 40°C+75%RH
= 0155 B 12 Weeks 25°C+60%RH
& 0 12 Weeks 30°C+65%RH
£ 015 W 12 Weeks 40°C+75%RH
$ 0145 . W 12 Weeks 25°C+60%RH 15 Days
& O 12 Weeks 30°C+65%RH 15 Days
& o1a b | 012 Weeks 40°C+75%RH 15 Days
1 W12 Weeks 25°C+60%RH 30 Days
0.135 B 12 Weeks 30°C+65%RH 30 Days
013 B 12 Weeks 40°C+75%RH 30 Days

Figure F.1.1: Assay concentrations for the sodium methyl hydroxybenzoate 150 ml
suspension formulation, during in-use and accelerated stability testing.

Sodium methyl hydroxybenzoate in 300 ml
formulation

O Initial in use

017 - M Initial in use 15 Days

O Initial in use 30 Days

0O 6 Weeks 25°C+60%RH

M 6 Weeks 30°C+65%RH

0 6 Weeks 40°C+75%RH

—— || B 12 Weeks 25°C+60%RH

012 Weeks 30°C+65%RH

- B 12 Weeks 40°C+75%RH

M 12 Weeks 25°C+60%RH 15 Days

i 0 12 Weeks 30°C+65%RH 15 Days
O 12 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
B 12 Weeks 30°C+65%RH 30 Days
B 12 Weeks 40°C+75%RH 30 Days

Percentage (% m/v)

Figure I'.1.2: Assay concentrations for the sodium methyl hydroxybenzoate 300 ml
suspension formulation., during in-use and accelerated stability testing,




ANNEXURE F GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY

Sodium methyl hydroxybenzoate in 420 ml
formulation

O Initial in use

— H [nitial in use 15 Days
O Initial in use 30 Days
00 6 Weeks 25°C+60%RH

B 6 Weeks 30°C+65%RH

0 6 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH

O 12 Weeks 30°C+65%RH

W 12 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH 15 Days
012 Weeks 30°C+65%RH 15 Days
012 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days
B 12 Weeks 30°C+65%RH 30 Days
B 12 Weeks 40°C+75%RH 30 Days

Perentage (% rﬁlv)

Figure F.1.3: Assay concentrations for the sodium methyl hydroxybenzoate 420 nl
suspension formulation, during in-use and accelerated stability testing.

Sodium methyl hydroxybenzoate in 600 ml

formulation
0175 - - e
: @ Initial in use
017 1 B Initial in use 15 Days
(] Initial in use 30 Days
= 0165 | 16 Weeks 25°C+60%RH
' ol B 6 Weeks 30°C+65%RH
- [0 6 Weeks 40°C+75%RH
‘EJ 0.155 B 12 Weeks 25°C+60%RH
2 0O 12 Weeks 30°C+65%RH
s 015 B 12 Weeks 40°C+75%RH
8 0145 | W 12 Weeks 25°C+60%RH 15 Days
s O 12 Weeks 30°C+65%RH 15 Days
O g4 012 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days
0135 N W 12 Weeks 30°C+65%RH 30 Days
013 |12 Week§ 40°C+75%RH 30 Days

Figure F.1.4: Assay concentrations for the sodium methyl hydroxybenzoate 600 m!
suspension formulation, during in-use and accelerated stability testing.
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ANNEXURE F GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY

Sodium methyl hydroxybenzoate in 900 mi

formulation
NE4E O Initial in use
0.155 B initial in use 15 Days
0O Inithal in use 30 Days
= 0.135 i3 6 Weeks 25°C+60%RH
"B 0115 W 6 Weeks 30°C+65%RH
- 0 6 Weeks 40°C+75%RH
= 0095 W 12 Weeks 25°C +60%RH
o 0O 12 Weeks 30°C+65%RH
g 0.075 - B 12 Weeks 40°C+75%RH
2 0.055 B 12 Weeks 25°C+60%RH 15 Days
- O 12 Weeks 30°C+65%RH 15 Days
& 0035 012 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
0015 B 12 Weeks 30°C+65%RH 30 Days
0.005 B 12 Weeks 40°C+75%RH 30 Days

Figure F.1.5: Assay concentrations for the sodium methyl hydroxybenzoate 900 ml
suspension formulation, during in-use and accelerated stability testing.

Sodium methyl hydroxybenzoate in 1000 ml
formulation

0.16
0.155
0.15
0.145
0.14
0.135
0.13

Percentage (% m/v)

O Initial in use

M Initial in use 15 Days

O Initial in use 30 Days

0O 6 Weeks 25°C+60%RH

W 6 Weeks 30°C+65%RH

06 Weeks 40°C+75%RH

| 12 Weeks 25°C+80%RH

012 Weeks 30°C+65%RH

B 12 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH 15 Days
O 12 Weeks 30°C+65%RH 15 Days
i1 12 Weeks 40°C+75%RH 15 Days
# 12 Weeks 25°C+60%RH 30 Days
W 12 Weeks 30°C+65%RH 30 Days
W 12 Weeks 40°C+75%RH 30 Days

Figure F.1.6: Assay concentrations for the sodium methyl hydrexybenzoate 1000 ml
suspension formulation, during in-use and accelerated stability testing,




ANNEXURE F GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY

B2: SODIUM PROPYL HYDROXYBENZOATE

Sodium propyl hydroxybenzoate in 150 ml

formulation
il | @ lnitial in use
0.028 B Initial in use 15 Days
O initial in use 30 Days
= 0026 O 6 Weeks 25°C+60%RH
e ' . M6 Weeks 30°C+65%RH
e 0.024 - — | | D6 Weeks 40°C+75%RH
= B 12 Weeks 25°C+60%RH
o 0022 - O 12 Weeks 30°C+65%RH
3 B 12 Weeks 40°C+75%RH
§ 0020 W 12 Weeks 25°C+60%RH 15 Days
£ D 12 Weeks 30°C+65%RH 15 Days
o 0018 0 12 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days
0.016 B 12 Weeks 30°C+65%RH 30 Days
0.014 W 12 Weeks 40°C+75%RH 30 Days

Figure F.2.1: Assay concentrations for the sodium propyl hydroxybenzoate 150 ml
suspension formulation, during in-use and accelerated stability testing.

Sodium propyl hydroxybenzoate in 300 ml

formulation
0.030 % O Initial in use
i| B initial in use 15 Days
0.028 ’ O initial in use 30 Days
— 0.026 O 6 Weeks 25°C+60%RH
% W & Weeks 30°C+65%RH
= 0.024 - 0O 6 Weeks 40°C+75%RH
oy
< | W12 Weeks 25°C+60%RH
g 0022 O 12 Weeks 30°C+65%RH
3 B 12 Weeks 40°C+75%RH
§ 0.020 B 12 Weeks 25°C+60%RH 15 Days
5 0 12 Weeks 30°C+65%RH 15 Days
a 0018 012 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
0.016 W 12 Weeks 30°C+65%RH 30 Days
0.014 B 12 Weeks 40°C+75%RH 30 Days

Figure F.2.2: Assay concentrations for the sodium propyl hydroxybenzoate 300 ml
suspension formulation. during in-use and accelerated stability testing.
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ANNEXURE F GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY

Sodium propyl hydroxybenzoate in 420 ml

formulation
0.03 | B Initial in use
0028 - W Initial in use 15 Days
[J Initial in use 30 Days
— 0.026 | 006 Weeks 25°C+60%RH
g B 6 Weeks 30°C+65%RH
e 0.024 0 6 Weeks 40°C+75%RH
e M 12 Weeks 25°C+60%RH
& 0.022 O 12 Weeks 30°C+65%RH
.g | W12 Weeks 40°C+75%RH
g 0.02 - | @12 Weeks 25°C+60%RH 15 Days
5 12 Weeks 30°C+65%RH 15 Days
a 0.018 D 12 Weeks 40°C+75%RH 15 Days
B 12 Weeks 25°C+60%RH 30 Days |
0.016 | W12 Weeks 30°C+65%RH 30 Days |
. B 12 Weeks 40°C+75%RH 30 Days

0014

Figure F.2.3: Assay concentrations for the sodium propyl hydroxybenzoate 420 ml
suspension formulation, during in-use and accelerated stability testing.

Sod_ium propy! hydroxybenzoate in 600 ml
formulation

O Initial in use

B Initial in use 13 Days

03 fnitial in use 30 Days

0 6 Weeks 25°C+60%RH

M 6 Weeks 30°C+65%RH

0 6 Weeks 40°C+75%RH

W 12 Weeks 25°C+60%RH

0 12 Weeks 30°C+65%RH

W 12 Weeks 40°C+75%RH

B 12 Weeks 25°C+60%RH 15 Days
+ O 12 Weeks 30°C+85%RH 15 Days

3 12 Weeks 40°C+75%RH 15 Days

B 12 Weeks 25°C+60%RH 30 Days
| 12 Weeks 30°C+65%RH 30 Days
| W12 Weeks 40°C+75%RH 30 Days

Percentage (% m/v)

Figure F.2.4: Assay concentrations for the sodium propyl hydroxyhenzoate 600 ml
suspension formulation, during in-use and accelerated stability testing.
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ANNEXURE F GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY

Sodium propyl hydroxybenzoate in 900 mi
formulation

0.03 S
@ Initial in use
0.028 | W nitial in use 15 Days
| O Initial in use 30 Days
— 0.026 1 . 06 Weeks 25°C+60%RH
% . W6 Weeks 30°C+65%RH
o 0024 ; O6 Weeks 40°C+75%RH
= by | W 12 Weeks 25°C+60%RH
g 0022 4 | 012 Weeks 30°C+65%RH
.g , W12 Weeks 40°C+75%RH
g 002 | 112 Weeks 25°C+60%RH 15 Days
o i O 12 Weeks 30°C+65%RH 15 Days .
o 0.018 4 | O12Weeks 40°C+75%RH 15 Days
| B 12 Weeks 25°C+60%RH 30 Days
0016 =¢ B 12 Weeks 30°C+65%RH 30 Days
0014 l’12_\th_a¢kP§s 40°C+75%RH 30 Days

Ficure F.2.5: Assay concentrations for the sodium propyl hydroxybenzoate 900 mt
suspension formulation, during in-use and accelerated stability testing.

Sodium propyl hydroxybenzoate in 1000 ml

formulation
0.03 B Initial in use
H Initial in use 15 Days
0.028 - O initial in use 30 Days
< 0.026 O 6 Weeks 25°C+60%RH
E W 6 Weeks 30°C+65%RH
< 0024 —— O 6 Weeks 40°C+75%RH
- W 12 Weeks 25°C+60%RH
& 0.022 O 12 Weeks 30°C+65%RH
.g . W 12 Weeks 40°C+75%RH
g 0.02 W 12 Weeks 25°C+60%RH 15 Days
5 [ - 012 Weeks 30°C+65%RH 15 Days
a 0018 O 12 Weeks 40°C+75%RH 15 Days
W 12 Weeks 25°C+60%RH 30 Days
0.016 1~ B 12 Weeks 30°C+65%RH 30 Days
0.014 | !_1_2 y\le_ek_s_; 40°('_J+75%RH 30 Days

Figure F.2.6: Assay concentrations for the sodium propyl hydroxybenzoate 1000 ml
suspension formulation, during in-use and accelerated stability testing.

F7



ANNEXURE G VALIDATION

ANNEXURE G

VALIDATION OF AN ASSAY FOR THE SIMULTANEOUS DETERMINATION OF
LAMIVUDINE, ZIDOVUDINE, NEVIRAPINE, SODIUM METHYL
HYDROXYBENZOATE AND SODIUM PROPYL HYDROXYBENZOATE IN
SUSPENSION

Gl



ANNEXURE G VALIDATION

SUMMARY

Table G1: Summary of the validation results for the simultaneous determination of
lamivudine, zidovudine, nevirapine, sodium methyl hydroxybenzaote and sodium propyl
hydroxybenzoate in suspension.

Tests _|[Results - N
Specificity Complics
Range Lamivudine 0.9 348 pg /ml

Zidovudine 0.9 - 349 ne /ml

Nevirapine 0.9 - 330 pg /ml

Sodium propyvl hvdroxybenzoate 0.1 — 50 pg /ml
Sodium mcthyl hvdroxvbenzoate 0.05 — 206 pug /ml
Cytosing 0.1 - 202.7 pg /ml

Thymine 0.1 - 208.9 pg /ml

Lincanty Lamivudine = 0.99%4]

Zidovudine 1= 0.9992

Nevirapine 1= 0.9999

Sodium propyvl hvdroxybenzoate = 0.9999
Sodium methy! hvdroxvbenzoate r = 0.9991
Cvtosine 1= 0.9990

Thymine r'= 0.9997

Accuracy Lamivuding  101.5%

Zidovudine  101.6%

Nevirapine  100.1%

Sodium propyvl hvdroxvbenzoate  100.3%
Sodium methy] hvdroxyvbenzoate  100.4%

| Precision Lamivudine RSD 1.29%

Zidovudine  RSD 1.23%

Nevirapine  RSD 1.47%

Sodium propyvl hvdroxyvbenzoate RSD 1.59%
Sodium methvl hvdroxyvbenzoale RSD 0.78%
Ruggedness | Complies |

“Robustness | Comphes ]
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ANNEXURE G

VALIDATION

1. ORIGIN OF METHOD

The method was developed and validated by Dr. J.L. du Preez at the Analvtical Technology
Laboratory (ATL) at the North-West University.

2. CHROMATOGRAPHIC CONDITIONS

¢ Analytical Instrument: HPI1100 scnics HPLC cquipped with a pump, auto

sampler, UV detector and Chemstation Rev. A 06,02 data acquisition and analvsis

software or equivalent.

¢ Column:; Luna C18 (2) 150x4.6 mm, 5pm (Phenomenex, Torrance, CA).

¢ Mobile phase: Acctonitrile (solvent B), water with 0.2% tricthylamine, pH

adjusted to 7.0 with phosphoric acid or ammonium hyvdroxide (solvent A).

¢ Gradient table:

L Time | Solvent A Solvent B
0.00 92 8
S 1500 | 35 63
10.00 I, 33 63
15.00 | 92 8

¢ Flow Rate: 1.0 ml/mn.

¢ Injection Volume ; 10 ul

¢ Detection: UV at 270 nm. 16 nm bandwidth.

¢ Retention time:

+ 1.7 minutcs for cvtosing
£ 2.3 minutes for thvtiine
+ 3.7 minutes for lamivudine
£ 6.3 minutes for zidovuding

£ 7.7 minutes for nevirapine

+ 8.2 minules for sodium methyvl hvdroxybenzoale

£ 9.9 minutes for sodium propyvl hvdroxybenzoate

¢+ Run time: 15 minutes.
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ANMEXURE G VALIDATION

3. SAMPLE PREPARATION

f.,)

L 1]

0.

Place a stenle 5 ml surgical svringe on an analvtical balance and tare.

Accurately weigh 5 ml of the 150, 300. 420 and 600 ml suspcnstons into scparate 250
ml volumeiric flasks.

Accurately weigh 3 ml of the 900 ml suspension and 4 ml of the 1000 ml suspension
into separate 250 ml volumetric flasks.

Add about 150 ml methanol to cach flask, remove the stoppers and put the flasks in an
ultrasonic bath, contaiming luke warm water and sonicate for 20 minuics.

Make sure that all the suspension has dissolved. If solid particles are visible. shake the
flask and somicate it again until completely dissolved.

Allow the flasks to cool to room temperature and fill cach flask 10 250 ml with distilled
watcr.

Filter the solutions into aulo sampler vials and analvsc.

4. STANDARD PREPARATION

1.

ad

A

9.

10,

12.

Place a clean drv weighing boat on an analyvticat balance and tare.

Accuratch weigh 71.38 mg zidovudine. 35.65 mg lamivudine and 71.29 mg nevirapine
scparalely. cach in its own weighing boat.

Place the three accuratcly wetghed APls together in a 230 ml volumctric flask.

Place a clean drv weighing boat on an analvtical balance and tare.

Accurately weigh 21 mg thymine. 75 mg sodium methyl hvdroxybenzoate and 10 mg
sodium propy| hvdroxybenzoate 1n scparate weighing boals.

Add (he three abovementioned substances together in a 100 ml volumetric flask.

Place a 200 ml volumetric flask on an analviical batance and tare.

Accurately weigh 14 mg cytosine into the flask.

Add 150 ml methanol to the 200 ml Bask and put the flask in an ultrasonic bath,
containing luke warm water and sonicate for 20 minutcs.

Allow the flask to cool to room temperature and till 1o volume with distilled water.

. With a 10 mi pipctie, extract 10 ml of the abovementioned solution into the 100 ml

flask.
Add 50 ml methanol to the 100 m! flask and put the flask in an ultrasontc bath.

contaiming luke warm waicr and sonicate for 20 minutcs.
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ANNEXURE G VALIDATION

13. Allow to cool 10 room Icmperature and fill 10 volume with distilled water.
14, Using a 10 mi pipette, transfer 10 ml of the abovementioned solution into the 230 ml
flask.

. Add 200 ml mecthanol 10 the 250 ml flask and put the flask in an ultrasonic bath,

—
L

containing luke warm water and sonicate for 20 minulgcs.
16. Allow to cool 10 room temperature and fitl to volume with distilled water.

17. This ts the final solution which will be used as a standard.

5. CALCULATIONS
The compliance range for lamivudine, zidovudine , nevirapine, sodium methy]

hydroxybenzoate and sodium propyl hvdroxybenzoate is set al 90 — 110%,

SAR X (mass of std. mg) X (std. Potency) X wi/ml = mg lamivudine /ml
STR X mass of sample (g) X 100

SAR X (mass of std. me) X (std. Potency) X wi/ml
STR X mass of sample (g) X 100

myg zidovudine /ml

SAR X (mass of std. mg) X (std. Potencv) X wt/ml = mg nevirapme/ml
STR X mass of samplc (g) X 100

SAR X (mass of std. me) X (sid. Poteney) X wimi = mg sodium methyv] hvdroxybenzoalc /ml
STR X mass of sample (g) X 100

SAR X (mass of std. me) X (std. Potency) X wi/ml = mg sodium propy| hyvdroxybenzoate /ml
STR X mass of sample (g) X 100

Where:
SAR = samplec peak arca
STR = standard peak arca

Wtmt = weight per mi of the oral suspension in g
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ANNEXURE G VALIDATION

6. VALIDATION TEST PROCEDURE AND ACCEPTANCE CRITERIA

6.1 SPECIFICITY
METHOD:
L. Prepare a sample from a placcbo of the suspension that does not contain

the various actives which arc being tested with this method.

&

. Dilute 4 x 10 ml standard solution with water, 1 ml of IM hvdrochloric

acid, 1 ml of 1M sodium hyvdroxide and 0.5 ml 10% hvdrogen peroxide respectively,
\ ydrogen p pe \

e

. Store these solutions overnight at 70°C to degrade.
4, Filter these samples into an auto sampler vial and analyse to determinc whether

any additional peaks were formed.

ACCEPTANCE CRITERIA
¢ The placcbo should not contam anv peaks that will interfere with the
dctermination of the aclives.
« Extra peaks formed in the stressed samples should be discernible from those of

the aclive components.

6.2 LINEARITY
Standard Preparation
1. Prcpare a standard sotution as described undcr standard preparation.
2. Inmject variable volumes into the chromalograph to obtan standards from 75-125%

of the expected sample concentration.

ACCEPTANCE CRITERIA
¢ Lincar regression analvsis should vield a regression cocliicient (r squared) of

=099,

6.3 ACCURACY
t. Spikc known amounts of active at concentrations of approximately 80%. 100% and
120% of the expecled sample concentration.

2. ingeet into the chromatograph in duplicate.




ANNEXUREG VALIDATION

ACCEPTANCE CRITERIA
¢ Rccovery must be between 98-102%.

6.4 PRECISION
6.4.1 INTRA DAY PRESCISION (REPEATABILITY)

1. Measurc approximately 3 x 8 ml (80%), 3 x 10 ml (100%) and 3 x 12 ml (120%) of the
suspension into 100 ml volumetnc flasks and fill 1o volume with methanol.

2. Preparc a single standard at 100% of the expected sample concentration as described in
the mcthod.

3. Inject into the chromatograph in duplicate.

6.4.2 INTER DAY PRECISION

1. Analvse the samc homogeneous sample in tnplicate as described above for intra-day

precision (at 100% of the sample concentration) on 1wo more occasions to determine
the between-day vanability of the method. On onc occasion {day 3) a different analyst

should perform the analvsis on a diffcrent sct of equipment.

ACCEPTANCE CRITERIA
+ Repeatability must be better than 2% (n=9).

e Inter-day precision must be better than 3% (n=9).

6.5 RUGGEDNESS

6.5.1 STABILITY OF THE SAMPLE SOLUTIONS
|.  Preparc a samplc as directed under sample preparation in the method.

2. Imect the sample into the chromatograph.

Leave the sample in the auto sampler tray and reanalvse over a period to determine the
stability of the sampic.
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ACCEPTANCE CRITERIA
e Sample solutions should not be used for a period longer than it takes Lo degrade
by 2%, and in the case of degradation, spectal precautions should be followed

to compensatc for the loss.

6.5.2 SYSTEM REPEATABILITY

1. Imect a sample six times consccutively in order 10 test the repeatability of the peak area

as well as the retention 1ime.

ACCEPTANCE CRITERIA

e The pcak and retention timces should have an RSD of 2% or less.

6.6 ROBUSTNESS

1. Make dehiberate changes 1o the chromatographic conditions to determine the method's
tolerance towards changes.
2. Change the flow rate. wavelength. injection volume, acetonitrile concentration and use

a similar column from a different manufacturer.

ACCEPTANCE CRITERIA
e The method should be able to tolerate a 3% variance in the chromatographic

conditions.

6.7 SYSTEM AND METHOD PERFORMANCE CHARACTERISTICS (SYSTEM
SUITABILITY)

1. Calculate the chromatographic performance charactenstics of the scparation. like
rctention ime, USP peak 1ailing factor. capacity factor. and resolution between peaks
and repeatability of multiple injections.

2. Usc the data obtamed to set realistic performance limits that should be met before the

analvsis can be performed.
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ACCEPTANCE CRITERIA

¢ RSD of 2 mjcctions not morc than 2%

e The column must have more than 3000 theoretical plates for all the APl and

preservative peaks.

7. VALIDATION RESULTS

7.1 SPECIFICITY

The resolution between subsequent peaks must be greater than 2.

Placcho and standard selutions were prepared as described in paragraph 6.1,

All the samples were analvsed at 270 nm.

i DA A, GignaiD, 16 Rel=all (PRAR TBLANA, D)
mad

Ao
a0
400

20e

Figure ;1: HPLC chromatogram of a placebo sample.
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Figure G2: HPLC chromatogram of a standard solution of lamivudine.
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Figure G3: HPLC chromatogram of a standard solution of zidovudine.
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Figure G4: HPLC chromatogram of a standard solution of nevirapine.
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Figure GS: HPLC chromatogram of a standard solution of the reconstituted ARV

powder for suspension.
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Figure G6: HPLC chromatogram of the 300 ml ARV formulation.
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Figure ;7: HPLC chromatogram of lamivudine stressed in water at 60°C for 24

hours.
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Figure (;8: HPLC chromatogram of lamivudine stressed in 1 M sodium hydroxide at
60°C for 24 hours.
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Figure G9: HPLC chromatogram of lamivudine stressed in 1 M hydrochioric acid at
60°C for 24 hours.
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Figure G10: HPLC chromatogram of zidovudine stressed in water at 60°C for 24
hours.
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Figure G11: HPLC chromatogram of zidovudine stressed in 0.1 M sodium hydroxide
at 60°C for 24 hours.
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Figure G12: HPLC chromatogram of zidovudine stressed in 0.1 M hydrochloric acid
at 60°C for 24 hours,

EIAL A, Bag= 10 78 Rl (D O SE PN T 000G D)
1AL

TO%F

B0

£
= g BEa

SO0
I
3 =]
=
o
P00 o
£ |
a
| Zz
SO
o Sy i — == =T .
. 8 ) &5 5 55 ] BS 7 Th m

Figure G13: HPLC chromatogram of nevirapine stressed in water at 60°C for 24
hours.
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Figure G14: HPLC chromatogram of nevirapine stressed in 0.1 M sodium hydroxide
at 60°C for 24 hours.
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Figure G1S: HPLC chromatogram of nevirapine stressed in 0.1 M hydrochloric acid
at 60°C for 24 hours.
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7.1.1 CONCLUSION

Nong¢ of the ingredicnts in the placebo interfered with the lamivuding, zidovudine or neviraping
peaks. Although the degradation process formed extra peaks, it did not interfere with the
simultancous detection of lamivudine, zidovudine, neviraping. sodium propyvl hvdroxybenzoate
and sodium methyl hvdroxvbenzoate. Peak purity was preformed and all peaks were found to

be satisfactory.

7.2 LINEARITY AND RANGE

Wider ranges of the three APIs and the two preservatives were determined because the
specific method was used to determine the assay, as well as the dissolution values of

the ARV reconstituted powder for suspension.

7.2.1 LAMIVUDINE

Table GG2: Peak area and concentration for lamivudine,

Concentration Peak area
_kgiml | Areat __Area2 _ _Mean
09 — - P, B 23
1.7 , 47 47 47
u 35 i 93 o4 94 |
52 | 137 140 139 |
T 70 l 187 187 187 |
8.7 234 | 234 . 234 _
35 79 ! I S ;-
70 155 155 155 B
13.9 310 310 310 |
20.9 466 456 466 |
2798 622 662 642 |
48 779 779 779 l
34.8 787 777 782 |
69.6 1555 1552 1554 |
139.3 J111 3099 31056 .!
208.9 4670 4655 4663 |
278.6 6182 6153 6168 |
348.2 7557 1L 7786 7672 |
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Table G 3: Regression parameters for lamivudine.

REGRESSION PARAMETERS

R squared

0.999114

Lower 95%

Upper 95%

Intercept

-4.37997

-47.2294

38.46948

Slope

22.13184

21.78249

22.481192

9000.00

8000.00

7000.00

6000.00 %

5000.00

4000.00

Peak areq

3000.00

2000.00

1000.00

0.00

0.0 50.0 100.0 150.0 200.0 2500 300.0 3500 400.0

Concentration (pg/ml)

Figure (G16: The linear regression curve for lamivudine.

GI8



ANNEXLURE G

VALIDATION

7.2.2 ZIDOVUDINE

Table G4: Peak area and concentration for zidovudine.

Concentration Peak area
pg/ml Area 1 Area 2 Mean
0.9 21 20
1.7 39 40
15 82 81
5.3 120 121 120
7.0 162 156 159
8.5 199 199 199 !
35 65 65 |
7.0 130 131 134 i
140 264 262 263 ]
21.0 395 393 394 B
28.0 523 536 530
35.0 667 672 670
15.0 676 679 677
70.0 1352 1359 1355 |
139.9 2684 2688 2686 |
209.9 3987 3985 3986 |
2798 5211 5207 5209 |
3498 6235 6366 6301 |

Table G 5: Regression parameters for zidovudiue.

REGRESSION PARAMETERS
R squared 0.099241 | Lower 95% | Upper 95%
Intercept 28.50334 -4.51478 61.521452
Slope 18.34325 18.07529 1861122
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Pexak aresay

7000.00

6000.00

5000.00 {

4000.G0

3000.00

2000.00

1000.00

0.00

00 50.0 100.0 150.0 200.0 2500 300.0
Concentration (pgiml)
Figure GG17: The linear regression curve for zidovudine.
7.2.3 NEVIRAPINE
Table G 6: Peak area and concentration for nevirapine.
Concentration Peak area
pa/ml Area 1 Area 2 Mean
0.9 15 16 16
18 3 30 - 30
35 _61 61 61
53 N 92 91
70 122 _122 122
§.8 153 152 152
35 52 51 52
7.0 10 102 102
14.0 205 205 205
21.0 307 307 307
28.0 412 412 412
35.1 516 516 516
35.1 522 526 524
701 1035 1042 1038
1403 2072 2072 2072
2104 3104 3101 3103
2805 4113 4099 4106
3506 5059 5162 5110

400.0
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Table G7: Regression parameters {or nevirapine.

REGRESSION PARAMETRS

Rsquared |  0.999953 | Lower95% | Upper95%

Intercept | 8955198 | 2424111 | 15486286

Slope 14.60493 1455205 | 14.657814
6000.00
5000.00
4000.00
g 3000 Q0
2000.00
1000.00
0.00

0.0 50.0 100.0 150.0 200.0 2500 300.0 350.0 400.0

Concentratlon {(pg/ml)

Figure GG18: The linear regression curve for nevirapine.
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7.2.4 SODIUM METHYL HYDROXYBENZOATE

Table (8: Peak area and concentration for sodium methy! hydroxybenzoate.

Concentration Peak area
pg/m) Area 1 Area 2 Mean
0.05 16 17 16
0.10 36 33 34
0.2 62 60 61
0.31 02 90 91
0.41 129 124 122
0.52 174 149 161
2.06 53 52 52
4,13 102 103 103
8.25 205 206 206
12.38 303 309 306
16.50 412 411 412
20.63 510 512 51
2063 517 527 522
41.26 1049 1045 1047 |
8252 2090 2092 2091
123.78 3122 3129 3125 '
165.04 4142 4113 4128
206.20 5048 5114 5081

Table G9: Regression parameters for sodium methyl hydroxybenzoate,

REGRESSION PARAMETERS

R

squared

0.999197

| Lower
95%

Upper
95%

Intercept

39.718223

12.853399 | 66 583047

Slope

24.614284

24.244488 | 24.984081
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6000.00

5000.00 |
4000.00 -
% 00000 |
200000

1000.00

0.00

0.00

F

—— e %

100.00

Concentration (pg/ml)

7.2.5 SODIUM PROPYL HYDROXYBENZOATE

Table G10: Peak area and concentration for sodium propyl hydroxybenzoate.

150.00

200.00

igure G19: The linear regression curve for sodium methyl hydroxybenzoate.

Concentration Peak area _
pg/ml Area 1 Area 2 Mean
01 7 7 7
03 _ 9 10 10
05 ] 16 16 16
08 21 20 21
10 22 26 24
13 3 29 30
05 15 13 ! 14
1.0 23 23 23
s 20 40 40 40
B 3.0 61 61 61
u 40 76 80 78
- 5.0 100 100 100
50 101 103 102
10.1 200 203 201
201 410 408 409
30.2 614 616 615
402 821 821 a1
50.3 1026 1026 1026

250.00
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Table G11: Regression parameters for sodium propyl hydroxybenzoate.
~ REGRESSION PARAMETERS )
R Lower Upper
squared | 0.999907 95% 95%
| Intercept | 1.807741 | -0.033412 | 3.6488947
| Slope 2032149 | 20.217579 | 20.425404
1200.00
1000 0C
800.cO -
g 600.00
400.00
200.00
0.00
0.0 10.0 20.0 50.0 60.0

Concentration {pg/mil)

Figure (;20: The linear regression curve for sodium propy] hydroxybenzoate,

7.2.6 CONCLUSION

This method is linear over the concentration range of 0.9-348.8 pg/ml for lamivudine. 0.9-

349.8 ng/ml for aidovudine, 0.9-350.6 ng/ml for nevirapineg. 0.1-50.3 ug/ml lor sodium propyl
hvdroxvbenzoate and 0.05-206.3 pg/ml for sodium methyl hvdroxybenzoate. This method

mects the criteria for acceplance and is thercfore suitable for smgle point calibration.
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7.2.7 CYTOSINE

Table G12: Peak area and concentration for cytosine,

Concenftration Peak area
pg/mi Area1 Area 2 Mean
0.1 10.14 10.60 10.37
0.2 16.23 16.24 20.82 ]
0.4 21.47 2017 26.53
08 26.79 26.26 50.16
16 50.53 49.78 96.73
3.3 87.70 95.76 185.48
6.5 184.94 186.01 371.88
13.14 371.99 37176 371.87
26.1 728.45 731.33 729.89
52.2 1533.62 1536.56 1535.09
. 104.5 302410 3006.57 3015.34
2089 5891.49 5865.59 5878.54

Table G13: Regression parameters for cytosine.

REGRESSION PARAMETERS
R
squared |  0.999031 Lower 95% | Upper 95%
Intercept | 4963720418 | 6842477126 | 92.43193123
Slope | 28.00677254 27.39219495 | 28.62135013
G25
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7000
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2000
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Figure G22: The linear regression curve for thymine,

7.2.10 CONCLUSION

This method is hnear over the concentration range 0.1 - 202.7 pg/ ml. According to the USP
28,2005 p. 2048, a preparation should not contain more than the equivalent of 3.0% m/m, with
respect 10 zidovudine. of thymine. The Hmit of quantification and the it of deicction of ths
mecthed were based on basching noise. The limit of quantification of this method is 0.1 pg/ ml
(1% of thyvminc. and the hmit of detcetion ts 0.03 pg/ ml. The method is suitable for single

potnt calibration,
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ANNEXURE G

7.29 THYMINE

Table (G14: Peak area and concentration for thymine.

Concentration Peak area
pg/mi Area1 Area 2 Mean

0.1 6 6 6
0.2 18 15 16
0.3 22 20 21
0.7 27 26 26
1.5 52 51 52
3.1 106 103 104
6.3. 211 210 210
12.6 417 414 _ 416
253 823 B28 825
506 1708 1702 1705
101.3 3356 3356 3356

2027 6522 6524 6523 .

Table GG15: Regression parameters for thymine.

REGRESSION PARAMETERS
R squared 0.999766 Lower 95% Upper 95%
Intercept 1467263522 -8.883529426 38.22879986
Slope 3232889817 31.96801949 32.67760144
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7000

Peak area

0.0 50.0 1000 150.0 200.0 2500
Concentration {pa/ml)

Figure G22: The linear regression curve for thymine,

7.2.10 CONCLUSION

This methed ts linear over the concentration range 0.1 — 202.7 pg/ ml. According to the USP
28,2005 p. 2048, a preparation should nol contaim more than the cquivalent of 3.0% m/m. with
respect to zidovudine. of thvmine. The hmit of quantification and the limit of delection of this
method were based on basehine noise. The linit of quantification of this method is 0.1 pg/ ml
(0.1%%) of thvmine. and the fimit of detection is 0.03 pg/ mi. The method 1s switable for single

pomt calibration.
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7.3 ACCURACY
7.3.1 LAMIVUDINE
Table G16: Percentages lamivudine recovered.
Conc. spiked Recovery Recovered
ug/mi Area 1 Area 2 Mean pgimi %
90.7 2032 2038 2035 92 102
90.7 2028 2031 2030 92 101
90.7 2037 2043 2040 92 102
1134 2540 2543 2542 115 101
113.4 2540 2542 2541 115 101
113.4 2542 2537 2539 115 10
141.8 3194 3190 3192 144 102
141.8 3185 3184 3184 144 102
1418 3187 3191 ~ 3189 144 102
Table G17: Confidence intervals for lamivudine.

Statistical analysis

Mean % 101.5

SD 1.6

% RSD 1.6

95% confidence intervals

Lower limit 97.2

Upper limit 1018

Estimated median 1014

Confidence 06

7.3.2 ZIDOVUDINE
Table G18: Percentages zidovudine recovered.

Conc. spiked'ﬁ N Recovery N
pa/ml Area 1 Area 2 Mean pg/m! Recovery %
189.0 3567 3564 3566 193 102
189.0 3548 3437 3493 189 100
189.0 3551 3542 3547 192 101
238.0 4490 4488 4489 243 102
238.0 4485 4480 4483 243 102
238.0 4488 4484 4486 243 102 |
298.0 5594 5596 5595 303 102
298.0 5578 5574 | 5576 302 101
298.0 5578 5587 | 5583 303 102
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Table G19: Confidence intervals for zidovudine.
Statistical analysis
Mean % 101.6
sD 0.68
% RSD 0.67
95% confidence intervals
Lower limit 99.3
Upper limit 100.5
Estimated median 99.7
Confidence 0.5
7.3.3 NEVIRAPINE
Table G20: Percentages nevirapine recovered.
Conc. spiked Recovery
ugiml Area 1 Area 2 Mean pgiml Recovery %
187.0 2766 2754 2760 188 101
187.0 2759 2748 2754 188 100
187.0 2742 2739 2741 187 100
236.0 3459 3456 3457 236 100
236.0 3410 3407 3409 233 89
236.0 3447 3445 3446 235 100
285.0 4356 4349 4352 297 101
295.0 4332 4334 4333 296 100
295.0 4313 4318 4315 295 100

Table G21: Confidence intervals for nevirapine,

Statistical analysis

Mean% - 1001 |
SD 0.81
% RSD 0.84
95% confidence intervals
Lower limit a9.3
Upper limit 100.5
Estimated median 99.0
Confidence 0.5
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7.3.4 SODIUM PROPYL HYDROXYBENZOATE
Table G22: Percentages sodium propyl hydroxybenzoate recovered.
Sant: spiked Area 2 Area 2 Mean Recovery | Recovery
pg/ml pg/mi %
38.6 791 798 795 39 101
| 388 784 781 783 38 100
38.6 779 784 782 38 89
49.0 998 993 996 439 100
49.0 989 994 992 49 101
490 995 992 994 49 | 100
57.9 1206 1198 1202 59 I 102
57.9 1194 1139 1167 57 | 99
| 579 1216 1180 1203 59 | 102
Table G23: Confidence intervals for sodium propyl hydroxybenzoate.
Statistical analysis
Mean 100.4
SD 1.0
% RSD 1.0
95% confidence intervals | |
Lower limit 100.4
| Upper limit 102.1
Estimated median 101.0
Confidence Level (95.0%) 06
7.3.5 SODIUM METHYL HYDROXYBENZOATE
Table G24: Percentages sodium methyl hydroxybenzoate recovered.
Conc. spiked Recovery Recovery
ug/mi __.pread Ateng. | _WMeen pghml | %
50.39 1291 1298 1295 51 101
50.39 1302 1294 1298 51 101
50.39 1286 1280 1283 51 100
64.41 1649 1641 1645 65 101
64.41 1629 1622 1626 64 100
64.41 1601 1611 1606 64 99
73.48 1864 1872 1868 74 101
73.48 1842 1840 1841 73 100
73.48 1854 1859 1857 74 100
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Table G25: Confidence intervals for sodium methyl bydroxybenzoate.

Statistical analysis

Mean s 100.3
SD 0.8
% RSD 0.7
95% confidence intervals
Lower limit 100.7
Upper limit 101.8
Estimated median 100.2
Confidence Level {95.0%) 0.7

7.3.6 CONCLUSION

The method viclded a mean recovery of 101.53% for lamivudine. 105.4% for zidovudine.

103.3% for nevirapine, 103.8% for sodium propyvl hyvdroxybenzoate and 103.1% for sodium

methvi hvdroxyvbenzoate.

7.4 PRECISION

7.4.1 INTRA DAY PRECISION

7.4.1.1 LAMIVUDINE

Table G26: Intermediate (intra-day) precision results for lamivudine.

Mass (mg) Area1 Area 2 Mean Conc}::;r;rt‘:?llon Rec?‘;ered
4,850 3672 3705 3688 53.4 102.4
4823 3819 3830 3824 55.3 107.7
9.412 4181 177 4179 60.5 104.8
2.815 4490 4488 4489 65.0 104.8
5.628 4490 4476 4483 64.9 104.4
9.855 4519 4511 4515 65.3 104.7
6.443 5031 5024 5028 728 106.0
6446 5045 5032 5039 729 106.1
6.607 5103 5100 5102 73.8 | 104.8

Mean 64 .87 105.09
sD 7.07 1.35
RSD % 10.90 1.29
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7.4.1.2 ZIDOVUDINE

Table G27: Intermediate (intra-day) precision results for zidovudine

Mass {mg) Area 1 Area 2 Mean Con;;?:l:?tlon Recg}:ered
9451 7213 7296 7255 105.0 1042 ]
9.647 7367 7381 7374 106.7 103.8
10.613 8229 8365 8297 120.1 106.2
11.464 8954 8993 8974 129.9 106.3
11.691 8982 8951 8967 126.8 104 1
11.903 9012 8995 9004 130.3 102.7
12.789 10039 10078 10059 1456 106.8
12.968 10086 10049 10068 1457 1054
13.121 10231 10257 10244 1482 106.0

Mean 129.02 105.06
SD 15.20 131
RSD % 11.78 125
7.4.1.3 NEVIRAPINE
Table G28: Intermediate (intra-day) precision results for nevirapine.

Mass (mg) Area 1 T Area 2 Mean Conc:;r;':imon Rec(i):ered
9.813 7456 | 7591 7524 108.9 104.1
9.742 7342 I 7295 7319 105.9 102.0
11.106 8349 8406 Bi78 121.2 1024
11.598 8974 8874 8924 129.1 104.5
11.924 8893 8758 8826 127.7 100.5
11.651 8991 8769 8880 128.5 103.5
12.639 9331 9416 9374 135.6 100.7
12.917 9858 9873 9866 142.8 103.7
13.486 10462 10381 10422 150.8 104.9

Mean 127.84 102.93
SD 13.74 1.52
RSD % 10.74 1.47
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7.4.1.4 SODIUM PROPYL HYDROXYBENZOATE

Table (;29: Intermediate (intra-day) precision results for sodium propyl hydroxybenzoate.

Mass (mg) Area 1 Area 2 Mean Coml:g;::ltlon Rec;:very
0.122 89 9 90 1.3 100.4
0.121 91 89 90 1.3 100.6
0.138 105 108 107 15 104.8
0.140 109 1086 108 1.6 104.6
0.145 107 108 108 1.8 100.8
0.148 113 17 115 1.7 107.2
0.157 124 121 122 1.8 105.9
0.181 126 132 129 19 108.3
0.168 130 135 133 1.9 107.1

~ Mean | 1.61 104.42
~__SD 02y .. 1.61
RSD % 12.91 1.59

7.4.1.5 SODIUM METHYL HYDROXYBENZOATE

Table G30: Intermediate (intra-day) precision results for sodium methyl hydroxybenzoate.

7.4.1.6 CONCLUSION

Mass {mg) Area 1 Area 2 Mean CO"T)Z‘;:;:,"O“ Rec;'very
0.920 738 735 737 | 10.7 108.7
0.913 738 733 736 | 106 109.4
1.040 826 825 826 11.9 107.8
1089 877 871 874 128 109.0
1.118 891 871 881 12.7 107.0
1,092 867 864 866 28 107.6
1.185 960 955 957 | 13.9 100.7
121 67 972 970 ! 14.0 108.7
1.265 1002 1008 1005 | 14.5 107.9

Mean | 12.62 108.42
SD 1.31 0.84
RSD % 10.38 0.78
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Prceistion was satisfactory with a RSD of 1.29% for lamivudine, 1.25% for zidovudine, 1.47%

for nevirapine, 1.39% f{or sodium propyl hvdroxybenzoate and 0.78% for sodium methyl

hvdroxyvbenvoate.

7.4.2

7.4.2.1

LAMIVUDINE

INTER DAY PRECISION

Table G31: Inter-day precision for lamivudine

Between
Day 1 Day 2 Day 3 days
98.6 97.2 95.0
97.8 96.4 95.6
97.7 97.1 953
Mean 98.03 196.90 95.30 96.74
SD 040 036 024 112
RSD % 0.41 0.37 0.26 1.16
SUMMARY
Groups Count Sum Average Variance
Day 1 3 294.100 98.033 0.243
Day 2 3 290.700 96.900 0.190
Day 3 3 285.900 95.300 0.090
ANOVA
Source of
Variation SS df MS F P-value
Between days 11.316 2.0 5.658 32.433 0.001
Within days 1.047 6.0 0.174
Total 12.362 8.0
7.4.2.2  ZIDOVUDINE
Table G32: Inter-day precision for zidovudine,
Day 1 Day 2 Day 3 ERtaeeh
y y Y days
1031 104.5 103.2
104.2 103.8 102.6
102.7 1051 1034
[ Mean 103.34 10448 | 10307 | 10363
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SD 0.63 0.55 0.34 061 |
RSD % 0.61 0.52 0.33 059 |
SUMMARY
Groups Count Sum Average Variance
Day 1 3 310.010 103.337 0.597
Day 2 3 313.442 104.481 0.450
Day 3 3 309.204 103.068 0174
ANOVA
Source of
Variation S§ af MS F P-value
Between days 3.376 2.0 1.688 4.146 0.074
Within days 2.443 6.0 0.407
Tolal 5.819 8.0
7.4.2.3 NEVIRAPINE
Table (:33: Inter-day precision for nevirapine
Between
Day 1 Day 2 Day 3 days
| 101.2 99.1 98.4
100.5 100.9 5886
| 101.9 99.6 89.7
Mean ' 101.20 99.87 98.90 99.99
SD 0.57 0.76 0.57 0.94
RSD % 0.56 0.76 0.58 0.94
SUMMARY
Groups Count Sum Average Variance
Day 1 3 303.602 101.201 0.489
Day 2 3 299.600 99.867 0.863
Day 3 3 296.700 98.900 0.450
ANOVA
Source of
Variation SS df MS F P-value
Between days 8.007 2.0 4.003 6.520 0.031
Within days 3.684 6.0 0614
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Total

11.691

8.0

7.4.2.4 SODIUM PROPYL HYDROXYBENZOATE

Table G34: Inter-day precision for sodium propyl hydroxybenzoate.

Between
Day 1 Day 2 Day 3 days
1026 101.5 101.8
103.7 102.8 103.1
101.1 104 .6 102.4
Mean 102.46 102.98 102.42 102.63
SD 1.05 1.26 0.53 0.26
RSD % 1.03 1.22 0.52 0.25
SUMMARY
Groups Count Sum Average Variance
Day 1 3 3074 102.40 0.172
Day 2 3 308.9 102.96 0.129
Day 3 3 307.3 102.43 0.330
ANOVA
Source of
Variation SS df M3 E P-value
Between days 3.313 2.0 1.657 7.877 0.021
Within days 1.262 6.0 0.210
Tolal 4.575 8.0

7.4.2.5 SODIUM METHYL HYDROXYBENZOATE

Table G35: Inter-day precision for sodium methyl hydroxybenzoate.

Day 1 Day 2 Day 3 B%l;vyesen

1086 | 105.2 104.2

1062 | 1058 103.8

106.9 104.3 103.2
Mean 107.23 105,10 103.74 105.36
SD 1.01 0.62 0.40 1.44
RSD % | 0.94 0.59 0.38 1.36
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SUMMARY
Groups Count Sum Average Variance
Day 1 3 321.70 107.23 0.172
Day 2 3 31530 105.10 0.129
Day 3 3 311.21 103.73 0.330
ANOVA
Source of
. Variation SS  df MS k£ Pvake
Between days 4,201 2.0 2.319 6.814 0.027
Within days 2.087 6.0 0.426
Total 6.812 8.0
7.4.2.6 CONCLUSION

Precision was satisfactory with RSD's of less than 4%. The repeatabihity is still within

acceplable hmuts, and the assav should perform well. even when executed by other personngl in

a dilferent laboratory.

7.5 RUGGEDNESS

7.5.1 STABILITY OF SAMPLE SOLUTIONS

7.5.1.1 LAMIVUDINE

Table G36: Ruggedness for lamivudine.

Time Peak = }
(hours) Area 3
0 3152 100.0
1 _3130 100.9
2 3178 10?._5__
4 3186 10_1_ 1
6 3198 101.5
| 8 | 3203 | 1016
10 3188 101.2
12 3155 100.1
Mean | 3181 | 1009
SD 17.22 0.54
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'RSD% | 054 | 054 |

7.5.1.2 ZIDOVUDINE

Table G37: Ruggedness for zidovudine.

Time |[Peak |
(hours) | Area %
0 5197 | 100.0
1 5293 | 101.8 |
2| 5246 | 1009
4 | 525 | 1010 |
6 5227 | 1006
8 5261 101.2
10 5283 | 101.7
12 5223 | 1005
Mean 5248 | 101.0
SD 2075 | 057
'RSD% | 057 | 057

7.5.1.3 NEVIRAPINE

Table (:38: Ruggedness for nevirapine,

Time Peak

{(hours) | Area %

| 0 4076 100.0
1 4075 100.0
2 4079 100.1
4 | 4094 | 1004
6 4099 100.6
8 4087 100.3
10 4081 100.1

L 12 4092 100.4

Mean 4088 100.2 |

) 8.32 020 |

RSD % 0.20 0.20 |
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7.5.1.4 SODIUM PROPYL HYDROXYBENZOATE

Table (;39: Ruggedness for sodium propyl hydroxybenzoate.

Time Peak
(hours) | Area %
0 150 100.0
1 150 100.0
2 150 100.1
4 150 1001
6 150 100.0
8 150 100.0
10 150 99.80
[ 12 150 99.72
Mean 150 82 99 96
SD 6.21 0.114
RSD % 0.114 0.114

7.5.1.5 SODIUM METHYL HYDROXYBENZOATE

Table (;40: Ruggedness for sodium methy! hydroxybenzoate.

Time | Peak
(hours) | Area %
) 779 100.0
1 | 7179 100.0
2 779 100.0
4 778 99.99
o 778 99.99
8 778 99.99
10 778 99.99
12 778 99.99
Mean 77892 | 1002 |
SD 4.27 0.36
RSD % 0.36 0.36

7.5.1.6 CONCLUSION
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Sample solutions comaining lamivudine, zadovudine, nevirapine, sodium  propyl

hvdroxybenzoate and sedium methvl hvdroxybenzoate arc stable for a period of 12 hours.

7.5.2 SYSTEM REPEATABILITY
7.5.2.1 LAMIVUDINE

Table G41: System repeatability for lamivudine.

Retention
Area time
_ {minutes)
3169 3.249
3206 3.217
371 | 3.220
3145 | 3.240
3180 3.240
3155 3.290
Mean 31731 3.243
SD 20.34 0.024
RSD % 0.64 0.741

7.5.2.2 CONCLUSION

The system performance was sansfactory for lamivudine with RSD values of 0.64% for peak

arca and 0.74 1% for rctention time respectively.

75.2.3 ZIDOVUDINE

Table (G42: System repeatability for zidovudine.

Area Retention
time

{minutes)
5197 5.390
5293 6.400
5246 6.280
5250 6.393
5227 6.390
5261 65.400
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| Mean 5246.1 6.392
sSD 29 .45 0.007
RSD % 0.56 0.107

7.5.2,4 CONCLUSION

The svsiem performance was sausfactory for zidovudine with RSD valucs of 0.56% for peak

arca and 0.107% for rctention time respectively,

7.5.2.5 NEVIRAPINE

Table G43: System repeatability for nevirapine.

Area Retention
time
| _{minutes) |
4086 |  7.623 |
4086 7.621
4089 7.617
4082 | 7624
4082 7.620
4094 7.624
Mean 40868 |  7.622
SD 438 | 0.002
'RSD% | 011 |  0.033
7.5,2.6 CONCLUSION

The svstem performance was satisfactory for nevirapine with RSD values of 0.11% for peak

arca and 0.03% for retention fime respectively.
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7.5.2.7 SODIUM PROPYL HYDROXYBENZOATE

Table G44: System repeatability for sodium propyl hydroxybenzoate.

Area Retentlion
time
{minutes)
150 10.61
150 10.62
150 10.64
150 | 1069
150 |7 1066
150 10.65
[ Mean | 150.39 10.62
SD | 2.67 0.06
RSD% | 0.14 0.06
7.5.2.8 CONCLUSION

The system performance was satisfactory for sodium propyl hvdroxvbenzoate with RSD values

of 0. 14% for peak area and 0.00% for rciention time respectively,

7.5.2.9 SODIUM METHYL HYDROXYBENZOATE

Table G45: System repeatability for sodium methyl hydroxybenzoate.

Mean

Area Retention
time

(minutes)
776 8.99
776 9.01
775 897
776 8.99
776 8.97
776 9.02

| 77640 [ 8.99 |
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| s | 2.36 0.02
|RSD % | 0.34 0.02

7.5.2.10 CONCLUSION
The system performance was satisfactory for sodium methyl hvdroxybenzoate with RSD valucs

of ©.34% for peak arca and 0.02% for retention time respectively.

7.5 ROBUSTNESS

Changes were made to the chromatographic conditions to detcrmine the robustness of the
method.

The following changes were made and found 10 be acceptable:

Column: Luna C18-2 column. 130 x 4.6 mm, 5 pm, 100 A pores, 17.8 % carbon load.
endcapped. Phenomenex, Torrance, CA, and Lichrospher 100-3 RP — 18cc canridge column,
125 x 4.0 mm. 3 um. 100 A pores, 21.5% carbon load, endcapped. Machery — Nagel. Diiren,

Germany were found Lo be suitable.

Mobile phase: Acctomtric/water with 0.2% tricthvlamine. pH adjusted to between 6.90 - 7.10

with phosphoric acid or ammonium hyvdroxide is stitl suitable.

Flow rate: 0.8 — 1.2 ml/mmnutc is stll suitable,

Wavelength: The wavclength can be altered by + 2nm without anv 1ll effect.

8. CHROMATOGRAPHIC PERFORMANCE PARAMETERS
REFERENCE: USP 28. 2005,

Retention time (minutes):

s  Lamivudinc 3335
s Zidovudine G412
e Nevirapine 7.635
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e Sodium methvl hydroxvbenzoate 8.205

»  Sodium propy! hvdroxybenzoate 10.047

= Cvlosing 1.705

s  Thymine 2.398
Number of theoretical plates (N) ptates/column (tangent method)

¢ Lamivudine 7775

e Zidovuding 83526

¢ Nevirapine 110169

e Sodium methyl hvdroxvbenzoate 1114585

s Sodium propyl hvdroxvbenroale 25771

¢  Cytosme 1399

s  Thyvminc §60
USP Tailing factor (T):

s Lamivodine 0.982

¢ Zidovudinc 1.029

» Nevirapine 1.038

o Sodium methyl hvdroxvbenzoate (0.895

s  Sodium propyvl hvdroxybenzoate 1139

e (vtosine 2437

* Thymine 1.G13
Capacity factor (k")

¢ Lanuvudine 0.301

e Zidovuding 2.002

+ Ncvirapine 2.383

s Sodwm methyl hvdroxybenzoate 2.841

o Sodium propy! hvdroxvbenzoate 3.703

s Cytosine 0.000

*  Thymine 0.122
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Resolution between peaks (R):

¢ (Cyvtosine — Thymine 2,785
e Thymine — Lamivudine 3919
¢ Lamivudinc — Zidovudine 5128
¢ Zidovudine — Nevirapine 25.639
» Nevirapine - Sodium methy] hydroxybenzoate 5128
¢ Sodium methy] hydroxybenzoate - Sodium propsy] hvdroxyvbenzoate 10.6035

9. SYSTEM SUITABILITY PARAMETERS

. Make duplicate injections of standard solution.
. Caleulate the relative standard deviation of the peak arcas obtained.
. Caleulate the number of theoretical plates for the paraben peaks.

The system is suitable to perform the analysis if the following criteria are met:

[. RSD of 2 injcctions not more than 2%

r2

The column must have more than 3000 theoretical plates for all the peaks.

3. The resolution between subsequent peaks must be greater than 2.

10, CONCLUSION

The method preformed well and should be suitable 10 analvse lamivudine. zidovudine.
nevirapine.  sodturn propyl  hvdroxybenzoate  and  sodium  methyt  hvdroxybenzoate
simultancoushv in suspension for stability testing, quality control and batch relcase purposes.

No mterference was encountered from stressed samples or known degradation products.

The method can therefore be regarded as being stabihity indicating,

G46





