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ABSTRACJ 

ABSTRACT 

The human race has had to endure a variety of disabling and life threatening 

diserlses \vhich include leprosy, plaque, Black Death arid numerous other infamous 

vir~~ses, none of which awaken terror like the Human Ini~nunodeficiency Virus 

(HIV) H1V infection has produced one of the most dreaded epidemics of the 

twentieth century, or rather, of all time, leaving no courltry or race untouched. Untll 

this time, no cme 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 coriibirlation aniiretroviral 

therapy has proven to be the most effective approach in treating HIV positive 

patients, Fixed Dose Combination (FDC) therapy seem to assure better patietit 

adherence. 

An oral liquid dosage for~nihation is desired for paediatric HIV patients, 

and for those who cannot swallow other oral dosage forms such as caps~~les and 

tablets. The focus of this study was to combine lamivitd~ne, zidovudine and 

nevirapine into a powder for oral suspension, and to identify i~iconipatibilities and 

other factors that could possible affect the physical arid chemical stability of the 

for~nulation. Formulations were designed according to the UNICEFIWHO (2004) 

dosage suggest ions. 

The first step in the product deve!opment was an investigative literature 

study into the stability and possible interactions between the three active 

pharmace~tical ingredients (APls) and escipients. Compatibility was confirnied by 

means of DSC and High Performance Liquid Chroniatograpliy (MPLC) -studies. 

The optinial mixing time for the powders for suspension was determined before 

formt~latiori of the bdk formulae began. 

Six suspension formdations according to patient mass were formulated 

containins the dosage regime for one month as suggested by WHO. Sodium propyl 

hydroxybenzoate and sodiim methyl h ydroxybenzoate were added as presewat ivcs. 



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 preservative efficacy studies were therefore performed on all six for~nulat ions 

over a period of twelve weeks, at three temperature conditions, namely 

25"C+GO%RH, 30°+65%RH mid J0°C+75%RH. In that period, in-use stability 

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

Results obtained for pH, relative density, viscosity and moisture content 

indicated that no significant 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 3O0C+6S%RH and 

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

Dissolution results showed that larnivudine, zidovudine and nevirap ine were 

immediately dissolved, with 100% dissolution after I0 minutes. The assay results 

for laniivudine, zidovudine and nevirapine remained within the specification of 90- 

1 lo%, but a downward trend in  larnivudine assay was observed in the 300 rnl and 

900 rnl forn~ulation, where a result of 89.3% was measured after 12 weeks at 

JOdC+75%RH. 

Results for sodiiini methyl liydroxybenzoate were all within the 90-1 10% 

litnil. Results higher than the upper limit of 110% were calculated for sodiutri 

propyl hydroxybenzoate in some samples. Thls could be due to integration 

incorisistencies during assay due to the very mall peak. Preservative Efficacy Test 

(PET) results were all within the USP 28 specifications. even during in-11se studies, 

and confirmed the effectiveness of the preservative system. 

In conclusion it  can be said that  lamivud~ne, zidovudine and nevirapine 

were successf~dly combined in a FDC for use in paediatric, adult and geriatric 

AIDS patients. 

The powder for suspension formulations have definite marketing 

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



Die mensdom het deur die eeue heen rnet ' n  verskeidenheid ondraaglike en 

lewensgevaarlike siektetoestande te doen ~ehad  waaronder ~nelaatsheid, pes, die 

Swart Dood en ander dodelike virusse, waarvan Menslike I~rlrnuniteitsgebrek-vi1-11~ 

(IW'V) van die laaste groep die grootste vrees aanwakker. MiV-infeksie is die 

oorsaak van em van die mees gevreesde epidernies van die twintigste eeu, of 

eerder, van alle tye, en laal geen land of ras onaanyeraak nie. Tot en met die hede is 

daar noy geen k u u r  vir Verwonve Imrnimiteitsgebrek -sindroom (VIGS) ontdek nie. 

VIGS-pasiente rnoet die frustrerende newe-effekte van die vele antiretrovirale 

(ARV) geneesmiddels verdra om 'n  genliddelde lewe te lei. Hoeisel kombinasie 

antiretrovirale terapie ' n  koste-effektiewe wyse is orn bUV-positiewe pasiente te 

behandel, is vastedosis  erap pie dalk die antwoord op beter pasient meewerkendheid. 

'n  Orale vloeistof doseeworm word benodig vir pediatriese MI\/ pasiente 

en vir diegene wat dit moeilik vind om vaste orale doseemorme in te neern, bv. 

tablette en k:ipsules. Die foki~s van hierdie studie was om iamivudien, zidovudien 

en nevimpien in ' n  yoeier vir orale suspensie te kornbineer, en sekere 

overenigbaarhede en ander hktore wat die fisiese en chemiese stabiliteit van die 

formulerings kan beinvloed, te identitiseer. Formules is ontwerp volgens 

UNICEFfWGO (2004) doserinys riglyne. 

Die eerste stap in die nuwe prociukonhvikkeling was ' n  uitgebreide 

literatuurstudie om die stabiliteit en rnoontlike interaksies tussen die drie aktiewe 

bestanddele en holpstowwe te ondersoek. Verenigbaarheid was bevestig rnet behuly 

van DSC en HPLC-studies. Die optimale menstyd vir die poeiers vir suspensie is 

bepaal voordat formulering van laboratoriumlotte begin het. 

Ses suspensieforrnules, gegrond op die pasient se liggaa~nsrnassa, is 

gefor~nuIeer en bevat die behandelingsdosis vir een maand soos voorgestel deur die 

W2reld Gesondheids Orgariisasie (M7C;O). Natrii~m~~~e~ielhidroksiebensoaat en 

natriumpropielhidI.oksiebensot?at is ingesluit in die formules as preserveermiddels. 



.Die fisiese- en chemiese stabiliteit van farmaseut iese produkte speel ' 11 

kernrol in die sdises van die betrokke produk. Stabili~eitstoetse, fisies en cheniies, 

en preserveerniiddeleffektiwiteitstoetse is ilitgevoer op al ses foniiules oor '11 

periode van twmlf weke by drie temperatuurtoestande, naamlik 25"C+60%RH, 

30°C+65%RH en 40°C+75%RH. In hierdie tydperk is in-gebruik studies, on1 die 

stabiliteit gedurende pasient gebnrik te verseker, ook gedoen. 

Resultate verkry vir  pH, relatiewe digtheid, viskositeit en voginlioud dui 

daarop dat geen noemenswmrdige veranderinge tydens versnelde 

stabiliteitstoetsing of die in-gebruik toetsing plaasgevind het nie. Daar was 'n  

verandering in die fisiese voorkoms, veral t.0.v. kleur, waargeneern by monsters 

gestoor by 30°C+65%RH en 40°C+75%RH, asook by monsters tydens in-gebruik 

studies, na 13 weke. 

Dissolusieresultate vqs dat larnivudien, zidovudien en nevirapien dadellk 

opIos, met 100% dissolusie na 10 minute. Die konsentrasie van larn~vudien, 

zidovudien e n  nevirapien liet binne die spesifikasies van 90-1 10% gebly, niaar 'n  

afwaxtse neiging in lamivudie~i konsentrasie is waargeneem in die 300 1n1 en 900 

rill fornwlerings, w a r  ' t i  waarde van 89.3% na 12 weke in laasgenoemde geval 

gerneet is. 

Resultate vir natriunimetielhidroksiebellsoaat konsentrasie was binne die 

90-1 10% limiet. Resultate hoer as die boonste limiet is bereken vir natriuni propiel 

hidroksiebensoaat in sekere monsters, wat toegeskryf kan word aan nioonttike 

foutiewe integrasie parameters tydens MPLC-analise. 

Preserveerrniddeleffekti~vitei~stoetse (PET) se positiewe uitslag, tydens versnelde 

stabiliteit en in-gebruik toetsing, tiet die eft'ektiwiteit van die preserveerniiddels 

beves t i g. 

Samevattend kan gese word dat la~nivudien, zidovudien en nevirapien 

suksesvol gekombineer is in 'n vaste dosis kombinasie vir die gebruik in 

pediatriese, volwasse en bejaarde VIGS-pasiente. 

XVI 



Die poeier vir smpensie forrnulerings liet definitiewe bernarkingspotensiaal 

en kan 'n essensiele rol syeel in die bekarnping van VIGS. 



AIM AND OBJECTIVES 

AIM AND OBJECTIVES 

Latnivudine (3 TC), zidovudine (RZT), and nevirapine (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 is a desperate need for a Fixed Dose Combination (FDC) product 

which comb~nes the abovementioned drugs in 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 geriatric use. The stability of lamivudine, zidovudine and nevirapine i n  

cornblnation has never been studied. Literature studies su:~ested that the three 

actives might be more stable i n  pH ranges 4-7. The insoluble nature of' nevirapine 

also posed a problenl, forcing the fornlulation of a suspension, instead of'a solution. 

The main ob.iectives of this study were: 

Development and validation of n stability indicating assay method for the 

si~nultaneous determination of h e  APIs and preservatives present in the 

formulation. 

To forn~ulate a FDC in the form of a powder for oral suspension. with 

acceptable organoleptic properlies. 

The determination of the physical and chemical slabili~y of the for-mulated 

powder for suspension during accelerated stability conditions. 

To determine the chemical and physical stability of the reconstituted 

suspension dt~ring in-use testing to sirndate patient use. 

To establish the effectiveness of the preservatives chosal. 

To explore the marketing possibilities of these newly formulated products. 



GLOSSARY 

AYI - Active Pharmacet~tical Ingredient 

ART - Antiretroviral Therapy 

ARV - Antiretrovirnl 

BD - Twice a day 

CDC - Center for disease control 
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HPLC - Hidl Perforrnarice Liquid Chromatography 

l PEC - International Pharmaceutical Esciyient Courlcil 
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SIV - Simian I~nmi~nodeficienc,; 

TDS - Three times a day 

IJNAIDS - Joint United Natioris Programme on HIV/AlDS 

UNICEF - United Nations Cliildrens Fund 

WHO - World Health Organisation 



CHAPTER 1 --.- HIV AND AIDS 

CHAPTER 1 

HUiMAN IMMUNODEFICIENCY VIRUS (HIV) AND 

ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS) 

"One may not reach tile dawn save by the path of the night." 

-Kahlil Gibran- 

1 . 1  INTRODUCTION 

HIV infection has prduced onc of thc most fcilrcd cpidcmics of the twentich ccntlrnr. 

I1  has sprcad world wide, leaving no race or c o t u l ~  imaflccted (Cossariua & Kaplan. 2002: 

is). "Thc acquircd immunodcficicncy qndrome (AIDS) epidemic is onc of thc gcatcst 

challcngcs facing the mcdicd community today" (Raffanti Rr Haas, 2002; 1349). 

Since thc surnrncr of 1981, when thc first cascs of AIDS wcrc skuling lo enlcrge,e, an 

csrjmatcd 38 million adults and childrcn \ w e  living wilh the human immuncdcficiency virus 

(HIV). Thc AIDS dcath toll up to 2003 was an cstimatcd 2.9 million. At the rate at which this 

mcrcilcss discasc is being sprcad an additional 14,000 new HIV infcclions cm bc added to thc 

list, daily (UNAIDS, 2004). 

1.2 DISCOVERY OF HIV 

Althot~gh it 1s clcar to&!* thal HIV is tflc catrsc or AIDS, its prccisc origin rcmains 

ualinoun. According to P x ~ n  (2005:333) reccnt findings suggest that HIV-I and -2 might 

havc h c n  Iransmittcd from primalcs to humans l j  or 20 p r s  ago. but carlicr w~rcxogniscd 

rnfcctions might havc occurrcd 

In 1959 rhe iirst recordcd specirnen of HIV was discovcrcd in a blood specilncn 

obtaincd at Lcopoldville (now Kinshasa) in the Bclgian Congo. This was the lint k ~ o w n  dcath 

cawcd by AIDS (Nalural bcalments for AIDS, 1998). 
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According to Ihc thcorly of Betk Korbcr, thc discasc ctm be traccd to a singlc ~ i r d  

ancestor Lhat could have emcrgcd bctuwn 1910 to 1950. Korbcr contends, duough an analysis 

donc at ~ h c  Los Alamos National Laboratory in New Mesico, h a t  thc pandemic may h a w  

comc from onc or more infcctcd humans around 1930 (Natural treatment for AIDS. 1998). 

American philosopher, Louis Pascal. brought forward anohcr highly contro\~crsial, but 

plausible lhcory, first spelt out in 1987. According to him Lhc carly cases of AlDS originated in 

the Central African stales of Congo, Rwanda or Burundi. It was this arca h a t  was subjected to 

lrials of a livc polio vaccine on as many as 300,000 mcn, n'orncn and children (Natmd 

trcal~nent for AIDS, 1998). 

Pascal's argumcnt was that Lhe abovcmentioned vaccine, which was g o w n  from 

culturcs oblaincd from chimpanxc kidneys, might have carried the vina. Dr Albert Sabin 

(polio rcscczrcher) had reportcd that such a batch had been contaninatcd with an unlinoun virus 

(Natural Lreahncnt for AIDS, 1998). 

Rcporis of Kaposi's sarcoma and Pnrumocystis cnrinii pneumonia in young men 

began to appear in thc early 1980's, and it was subscquenlly rcalised Lhcy werc both 

hotnoscsual and immuno compromised (Adlcr, 1993: I ) .  Though the condition becamc known 

early on as AIDS, its cause or modcs of lransmission wcrc not immediately clcar. 

I t  was in 1983 at the Insti~ut Pastcur, Paris, that Barrk-Sinoussi, Montagnier and 

collcag11cs discovcrcd HIV and nalncd it Lymphadenopathy Associated Virus (LAV). In 1984 

Popo\,ic, Gallio and co-workcrs dcscribcd h c  development of ccll lines infccrcd with the virus, 

and dcsignatcd ~ h c  virus LAV, HTLV-Ill (Mortinlcr, 19935). Vin~scs isola~cd Crom patienk 

wilh AlDS in America, Ccntral Africa and Europe wcrc all the same virus. and it was n m c d  

H IV- I (Mort.imcr, 1993:5). 

During 1985 another retrovinq different Crom HIV- I .  was isolatcd in paticnts living in 

Wcst Aljica or having West ALiican comcctions, lnstitut Pasta*. Paris. namcd il LAV-2, 

bcucr kno\\m today as HIV-2 (Morchc r ,  19933). 

This particdar HIV-2 v i n ~ s  is closely rclatcd to the Simian Immunodcficicncy Virus 

(SIV) carricd by African grccn monkc>s SIV causes AIDS-likc discasc in captiit rhcsus 

monkcys. thus supporting h e  Ihcon. that at somc stagc HIV-I and HIV-2 might havc bccn 

transrniltcd from pri~natcs to humans (Mortimcr. 19935). 
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I .3 'I'EWNSMISSION OF HI-VIRUS 

Thc most cornmoll Inode of  transmission of  the virus throughout thc world is 

unprotcctcd sesual inkrcoursc with multiple pamcrs, whcthcr it is vaginal- or anal 

intcrcoarse is irrelevant (Natural keabnent for AIDS, 1998). 

01 hcr methods of transmission arc: 

Through the rcccipt of  infccted blood or blood products and donated organs. Donating 

blood docs not nln thc risk of disease contraction sincc the riecdtcs uscd for s ~ ~ c h  

purposes arc always slcrite. Dricd blood is not infcctioos since thc HI-virus is unablc to 

survivc outsidc thc human body bcyond a shod period of timc (Natural kcatrncnt for 

AIDS, 1998). 

From molher LO child, which occurs in ukro and at birlh. 

Th rou~h  tlicraper~lic pmcdurcs c.g. smjca l  operations. 

By re-usc or shruing ofcontaminatcd ncedlcs used by d n g  abusers. 

Through thc brcast milk of  'an infcctcd molhcr (Adlcr, 1993:2). 

HIV has also bcen isolatcd from samplcs of lymphocylcs, ccrvicd secrelions, cerebrospinal 

fluid, tears, urinc and ccll frce plasma.Thc concc~~lralions of the virus in thc diffcrcnt Ilujds van,  

considerably and thcreforc cannot without a doubt bc considcrcd as surc mcans of HIV transmission 

(Adlcr~ 1 O W 2 ) .  

AlDS is not conlractcd throu$: 

Touching, hugging. kissing. 

Drinking or caling from utensils uscd by an infcctcd person. 

Sharing toilet scats. 

BJ; any othcr nlodc of casual contact, including working, socialising and living wid1 

inkclcd peoplc (Natural lrcatmcnls for AIDS. 1998). 

No cvidcncc of transmission through saliva has bcen documcnkd, but it is surc 

that h c  virus is not sprcad Uuough social or casual contact. nor is it air-borne, watcr-bornc 

or Lransmiltcd through mosquilocs (Nahtrrrl trcatrncnt for AIDS: 1998). 
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1.4 LIFE CYCLE OF THE HI-VIRUS 

HIV can be callcd "imntmosupprcssi~~e'' bccausc it infects Ihe cclls of thc 

inmunc systc~n and ullimatcly lcads to Ihcir demolition (Beucrlcy & Sattentau, 1993:9). 

HIV is an RNA (ribonuclcase) retrovirus that infects CD4' Iymphocytcs, dcndritic cclls 

and rnacrophagcs (Raffmti & Haas. 2001:1350). The reproduction of HI-virus in Ihc 

human body (schcme 1.1) can bc dividcd into sis stcps (Raffan~i & Haas. 2001: 1350- 

Step 1 + 
1 Binding: HIV has prolcins on its surfacc with 8 high aflinily for Lhc CD4' 

rcceptor on Ihc T4 cell. The vim1 capsid is rcleascd into Lhc host ccll. 
I 

Step 2 + 
Reverse transcription: Viral enzymc (revcrsc trmscriptase) rnakcs a 

pro-viral DNA copy of thc RNA. 

Step 3 + 
Integration: Inrcgrasc (viral cnqmc) hides the pro-viral DNA in Lhc 

ccll's DNA, which produccs ncnl HI viruscs in the nuclcus. 

Step 4 + 
Transcription: Strands of viral DNA in Ihc nuclcas separate. cnn'mcs 

crcatc mcsscngcr RNA (mRNA). 

Step 5 
- 2 -  - + - -- -. - -  

Translation: Each scction oTrnRNA is ~ranslatcd into a spccific protcirl 

building block to form a part of a ncw HI-vim. 

Step 6 + 
Viral Assembly: Prolcasc (viral cnq.me) ci~ts long prolcins into smaller 

yroicins which becomc elen~cnts of ncw HI-viruscs or cnqmcs. 

Scheme t.1: Reproduction ofthe HI virus in the human body. 
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Once Ihe ncw viral units are asscmblcd h e y  Icave thc host cell and crcatc new vinlscs that are 

ablc to infcct ncw cells, and undergo reproduction ( R a f f d  & Haas 2002: 1350-135 1). 

1.5 DEFNlTlON OF AIDS 

Although wc use thc term 'discasc' whcn refcrring to AIDS, AlDS is striclly speaking 

no1 a specific ilblcss. I t  is a collection of many conditiotis that manifcst in specific parts of the 

body. as a result of a scvercly wcakcncd inunune syslcm. The HI-vim wcakcns thc immunc 

systcm over a pcriod of time which diffcrs from palicnt to paticnt, and gradually prcvents Ihc 

body's immunc systenl !?om fighting pathogens that invade thc body (UNAIDS, 2004). 

Originally, AlDS was defi~icd by the Ccntre for Discase Control (CDC) in North- 

Alncrica as occuning in a person: 

(a) With a rcliably diagnosed discasc that is inoderatcl y indicative of an lmdcrlying 

cclluhr i ~ n m ~ i n e  dcficicncy. 

(b) Who has no known luidcrlyiug causc o r  cellul,u immune dcficicncy or any othcr 

causc of immunc suppression associated with the discase (Adler, 1993: I), 

A change in definition took placc in Septclnber 1987 and thc dcfini~ion now inclrtdcs 

cncepllalopathy, HIV wasting syndromc and a widcr range of discascs indicative of  AIDS such 

as ocsophngcal candidosis. e ~ ~ a p u l m o n , ~  cryptococcosis and progressive mulli focal 

Ic~~coenccphalopaihy (Adter. I993: I). 

Adult patients a re  divided into three groups: 

a) Thosc without laboralory cvidcncc of an HIV infcction, bul with positivc diagnosis 

of an indicator discasc 

b) Thosc with laborntov ccidcncc of thc prcscncc of an HIV infcction, rcgardlcss of 

rhc prcsencc of otlicr causcs of immumodcficiency, or any of  thc spccificd indicator diseascs 

\\hcthcr diagnosed prcsumptivcl>~ or delinitively. 

c) Thosc with laboratory cvidcncc against an HIV inkction. AlDS is diagnosed in this 

g o u p  only nllcn all thc othcr major causcs of immwlodcficicncy havc bccn cscludcd - for 

csamplc, a high dosc of any long tcrrn qsicrnic corticosteroid or othcr imnunosupprcssivc 

cyiotosic discosc - and thc patient has had unequivocal 13~etm1oc~.~ri.e cwinii pneumonia or any 
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othcr discasc indicativc of AIDS and a T hclpcr (CDJ") lyrnphocy-te count of lcss than 

0.4slO!'/C (Adlcr, 1993: 1). 

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

a) In children, recurrent or muhiplc serious bacterial infections and lymphoid 

inkrstilial pneu~nonilis or pulmonary lymphoid hprplas ia  arc acccpkd as indicativc of AIDS. 

b) More strict critcria are uscd for children who are lcss than five monlhs old and 

whose mothcrs are thought to have bec~i infected with HIV during thc child's perinatal period 

(Adlcr, 1993: 1). 

Thc CDC published on espanded definition of AIDS in December 1992, which 

includcs persons with conl?rmcd HIV infcction who have a CD4' T Iymphocytc count of less 

han 0,2sl0"/E, irrcspcclivc of clinical manifestations. Along with thc abvcmcntioned critcria, 

thrcc ncw AlDS indicati\:c diseascs were added to thc existing list, namcly pulmonary 

tubcrculosis, bacterial pneumonia and invasivc ccrvical canccr (Adlcr, 1993:2). 

1.6 PATHOLOGY OF HIV 

A clinical problcm is ~r igcred by HIV and sno\vbnlls in to rhc dcvclopmcnt of thc 

discase, from tllc timc of seroconvcrsion (pri~nan HIV) and ending with AlDS and dcnth 

(Mindcl &k Tenant-Floivcrs 200 1 : 17). 

Classification s>stcms for thc HIV discase are bascd on thc prcsencc of clinical 

synptoms and signs. CD4' count. invcsligntive signs and thc availability ol' HIV 

scrccnins (Mindel & Tcnant-Flowcrs 2001 : 17). 

The World Heallh Organiznlion (WHO) staging systan for HIV infcction in 

adults and adolescents dividcs palicnts irito four shgcs of which sornc of thc symptoms 

arc mcntioncd below: 

S t a ~ e  2: Wcight loss ~ 1 0 %  body wight 

Minor mucotancous ~nani fcsm~ions 

Rccurrcni uppcr rcspiraton tract inkctions 
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Siagc 3: Weigh loss >lo% body weight 

Chronic diarrhoea > 1 month 

Oral carldidacics 

Prolonged fcver > 1 month 

Pulmonary TB 

Bacterial infections 

Stage 4: HIV wasting syndrome: Weight loss > 10% body weight 

Chronic diarrhoea or wcakncss and prolonged fevcr 

Pnc.urnocysris cnrinii pncumonia 

Kaposi's sarcoma. 

1.7 TREATMENT FOR HIV 

Tlic swifi d i s cown  of  cffcctivc nntirckoviral thcrapy (ART) was ~nadc  possible 

by already developcd drug kcatment programnics for csisting diseases including 

hypertension, cancer and o h c r  viral infeclions (RalYanti & Haas 2002: 1352). 

1.7.1 GOALS FOR ANTIRETROVIRAL THERAPY 

Thc Primary goals of ART arc: 

To rcduce the viral load lo undctcc~ablc Icvels of less Lhan 400 copiedml. 

To rcstorc and/or prcscrvc die i~nmunological filnction in the body. 

To impro\*c dlc quality of  lifc. 

Rcduc~ion of HIV rclalcd morbidly and mortality (Naidoo. 2005: 1). 

ART is generally rccommendcd i f :  

Thc patient manifests signil?c;~nt s!,mpto~ns rclatcd to HIV. 

Extra pulmonary TB is diagnosed (Nnidoo, 2005:40). 
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A viral load grcater Ilm 5000-10000 copiedml, is prescnt. 

Thc CD4' ccll count is below 500/mm3 (AIDS Information Ccnter, 1999). 

Inappropriate drug prescriplion may cause dcvclopmcnt of drug rcsis~c7nce, as 

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

Standardised treatment rcgimes for HTV arc based on Highly AcLivc Antiretroviral 

Treatmcni (HAART), a triple therapy rcgimcn designed to minirnisc drug rcsistancc and 

poor tmtirelroviral cflicicncy (Naidoo, 2005: 1). Advantages of HAART includc: 

HIV rcplication suppression, which in turn causcs partial immune rccovcv. 

Development of resistance is prevenkd will1 thc suppression of viral 

rcplication. 

Paticnt adhcrencc con bc improved by simplif\,ing dosa~x rcgimcs (Gibbon, 

2001:308) (Rcfer to tablcs 1.2. 1.3, and 1.4). 

Guidclincs for rhc use of HW ireatmcnts advocatc the usc of two Nucleoside 

Reverse Transcriptase Inhibitor's (NRTls) + one Non Nucleoside Reverse 

Transcriptase Inhibitor (NNRTI) or one Prolease Inhibitor (PIS) (Naidoo, 2005: I). 

Mono therapy, bccausc of irs high level of rcsistallcc and poor antirelroviral 

cflicicncy, is reservcd for b c  preventiori of nlothcr to child trmsrnission, idmlly whcn lhc 

mothcr has a viral load of less than I000 copies/ml and is asymptomatic (Nnidoo, 2005: 1). 

Dual drug therapy also bas a high Icvel of rcsisrancc and poor antirctroviral 

cflicacy, brtt thc trcam~cnt may bc continued if lllc paticnt is already on it  a id Ihc viral 

load and CD4' c o ~ ~ n t  goals are nmh~aincd (Naidoo, 2005: 1-2). 
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Table 1.1 : Examples of ARV drugs currently on the marker. 

Drug 

Class 

Drug Name 

Zido\udine 

Stavudine 

Abacavir 

Didrrnosinc 

E~nlricitabirle 

Lamiwdine 

Zalcitabine 

Efavircnz 

Dclavirdbic 

Indinavir 

Rilona~ir 

Ncllinavu 

Amprenavir 

Saquinavir 

Examples of Trade  

Names 

Abbreviations 

AZTI ZDV 

d4T 

ABC 

ddl 

FTC 

3TC 

ddC 

NVP 

E FV 

D LV 

IDV 

RTV 

N FV 

A PV 

SQV 

1.7.2 ARVs: CLASSIFICATION AND MECHANISM O F  ACTION 

All ARVs arc dcsigncd to inhibit specific steps in the viral reproduclion cyclc. Each class of 

ARV inhibits an HIV c n z y c  directly (NNRTls) or indirectly (NRTls) (Rcfcr to paragraph 1.4). 

Rckr lo schcmc 1 . 1  Tor the reproduction cyclc of thc HI-~wus in rhc buunan body 
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Nucleoside Reverse Transcriptase Inhibitors (NRTIs): Inhibit dlc enTmc “reverse 

transcriplasc" by mimicking the building blocks of HIV DNA. 

;Yon Nucleoside Reverse Transcripkase Inhibitors (NNRTls): Inhibit thc cnqmc 

rcvcrsc transcriptase directly. 

Protease Inhibitors (Pls): Inhibit d ~ c  prolcasc enzyme necded for laic stagc HIV 

product ion. 

Fusion Inhibitors (Fls): Inhibil GP-41 mcdiatcd fusion, works synergistically with all 

other A RV classes (Naidoo, 2005: 37). 

Tablc 1 . 1  lists cxnmplcs or  ARV drugs in cach catcgoy currcnlly on thc markcl. 

1.7.3 ARVs: ADVERSE EFFECTS 

All ARVs haw cstremc ~dvcrsc cffccl hat  cause onc of the forcmost problcrns in Ueatmg 

HIV palicnts. nmcl! poor paticrlt adhcrcncc. This not only lcads to thcrapcutic failnrc. but also 

cmses h c  HI-virus lo dcvclop a ccrtaiu kind ol'rcsistancc towards specific ARVs 

All paticnts will not cspcr~cncc Lhc somc advcrsc cffccrs whcn trcatcd with ccrtain ARVs. bul 

the following will normally occur nhcn lrcatcd with: 

NRTIs: 

NNRTls: 

Fls 

Pancreati~is 

Peripheral ncuropn~hy 

Hypersc~lsitivity reactions (Abacavir) 

Hcadachc 

blacidopapulnr rashcs (scvere or life hrcatening) 

CNS cffccts (abnornlal drcams, hcadachc.. .) 

Depression 

Dimhoca 

Hcpati~is 

Li yod>:strophy 

H~pcrcl~olcsrcrolncmia 

H~.pcririgl~:ccridnemia 

Insulin resistmcc (Gibbon, 2001 :3 13-3 19). 

Hgcrscnsihc reactions 

Immunc-mediatcd rcaclions 
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Rcsp i ralory distress 

Nausca and vomiting (Unitcd Stales Deparbllcnt of Healrh and 

Humon scniccs: 2005: 19). 

(Rcfcr to tables 1.5, 1.6 and 1.7 for furthcr disc~~ssion o r  advcrsc enects and possible 

pat i e n ~  adherence problems ). 

1.7.4 AVAILABLE TREATMENT REGIMES AND DOSAGE FORMS 

When treating a paticnr for HlV, thcrc are numcrous trealment rcginlcs lo considcr. 

All ARVs prcsenl w i ~ h  o high incidence of advcrsc c f f c c ~ ,  ranging 6om a mcrc 

Ileadachc to lifc-tllrcatening Stevens-Johnson s;ndromc. To cnsure paticnt adherence, a 

trealrnent rcgirnc wilh minimum adversc effccls and masirntu~~ thcrapcuric sotisfaclion 

should bc iden~ified. 

111 the following ~nbles the adi.antagcs and disad\,nntagcs of three categories of ARVs 

will br2 discussed. 

Table 1.2: Advantages and disaclvsntiiges of Nucleoside Reverse Trimscriptuse Inhibitor 

(N RTI) treatment (United Slam Dcparl~llcrlt of Hcalth and Human serikcs: 2005:40) 

Advantages and disaclvnntages of  NRTJ-trealnwnt 

Mininial cin~g-dny 

intcrnct ions 

Prolcasc inhibitor and 

NNRTI-sparing 

Only limitcd cross 

rcsistmcc among NRTIs 

Bcrrer i ~ d l i c r ~ n ~ ~  than PIS 

Combinndon ~hcrapy is co- 

Ibnnulrrtcd as a single pill: 

Iow pil! burden 

Disadvantages 
- - 

Life rhrentenu~g cascs or  

lacric acidosis and Ilcparic 

steatosis are rme but scrious 

Use of ZDVl3TC1.4 BC 

(Trizivir) co-roniiularion 

lins potcntinl for ABC 

h!.persensitivc rcact ion 
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Table 1.3: A d v i ~ h p e s  and d i s a d v i ~ t i i g ~ ~  of Non-nucleoside rcversc transcriptase inhibitor 

(NNKTI) Irealnwnt (Unitcd Statcs Departnrent of Heallh and Human Scniecs: 2005:42). 

Advantags and disltdvantagcs or NNRTI treatment 

Proteasc inliibitor- sparing 

Lcss fat mnldisuibution and less 

d>slipidacn~in thnn protease 

inhi bi~ors 

Lowcr pill burdcn than PIS (solid 

dosagc fonns) 

Easicr to adlicrc lo ~han PI- based 

ngin~cs 

Serious and potentiall? lifc 

tl~realeni~rg liepalic tosicip aid 

skin rashes (Stevcas-Johriso~~ 

S?'ndromc) 

Pole111 ial for various d n ~ g  

interac~ions duc to nic~abolis~ii via 

hepatic cnqnics 

Cross-rcsis~ancc niay occur anlong 

hW RTls 

Tahlc 1.4: Atkantagcs and tlisadvantages of Proteasc inhibitor (PI) trealnicnt (Unitcd Slates 

Department of Health and HUIIMII Scrviccs: 2005:43). 

Atlvmtages and disadvantages or PI Ircatnient 

Advantages 

+ NNRTI- sparing 

+ Tnrgcts \iral rc\.crsc lrn~iscriptasc 

arid protcase cn/.?,mes (TWO steps 

in h e  vim1 replication c?,clc) 

+ ?vlulliple mutalions arc rcqnucd 

for resislance to dcvclop against 

PIS 

Disadvantages 

Potential for rrwlliplc drl~g 

i~itcractio~is duc lo mctabolisni via 

liepiitic encmcs 

Poor pdntnbilih of liquid 

prcpamtions 

h*ictabolic complicatio~is i~lchding 

Ikt ~i~aldisuibution and insulin 

rcsislancc 
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Table 1.5: (Continue) 

Dosage 

Forms 

Oral solulion: 10 nighil 
(invcs[igarional). 

Capsules: 200 mg. 

Solution: 5mg /ml 
and 10 mglml. 

Tablets: 100 mg, 150 
mg and 300 mg. 

-. 

Combination 

Therapy 

.- 

- Tablcts: 200 nig FTC+ 300 
mg TDF. 

- Tablcs: 300 rilg ZDV+ISU 
1119 3TC. 

- 300 nig ZDV+I 30 Ing 
3TC+3OOnig ABC. 

- 300 mg 3TC+600 nig 
ABG. 

- - 

Dose per Day (single 

drug) 

Ncona~al: Not ~ c d  

Pacdiatric: (agc: rllrec 
~iionrhs- I7 ):cars) 
Bniflg twicc a day (>33 
kg: 211Omg capsulc 
daily). 

Adolcsccn~s!adul~s: 200 
~ n y  capsulc daily OR 24 
ntl (240 mg) oral 
solutio~i daily. 

Nconaral: (GO days) 2 
mgkg mice a d a ~ .  

Pacdia~ric: 4 m g l g  
lwicc a day. 

Adolcsccni: (agc: I 16 
!cars) Body weigh[: 2 5 0  
kg: 300 mg dail?. 

<50 kg: 4 ~iiglkg 
(maximum dosc: I SOnig) 
hvicc a day. 

Possible 

Adherence 

problems 

Fiscd dosc corn bination 
rlicrapy should no1 bc 
uscd in paticnrs wih 
crca~ininc clcarancc of 
GO 111/111inute. 

I n  rcsourcc-poor scrting 
crcatirunc clcarancc nia: 
bc difiicull 10 dcrcrniinc 
duc lo lack of slaff. 
mining and insuficicnt 
equipnlcr~t. 

Assuming ha1 a nconal; 
baby wighs 2 kg. rhc 
dosc would ~ l l c ~ i  bc 0.8 I 
~wicc a da!-. 

In rcsourcc-poor scaing 
il could bc difficull to 
nlcasurc thc corrccr dosr 
duc ro insullicicnl sraff. 
cquipmcnt or training 
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Table 1.7: The different dosage forms available for protease inhibitors Wnilcd Srarcs Dcpar~mcn~ of Hcnlh and Human Scrviccs: 

Drug Name Dosage Form 

Pacdiatric Om1 
solution: 15 mghil. 

Capsulcs: 50 nig arid 
150 mg. 

Combination 

Therapy 

- No fixcd dosc 
cornbirrations availablc. 

Dose per  Day 

(single drug) 

Neonatal: Not used 

Pacdiawic: (age 4 ro 12 
!cars) or ( 1 3 to 16 !cars 
wcighing < 50 kg) Oral 
solution: 17 m f l g  Llircc 
tinics a da).. Capsulcs. 
20 rngflig twicc a day 
Cliildrcn agcd 13 lo 16 
!tars weighing > 50 kg: 
Oral solution: l4O0 mg 
lwicc a day. 

Adolcsccnk: (wcigliing 
2 5 0  kgoragc =. 16 
?cars): Capsulcs: 1200 
mg wicc a day. 

Adults: Capsulcs: 1200 
mg wicc a day. 

Possible Adherence 

Problems 

Bccausc thcrc is no fiscd 
dosc conibination 
therapy availablc, 
palicnts will bc forccd to 
takc man!: tablcts or 
capsulcs d a i l  in ordcr 10 
rccei\.c combination 
ARV thcrap!,. 

Thc oral solulion 
contains 550 nig 
propylcnc glyxd/ml and 
46 1U \itamin E/nil. 
Pa~icnls should thcrcforc 
bc su itchcd to capsulcs 
as so011 as llicy arc ablc 
to lakc a capsulc Tlic 
pill burdcn nil1 bc as 
h~gli as I6  tablcls a day, 
and could cause poor 
paticnt adhcrcncc. 
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I able 1.7: (Lontlnuea) 
- - 

Drug Name 

Ritonavir 

(RTV) 

Dosage Form 

-- 

Oral solution: 80 mgml. 

Capsulcs: 100 mg. 

Sol1 gcl capsulcs: 200 
mg 

Hard gcl capsulcs: 200 
"'g 

Fi l rn-coatcd tablcls: 
500 mg. 

Combination 

Therapy 

- Sort capsulcs: 133.3 
rng Lopinat3 (LPV) 
+33.3 mg RTV. 

- Oral solutions: KO 
mg LP V+ 20ni~Jnil 
RTV. 

- Capsulcs: 100 nig 
SQV + 400 nis RTV. 

Dose per Day 

(single drug) 

Nconalal: No1 approvcd for 
usc in palicnts undcr thc agc 
of onc nionth. 

Non.irk' (rilonavir oral 
solution) contains 4394h. 
alcol~ol. 

Pacdiauic: (ayc 1 month) 
350-400 nlg pcr ni2 of body 
surfacc arca t~vicc n day. 

Adolcsccnrs: 600 my twicc a 
day. 

Adulls: GOO mg twicc a day. 

Nconalal: Not uscd 

Pacdiatric: Not uscd 

Adolcsccnr: (agc I1 6 ycars) 
1200 nig (sofi gcl capsulc) 
thrcc Linics a day. 

Adi~l~s:  1200 nlg (sol1 gcl 
capsulcs) Ihrcc timcs a da).. 

Possible Adherence 

Problems 

Sciwc nausca and \.oniiting 
occur during thc first fcw weeks 
of trcatnicnl 

I n  rcsourcc-poor scllings, it is 
coniplica~cd lo dc~cmiinc dosc 
according to m' of k d l .  surfacc 
arca. duc to lack of cquipnicnl 
and stal'r. 

High pill burdcn (18 capsulcs a 
daily) could camc poor paticn~ 
adlicrcncc. 

Sun csposurc may causc 
pl~o~oscnsilivil~~ rcaclions: 
sunscreen or pro~cc[i\,c clodiing 
must k worn. u.h~ch could bc too 
hol in summcr. 
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1.7.5. PRINCIPLES FOR PAEDIATRIC 'TREATMENT 

A set of principlcs for treating pacdiatric paticnts w i ~ h  currently availnblc 

ARV fom~ulations in rcsource-poor scttings has bccn sct by UNICEF and thc WHO 

(U-N ICEFAVHO, 2004). 

For s m I l  infants (<I0 kg) sjnlys, solutions and dissolvable forn~ulations 

containing: 

Zidovudine, nbacmir and Iamivvdinc, 

Ncvirnpinc 

Lopinavir or ktonavir 

arc listed ns the best option (UNICEFAVHO, 2004). 

The folloning ARVs arc not rcconmcnded due to dispensing-, ncceptnbilip 

problcms or nccd for rcfrigera~ion: 

stilvudinc liquid 

didanosine sachets 

nelfinavir powders. 

UNICEFNHO rccommcnds that infarm nnd children nbovc 10 kg should 

s n i ~ c h  to nvailablc solid dosage forms as soon as tl~c!. can bc tolcratcd. If diflicully in 

sn.allowing is espcricnccd. dosngc forms i.c. tablcts. ma!, bc hnlvcd (UNICEFNrHO. 

2004). 

As Ihc number of yaediatric patients growsl frequent dosagc changes are 

required. which can Lx n con~plicnlcd matter d ~ c n  solid dosage fonns arc used. Liquid 

or suspension forn~ulalions can be diusted according to wcight Inorc accuralcl!~. 

UNICEF and the WHO pointcd out lhrcc fiscd dose combinations (FDC) 

aln.ad>, available for adults. for which a nccd for pacdiatric formr~lat ions csisls: 

d4T+3TC+NVP 
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1.8 CONCLUSION 

ARV lrcatment shou!d bc started with oric god  in mind, i.c. to ensrlrc a befler 

and longcr qualily lifc, for all users. 

Cnrcful consideration has bccn siven to each of thc bcatments dosage forms 

in this chaptcr. Different dosage forms do play an enormous role in paticnl adherence. 

A trealment rcgime such as thc PIS that requircs a patien1 to swallow up to 18 tablets 

or capsulcs cach day is surc to fail over a long period of titnc, Funhcrnmore FIs, Ilaving 

only thc injection as the administering route. will also bc a less tolcratcd trca1rncnt due 

to thc pain catiscd dnring administration, 

Trcatmcnt regimes should bc easily understood by thc patient sclf, as \ d l  as 

by the palient's cmegitrer. Dosngcs requiring thc measurcmcnt of nl' of body susfacc 

arcn can casily be administered wrongl!: in rcsoorce-poor seflings duc 10 the lack of 

training or cquipmcnt (UN ICEFAVHO. 2004). 

HAART suggcsts thal two NRTls and onc NNRTl arc to be uscd in ARV 

therapy. as mentioned in paragraph 1.7.1. Lamivudine (NRTI), xidowdinc mRT1) 

and nevirapinc mNRTI) arc threc ARVs that arc suitnblc for nconolal, paediatric. 

adult and geriatric use. 

If a pacdiatric pilticnt ngcd 4 months (wight:  6.5 kg) rccciicd HA ART? the 

patient i i o ~ ~ l d  bc espectcd to takc [he following medication: 

Ncvirapinc (50 rng/.inml): 2.6 ml pcr day Tor 14 d a ~ s .  Ihcn 4 . 5  ml 

~wicc a da!,. 

Lnmivudinc (10 mglrnl): 2.6 ml twicc a da!.. 

Thc abowncr~tioned HAART treatment is very comples and could eas i1~  bc 

misonderstood in resource-poor settlings. Furlhermore. i t  would add up to 26.3 rnl of 

rncdica! ion pcr da!,. 

Geriatric patients recci\hg HAART consisting of dme snnmc drug regimc \\- i l l  bc 

espcclcd to t d c  4 tablets doily consisting oT: 



CHAPTER 1 HIV AND A!DS 

Zidovudine (300 mg) in conibination with Lami\~ubnc ( 150 mg): I 

lablei lwicc a da!, 

Ncvirapitic (200 mg): 1 mblcl a day Tor 14 da!s. then 1 lsblct hvicc a 

dll!.. 

Tllcrc is no doubt llmt thesc paticnts will adhere to tl~e treotmcnt r e g  mc at 

first. but it is speculated that thcy will. as thcir hcahh dcclincs. have dificulh. 

sivallowing ihe solid dosngc Tonns, influencing their compliarce. 

Fiscd dosc combinatioti iherapy is Lhc answer to thc qucstion being asked all 

ovcr lhc world. namcly \vhat is ro bc donc ro improw patient adherence wllcn it 

comes lo ARV trcnlmcnr rcgimcs'? 

UnTorlunatel!-. ven Tcu tiscd dose combinations csisl in the Torm oT a 

solulior~ or suspnsiori. 

A n  FDC containing lamivudinc. zido\.ucIinc and 1 x 1  iropine in thc Torm of a 

pouder for oral suspension would address the abo\.emcn~ioncd probtcn~s of palicnr 

ndhcrcncc to a trcalmcnl rcgimc as il \ \odd rcducc t l~c  nu~nbcr oT dad! doscs 

significantl!. I t  \\as ~hcrcrorc decidcd combine the ARVs lamivudinel zidoiudinc and 

~x\.iritpinc in a poiidcr Tor oral suspension. 

Thc chemical. ph!sical and phnrmacologicnl clinmctcris~ics or  11icsc three 

AKVs. nil1 bc discllsscd i n  de~ail in thc ncd chaptcr. 
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CHAPTER 2 

ACTIVE PHARMACEUTICAL INGREDIENTS (APls): 

LANIIVUDINE, ZIDOVUDINE AND 

NEVIRAPINE 

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

- Henri Poincare- 

Lamivudinc (3TC) is n nucleoside reversc transcriptase inhibilor RTl). c>,tosine 

llucleoside anal03 Ihat shows aclivity against HlV-I and HIV-2. as well as (in virrt,) 

hepatitis B virus (Yuen CI 01.. 1995: 1 174: Raffanii & Hans. 2001 : 3358). 

Lnniivridine has two crilicd centres (Yuen L-V of., 1993: 1174) which was found to 

be ttic negative enantiomer of Z'-deohy-3'thiac>tidinc. which is lcss rosic and has grealcr 

antiviral activity than h e  positi1.e enatitiomer (Rafhnti & Haas. 200 1 : 1358). Through 

inunccllt~lar kiuascs. it  undcrgocs anabolic phosphop~lil!ion lo form Ihc activc mctnbolite, 

hmivudi~le 5'-triphosphale. which prevcnts HIV- 1 rcylication (Johnson ef d.. 1990:4 1). 

2.1.1 CHEklJCAL PROPERTIES 

Lamik~idine is a white to off-wldlc cn:stallinc solid (GlasoSniithKline. 2003: 1) .  

&Iolecular formula: CS HI N3 01 S 

CAS Registry Number: 133678-17-4 

CAS Name: (2R-cis)-4-Amino- I -(-Z-(hydros~~rnc~l~yl)- 1, 3-osathiolaii-5-).1 j 

2(IH)-primidinone 

Additional iYan~e(s): (-)-2 -deosy-3' -thmyt~dinc: 

3' -his-2. ?' -dideo\qc>tidme: 
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CX Number: X1010.190-X 

Molecular Weight: 229.25 

PercentComposition:C41.9I%,H4.84%,N 18.33%,020.94%,S 13.9!1'1/0 

Melting Range: 172-1 78°C 

Solubility: 70 mg/ml, in water at 2VC (Merck, 1999). 

Nguyen er 01. (1995: 1671-1682) conductcd a study of the prescnalive eflicacy 

and chcmical stability of lunivudine in oral liquid formulations. The chemical stability \ v a  

tnainly influenced by the pH, and it was found that Inmivudinc stability improved \vim ihc 

pH incrcnscd from 4.5 to 7.5 (Nguyen er 01.. 1995: 1671- 1682). 

2.1.3 ANALYTICAL METHODS FOR DETECTION 

Mcthods of idct~tifying lamivudinc in oral solulion and human plasma usunlly 

include high ycrf~rrn~mce liquid chromatography (HPLC) with or without ultraviolet 

detcction (Hoetelmnns el ol., lC198:387-394). 

2.1.4 ABSORPTION, DISTRIBUTION AND ELIMINATION 

Lamiiudinc rcaches peak plasma levels in approximately one hour and 

s h o ~ s  a high oral bioavailobilih of 80% it1 or withoul the prescncc of  food 

(Kaffanti 8r Haas, 2001: 1359: Gibbon. 2001 :3 13). 

Plasma protein biiidi~ig of Iamivudinc is ~ninimal (Gibbon, 2001:? 13). 

About 70% of Idmivudine i s  primarily cscrctcd unichanged in thc urinc 

(Raflnnli & Haas. 2001: 1359; Gibbon. 2001 :3 13). 
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2.1.5 ADVERSE E F F E a S  

I n  gcncral, lamivudinc tends to cnusc far f e w r  advcrse effects thai most othcr 

NRTIs and is therefore frequently used in combination with othcr ARVs whcn trcnting 

paediatric a11d geriatric paticnts (Gibbon, 2001:3 13). 

Thc following advcrsc cffects may occur: 

Peripheral neuropathy and pnncreatitis. 

Vomiting, nausea. upper abdominal pain. 

Hcadache. fatigue, fcver 

Rash, pn~ritis and sweating. 

There havc been reporls of elevatcd liver enzymes (Gibbon, 2001.3 13). 

2.1.6 PAEDlATRlC AND ADULT DOSE 

Dosing adjustments arc required when treating patients with rcnal impairment duc 

to HIV, chronic hcpatiris a id  old age. An increased ability to clear thc drug is sho\vn b!; 

pacdiabic palicnts, and thcrcforc thcy rcquirc a higher n1rJ'l.g dose than adults {Johnson c.1 

d ,  199914 1-46), 

Nconates Icss Ihan 30 days old arc yvcn 2 mgAg lwicc daily Pacdiat$c paticnts 

bc!wcen 3 nionths and 12 !cars of ngc rcccive 4 n1gh.g ~ \ \ i cc  dail! \vitll a n~nsimum o r  150 

mg pcr day (Ciibbon, 2001 :3 13; Takctomo cr (11.. 2001 553)  

Thc adult dose is 150 mg cvcq  12 hours and for patienls wighing Icss than 50 kg, 

2 m a g  12 hourly (Gibbon. 2OOl:3 13: Takctomo er 01.. 200 l : j%).  

2.2 Z L D O W D L N E  

Zidovudinc (AZT) is n nl~cleosidc rcverse transcriphsc inhibitor @RTI)? a 

s>nthctic thymidinc nrlnlogr~e and has anlireboviral acti\.ity against HIV-1 and HIV-2. as 

\vcll as human T-ccll Iymphoirophic virus (HTLV) (Goodman er ni.. 200 I : 1353). The 

dmg-s sclcctivity of action against HIV can be ascribcd to its high allinity as a substrate 

for the enz\.nic viral reversc uanscriptasc, con~pared lo nianin~alian ccllular DNA 

pol~~n~crases  (Collins & Unadknt, 1 ?89: 1). 
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2.2.1 CHEMICAL PROPERTIES 

Zidovudine is a cystalline, odourless and while lo olT--n,hite solid (Scthi, 

1991:732). 

hlolecular formula: CLOH13Ni.0s 

+ CAS registry number: 1305 16-87- I] 

+ CAS names : 3'-Azido-3'-deoxyhyniidine 

Additional name(s): Azidoh>lnidinc: 

AZT 

Molecular weight: 267.24 

+ Percent composition: C LW.9494, H 4.90%. N 26.21%. 0 

23.95% 

Melting range: 121-I25C 

Solubility: Soluble in walcr, 25 nidml (Merck. 1999). 

2.2.2 STABILITY 

Zidovud~nc uas placcd in sohlt~on (isotonic phosphalc buffcr) wih a pH 

of 7.4 and found to be stnblc. No dcgradnlion was detcctcd withn 30 hours a1 

37 C (Kim Rr. Chicn. 1995: 1062). Ka\vaguchi cr 01. (1989: 1944) found 

i d o t  d i n e  10 bc stablc in aqueous solulio~l o\zr lhc pH nngc 1 .O- 10.8. 

Thcrmal analysis of zidovudine was conduc~cd by Arai~jo ci nl. 

(2003:313). Zidowdine showed decomposition in thrcc slcps, dlc first 

intermcdialc product k ing  thymine. Thcrcaftcr SoIlowed decornposition of 

thynine and elimination of n carbon rcsidue (Araiijo (.I nl,. 2003: 3 13). 

2.2.3 ABSORPTION, DISTRIBUTION AND ELIMINATION 

+ Zidovudinc is complctcl>, ilbsorbcd hrough the gastroiutcs~inal 

tracl and has a biomdabiliiy oS 65% due io first-pass 
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n~elnbolism by cot~vcrsion to 5-glucuronyl zidowdinc (Scthi. 

199!:750; Gibbon, 2001: 3 15; Goodman cv 171.. 2001: 1354). 

Zidovudinc shows good palctration of thc ccnlrnl ncrvous 

systcm and has a plasma protein binding of approsimatcly 30% 

(Sclhi, I991:752: Gibbon, 2OOl:3 15). 

Zidovudine is mchboliscd in h c  livcr by the enzyme 

glucuronidasc. lo thc major inaclive n~ctabolite 3'-azido- 

3 ' d c o ~ ~ - ~ - O - ~ D - g l u c o p ~ ~ a n o q l  lh~midine, which is escrctcd in 

thc llrirlc as ~nehbolitc (65-75%) and as rtnchongcd drug (15- 

17%) (Scthj, 199 1 :753: Gibbon, 2001 :3 15). 

2.2.4 ADVERSE EFFECTS 

The most common adverse cffccts rcporlcd with h e  usc of zidovudine 

are anaemia and leucopenia mainly neutropenia, m,mifcsting few wecks allcr 

starting treatment (Gibbon, 201:315). 

Othcr advcrsc cffccts includc: 

Hcadache. insomnia, nausea, myalgia and rarely lacdc acidosis, 

scizurcs, conlLsion and hcpato~osici~y (Gibbon, 2001 :3 15: 

T,lkctomo er nl.. 2000: 890). 

Zidotudinc may cousc rnusclc dmoge possibly by inhibiting 

mitochondria1 DNA poJ>mcrasc-y, nssociatcd with rcdaccd 

amoiulls o~mi~ochondrial DNA (Raffanu & Haas. 2001 : 1354). 

Zidowdine should be r~scd with caulion in paticnls u i ~ h  bonc marrow 

suppression or anactnia (Gibbon, 2001:; 15: Takclomo er ol., 2000:990). 

2.2.5 PAEDIATRlC AND ADULT DOSE 

\Yhen kcaung paticnts who suffer from agc-rclatcd rcnnl impairment. 

dosagc odjuslments should bc corlsidcrcd (Gibbon, 200 1 : 3 IS). 

Thc standard nconat.11 dosc may be escessh~c \viva Lrcating prclnalure 

infants. and i t  is ildviscd lha~ thc dosc bc changcd to 1.5 mgkg even 12 hours 
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rrom birth to 2 weeks. chercakr, 2 mgkg e\.en, 8 hours (Taketomo er 01.. 

2000991). Pacdiahic dosc for chjldren kin-ccn 3 months and 12 ycars is 180 

mS/mbf body surface arca evcry 12 hours, with a maximum of 800 mg per day 

(Gibbon, 200 1 :3  15). 

Thc oral adult dosc is 300 nlg cvcry 12 hours, which can bc rcduccd to 

250 mg 12-hourly if needed. Mother-to-child hmsmission prevention requires an 

oral dose of 300 mg 12-hourly for tjlc last 4 wccks of pregnancy, to be incrcascd 

to 300 mg every 3 hours from the onset of labour to dclivcqr (Gibbon, 2001:3 15). 

Nevirapirx: is a non-nuclcosidc rcvcrsc transcriptasc inhibitor (NNRTI) 

thal also has potcnt activity against HIV- I ,  but has no mcntionable activily 

agnirlsl HIV-2 or other rcho\:iruses (AIDS Information Centcr, 1999). Ncvirapinc 

binds dircctly 10 thc allostcric sitc on reverse transcriplnsc and inhibils the 

aclivitics of both RNA and DNA dcpcndcnt DNA polymcrnse (Knd el nl., 

2004:843). Tle drug works b!l difhsing into tbc ccll and binding to h c  cnzync, 

reverse umscriptase, causing inactivation of Ihc cnqme drrc to conforn~ational 

changes (AIDS lnfornlation Ccn~cr. 1999). 

2.3.1 CHEMICAL PROPERTIES 

Ne\,irapine is dcrived from tjlc serics of dipyridodiazepones and is 

presented as the free base form. There is one pol!~norphic form and onc 

psc~~dopol!;morpllic form i n  which thc active si~bslilllcc c m  exist: anhydrous and 

tlemih>!drate. Both forms arc whik to off-white cr>stallinc powders (Virnmunc: 

Scientific Discussion, 2000). 

Molecular formula: CI  >HIjNjO 

CAS registry nun~ber : 1 1296 18-40-21 

CAS names : I I -Cyclopropyl-5,ll -dih>~dro-4-metjl!~l-6H- 

dipyrido[3,2-h:2'.3'-ejl1.4]diazpin-6-onc 

Additional names: BI-RCi-587 
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Molecular weight : 266.30 

Percent composilion: C 67.65?0, H j.30°/o, N 21,0.1%, 0 

6.01%. 

Melting range : 247*-249°C 

+ Solubility: Almosl insoluble in walcr (0.1 rnS/rnl): sparingl). 

solublc in dichloromethnne R and rnclhanol R (Merck, 1909). 

2.3.2 STABILITY 

The anhydrous form of nevirrlpine \\as found to be non-hygroscopic and 

cvcn \vlicn esposcd 10 92% relative humidily for 24 months at 30'C, conversion 

to thc hernih~dratc did riot wcur (Viramune: Scientific Discussion, 2000). 

Stability tcsts w r c  done on scveral pilot and production s i x  bbatchcs of 

nevirapine, and rcsults show that ncvirapinc was cstrcmcly stable during the 

study of 24 rnonllis under stressed conditions. No dcgradants wcrc delcctcd 

(Viramonc: Scientific Discussion. 2000). 

Chnn Li p t  nl. (2000:249) subjcc~ed ncvirnpinc samplcs to strcss by 

adding base, acid. UV light, hydrogcn peroxide, as well as hcnk ;md liulrnidil:. An 

ma!. was perforn~cd on Lhe stressed samplcs to dcicniiine ~ h c  perccntngc of 

rcmbaining ncvirnp inc. Tnblc 2.1 summarizes thc stress condi tions t o ~ t l i c r  with 

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

of nevirapine samples (Chan Li et nl., 2000r249). 

I IN NoOH 31 days I puuc 1 81.50 I 

Stress conditions 

I N  HCI 

Duration 

31 days 

3% HzOz 

31 days 

Ligh~  (600 foot candlcs) 

Table 2.1 illus~ratcs that nevirapine is more stablc at basic pH condtions 

and is not inlluenced by csccssive light or humidity. 

Peak integrity 

pure 

31 days 

2.3.3 ABSORPTION, DISTRIBUTION AND ELIMINATION 

% Nevirapine 

remaining 

29.64 

31 days 

Ncvirapinc is rapidly and rcndily absorbed after oral 

adnlinistralion and has a bionvililability of less lhnn 90%. 

PmC 

11 is w i d c l ~  distributed with a V, of 1.21 [ k g .  crosses h e  

plnccnta and is cxcretcd in the brcast milk. 

71.75 

PWC 

45% of thc plasma conccn~ra~ion is prcscnt in thc cerebrospinal: 

fluid, protein binding is 60%. 

W. 99 

Ncvi rnpinc is metnbolised by t hc cyochrome P-450 isozyrnes, 

metabolism occurs more rapidly in pacdinuic paricnts than in 

adulk. 
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T!; = 45 (singlc dose), auto induction of thc mctabolism occurs 

afier 2-3 nccks and causcs Tt,; lo decrcnsc to 25-30 hours arter 

rnultiple dosing. 

81.3% is escrcted in thc urine as mclaboliles, 10.1% in the facccs 

and more lhan 3% is cscrcted ui h c  urine as parcrlt drug (Tnkctomo 

el nl., 2000:684: Gibbon, 2001:316). 

2.3.4 ADVERSE EFFECTS 

Of all of Lhe adverse effects of  ncvirapinc, thc most infatnous of all is the 

msh that occl~rs in thc first six weeks of katmctil .  11 usuall; manifests as 

maculopapular er)-hcrnatous cotaneoos eruptions with or tv ithoat pruritis, and 

can bc seen on thc face, b n k  w d  ewemitics (Takelomo el nl.. 2000:684). 

Othcr frequcnt advcrse efTects inclndc: 

Fe\:cr, hcadnche, sedation, nausea, diarrhoea, clcvatcd livcr 

cnzynlcs and myalgia (Gibbon, 2001:3 16; Takctomo el 01.. 

2000:GXJ). 

2.3.5 PAEDIATRIC AND ADULT DOSE 

Nevirnpinc musl be adnii nistered nith caution in pat ienls suffering from 

renal of hcpalic failurc or dysfunction (Taketonlo CI nl., 2000:684). 11 is also 

adviscd h a t  liequcnt h . e r  firnction nlonitoring should takc place during 

Ircntment. Whcn patients prcscnt with a xvcrc rash or rash accompanied by 

abnormal livcr hnction ~csts. freabncnt must Ix discontim~cd immediately 

(Gibbon, 200 1 :3  16). 

Whcn nevirapine is administered orally, ncotlatcs to thrcc nion~hs reccivc 

5 nif lg once daily for !4 days, folloncd by 120 mg&g tvicc a day for 14 d n s .  

Ilien 200 n igh '  every 12 hours (Take!onio cl ol.. 2000: 684). 

An initial dosc of 4 nwJkg once a dav for I4 dq.s  is prescribcd for 

children agcd bc twcn two months and ci$t c a r s .  If no rash or adverse effccki 

occur. the dosc con be iticrcascd 10 4 mgkg twice dnil?.. The maintenance dosc 
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for this age group is 7 m$g c 1 . c ~  12 hours. thc maximum dose bcing 200 mg 

cvc? 12 hours (Gibbon. 200 1 :3 16: Takc~omo E I  a/. , 2000:684). 

Adults and adotcsccrlts x c  wcalcd ivith an initial dosc of 200 rng once a 

day for 14 days. In h c  absencc of a rash and ad\'crsc cffccts, thc dose can bc 

incrcascd lo a full dose. with a maximum of 200 mg every 12 hours (Gibbon, 

200 I : 3 16; Tnklorno cr cii.. 2000: 683). 

Thc chcnlical stability and dosagc rcgi~nc for each of thc thrcc choscn 

ARVs was discusscd. I n  l h c o ~ .  lhc chemical characteristics of thcsc three APIs 

lcad us to bclicvc that Ilicy seem to be compalible, and sccm lo be able to remain 

slablc when combined in an ARV pot\-dcr for oral suspension. 

In the nest chaptcr. chxac~cristics arid advantages of thc oral suspension 

\till bc discuscd along wirh h e  escipicnls riccdcd to ronndnlc n 

pliar~nacculicall! elegarit 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 

Suspcnsio~ls can bc defined as "preparations containing finely dividcd drug 

particles distributed somewhat uniformly throughout a vehicle in which the drug exhibits a 

rnininitrm degree of solubilily" (Ansel, 1976: 142). 

Therc are two basic forms of suspensions comlnercia!ty availablc: 

Ready-to-use: the acti1.c substance is alrcady suspcndcd or 

dispersed in a solution, with or ni t  hout escipients or stabili scrs. 

DQ. oral powders: containing the oclive inyedicnt and the 

escipients uscd lo cnsure proper suspending or dispersing of thc 

activc sabsrancc, which inlmcdiatcly. whcn in conroc1 with 111c 

proper dilution agcnt c.5. distilled walcr, rcsults in o propcr 

suspcnsion suitable for inlmcdiaw oral administralion (Anscl, 

1976: 142). 

3.1.1 ADVANTAGES OF ORAL SUSPENSlONS 

Thc advilntages of the use of liquid oral s q m s i o n s  are endless mid dcpcnd 

sornen.hat on t11c charactcrisiics ofdic  ac~ive ingredient used in thc particular suspension. 

Onc of thc main rcasons for preparing an oral si~spcnsion is the instability of 

certain acti1.c~ in solution and their skibilih in suspcnsion. In this instance the oral 

suspcnsion providcs chemical stability \vhilsl a liquid dosage fomi is still providcd (Anxl. 

1976: 143). 
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Palients who surer  from HIV prescnt with minor to major oral and Iluoat 

infeclions, wliich c a u x  scvere pain whcn swallowing itcms such as food, tablcts or 

cnpsulcs. An oral s~~spcnsion is more stiitablc for these palients. 

Further advantages includc: 

Liquid dosag  fornis provide geatcr convenience in 

administration when v c v  l a r ~ e  doses are required. 

Mcdicinc can bc administered to jnfa~ils and children with case 

(Anscl, 1976: 143). 

3.1.2 DESIRED CHARACTERISTICS OF A PHARMACEUTICAL 

SUSPENSION 

Whcn de~cloping I? phammacei~ticall): clegant detivcry syslem, various factors 

should be taken into considcralion. Amongst olhcr things, the syslem should bc chemically 

srnblc, acccptablc to the user, and thcrapcutically efficienL to nanie but a few (Anscl, 

1976: 143). 

Featurcs that apply to pharmaceutical suspensions me: 

A slow scllli~lg ratc 

TIic suspension should bc rcadily suspcndcd when shakcn 

gentl!.. 

Thc parlick size of thc suspcndcd powder shordd rcmain more or 

less constant Illrougl~out long periods of storage. 

When lhc suspension is poured, it musl flow evcnly from thc 

conlainer (Ansel, 1976: 143). 

Pharninccut icd cscipients make i t  possible for thc formulator to crcalc ai clcgant 

susjxnsion I I~~?L  cdiibits all of these charnctcristics. 

A I ~  cscipien~ can bc cicfincd as "mi ilicrt substance. tvlrich is added lo a cin~g to 

pro\.idc bulk. e.6. in tablct fonnnlae" (Phamiacc~~ricd Teciuiolog~: 2003). 
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According to h e  International Phtun~accutical Escipicnt Co~ulcil (IPEC) 

phannaccutical cscipienls are: "Any substance othcr than thc activc drug or pro-dntg 

which has been appropriately c\aluated for safety and is included in a drug delivery systcm 

to either: 

Aid processing of thc systcm during man~faclurc. or 

Protect, support or cnhance stability! bioaiailability or paticul 

acceptability, or 

Assist in product identification, or 

Enhancc any other attribute of the overall satiety and 

cflicctiveltess of the drug product during storage or use" (Garg er 

01.. 2001: 15). 

Various cscipicnis wcre used to ensure tllat h e  formulated ARV suspensions 

comply nith thesc standards for a phormaccuticd suspension. 

The escipicnts were: 

Sodium saccharin 

Sorbitol 

Sodium ciirnte 

Citric acid 

Sodium propyl hydroxybenzoate 

Flavoumnl (passion fruit) 

Each of thc cscipicnts uscd \\;ill bc discussed shorllx in  he following paragraphs. 
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3.2.1 SODIUM SACCHARIN 

Sodium saccharin is an in te~~se  sweetener regularly used in food prodwts, drinks. 

oral hygiene products and a r a n g  of other generally used prodncts. 11 has n sweetening 

power more than 500 timcs that of sucrose. 

Its main function in pharmeccutical formulations, is masking rmpleasnnl tastc 

cheractcristics or to cnhance flavour systems (Russcl & Thurgood, 2003532). This makes 

il thc ideal siveelener for a formuladon conlaining h e  cxtrcmcly biltcr ncvirapinc API. 

3.2.1.1 DESCRIPTION 

Sodium saccharin is a white odourless crystalline powder with a1 intense sweet taste. 

and a nlctallic aftcnasle (Russel Rr Thurgood, 2003532). 

3.2.1.2 STORAGE AND STABlLlTY 

Undcr nonnal conditions. sodim saccharin tcnds to lx q i t c  stable. No dccompsition 

is found whcn i t  is stored in buk. The decomposition product, aounoniun~-o-sulpho benzoic 

acid. is fonned \dm csposcd to high tcmpcraturcs (125°C) and low pH (pH 2) for ;ln liorlr or 

longer (Russcl & Thurgood, 2003:533). 

Sodium saccharin shoi~ld bc s~orcd in a d p ,  cool place. i n  a lightly waled contnincr 

(Kibbc. 2000:262). 

3.2.1.3 SAFETY AND ADVERSE EFFECTS 

Considerable conlroversy has arisen surrounding the question of safely of sodium 

saccharin since the late 1970s. This has led eslensivc rcscarch into ~llis topic. The World 

Hcdih Organization (WHO) has published a temporae masimum dail>, intake for sodium 

saccharin. nn~nely 2.5 m@g body \wight (Russel & Thurgood, 2003533). 

The Committee on Toxicity of Chemicals in food, Consumer Products and 

En~,irorunent (COT) has set the n m j m m  daily intakc for sodium saccharin at r ~ p  to 5 

m f l g  body wight .  
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Adverse cflecls of sodium saccharin includc: 

Urticaria with pniritis, and 

Photosemi~isation reactioiis (Russcl & Thurgood, 2003: 532) 

3.2.2 SORBITOL 

Sorbitol is commonly used in pharmaceulical and cosmetic forniulations as a 

sweetening agent, plasticizer and humectant. I t  is uscd in this particular formulation for it-s 

s~vcctcning cliaractcrisiics, ns well as its sbbilising cffcct on dntg suspensions (Nash. 

2003: 596). 

3.2.2.1 STORAGE AND STABILITY 

Sorbilol is li~groscopic and should be storcd in an ainight containm, in a cool dry 

surrounding. Bccausc sorbitol is chcmically incrt, it can bc nscd in formulations with 

nearly e v e e  other escipient (Nash. 2003:597). 

3.2.2.2 SAFETY AND ADVERSE EFFECTS 

Sorbitol occurs naturally in diffcrcnt Gtrits ,md bcrric s, and is absorbcd Gom h e  

gastrointestinal tract morc slowly than sucrosc. I t  is also bcttcr tolerntcd by diabetics ~han 

sucrosc mash. 2003:798). 

It  is advised h t  sorbi~ol bc uscd in quanliiies no grealcr than 20 g/da!, in adults. 

Sorbitot is rnefabolised to fnictose b ~ ,  &he liver and can be dangerous \\,hen adrninistcrcd to 

fructose-inlolcrant patients (Winck. 1999:68), 

3.2.3 SODlUlM CITRATE 

Sodium ci~ratc i s  mainly uscd in the food and medicinal indrlstrics as an nlkiilising 

agent, cmulsifi:ing agent and sequestering agent. It n.as includcd in Ljicse ARV 

for~nulntions because of its capacity lo act as a bull'crillg agcnl (Aniidon. 2003:SW). 
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Many of the escipicm includcd in ihe st~spensions fiu~ction best within a specific 

pH rangc (Amidon, 2003:SGO) and il \\.as I'ou~rd Ihat thc chcmical stability of lan~i\udinc 

was mainly influcnccd by the pH. Stability improved whcn thc pH increased from 4.3 to 

7.5 wguycn er nl., 1995: 1671-1682)). 

3.2.3.1 STORAGE AND STABILITY 

Scdiutn citrak is a stable matcrial \vhich should be slorcd in airtight containers in a 

cool dry placc (Amidon, 2003:SGl). 

3.2.3.2 SAFETY AND ADVERSE EFFECTS 

Although scdiom ciirate can be regardcd as a snfc. non-tosic and non-irritant 

cscipicnt. eslrcme consumplion may cousc gcncral gastroinlestinal discomfort and 

diarrhoea (Amidon, 2003:561). 

Adult doses arc as much as 15- g of sodium citrate pcr day, in divided doscs 

(Ainidon. 2OO3:SG 1). 

3.2.4 CITRIC AClD 

Citric acid is \\ idcly uscd in thc pharmaceutical industry as an acidifiing agent or 

buffering agcnl. Othcr functional catc~ories include anliosidan~s, plasliciser and flavour 

enhancer (Amidon, 2003: 158). 11 was irrcluded into this formulation because of its 

bu ffcring and flavour enhancing capacil!. 

3.2.4.1 STORAGE AND STABILITY 

Biilk citric acid should be storcd in a cool dry place in an airtight containcr. Citric 

ncid tcnds to loose water of c~stsllisation in dry air, or if Icnlpcratures rise lo 40°C and 

higher (Amidon. 2003: 159). 
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3.2.4.2 SAFETY AND ADVERSE EFFECTS 

Citric acid is generally rcgardcd as a nontoxic cscipicnt when consumcd orally. It 

occurs naturally in thc human body, cspccidly in the skeleton. Frequcnt consumption ma!, 

lcad to tccth crosion (Amidon. 2003: 159). 

Patients who sul'fcr from rcnal failure and rcceivc aluminum compunds to control 

phosphntc absorplion arc advised not 10 consumc citric acid or products containing ciLric 

acid as an escipicnt (Amidon. 2003: 139). 

3.2.5 METHYLCELLULOSE 

h+leth~lcellulose is cornmonly ~ s e d  in oral. as well as topical pharmaceutical 

formulations. Diffcrcnt grades or \.iscosily of mdhylcellulosc arc used in ~ w i o u s  

pharmnceutical formolalions. High \.iscosily grades are used in tablet fonn~~lntions as 

disintcgriitors, low to medium gradcs function as binding agenls and low viscosity gradcs 

as suspending or thickcning agcnts in oral suspensions (Allen 8r L~mcr, 2003:386). 

Of lhc tlucc nctivcs present in ~ h c  for~nidnted ARV suspensions. nevimpine has the 

poorcst solubility chnractcristics. and thus ir \\.as of cardinal importance than n suspending 

agcnt was added to ensrlrc that the correct dosc of ncvirapine was administered to thc 

pnlicnt. 

3.2.5.1 STORAGE AND STABILITY 

illcthylcellulose powder shows sligh~ hygoscopic characteristics and should bc 

storcd in an airtight container. In solwiotl. it s u m s  to be ven  stable ktwecn the pH d u e s  

of 3 to 1 1  a( 25°C. When csposcd to conditions of cstrcmc acidity. ~ h c  \.iscosit!. of 

rneth~.lcellulose is rcduced (Allen 8r L~u~er.  2003:387). 

klclhylcellulose solutions lcnd to bc nntcted by microbial spoilage. and it is 

adviscd that an anhnicrobial prcsenative should be prcsent in such formulalions (Allcn 8r 

Luncr. 2003:387). 
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3.2.5.2 SAFETY AND ADVERSE EFFECTS 

Methylcellulose is widely used in food, as well as cosnletic formulations, and is 

regarded as a non-irritant, gcncrally safe substance (Allcn & Limcr, 2003:388). Most of  the 

adverse effects listcd below rclatc to thc csccssivc usc of mcthylcellulosc as I? bulk laxative 

and are not applicable whcn used as an cscipient in pharmaceutical srlspcnsion 

formulations ( A h  & Luncr, 2003:388). 

Gasnoin testinal distension. 

3.2.6 SODIUM METHYL HYDROXY BENZOATE AND SODlUiM 

PROPYL HY DROXY BENZOATE 

Duc to the usc of cscipicnts ha t  arc scnsitivc to microbial organisms it is 

mportant lo iricl rlde an antimicrobial prcscrvativc to improvc pharmaceutical s~abilit!~ of 

thc suspcnsion. Sodium mcth?4 hydrox).bcnzoa~e is such an agcnh which can bc uscd donc 

or in combination with olhcr h~~dros~bcnmalcs  such as propyl h!,drospbenzoate (Rlcgcr. 

2003:392) 

Sodium methyl hydrosybenxoak and sodium propyl I~~drosyknzoa tc  sodium 

salls arc rnorc solublc than tlic othcr hydrosybcnzoate salts (Ricger. 2003:392), and wcre 

therefore used in thcse particular ARV suspensions. 

3.2.6.1 STORAGE AND STABILITY 

Aqi~cur~s sol~~tions at pH valucs ranging from 3 to 6 wcrc shown lo bc stable for up 

to four ycars i11 room telnpcrattuc. The hydrosybe~w.oatcs arc nlost nclive againsl 

rnicrobials at pH Icvels ranging From 4 to 8! and arc active against !casts and n~oulds, but 

lcss act ivc against bacteria. Gram-positi\.e bactcrin arc more nfiectcd by the prescnlativcs 

thm yam-ncgativc bnctcria (Ricgcr, 2003:391). 
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3.2.6.2 SAFETY AND ADVERSE EFFECTS 

Sodium ~ncth!-I- and sodir~ni prop.1 h~drorybcnzoatc arc widel! uscd as 

anlimicrobtnls in rood, medicinal and cosmctic formulations. To datc no systcmic reactions 

lo liydros~~bcnzoa~es h a w  bcen reporlcd. Thc WHO has sct acceptable d i l y  inlakc for 

sodium mctlyl- and sodium propyl h~drosybenzoate at no niorc than I0 m f i g  body 

\\;ciglit (Rieger. 2003: 392). 

3.3 CONCLUSION 

Thc cscipicnts discussedl h a w  characteristics h a [  ninkc Ilicir inclusiot~ in the 

Sor~nulalion Tor an 4RV powdcr for oral suspension eslrcmcly \.aluable. 

111 ~ h c o n .  thc cornbination of Inmi\ udine, Zidovudinc. ncvirapinc and 11icsc 

cscipicnts looks promising. Mo\\-elm-. i t  remains iniporlani to conduct a compatibilil! 

stud!. to proyc 11 hat was lbund in thcon.. 

Compalibilit! studics wcrc conduc~ed nil11 thc aid of dirfirenlial scanning 

calorinict~~. (DSC) and high ycrforrnance liquid chroniatograyh! (HPLCb and will bc 

disci~sscd in chaptcr 4. 
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PREFORNIULATION 

"Why think? Why not try the experiment?" 

- John Hunter- 

Synlhetic and organic programs initiated by scvcral companies between thc 1950's 

and 1060's. pa~.ed the way Tor prcfomiulntion. Ph~mnacists ~ c s c  hccd \\ i lh thc task o r  

rapid formulation and nccdcd o Tasl and dependabtc way lo rormulale intelhgcntl>~ 

(Carstensen R: I? hodcs. 2000:2?8). 

Whcn attempting to recognisc an incompatibility in a 10-componcnt product. 

mnny hours in rhe laboraton. arc losr. I t  would thcrel'nrc tx scnsiblc R H ~  cost cflccIi\c LO 

prcmnrurcly invcs~ignrc thc drugs' incornparibili~ics beforehand (Carsrcnscn Kr Rhodes. 

2000:238). 

4.1 COALS FOR PREFORhlULATION 

PreTormolntion sludics aim to: 

Dclcrminc Ihc compatibilih of thc APIs \virh conunonl used cscipicnts. 

Idcnti[\, thc ph!$cal characlcriwics ofthc i~ctives 

Asccrlain the csscntiai ph~~sicochcmical pararnctcrs of a ncn dnlg 

substmcc (Cxstcnscn & Rhodcs. 2000: 239). 

4.2 COhIPATABlLITY TESTING 

Bcl'orz altcmpting lllc initial formulation llic ma~orih of prodi~cl dcvcloplncnt 

groups perform compatibilit). lcsls. Thc standard is lo makc up a mislurc or  ! : I  dnlg and 
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escipien! to dercrminc which cscipients may be used with d ~ c  d n ~ g  (Carstcnsca & Rhodcs. 

2000:252). 

Co~m~ionl!; 1 1 s 4  ~ncthods include chemical assay. thin Inycr chrornntogrophy 

(TLC). high ycrforrnance liquid chroniatography (HPLC). dilTcrential scanning cdorimewy 

(DSC) and microcalorin~etric meLhods (Carstcnscn & Rhodes. 2000:252). 

Thc nlelhds chosen for this prcformr~la~ion study wcre DSC and HPLC. 

42.1 DIFFERENTIAL SCANNlNG CALORIMETRY (DSC) 

Dming the fornlula~ion of ncn drug products. i t  is usch  I 10 liovc rcndil!, acccssiblc 

kn0\~1cdgc of m y  drug - drug. or cscipicnt - d n ~ g  intcmctions (Botha cr at.. 1987:340). 

Differential scanning ca lor imce  (DSC) is an accuratc and straigh~fonuard 

rncthcxf of op~iniising formulations (Ul~rascnsitivc Calorimc@, for 111c Lifc Scicnccs. 

2005). Porcntial compatibilities and incompatibilities of scvcral commonly 11scd 

pliannaceutical escipicrm can be c\.aluatcd b!. using DSC (Mnra rr d.. IW: 747). 

Inlerpretalion of thcrninl dala is not a h a y s  simple. Nevcrhclcss. DSC screening 

for compa~ibilily provides filrthcr knowlcdgc conccming possiblc in~ernctions (Botha ot 

01.. 1987: 347). 

A s t u d  to dclcrmine the compa~ibility of picotnmidc \\id] c o ~ n n ~ o n  cscipicnts 

narncly palmitic acid, srcaric acid, stcanl alcohol. PEG 20 000 and sorbitot. was carried 

out using tl~crmal analysis b?. Mura crl. (1998:747). Rcsults showcd that inlcracliorrs 

\\crc mainly due to dissolu~ion in thc tncllcd cscipient. 

Botha cr ctt. ( 1087:345) condricrcd a DSC study lo idcntilj possiblc drug - d n ~ g  

intcracrio~is in pd~~pharmaccu~icals  ilitcndcd for thc allcviarion of thc symptoms of colds 

and flu. Results indicated that ~ v c r a l  drugs used in the forrnuliilion were illcompaliblc. 

42.1. l MATERIALS 

The cornpnlibilih of Lamivudine, ~ido\wdinc and nc\-irapinc wilt1 thc following 

cscipicnrs \\as csamined: s d i u m  saccharin. sorbitol. sodium ci~rntc, citric acid. 

~nclhylccll~rlosc. s d i u m  melhyl h!,drosykni.oalc and sodir~m prop!,l h!dros!knzoatc. 
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4.2.1.2 METHOD 

Larnil.udinc. 7,ido\.udinc, ncvimpinc and cscipients wcrc combined in pli!.sical 

niislurcs of ratios 1 : I  adivc and escipicnt, The saniplcs were considcrcci uniforni. 

Wcighed samples (5 - 10 rng, hlettler M 2  Microbalancc. Sch\verzcnbacli, 

Switzerland) of lhe individual cornponcnts and pli!4cal mixtures were scanncd in 
. . 

alurniniuni pans with a  prforatcd lid in !he 25 - 3000C tcnipernture rangc mder stahc alr. 

The Shirna&.i~ DSC - 50 (Shi~iiadxu, Toh-yo, Japan) was uscd. nitrogen purgc no\\ \\.as 33 

mumin and h c  licating ratc was 1 CT'CImin. Indtuii was used for calibration p u p s c s .  Ar 

least two rcplicatcs were mndc for each DSC thermoyam. 

4.2.1.3 RESULTS 

From the rcsults sii~nrn;lriscd in tablc 4. I .  i t  is evidcnl that the onl! incompatibili~!. 

dctcctcd using DSC sludies \\as between zido\~~dine and ciwic x id .  

In figurc 4.1 the DSC ~hcmogri~m of the intcraclion bctnecn /.idovudinc and citric 

acid is giizn. 

Whcli IWO substances wc ~niscd. tlic purit!. of cach of LJic involved S L I ~ S I ~ I ~ C C S  I S  

rcduccd. which gc~icrally rcsults in lo\\cr melting points (Boha P I  ol., 1987:347). 

Incornpalibilitics can bc idcntilicd when thc p a k s  

+ Disappear 

+ Grow Iiugcr 

+ Another peak nppcws. 

111 tigure 4.1.1 thc eso~licmiic rcac~ion (c) is llte thcnnogram of cilric acid. It is 

clcar that in ~licrmograni (b). thc pli!.sical ~ii is~urc of zidowdine and citric acid. the 

csotl~crmic reaction is not as clcar as in hniograrn (c). This ma!, indica~c an 

i ncompar i bi l it!.. 
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Table 4.1: DSC results of the compatibility study between laniivudine, 

zidovodine, nevirapine and various excipients. 

Active Phirr~naceuticd Ingrctlients (APls) 

Zitlnvudine 

Sodium tit n ~ t t  

- 
Citric ircid 
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Thcnnogram (a) rcprcscnts zidovudinc. It is clcar that in thcrtnogram (b) thc 

mlting endothcrn~ of zidovudine is minimized and shined to a lower Icmpcrahlre wngc. 

This may indicatc nn incompatibility. 

l'hc cxlrcmc conditions that the samples w r c  subjwr~d to during DSC ksting 

wcrc cxlri~ordinary. During fortnulation and patient administration thc formulalion wodd 

ncver bc undcr similar cxtrclnc conditions. Thcw cxlrcrnitics m y  bL* lhe cnusc of the 

interac~ions. 

11 was dccided to pcrform furthcr studies with thc aid of HPLC. 

Figure 4.1 : DSC t hermograms of zidovucline (a), citric acid (c) and f : l physical mixture 

of zidavudine and citric acid (b). 

4.2.2 lIICH PIEREFORMANCE LIQUID CHRO3IATOGRAPHY (HPLC) 

High pcrfomance liquid chromafogr:raphy has many applici~tions, including 

idcnrification, separation, puritication and quantification of  various compounds 
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(Appt icat ions Sor H PLC: 2005). Ench compound should hn1.e a characlcristic p a k  under 

ccrtnin c hromatoyaphic condilions (Applications for HLPC. 2005). 

3.2.2.1 METHOD 

Samples containing I : l ratios of aciivc and escipient were prcpnrcd nnd dilulcd 

wilh methanol 10 100 ml as stipulalcd in anncsurc G. paragraph 2. 

The Hc\vletr Packnrd Agilcnt 1100 scrics HPLC wns uscd togethcr w i h  thc 

Ci l322A degasxr. G 13 12A binap pump and h c  G I3ZL)A ALS antosmplcr. 

Cllromarographic condirions arc dcscribcd in An~lcsurc Ci. 

3.2.2.2 RESULTS 

No iticompatibilit~ bctwcn Ianiivi~dinc, zidovudinc, nevimpinc and h c  various 

cscipict~rs codd  be dcrectcd b!- HPLC stodics (Inblc 4.2). In figurcs 4.2 and 4.3 thc 

chromatograms oS Adoiwdine and thc physical mislurc of idol-udinc and citric acid can be 

seen 
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'Table 4.2: H P L C  results of the compatibility study between laniivudine, 

zidovudine, nevirapine and various excipieats. 

APIs anti Excipienrs 

Lamivudinc 

Sodium t i t  r;~re 4 4 

Citric acid .! t' 

Zidovutlinc 

Ncvirapine 

Sorbit ol 

Sodium methyl 

hydrox~bcn~on~e 

Sodium propyl 

hydrox~ benaotttc 

Active Pharniaceutical Ingredients (APls) 

Lanliv udinc 

- 

4 

I 
Y 

4 

Mcth~lcellulosc 4 

Flavourunt 4 

Zidovutlinc 

4 

- 

4 

4 

3 

4 

Ne\irnpinc 

\I 

31 

- 

4 



Figure 4.2: HPLC chromatogram of zidovudine during the HPLC compatibility study. 

Fimre 4.3: HPLC chroniatogram of a 1:l  mixture of zidovudine and citric ilcid during 

the HPLC compatibility study. 

4.2.2.3 DISCUSSION 

Thc HPLC couipatibility tests contirmcd Ihc DSC rcsulh obtained for Ismi\-udinc 

and ncvirnpinc. but sliowcd compatibiIit?. kt\\-ccn ~idovodinc and citric acid. Pcak purily 

itas pcrformcd to dclcrminc tlic purit! o f  ~ h c  zidoi-udin peal;. and il was found lo bc 

~i~tisl;~ct~r!.. 
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Aficr carcful consideriltion of bod1 thc DSC ntid HPLC resulls. i t  ivas dccided to 

irlcl~ldc citric acid thc fonnulalions ns discusscd hi chapkr 5 

4.3 CONCLUSION 

The aim of this chaptcr 1'1.3s to detenninc thc compntibility compatibility of 

Innii~~r~ditic~ zidowdinc: nc~irapine and cscipicnts. Tno anal!:ticill proccdures wcrc 

prcformcd. narncl!: DSC and HPLC. 

Rcsi~lls obtained from DSC tcsting provided no cvidctice of' incompatibility 

bctncen larni\udinc. ncvirapir~c md tIic cscipients. Zidowdine was cornpn~iblc with all 

cscipients o t lw than citric acid. tl furthcr conipnlibilih s~ud? was preformed by using 

H PLC to veril) [he results obtained through DSC studics. 

The HPLC compatibility lests providcd results thal conlirtncd Ihosc obtained 

through DSC for Inmi\-~~dine. nc\.irapinc and cscipien~s. Rcsults obtnincd for zidov~tdine 

cotnpatibilit!- with citric acid ~hrough HPLC tcsting \vas difikrcnt from rcsdls obtnincd 

from DSC xrecning. HPLC providcd cvidcncc of il cornpn~ibility b c ~ w c n  d d o \ u d i ~ ~ c  and 

citric acid. 

T l~c  cslrcnic conditions lo which samplcs w r c  subjcctcd to during DSC' testing 

wcrc ostraordinap. During f'ormula~io~i and pa~iciit adninistra~ion ttic formulaion wo~hd 

ncwr bc under similar cstrernc conditions. Thcse es~rcniitics may tx llic causc of' thc 

inlcrac~ions. 

I t  was thercforc dccidcd lo include citric acid in thc f ~ m i u l i l t i ~ ~ ~ ~  for ARV powder 

for suspension for pacdiatric. addl and gcriatric patients. 

Dcterrninntion of an idcnl tnising time Tor thc bulk formulated ponders is also 

discusscd. Discussions of thc specific f'or~i~ulas for ARV p n d c r s  for suspcnsioti. together 

wit11 die dosagc regilncs and containers foltow in chaptcr 5 .  
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CHAPTER 5 

ANTIRETROIIRAL SUSPENSION FORMIJLATION 

"Anything can be made to work if you fiddle with it long enoughw 

-Wyszowski's Law- 

Poivdcrs for oral suspension were formi~latcd. ns sliouii in Table 5 . 5 .  In ordcr to 

t'llsurc lhn l  an oplimurn mount ofcach of lhc APls. as tvcll as each presenmi\.e is prcsenl 

in e\.ep container. mi ideal mising lime had lo bc detcrniined. The nlising tinic 

cspcrirncnr will bc discussed in paragraph 5.5 and onward. 

5.1 kIAI'ERIALS USED IN T H E  FORMULi4TIOIVS 

5.1.1 ACTIVE PHARIMACEUTICAL (APIs) INGREDIENTS 

Details of llic 4PIs that wcrc uxd in all llic foniiulations in  his stud!. arc given i n  

 able 5.  I .  

Table 5.1 : APls used in the forrnalntions. 
-- - - -- . . - -- 

Supplier 
-- -- - -- -, 

Xianicn Mchcm Laboratorics 

Ltd. Yicnm. China. 

. - 

---i 
- --- 

Bntch Number Grade 
-- .- -- - -- 

04080 I 90.9% 

Xinnxn Mchem Labatorics 

Lrd. Y icnicn. China. 

0409tl3 

Fischcr Clicmicals AG. 

Zi~ricli. S\\ irrctland. 

100003 
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5.1.2 PRESERVATIVES 

Tnblc 5.2 lists the prcscnativcs uscd in all ARV ronnoln~ions. 

Table 5.2: Preservatives used in the fornlulntions. 

Preservative Supplier Grade 

Sodium methyl hydtoybcnzon~c 

5.1.3 EXCIPIENTS 

Tablc 5 .3  lists all rhc cscipicnis uscd in thc ARV rorniulnlions. 

Table 5.3: Excivients used in the formulations. 

Merck, Darnstadt. Gcr~nanv, I uSP I 
Sodium propyl Iiydrosybenr.oa~c 

Material 

Merck, Danislndt, Germany. I I 

-- 

Sodium saccharin 

Citric acid 

Flavot~ranl (Passion fruit) 

Supplier 

Flavour cnhanccr 

Function 

Ccrest w. V i lvoordc. 
Bclgium. 

Mcrck. Dnmmdt. 
Gcrman!~. 

Mcrck. Damstndt. 
Germany. 

Swectcncr 

Swcetencr 

Shin-Elso Chemical 
Co, Ltd. Niigatn. 

Japan 

In~crnntionnl Flavours 
and Fragrances. South 

Africa. 

Grade 

USP 

USP 

USP 

USP 

USP 



5.2 PAEDIATRlC ARV DOSE RANGES 

The sis diffcrcnt ARV powder forn~ulations for s u s p s i o n  wcrc designed, bascd 

on reco~runendations made by the WHO during n tcclu~icnl consultation in Gcnc\.a 

(UNICEFAVHO: 2004). Fivc of OK formulations covered Ole diffcrcnt weight stages 

during OK first years of the paediatric patient's life. Thc sixth formulation addrcsscd the 

need of adult and gerialric patienls espcricncing diflicult? n'hcn s\vallowing solid d o s a s  

forms. Tablc 3.4 conains thc dosage regime for cach wei&t catcsory as syccified by the 

WHO. 

Table 5.4: ARV dosage range ns specified by IJNICEF/MfHO (200.1). 

Weight (kg) 1 Dose 

5.3 CONTAIN EKS 

Clear PYC' \\as chosen Tor thc containers for thc ponders for si~spcnsion duc to its 

durabilit!.. Thc targct group of thc paticnls using thc ARV treatmcnr lit c i n  rcsourcc poor 

scttings and. in most caxs. arc old! abIc to visit the clinic or hospital oncc n month. 

Glass conlainers have a highcr risk of shattcrins. and in such c a m .  ~ h c  ARV 

suspension would tx u~~suitable for usc. Icm.in2 the pnticnl nilhoul mcdicinnl carc fbr a 

pcriod of up to one ~nonth. 
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A transparent container was chosen to cnnble thc patictit or caregiver to idcnlify 

and rcctify sedimcntatioti, This will cnsure ~har 111c paticnt rccci\.es a more w~ifonn dose. 

Otlicr ad\m~agcs arc dlai die paticn~ or carcgiwr may quickly identify changes such as 

separation of thc suspcnsion and physical changes such as colour changes. 

Six different sizcd containers were nccdcd for ~ h c  six different volunlcs of 

suspcnsion. Unfor~unatety, Lhc volumes of d ~ e  formi~latcd suspensions were non-standard 

and PVC conlainers mnlching Ihe volume of evep  suspension could not bc fomld. 

Containers wilh volumes of 150 n~l. 300 nil, 500 ml and 1000 ml were uscd. 

5.4 METHOD OF FORMULATION 

Thc ob.jective for the forn1ulntion of' d ~ c  pondcrs for slepcnsio~l \\-as to provide 

paticnls wilh ARV Irealmcnt in suspension fonn for a pcriod of one month. Therefore. 

based on lhc infornlalion given in table 5.4, h e  volume necdcd for paticnts (3-6 kg? ~ o u l d  

bc the daily dose ( 5  ml) ~nultiplicd by 30 da\s. thus 150 1111 (1 month's suppl!.). Thc 

\.olunlcs for thc otticr dosage rangcs wcrc detennincd in the samc manner. Thc linnl 

formdac for Ihc p v d c r s  for suspension are gkcn in tablc 5.5. The spccific volumes of 

w t c r  neccssap, fbr rccons~it~~~ion of h e  suspension are givcn in table 5.6. 

Bulk quanlitics of thcsc for~nula~ions werc prcparcd. and mdcnvcm rhorot~gh 

mixhg. Thc mixing prwcss and rhc dctcrm~naiion thereof' arc discussed in paragraph 5.5. 

Thc correct amount of ~nixcd po\vdcr \\as placcd inlo diflcrcnt s i x s  of clcar PVC' bol~lcs 

( i l ~  discussed in paragraph 5.3) and scalcd with \\ hite PVC scrcu tops. 



6 SP'O 

6 OZ'V 

6 00'9 6 00-9 6 00-9 6 OZ't 6 00-S 

6 OS'L 6 SE' L 6 06'0 6 OL'O 
- - - -  - - - 

6 W'O 
- 

6 OOP 6 09E 6 OPZ 6 89L 6 021 

6 00'6 6 00'9 6 OS'P 6 OO'C 6 09.1 

5 S91 6 OO'ZL 6 00-9 6 00'9 6 OO'C 

6 CO'O 

6 s u o  

6 00'21 6 00'9 6 00'6 6 00'9 6 OS't 6 OP'Z ~ U ! ~ E J I A ~ N  

s jua!tl!xg 
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Table 5.6: Reconstitution of the AKV suspension. 

ARV suspension formulation (ml) Amount of purified water needed for 

reconstitution of thc suspension (ml) 

In phlulnacy. lhc mising objechcs  during c ~ c n .  fommlation proccss arc. I )  lo 

oblnin dosagc rmils t ha~  i l l  cach hold thc identical quanti~l. of nctiix substrlrlce and. 2) to 

p rducc  thousands of tlicsc mi form bn~chcs (Luit7. RL Sch\var~z. 1990: I ) .  

GOO 

Unfortunotcl!.. the riiisirig process will ncvcr ~ i c l d  n pcrfcct inis. Pcrfcct mcnning 

-'that stale in \I liich all!. sample remo\cd Trom die nlistlrrc will ha1.c csacll! thc snrne 

conlposilion ns all thc olhcr samplcs tnkcri from h e  mis" ( L a w  & Schvartz. i990: I) .  

4M) 

Tlicrc arc af~crnnti\.cs for crcating tlic idcal niis. These arc randomisation arid 

ordcrcd inking ( Lant~. RL Scliwart~. 1990: 13). 

Ordcrcd miring comprises \.nrious ~ncchnnis~ns Tor crcati~ig a ncnrl!: perfccl mis. 

~lanicly ~ncchnnical mising. coating. and adhesion (Lanu XI Sch\\nrtl. 1990: 13). 

klccliariical mising \\-as uscd to mis lhesc particular ARV formulations. This can Ix 

dcscribcd as foIlo\vs: 
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the desired nlislure is obtained by dividing and recombining the powder 

subsmnces until the dcsircd subdivision unit is ob~aincd. However. iS 

particle adhesion is not prcscnt, segregation of h c  mis codd  takc placc 

when handled (Lantz & Schwarl;r~ 1990: 13). 

5.5.1 EXPERIMENTAL PROCEDURE 

Due to thc csucmcly high cost of thc ac1it.c substar~ces prescnl in lIlc ARV 

formulations. i t  was dccided thal the ni ishg esperimen~ would bc conducted using the 

formulation for Ihc 300 rnl ARV suspension. and no1 for cach fornii~lation scparatcl~.. The 

data retrieizd ivould rcprcscnt thc mising timc used for all 11ic ~ormulaljons. 

Thc formulalion for the 300 ml ARV suspension was prcpmed eightfold and 

placed in eiglit scparalc. clearly marked glass jars. Each jar was emptied inlo ~ l ic  miscr 

separakl?.. and the miser \\.as turncd on for the speciticd durntion. The cig111 Jars 

rcprcscntcd eight diikrcnt mising time [rials. na~ncl!. 2. 4.6.  8. 10: 12. 14 and 16 minutes. 

Samples w r c  takcri aller cacti time trial from  he Icll. right. and middlc p m s  of 

the miscr. 

The Turbila rs 20003 ~niscr  (S\vit;r.erland) was I I X ~  in the cspximcnl. Rotation 

spscd tias scl a1 40 rpm and saniplcs ivcrc token from difkrcnt pans of Ihe rniser contnincr 

at cach specified iimc intend. Thc samples w r c  ass;l.cd for API conlcnt according 10 the 

HPLC' rncthod dcscribed in Annesurc G. and IRC ideal mising timc was dc~crmit i~d.  

5.52 RESULTS 

Thc resulls oblaincd b!. using HPLC: anal>.sis to derem~inc h c  amount of  nclivc 

~ ~ C S L ' I I I  in e i x n  sa~iiplc arc givcn in tablc 5.7. 
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'flic results of thc niisirig lime Kor lamivudinc. zidovudinc and nevinpinc arc 

pl-cscntcd graphically in tigurc 5.1. 

I;io,ure 5.1: Graph uf the mixing lime results obtai~~erl for I;lrnivudine, 

~itlovudine and ncvirapire, 

5.5.2. I .  I DISCUSSION 

Thc. oplirnurn thcorctical conccntriitions pcr 5 1111 for I:~mivudinc, zidovudinc. 

arid ncvirapinc wcrc 25 mg, 50 mg, and 75 mg rcspccfivcly. Thc gnph shows that, 

ancr six mir~u~cs. the op~imum concentmion for all tlme APls has bccn roachccl. 

When considering the rcsults fbr thc ~hrcc actives, i t  cnn bc concluded that thc idcsl 

mising tirnc I'or thc ARV powder for suspension is six niinutcs 

The results of the mixing tinic for sodium mcthyl hydrosybaizoatc ;rnd 

sodium propyl hydrosybenzontc arc prcscntcd graphicnlly in ligurcs 5.2 and 5.3. 
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Fipure 5.2: Craph of the mixing time results for sodium methyl hydrosybenzoatr. 

F i ~ u r e  5.3: Graph of the mixing time results for sodium propgl hydroxybenxoate. 

5.5.2.2.1 DISCUSSION 

'Thc optimum thcorctical concentrations pcr 5 rnl for sodium ~nclliyl 

tiydrosybcnzoatc and soclium propyt tiydroxybcnzorltc arc 0.15 Ing and 0.02 mg 

rcspcclivcly. \Vhcn consitlcring ttic rcsults shown in figures 5.2 ant1 5.3. it is clcar Itin1 t11c 

idcd mixing lirric for I I I C  two prcscn4vcs  is cight rninutcs, 
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The llirec APIs ha\.e an idcal mising lime of six minutcs. bui also slio\\ 

satisl'acton rcsuhs alicr a mising lime of eight minutcs. The live prcscr\~ativcs have thc 

dcsircd concentrations a ficr ei~11t minurcs. 

Ancr rcvicwing Ihe rcnilts of h e  mising limc esptxinicnt. it was dccidcd that a 

mising time of eight minutcs \vould bc suitablc for thc ARV suspension. 

5.6 CONCLUSION 

The aini of this study was to create an ARV powder for suspensio~i for 

paediatric. adult, and geriatric parients. Five different ARV powder forniulations 

for suspension were specifically crea led for !he different weight categories during 

the paediatric patient's life, namely 3-6, 6-10, 10-1 5, 15-20, and 20-29 kg. A sisth 

formulation was created for adult and geriatric use. 

Specific volumes of each powder for suspension were created to slipply the 

patient with one month's ARV treatment. Each volume was determined by using 

the daily dosage as recommended by UNICEFIWGO (2004). 

Mising time experimenrs were preformed on laboratory batches to 

determine the ideal niising lime. Results showed that a mixing time of' eight 

minutes would be most suitable for this for~nulation. 

Various laboratory barches of the six ARV powder formulations for 

suspension were c ra ted ,  and rinclenvenl thoroi~gh mixing for eight miiiutes. 

Thereafter the powders for suspension were placed in clear PVC containers and 

were sealed with a screw cap. 

These laboratory samples iinderwent stability testing for 3 period of tluee 

months. Reasons for stability testing together with the stability testing programnie 

and the stability tesrs will be d isc~~ssed 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 o r  so sure established 

which hath not in the continuiince of time become co rn~p ted  ..." 

All things formcd b! the I~uman hand. Emm thc csquisitc Parheno11 LO Ihc 

fri\.olous millisliake. arc subject to discoml>osurc Pharmaccuticills in this casc arc no 

dif'fercnt (Carsknsen KL Rhodcs. 21N0.2). 

Thc rak of dcgadation of an asson~iicnt of drug prtxtucls varies d ramah l l ? . .  IT 

appropriately packcd and storcd. some drug products maintain inlcgrit?. Tor ~norc  t l ~ i ~ l  tcn 

.cars .  Othcr products such as radiophrurnaceu~icals arc. in rlic &st of cnvironmcnts. onl!. 

usable for tn.0 to Lhrcc da?.s (Carstcnscn & Rhodcs. 2000: 2). 

6.1. REASONS FOR STABILITY TESTING 

Stabilit?. is an indispensable propcrt?. of drug producls: [his causcs srabilit?. 

cvaluaiion lo Ix onc of the most csscnlial proccdurcs in d n ~ g  dcvelopmcnr and 

nian~~fncluring. Reasons Tor stability tcs~irig arc: 

To liccp a rcpi~tablc namc as a n~anufacturer. 

In lhc hhlrc. a dnlabnsc can ht: used Tor fornlula~ion ofdin'crcnr products 

(Cnrstenscn & Kliodcs. 2000: 11).  
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6.2 MECfiWIShIS OF DEGRADATION 

6.2.1 CHEMICAL 

Oxidation. solvol!.sis and reduction are all nicthods of chemical dcgadnfiolr. 

Kinclics and thc h io~ lcdgc  thereof arc of ilnrncnse assislance in dealing with clicniical 

deconiposition (Cnrslcnscn 8r Rhodcs, 2000: 12). 

6.2.2 PHYSICAL 

Vi bralion. abrasion and tcmpcraturc fluctuarions are all causcs of ph!.sical 

decomposition. nhicll can be tested for with rnclhods such as suspc~ision rcsusycndabilily 

and sedirllenLiljo11 ralc. tablcl friability. cct. (Carslcnscn & Rhodcs. 2000: 12). 

6.2.3 BIOLOGICAL AND hlICROBlOLOGICAL 

All obcr Ilic world. microbioiogical nnd non-niicrobiological organisnis play a role 

in prodm degradation aid cause slabilih. problcms (Cars~enscn &. Rhodes. 2000: 10). 

6.3 ADVERSE EFFECTS DUE TO ISSTABILITY 

A \.arieG, of mcchanisms exist by \\hiicli pl~arrnacco~ical products may dccornposc 

as disc~rsscd in paragraph 6.2. This results i n  an immense array of ad\wsc cikcls. 

6.3.1 DECOMPOSITION OF AYIs 

Loss of thc API is of gcal significnncc whcn conducting stabilit!. s~udics on 

pl~nr~iinceulicnl prodt~cls. Gencrall!, an!- producl Ihol contains lcss llian 90"/ of rlie API 

slatcd on thc labcl is rcgrded as k i n g  of unacccptablc qualily (Carstcnszn Kr. Rhodes. 

2000: 3). 

6.3.2 ESCALATION I N  API CONCENTRATION 

For ccrtain phamiacctr~ical products. loss of vchiclc ma!. rcsull in an clcvntcd 

concentration of Ihc aclivc drug. Onc csnmplc of such beha\.iour b!. a dnrg product is 
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lidoctzi~lc gels. Sontelinrcs pcrf~~sion bags allow solvnr~ 10 cuporale and causc llrc prcdnct in 

Illc bag lo prescnl an incrcase in API cor~celrtrntio~r (Carstenscn cY: Rllodes. 2000:5). 

6.3.3 LOSS OF CONTENT UNIFORMlTY 

The sospnsion is thc dnrg delivcn sytem that is mosl likely to lose its unifonnily 

of contcnt wilh timc. Dctcrmination of sedimcnta~ion \,olumc and rcdispcrsion is khercfore 

incorporated inlo  he stabilily protocol (Carsterrscn 8r Rliodcs. 20005). 

6.3.4 DECLINE OF hlICR01310LOGIC'AL STATUS 

Though it  is not cspcctcd that nH phar~naceutical producis bc sterilc (totall!. dc\.oid 

of all forms or  boll1 \cgetativc and s p r c  lifc). thc microbiological starus of all dnig 

delivcn. s! slcms is of gcat conccrn (Carstcnscn & Rliodcs. 2000:5). 

Tlicrc arc [NO probable \va!.s in which the microbiological status of a product can 

changc considerabl!, o\xr timc: 

Micro-organisms prcscnt i n  the product di~ring mmiufacturc ma!. reproduce i~nd 

incrcnsc ttlc quanti~y of organisms in the product. 

Package intcgrir! is compromised during stor;lgc or distribution (Cxstcnsen & 

Rlidcs. 2000:5). 

Other adverse effects include: Loss of pnckagc reliabili~!.. dccrcase in Iabcl 

qudlih.. dcclinc in pharniaccu~ical clcgmce and pnlicnr ncccptnbilit\.. and thc formation of 

losic dcgrada~ion producls (Carstcnscn & Rhodcs. 2000.7). 

6.4 STABILITY I'HOGRARIME 

Sis ARV fbrmdalions wcrc prcparcd in h i s  slud?'. nnmcl!. 1-50 ml. 300 ml. 420 

~n l?  600 tnl. 900 ml and 1000 rnl ponder for suspension (Rcfcr to clinprcr 5). 

Thc labrakon bntchcs of rhcsc forniulntions were put on a stabilit\. progmiimc for 

thrcc months according to ~llc International Confcrcncc on Harmonisalion (ICH) on 

technical rcquircmcnts for I R C  regis~ration of pharniaceutic;~Is for human usc (ICH 1996 

and 2003). 
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6.4.1 STORAGE TEMPERATURES 

Thc ph>.sical and chemical stabil i 1). of preparations should be dctcrrnincd o m  a 

wide rangc of tcmpcraturcs. Laboratory batches wcre storcd at thrcc telnpmtures 

according Lo ICH conditions. Controlled storasc l'acitities were used during thc srabi1it-y 

pcriod. 

6.4.2 STABILITY TESTS CONDUCTED 

All tcsu ucrc donc using calibrated md / or \,didated tcst ,~ppmntus. \ \ h e  

appropriale. 

Slnbi!i~!- tcsts conductcd on the ARV st~spcnsion laboratop b a t c h  included: 

Vis11a1 asscssrne~~l 

pli 

Rclo~ i1.c density 

Viscosily 

Rcsuspcndabilit!. and sedimcn~ation ratc 

API rclcosc (dissolrrlion) 

Tablc 6. I lisls ~ h c  stabilit! tests prcformcd. as \\.ell as the intcr\.als after \\ hich h c  

tcsts \\crc prcfornicd on Lhc laboralon. batches of die ARV po\\.dcrs for susycnsion. 
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Table 6.1: Stability tests conducted on laboratory batches of all six ARV powders for 

suspension. 

I Formulation form 1 Test intervals 
I 

Tests . .  - -  . .  - - .  -- . --- I i I Powder Reconstituted Initial M i a !  / 6 12 12 weeks 
I 

I I Suspension u s e  weeks weeks in  use 

Visual assessment I d d d 4 

Relntive density , ' 4 ,  -4 
I 

J 
I - I 

viscosity - 4 d l 4  d 4 
-- --- . - -- rn - ----- ---- --+ - .  - 

Moislure content I 4 - 
- -- --- --- - 

Kesuspcndability I - d 

Sedirnent n t' 101) 

rate 
- 

API release 

(dissolution) 

- - .  

API and 

prcservntive 

assay 
- - -- - - , .---- 

Preservative 
I 

- v 4 l . - 
efficacy (PET) I ! 
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6.4.2.1 IN-USE STABILITY TESTS 

Stabiliv tcsting of the suspension aftcr rcconstitulion. should bc conducted lo 

providc infor~nation Tor h c  labcling on thc on thc suspcnsion, the slorage conditions and 

the in-use period of h e  reconstitukd suspension (ICH stability guideline under sloragc 

conditions). 

In-usc stability tcsting was pcrformcd on the rcconstiruted suspension a1 thc initial 

titnc intcmal and aficr 12 w c k s  storage at 2j0C+60%RH, 30°C+65%RH and 

JO°C+75%RH. To simulate palicnt usagc, LIIC rcconsrituted suspension was kcpl at 

r~nconb-ollcd room tcniperaturc out ofdircct sl~nlight for a period of30 days. Each morning 

and Iatc aliernoon. h e  correci dosc for cach suspcnsion was removcd Gom die container. 

Full testing was pcrror~ned aner 15 and 30 days. 

6.4.2.2 BATCH NUMBERS 

Thc powder for ARV suspcnsion. as prcviousl!. mentioned imdcrwnt an 

cslcnsiw rmgc of stability indicative tcsts. Thc diffcrmt time and tcrnpcrnturc pvomctcrs 

will hc indicated in thc rollo\\.iny Innnncr in dic tablcs ofrcsults. 

Thc duration (in \\ccks) of each stability tcst is rcprcscnted b!. tlic tirst number 

prcsent. i.c. 12 W. rcprcscnts a pcriod of hveh~c \\:ccks. Thc in-usc stilbilip Icding on da!. 

I5 or 30. is represented by the numbcr 15 or 30. i.e. 30. Thc follo\\ing Iigmc rcprescnk thc 

conb-ollcd slorage tctilycrnturc in degrccs Celsius - 23. 30 or 40 dcgrees. Thc numbcr in 

brackct reprcscnls the perccntagc rclntivc hurnidih: at which thc powdcr for suspension \\.as 

s lored. 

Esamplc: 12 W.301 30 (65) - T\\.cl\.c ~ ~ c k s .  30 da>x  30"C+65'% RH. 

6.5 TEST METHODS 

Ail tcsts \\crc carricd o ~ t  under Good Laboraton. Practicc (GLP) conditions, to 

cnsurc h c  nccurnc!. of tllc tcst rcsults. All resls w r c  prfor~iicd on thc rcconsrituted 

suspensions esccpr Tor dlc dctcr~nination of moisture cotilcnt. \\here dn. powdcr samplcs 

\ w c  uscd (Rcfer to table 6.1). 
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Reconstitution of the ARV suspensions: Each of thc ARV powders for 

suspension r c q k s  a spccilic amount of purilicd water for rcconst ihlt ion. Rcfcr lo chapler 

5. tablc 5 . 6  for thc specified nrnounrs of purified water to be added lo the dilkrcnt 

formulations. 

6.5.1 VISUAL ASSESSMENT 

A visual asscssnicnt ofeach storcd laboraton batch was ctmicd out. Colour. odour 

and physical appcarnncc were cmmncd  

Thc pH was n~easi~rcd using the Mettler Toledo MP 220 pH mctcr. Thc pH nlcter 

n a s  catibmrcd with buffer solutions of pH 4 and 7 bcforc use. 

6.5.3. RELATIVE DENSITY 

A11 Anton Pnar DMA 38 Densi~iSyecific Gm\ iQ/Concentmtion meter \\as uscd 

to dcternline tlrc rcla1it.e dcnsit!: o f  llle reconsti lulcd s~rspension. The inslrument was 

calibrated bcforc usc. 

6.5.4 VISCOSITY 

The viscosil!- of the lest samples \\-as measurcd 11sin2 a Brookfield Proynmmablc 

Modcl DV-I1 t -  Viscomclcr. tosclher nith the Hclipalh stand and thc Labcon IOU 

tc~npcmtr~rc w t c r  bath. Tllc ternpcratwc \\-as sct at 2YC and lllc SCJ- I X spindlc was used 

10 dctcrrninc the viscosit?. Thc spindlc ro~alcd Ibr 10 ~ninutcs at s p d s  increasing ai 1- 

minutc in~cn.als f ron~ 0.3. 0.6. 1.5. 3: 6. 12. 30. 60 and back to 30 rpm. Tcn readings wcrc 

taken orench sample. 
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6.5.5 iMOlSTURE CONTENT 

Thc rnoisturc conlcnt of each of d ~ c  powders for suspcnsion was de!ermincd using 

the Mctrohnl Karl Fislxr 701 KF Timino, d o n s  with thc 703Ti stand. A mass of 0.25 g of 

cach sa~nplc was wcighcd. Samplcs werc tcsted in duplica~c. 

6.5.6 RESUSPENDABILITY AND SEDIMENTATION RATE 

Resuspendability and sedimcntaiion rale tests were donc on coch of  he Inbornton: 

batchcs. During tcsting 100 nd of  the rcconslih~lcd suspension was pourcd into a 100 ml 

vol~metric cylindcr and left for 24 hours. A k r  24 h o m  thc volumc of scdimcn~ation 

formed may not h more than 5 crn. The sedi~ncrll nlust also h rcsuspcnded wilhin I 

n~inutc of vigorous shaking. 

6.5.7 DISSOLUTION 

6.5.7.1 APPARATUS 

. VmtCel 7000 

USP appnralus 2 - paddlc 

6.5.7.2 METHOD 

Stirring spccd: 50 rpm 

Dissolution mcdium: 900 ml 0.1 M HCI at pH 1.25 

Dissolu~ion samplc: 5 ml rcconsti~uted suspcnsion 

Withdrawal h c s :  10, 15. LO. 30 and 45 min~ites 

Voltme \\ididmu ti: 5 ml 

Thc amount of a c ~ i i c  rclenscd aRcr cnch timc internal was dcrcrmined by mcans of 

HPLC (Rckr  to chaplcr 7-12 for results arid discussions). 
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6.5.8 ASSAY: LAMIVUDINE, ZIDOVUDINE, NEVIRAPINE AND 

PRESERVATIVES 

The H c w l e ~ ~  Packard Agilent 1100 serics HPLC instri~mcnt was uscd. togcthcr 

wilh lhc G1322A degasscr, G1312A binary pump, and ~ h c  G1329A ALS aulosamplcr. 

Mcth~mol was uscd as a solvent to enhancc the solubili& of nevirapine: as i t  has Ion 

solubility in walcr. 

Standnrd prc~raIion: Refer to Annesurc, G paragraph 4. 

S-mnpk p~c~~a.r-iILonl Rc fcr to Aruxsure, G paragraph 3. 

6.5.9 PRESERVATIVE EFFCTIVENESS TESTING (PET) 

Sodium 1neth~4 h~.dros~~bcn;?oatc and sodium propyl h~~droxykn;?oak werc uscd 

as prcscn.atii.cs in 111c forinulations in this sludy. This ~cst  dclcrmined ~ h c  ability oT lhesc 

prcscn.a~i\.cs lo prevcnl contaminntion or the Tormulaled product by microbial organisms. 

This tcsl was dnnc on lhc initial fonnula~ion and a h  ~lucc months at 2Y'C+GO% RH. 

3O0C+65"/U RH and 40"C+7S4X /u. 

The PET was subcontracted to Cosi Pharmnccuticals. All test samples w r c  

compnrcd to standards set Tor cat ego^ 3 produc!s in USP 28 (USP 28:2212). namel~ =. 2.0 

log reduction a1 I4 days and no incrcasc a1 28 da!,s I'or 

And 110 iiwcasc from inirjal inoc~~lum Tor 
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6.6 CONCLUSION 

Stability tcsting is a v i t d  part of pharn~accutical produci dcvc!opmcn!. In his 

chapter, all test procedurcs pcrformcd on Lhe laboratory batches of Ihc ARV powdcrs for 

suspension wcre discussed. All tests werc perforrncd under GLP conditions and comply 

with rf~c sct srmdards as mentioned in USP 28. 

The rcsulls of the test procedurcs described in this chap~cr arc discusscd in 

cllaplers 7-12. and are graphically rcprcscntcd in Annesorcs A to F. The data gathcrcd 

during thcsc test prmedurcs will bc discusscd sepxatct~. in hcse chaplcrs and rcle\mt 

conclusions will bc 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- 

Thc powder for suspcnsion hal. if reconstituted. has a volumc of 150 1111 md provides 

AKV Ircsunent lor pacdia~rjc patients \\ilh a body rnnss of 3-6 kg for I nionlh, was 

subjected to accelera~ed stnbilily lesting for n pcriod of twlvc  ~voeks (refcr to chap~cr 6 for 

t lie discussion of 11tc stabili~y program). 

The resul~s of cach tcsl will bc discussed and graphic prcscn~a~ions of rhex results 

can bc scen in  anncsure A-F. 

7.1 V-ISUAL ASSESSMENT 

7.1.1 RESULTS 

Visual nsscssnlcnt was pcrforlncd on rcconsli lu~cd suspensions. Initii~l laboralon. 

snmplcs werc storcd a1 i~~lcontrollcd room temperalurc. Results for thc viaral ssscssmcnt 

are gi\.en in Tablc 7. I .  
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Tablc 7.1: Visual assessntent results ofthe 150 nil reconstituted AKV suspension, during stability and in-usc testing. 

Initial 

Snow whirc, k m o p c o u s  
hick whitc suspcnsion. 

Visual assessmar t 

Storage temperatures 1 6 Weeks 

Snow white. uniform 
suspension. 

- - -  - 
White i~niform suspension. 

White suspension, larger 
particles than initially 
visible are present. 

Whitc. milky suspcnsion. hrgcr 
parriclcs rhan initially visiblc arc 
prcscnr. 

-- .- 

Off while suspcnsion. larscr 
particlcs rlm initially visiblc arc 
prcscn 1. 

Off wlii~c suspcnsion. larscr 
paniclcs than ini~ial ly visiblc ,m 
prcknl. 

In-use stability 

Initial 

12 Weeks 

Uncontrolled room icmpcralurc 

I Offwhirc, larsr  yaniclcs t ! m  
ini~iallj. visible arc pnrscnt. 

Crcamy whirc largcr particles 
than initially i-isiblc arc prmnr, 

Snow whilc. homogcncous 
hick suspension. 

h9ilky sd~itc n~spcnsion. Inrgcr 
panictcs than initially visiblc in-c 
prcent. 

25'C+601%RH 

Snow whirc, homo~cncous thick 
suspension. 

OIT\vhitc susycnsion. largcr 
pnniclcs than ini~inlly tisiblc are 
prcscnl. 

Milky uhirc suspension, largcr 
paniclcs than initialiy visibk 
arc prcscnr. 

30°C+6S%RH OTTwhirc suspcnsion. Iargcr 
particltx than initially visiblc 
arc prcscnl. 
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7.1.2 DISCUSSION 

A changc in colour in ~ h c  rcconsiitutcd powder for snspcnsion from ivhitc to olf- 

ivhitc was obscncd afrcr storagr: at 3O"C+65%RH and JO"C+75%RH for 12 ivecks. Thc 

pli!sical appcorancc sho~ved a slight decomposition. hluch larger dispersed particles. than 

were initiall! noliccd werc prcscnl Lhro~~ghoui Lhc suspcnsion. The pnssion h i t  flavour of 

~ h c  suspcnsion rcmaincd shblc througlioot the stability and in-use tcst periods. 

7.2 pH 

7.2.1 KESULTS 

Thc pH rcsdts altcr accelcratcd stnbilitj, and in-usc lcsting for thc rcconstitutcd 

susp~-nsion arc giwn in ~ablc 7.2. 

Table 7.2: pH results of the reconstilured ARV suspension after accelerated stability and 
in-use s t i ~ b i l i t ~  testing. 

In-use stability testing 

I l Weeks 
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7.2.2 DISCUSSION 

Thcre w a s  no significant changc in  the pH of thc rcco~lstitutcd suspcnsior~ aftcr 

accclcrotcd slabilih tcsting for a period of 12 weeks at thee different tcmpcrnturcs. pH 

valucs during the in-usc stabilit?., rcpreser~tiny patient usagc, also remained unchalged. 

7.3 RELATIVE DENSITY 

7.3.1 RESULTS 

Tllc relalivc density resul~s ancr nccelcrated stabilil! and in-use slability tcstit~g are 

givcn in tablc 7.3. 

1 nitial Unconrrollcd room 
tcmperalure. 

12 Weeks 

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

Relative &nsi ty (g/ml) 

Initial 

1.156 

Storage conditions 

2S0C+(A%RH 
- -- - 
30"C+6=%RH 

In-use stability testing 

4CBC+75%RH 

6 Weeks 

1.153 

1.162 

I 2  Weeks 

1.153 
- - -  

1.153 

30 Days Storage conditions 15 Dsys 
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7.3.2 DISCUSSION 

Thc relativc denslt!; of llle rcconstitukd ARV poivdcr for suspcnsion rcmaincd 

rclati\.cl!. stablc during accelerated s~abitit~r lcsting ovcr a period of 12 \\.ccks. as ~ c l l  as 

during in-usc tcsling lor IS and 30 da~s. 

7.4 VISCOSITY 

7.4.1 RESULTS 

Thc viscosity rcsdrs lor Lhe reconshted suspension are givcn in tablc 7.4. 

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

stability and in-use testing. 
- - - - -- 

Viscosity (cp) 

Initial I Storage conditions 1 6 Weeks 1 12 Weeks 

In-use stability resting 
- .--- - -- - - -- - - - -  - I Storage conditions 1 15 Days 

Initial llnconvollcd room 
lempcrnli~rc 

7.4.2 DISCUSSION 

1 2 Weeks 

During ~ h c  12 \\cek stabilil! test pcriod. h c  viscosit>. values of lllc reconstiluted 

ARV s~~spcnsion rcrnnincd stable. During thc in-usc stabilit~ tcst ycriod. no changc \\.as 

obsenul in thc ~~iscosit!~ \.alucs. 

25°C +OOO/oRH 

3U"C+Bj%RH 

49.7 

48.5 

49.7 

48.5 
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7.5 MOISTURE CONTENT 

7.5.1 RESULTS 

The moisture content results ror thc ARV powder Tor susper~siorl arc lislcd in ~iible 

7.5. 

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

7.5.2 DISCUSSION 

Mois~ure content (%) 

Thc moisture contcrll of h c  ARV powdcr for suspc~ision showd no signilicant 

changc ovcr a pcrivd of 12 \\.ccks during tllc accclcratcd stabilit! sh~d!.. 

Initial 

I .Mi8 

7.6 RESUSPENDABILITY AND SEDIMENTATION HATE 

7.6.1 RESULTS 

Storage conditions 

25"C+GU%RH 

3VC+6S%RH 

All flic saniplcs k s ~ d  complied \\ ir l i  rhc scl s~arrdnrds. ~~arncl!. not morc than 5 cm 

or  scdimen~ should be prcsent a k r  24 hours, and thc sedinicnt forrncd should bc casil!. 

rcsuspcndcd. 

4D"C+75%RH / 1.087 I 1.089 

6 Weeks 

1.575 

1.091 

12 Weeks 

1.076 

I ,079 
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7.7 API RELEASE (DISSOLUTION) 

7.7.1 RESULTS 

The dissolution resulrs for Llle rccons~iluted ARV powder for suspension arc 

prcscntcd in figures 7.1-7.2. 

- -- - - - -. - ---- 
Lamivudine dissolution: 150 ml I 

I 

10 20 30 40 

Time (minutes) 

Figure 7.1: Dissolution results of Iamivudine in 150 1111 for~riulation obt ined after 12 
weeks accelerated stability testing. 

- -  - - -  - -- - - -- ---- . - -  -- - - -  --- .- - 

Nevirapine dissotution: 150 ml 

F i ~ u r e  7.2: Dissolutiorr results of nevirapine in 150 nil fo~.niulation obtained after. 12 
weeks acceler~ted stability testing, 
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7.7.2 DISCUSSION 

Thc d~ssolution residts oblaincd aCtcr 12 \liceks accelerarcd shbilil? tcsring sho\vcd 

[ha1 Irunivudinc and ncvirapinc wcre immediately dissolved \vith a dissolution of 10 1% and 

102% respctively aflcr I0 minutcs. 

7.8 API AND PRESERVATIVE CONCENTRATION ASSAY 

7.8.1 LAMIVUDINE 

Thc assa? rcsdts for Ianivudinc during dic acccleralcd stabilihf and in-usc 

stability s l u d ~  lesting arc gii'cn in table 7.6. 

Table 7.6: Lsmivtrdine assay results after I 2  weelis accelerated stability testing and 30 
days in-use stability testing. 

In-use stability lesiing 

Storage conditions I5 Days 30 Days 
-- - - - - .- - - - - - -. 

Initial Unconlrollcd roo111 102 6 99.8 
lempcralurc. 

1 2 Weeks 25"C~O%oRH 97.8 07.2 

Lamivudine (%) 

7.8.2 NEWRAPINE 

The ass? resuhs for ncvirapinc during thc nccclcratcd stabilily and in-mc slability 

stud># tcs~ing arc givcn in table 7.7. 

Initial 
- 

103.4 

Storage conditions 
- -- 

25"C+(iO%RH 

3VCt6S04RH 

6 Weeks 
- - -- - 

100.5 

101.9 

100.4 I 4TPC+7S%RH 

12 Weeks 

I 04.2 

100.8 

97.8 
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Tahlc 7.7: Nevirapine assay results after 12 weeks accelerated stability testing and 30 
days in-use stability testing. 

Nevirapine (%) I 
I Storage conditions 1 6 Weeks 1 12Weeks 

- 

I 2  Weeks 

In-use slabilily testing 
-. . . - - - . - - - -. 

Storage conditions 1 15 Ihys 

Uncontrolled room 
lcnlpcrat ure. 
- ... - -- 

25T+W%RH 95.6 

-. - . 

30 Days 

94.8 

- 

92.4 

7.8.3 DISCUSSION 

A donnwrd lrcnd in thc assa!. for lamiwdinc was obscned, cspcciall!. afler 

storagc Sor 12 w e k s  at JO*C+7j%RH. Howcwr, all results w r c  ui~liin thc spccificd 

limits of 90 - I  10% Tor stabilil!. tcsling. 

The assn!, resrrl~s h r  ncvirnpinc showcd {xiation between tcst inlcnals. All rcslills 

ncrc 11 ilhin thc 90 - I  l0Y0 limit. csccp~ for the assay \.nluc oblaincd nflcr sloragc Ibr 15 

days at uncontroilcd room tcmpcrature during Ihc in-usc tcsting at thc initial stagc. This 

rcsnlt eould bc attributed to laboratory error. 

7.8.4 RESULTS: SODIUM METHYL HYDROXYBENZOATE 

Thc assay resdls for sodium rncth?.l l~~~dros?.bcnzoa~e arc givcn in ~ a b k  7.8. 
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Table 7.8: Sodium methyl hydroxybenzoate assay reslrlts after 12 weeks accelerated 

stability testing and 30 days in-use stability testing. 

I 12 Weeks 

Sodium methyl h ydroxybenzoate (O/O m/v) 

Slorage conditions 15 Days 30 Day 

Initial 
- 

0,157 

7.8.5 RESULTS: SODIUM PROPYL HYDROSYBENZOATE 

'The assa!. results h r  sodiunl prop!-l h!~dros!.knironlc arc giwn in [able 7.9. 

In-use stability testing 

6 Weeks 

0.161 

0. 163 

I). 142 

Storage condilions 

2_i0C+60%RH 

1 2 Waks 

0. 154 

0.158 
- 

0.157 

3VC+(IS%RH 

JO"C+7S%RH 
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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 ( O / h / v )  

Initial 

Theoretical concentradons for sodium mc~liyl hydro~benzoatc and sodium prop4 

h~~drox!~bcn~oa~c are 0.15% 11dv and 0.02% ndv rcspcc~i\~l!:. Sodium prop!.l 

11~droy.bcnzoont conccnlrations accclcratcd at 111c 6 nceks ~imc priod at 30°C and 90°C. 

Acccyl for h e  abovc menlioncd acceleration. rcsults ob~aincd during ihc acccleratcd 

s~abilit!: trial and in-use slabilih remaincd well \\.ithin d ~ e  limit of 90 - 1 IO%, (0 135 - 

0. I(i% nz/v for sdium mcth!.l h!,dros!.knroate and 0.0 I8  - 0.022% m/v for sodium 

prop?,l I i~~dros~~bcn~oatc).  

In-use slnbilitp lesting 

Storage conditions 

Initial 

12 Weeks 

ti Weeks 

Storage conditions 

Unconwollcd room 
tcmpcralurc 

25"C+6@/0oRH 

31Y%+65%RH 
- 

40°C +75%RH 

I2 Weeks 

15 Days 

0. 020 

0.02 1 

0.020 

0.020 

30 Days 

0.02 I 

0.020 

0.020 

0.02 1 
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7.9 PRESERVATIVE EFFICACY TESTING (PET) 

7.9.1 RESULTS 

Thc PET rcsulb for thc ini~ial, 6 weeks, 12 \\:eeks and 12 webs 30 days laboratop 

baichcs can bc scen in tables 7.10-7.19. 

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

suspension. 

Test Organism Initial 

1 noculunl 

Log Unit Reduction 

Day 7 Day 14 D~~ 28 

Table 7.11: Preservative Efficacy Test results of the 6 weeks 2S0C+6O'%RH ARV 

reconstit~~tetl suspension. 

Specified liniits 

ror category 3 

products 

> 3.0 > 3.0 > 3.0 

-, 3.0 3.0 > 3.0 

3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

Test Organism 1 Initial 1 Log Unit Reduction I Specified limits 

120 log reduction at 

14 days nrd  no 

incrcnse 31 28 da!s. 

- 

No incrcnsc from 

initial inoculum 

I 1 products 

A. niger / 1.6 s 10' I 3.0 > 3.0 > 3.0 1 No i~icrcnsc from 

/:: coli 

C', crlhiccr~~s 1 2.0 2 10' > 3.0 3.0 , 3.0 1. inilia1 inocslurn 

>2.0 log rcdr~ction a1 
I 

2.0s 10' > 3.0 > -3.0 > 3.0 
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Table 7.12: Preservative Efficacy Test results of the 6 weeks 300C+6S0/~RH ARV 

reconstituted suspension. 

Test 0 rganism 

E: coli 

P.  ncnrginostr 

,'i, orrreus 

Initial 

Inoculum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

products 
- - ... 

>2.0 log redtcdon at 

14 days and no 

incrcasc nl 28 das.  

Table 7.13: Preservative Efficacy Test results of the 6 weeks 400C+7fi0/~RH ARV 

reconstituted suspension. 

I I Inoculum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for CMtegOq 3 

products 

> 3.0 r 3.0 > 3.0 

=- 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

12.0 log reduction ar 

14 d c s  and no 

increasc ar 28 dqs. 

> 3.0 > 3.0 3 3.0 

> 3.0 > 3.0 > 3.0 

Nu increase from 

initial inmoluni 
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Table 7.14: Preservative Efficacy Test results of the 12 weeks 25"C+60°/oRH ARV 

reconstituted suspension. 

Test ,Organism Initial 

lnoculunr 

2.0s Id 

2.4 lo3 

2.0 s 10' 3 3.0 1 3.0 > 3.0 I initial inoculu~n 

Log Unit Reduction 

Day 7 Day 14 Day 28 

1.6s ld 

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

Specified limits 

for category 3 

products 

> 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

reconstituted suspension. 

>2.0 log reduction nt 

I4 days and no 

> 3.0 > 3.0 > 3.0 

I Test Organism I Initial I Log Unit Reduction I Specified limits I 

No ir~crease Gom 

2 . 0 s  Id' 

2.4 s 10" 

2.1 s ld 

C nlhrcc~ns > 3.0 > 3.0 > 3.0 initial inoculum 
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Table 7.16: Preservative Efficacy Test results of the 12 weeks JO°C+750/~RH ARV 

reconstituted suspension. 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Test Organisrr~ Specified limits 

for category 3 

products 

>2.0 log redudon at 

14 days mid no 

incrcnse at 28 days. 

Initial 

Inoculum 

No increase fim 

inilia1 inoculurn 

Table 7.17: Preservative Efficacy Test results of the 12 weeks 25"C+65*/0RH ARV 

reconstituted suspension. 

Test 0 tganisnl Initial 

lnocuturn 

I Log Unit Reduclion I Specified l imits 

Day 7 Day 14 D~~ for category 3 

products 

> 3.0 > 3.0 3.0 

3.0 > 3.0 > 3.0 

-=- 3,O > 3.0 > 3.0 

>ZU log rcduc~ion at 

I4 d ~ s  ild no 

incrcnse (71 28 days. 
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Table 7.18: Preservative Efficacy Test results of the 12 weeks 30QC+65%RH ARV 

reconstituted suspension. 

( Test Organism I Initial I Log Unit Reduction 

D a y 7  Day 14 Day 28 

Specified limits 

for category 3 

products 

>2.0 log reduction at 

14 days and no 

incrcase a1 28 days. 

No increase born 

initial inoculum 

Table 7.19: Preser-vative Efficacy Test results of the 12 weeks 4O0C+75%RH ARV 

reconstituted suspension. 

Test Orgrnisni Initial 

lnoculum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

products 

>2.0 log reduction at 

I4 dvs and no 

i n c r e w  a1 28 da>s. 

No incrcase from 

initial inoculuni 

All laboralon. snmplcs complicd nilh thc rcquircnicnrs for catcgorl; 3 producls as 

dcscrilx-d in USP 28. Tlicrcforc it  can bc concluded rhal Ihc prcserva[i\cs chosen Tor [hc 
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rorn~~llation w r c  effecrive in protccring thc suspcnsion rronl nnicrobial contamination. 

cvcn al'tcr simulating palicnt usagc Tor a pcriod o f 3 0  d a ~ s .  

In this chapter, various lest samplcs of thc 150 ml ARV powder for suspcnsion. 

after reconslit~llion with dislilled walcr. wndcnvcnt cstcnsive testing during a pcriod of 

lwclw \vcelis ilnd in-wc tcsting for thirty days. The lest snmplcs rcprcscntcd Iamivudinc 

and ncvirapine at concctltrations of I5 md2.5  ml and 40 mgi2.5 ml. 

Thc ARV pondcr Tor suspcnsion Itas storcd at thrcc storagc conditions. namcly 

25"C+GO"/oRH. 3(r'C+65%RH and 40°C+75%RH. Thc in-usc stability tcsts wcrc pcrformcd 

on rcconslitutcd suspensions kcpt at ~oncon~rollcd room tcmperaturc. 

Visunl nsscssmcnt tcsts includcd assessment of thc colour. Ilavoor and pln!,sicnl 

nppmroncc of the tcst samples. Changcs in colour drasticall!. occurrcd in thc 12 W.3W 30 

( 0 5 )  and the 12 W.30140 (75). \vcrc it chnrigcd from snon whitc to a wntcn see-through 

coloor. The pln!sical appearance undcnucnt changc. solid pnrticlcs wcrc d i s ~ r s e d  

throughoul thc silspcnsio~n. uhich nppearcd during thc accclcratcd stability pcriod. This 

ma!, c a w  an incorrect dose o r  ARVs to bc adnninistcrcd to the paticnl 

Rcla~ive dcnsie showcd negligible dcclinc. The viscosihr and Ihc pH rcmnincd 

stnblc. Thc nnoisturc contcnr of thc powdcr Ibr suspcnsion was onchangcd throughoi~t the 

stability tcs t in~  pcriod. All somplcs tcstcd complicd with ~ h c  spxificnrions for 

scdimcntntion rntc and resuspendabili h.. 

Dissolution rcsdts indicnied that both Iamivudinc and nevirapinc w r e  

immcdii~tcl!. dissolved after 10 minotcs. 

B! usins rl~c srabilit!, indicating HPLC method developed and dcscri bcd in 

Anncsux G. thc conccn~ra~ion of lamivudine and nc\,irapinc was dc~cnnnined ovcr t l ~ c  

stibilil!. tcst pcriod. A do\vn\vard trend in thc la~ni\udine ma!' \~alucs \\;ils o b s c n d  but nll 

tcsl rcsulrs rcmnincd within thc 90-1 10% spccificntion. Nc\.irapinc assay results s h o w d  

inconsistc~tc!.. but rcmaincd within the spccilicnlions of 90- I 1 Or%. esccpt for ihe 15 day in- 

usc samplc after 12 wcelis at ~~"C+GO'YORH. Laboraton. crror codd be responsible for the 

rcsult o r  85,7% which w s  obtained. 
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Preservative conccntralion of  sodium rncthyl l~>dro~ybcnzoate was within 

specification throughout lhc accelerated and in-IISC ksting ycriod, sodiiun propyl 

Ilydros~.benzootc concentrations at storagc mnperaturcs of 30°C and 40°C wcrc 

accclcratcd during thc 6 wccks stnbilit~~ tcsiing, 12 week stability and in-usc tcsting 

revealed concentrations in thc specified ranges. Thesc rcsutts were confirmed by the 

positivc outcome of lhc PET tcsting. 

From thcsc f inding it can be concluded that Lllc 150 rnl ARV powder for 

suspension has ptcnlial as a pacdialric ARV trcalrncnt for paticnts with a M y  wigh t  of 

3-6 kg. Fiuthcr stabiliv tcstins inchding a longcr stability period will bc rcquired ro morc 

accurately reflcct the stability potenlial ofthis formulation. 
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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 Szent-Gyorgi- 

TIlc powdcr for suspmsion thal. if recons~ilutcd. has a \:ohime of 300 ml and 

providcs ARV ucatmcnl for pacdiabic patients with a body rnass of 6-10 kg for 1 month. 

was subjcckd to accelerated stabilit! rcsling I'or n ycriod of I\\-elvc w e k s  (refcr to chaplcr 

6 for thc discussion of lhc stabilit! program). 

Thc rcsulls of cach lest will bc discmscd and graphic prcsentation,~ of thew rcsults 

can bc scco in nnncsure A-F. 

8.1 VISUAL ASSESSMENT. 

8.1.1 RESULTS 

Visual nssessmcnt \\,as pxfornlcd on rcco~lstitutcd suspensions. loitid laboratory 

samplcs wcrc slorcd a1 uncon~rollcd room tcriipcralr~rc. Rcsulis for h c  visual asxssmcnt 

arc givcn in Tablc 8.1. 
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8.1.2 DISCUSSION 

Somc cliatiges in the physical appcararice or thc si~spcnsiori were apparent. The 

flavour slaycd identical hrottghout !he whole lcsl pcriod. bill the colour changcd horn 

whitc to off-white aflcr I2 ~vecks storagc at 30°C+65%RH and 40°C+75%RH. 

Aner 12 wecks larzer parliclcs lhm thosc initiall>. obscrvcd, were prcsent at all 

storagc lempcrattues, inchding the in-usc samples at 15 and 30 days 

8.2.1 RESULTS 

The pH rcsulis aner nccelernled ;md in-usc slabilil~ tcsting for tlic reconstituted 

suspwsion arc giwn in tablc 8.2. 

12 Weeks 

I'ablc 8.2: pH results of the reconstituted ARV susper~sior~ after accelerated stability and 
ill-use stability study. 

. 
pH 

Initial =conditions 

an-use strbility testing 

6 Weeks 
- 
4.68 

12 Weeks 

2,i"C+fiO%RH 
- 

4 65 ( 4.46 

4.77 1 5 2  
--A - < 

4Gh 4.53 

( 3oYC+(,.F%RH - - - -  - - -  - - -  -- 
JO"C+75%W 
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8.2.2 DISCUSSION 

Thc pH of the rcconslimted suspcnsion sta?.ed relatively t~rrchatiged d~lsing Lhc 

accelcralcd stability and in-t~sc studics. 

8.3 RELATIVE DENSITY 

8.3.1 Results 

Tlic rclnlivc dcnsiry resdts after accclcratcd and in-tlsc stnbilil\.: testins for the 

rccot~sti~utcd suspension arc gven in table 8.3.  

Table 8.3: Relative density results ( g h l )  of the reconstituted ARV suspension after 
accelerated stability and in-use studies, 
---- - -.- --- --- - - --- -- - - 

Relative density (ghl) 
- - 1  

I 1 Initial 1 Storage conditions 1 6 Weeks 1 12 Weeks 1 

- 

In-use stability testing 

3.3.2 DISCUSSION 

Thc rclativc dcnsi~y of thc rcconstitutcd suspcnsion rcrneincd stablc ovcr tllc 

slabi lip. arld in-usc tcst pcriods. 

30 Days I 
1.159 

1.133 

1.150 

1.147 

Storngc conditions 15 Days 

Initial 

12 Weeks 

Uncontrolled room 
Icnyxralure 

2S"C+f,O%RH 

1.159 

1.146 
- 

3(PC +65%RH 

4VC+75%RH 

1.151 

1.149 
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8.4 VISCOSITY 

8.4.1 RESULTS 

Thc viscosity rcsults afkr i~cc~lcrated and in-usc slabili~!. tesling I'or thc 

rcconstitutcd suspension are giucn in table 8.4. 

Table 8.4: Viscosity (cp) results of the reconstituted ARV susper~sion during accelerated 

stability and in-use testing. 

( Storage conditions / 15 Days 

Viscosity (cp) 

8.4.2 DISCUSSION 

Initial 

22.4 

Initial 

No significant cliangc Trorn thc initial value Tor viscosil!. was obsencd a h  12 

necks nccclcmtcd stability tcsting. as ivc1I as duting in-usc tcsting. 

In use-stability testing 

Storage conditions 

25°C +6O%RH 

3OPCt.6S'YDRH 
P - -  

JO"C+75%RH 
- 

6 Weeks 

22.4 - 
20.3 

20 3 

I 2  Weeks 

20.3 

20 2 

20.2 

Uncontroltcd room 
lcmpcralure 

20.3 20.2 
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8.5 MOISTURE CONTENT 

8.5.1 RESULTS 

Thc rnoisturc content rcsults aftcr accelerated stnbili~y lestirig for the powdcr 

suspension arc givcn in tablc 8.5. 

Table 8.5: Moisture content of the ARV powder for sl~spension during the acceleraled 
stability lest period. 

8.5.2 DISCUSSION 

The rnoislurc conlent of rhc ARV powdcr for suspension rcmained stablc over thc 

stability [csl pcriod of 1 2 \vccks. 

Moisture conlent (%) 

8.6 RESUSPENDABLLITY AND SEDIMENTATION RATE 

8.6.1 RESULTS 

I 2  Weeks 

I .  I37 

1.132 

Initial 

1.126 

All samplcs tcstcd complied nilh [he sc! s~i~ndnrds. riarncl?. not more than 5 cm 

scdirncnr should bc prcscnt alicr 24 hours. and the scdimenl formcd should bc casil> 

resuspcnded. 

SO"C+79%RH 

Storage cortditions 

ZFC+b0%RH 

30"C+G%RH 

1.126 i 1.131 

6 Weeks 

1131 
- 

1.129 
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8.7 API RELEASE (DISSOLUTION) 

8.7.1 RESULTS 

The dissolutior~ results Tor h e  rcconsti~uted ARV powder for suspension arc 

presenred in figures 8.1-8.3. 

I - - - . - - - -- - -.-I 
--- 

-------- -- --- -I 
------ ---, 

I 

0 10 20 30 40 50 

Time (minutes) 
--. - - - -  - - - - 

F i ~ u r e  8.1: Dissolution resdts of Iarnivudine in 300 ml formulation obtained after 12 weeks 
accelerated stability resting, 

- - - - -  - - -  - - - -  

Zidovudine dissolution: 300 ml 

- -4 

I -------- 
I 
, - - - -- -, 

----- -. 
I 

----I -- 3 

1 
0 10 20 30 40 50 

Time (minutes) 
- - - -  - -- - - - -  

F i ~ w e  8.2: DIssolu~ion res~~lls of zidovudine in 3W 1111 forrr~ulation obtained after 12 weeks 
:~ccelerated stability tcsting. 
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-- -- -- - -- - .  -. - -. - - . 

Nevirapine dissolution: 300 ml I 
i 

Time (minutes) I 

.-- - - ----- - - I 
Fin~re  8.3: Dissolution results of nevirapine in 300 1111 forlnul~lion oblained after 12 weeks 
nccclerated stability testing. 

8.7.2 DISCUSSION 

The dissolu~ion rcsults ob~~incd  after 12 wecks nccclerated stability testing shoned 

Ihal Iamivudinc. ~idovudinc and ncvirapinc wcrc irnmcdintely dissol~.ed wilt1 a dissolu~ioil 

of 103%. 102% and 100% rcspcctively altcr I 0  minutcs. 
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8.8 M'l AiiD PRESERVATIVE CONCENTRATION ASSAY 

8.8.1 RESULTS: LAiMIVUDINE 

Thc ass? rcsdts Tor Iruni\udinc during rhc accclcratcd stability and in-usc 

stability s~udy lcsting arc given in table 8.6. 

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

1 n-use stability testing 

Initid 

100.0 

Storage conditions IS Days 

Initin1 Uncontrolled room 101,9 
tcmperit~urc 

30 Days 

95.9 i 

Storage conditions 

ZYC+bO%RH 

6 Weeks 

101.8 
- 

I2 Weeks 

37.4 

2VC+65%RH 1 101.7 100.6 
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8.8.2 RESULTS: ZIDOWDINE 

Thc assay rcsults for zido\xrdine during thc accelerated stability and in-usc slabilit~ 

study ksting 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. 
- - - - - --- - - -- - ---. - --- 

Zidovudine (%) 

Initial 1 Storage conditions I 6 Weeks 1 12 Wnks 

In-rise stability testing 

Initirl 

I2 Week 

Storage conditions 

Umontrol l cd room 
temperaturc 

25"C-tGO%RH 

-?O"C+Gj%RH 

15 Days 

102.0 

-- 
102.5 

93.3 

30 Days 

97.1 

- 

100.6 

92.8 
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8.8.3 RESULTS: NEVI RAPINE 

The assay restdls for nc\:irapinc diuing h e  accclcratcd stabiliy and in-use stabilit! 

sh~dy tcsling are given in table 8.8. 

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

dnys in-use stability study. 

I In-use stability testing 

Initial 

Storoge conditions 

Unconuollcd room 
tcmpcraltlre 

2Y1C+f-)%RH 
- 

30"C+65%RFI 

15 Days 

87.3 

30 Days 

8.8.4 DISCUSSION 

Thc ma!: resul~s obraincd for lamivudinc. zidojudinc and ncvirapinr w r c  all 

\I i thin lhc spcci fica~ions of 90- I 10%. 

Therc was a definite don nward trcnd in thc assoy results obtaincd for lamiwdinc 

d ~ ~ r i n g  thc in-usc study nit11 \he 30 day rcsuh aftcr 12 wccks at J0°C+75T,RH belo\\. thc 

linu~ of90'Yk In-me assa!, vahcs Ibr ~idowdinc and nc\irapinc showcd i~iconsistcncy uith 

Ilic rcsidt for 15 days Ibr thc initial sn~iiplc. nanicl! 87.3%. b c l o ~  90%. This could be duc 

to csperinicntal crror. 
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8.8.5 RESULTS: SODIUIM METHYL HYDROXYBENZOATE 

T1x assay rcsul~s for sodium methyl hydros>,bcnzostc arc rjvcn in table 8.9. 

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

stability testing and 30 days in-use stability testing. 

Initial 

Sodium methyl hgdroxybenzoale (%mIv) 

12 Weeks 

-- 

Initial 

0.147 

In-use stability testing - -. - -- - .- 

Storage conditions 1 15 Days 

Uncontrolled room 0. I47 

- - 

S t o r ~ g e  conditions 

2YC+61)%RH 

3[rC+65%RH 

30 Days 

6 Weeks 

0.130 

0.159 

12 Weeks 

0.149 

0.152 
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8.8.6 RESULTS: SODIUM PROPYL HYDROSYBENZOATE 

Thc assay results for sodium prop!-l hgirosybcnzoare are givcn in toblc 8.10 

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

stability testing and 30 days in-use stability testing. 

Sodium propyl hydroxybenzoale (%m/v) 

12 Weeks I 2jnC+6[P/.RH 1 0.023 I 0.024 I 

- - -L- 

Initial 

0.021 

1 Storage conditions 15 Days 30 Days 

Tlicorcrical corrcentrations for sodium meth!.l h!~droy~berizoatc and sodium propi  

hj-drox!,bcnr.oate arc 0. l5% m/\' and 0.02% ~n/ \ '  respccti\-el!-. All resdts obtair~cd for 

sodium mc~h!-l I~!.droxybervonte d~lring thc ncceleriltcd srabilip trial and in-use stobilit! 

reniaincd \wll within the limit of 9O - 1 10% (0.135 - 0.163% mi\.). 

In-use sfnbility testing 
- . . -. - .  -. . . - 

.- --7 - -  

Initial 

Somc of lhc resulls obrnincd for sodium prop?I h!dro\~bcn~oatc \\ere a b v c  die 

1 2 Weeks 

0.025 

0.023 
- 

0.020 

Storage conditions 

2SVC+W!oRH 

30"C-t6S%RH 

90AC+75%RH 

0.022 Uncon~ro!lcd roorli 
tcmpcrnlorc 

l im~t of  1 10%. D11c ro h c  vcn. small p k s  reprcsenring sodium prop I li! dros!.kn;/oalc in 

- -- 
6 Weeks 

0,025 

0.026 

0.023 

0.018 

11ic HPLC chromatogmrn. the nbovc syccificaliori rcsdls could be due to lhl ty inrcgralion 

pnrarnctcrs. 
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8.9 PRESERVATIVE EFFICACY 

8.9.1 RESULTS 

Thc PET rcsults for rhc inilial. 6 weeks, 12 weks  and 12 weeks 30 d a y  laboratory 

barcllcs car1 bc sccn in tnblcs 8.11-8.20. 

Table 8.1 1 : Preservative Efficacy Test results of initial ARV reconstituted suspension. 

Test Organism Specified limits 

for category 3 

Initial 

Inocutum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

E coli 

Table 8.12: Presenyative Efficacy 'Test results of 6 weeks 25"C+GO%RFI XRV 

reconstituted suspension. 

2.0s !d' 

S: m r r ~ w  1, 2. l s 10' 

Test Organism 

> 3.0 > 3.0 -3 3.0 

> 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

A. nigcr 

C nfhiunr7.s 

> 3.0 r 3.0 > 3.0 

iricreasc ar 28 days. 

No incrcosc from 

initial inoculum 

1.Gx lo3 
2.0s 10" 

Specified lirnits 

for category 3 

products 

products 

>2.0 Iog reduction at 

Initial 

Inoculurn 

:--2.0 log rcduction a1 

I4 days and no 

incrcasc a1 28 d q s .  

Log Unit Reduction 

Day 7 Day 14 Day 28 
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Table 8.13: Preservative Efficacy Test results of 6 weeks 30"C+65%RH AKV 

reconstituted suspension. 

Test Organisnl 

E: coli 

1'. cler-riginosn 

.S nrirerrs 

Initial 

Inoculum 

Log Unit Reduction 

Day 7 Day 14 Dny 28 

Specified h i t s  

for category 3 

producls 

>2.0 log reduction ar 

14 da! s and no 

increase at 28  da:s 

No ilicreasc Eon1 

initial irioculrm 

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

reconstituted suspension. 

Test Organism Initid 

Inoculum 

Log Unit Reduction 

Day7  Day14 Day 18 

Specified limits 

for category 3 

prodrrcts 

12.1) log reduction ot 

14 da!.s old no 

incrcnsc i ~ t  28 da?.s. 
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Table 8.15: Preservative Efficacy Test results of 12 weeks 2S0C+60%RH ARV 

reconstituted suspension. 

Test Orgsnism 

E. coli 

P. mnrginoso 

S. nrrrurrs 

Initial 

Inoculum 

- 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified l h i t s  

for category 3 

products 

32.0 log rcduclion at 

14 d ~ s  and no 

increase af 28 da>s. 

No incrcasc from 

initial inoculm 

Table 8.16: Preservative Efficacy Test results of 12 weeks 30"C+6S1Y~RH ARV 

reconstituted suspensioa. 

Initial 

lnoculu~n 

Log Unit Reduction 

Day 7 bag 14 Day 28 

Specified h i t s  

for Category 3 

products 

32.0 log reduction at 

14 da!,s and no 

incrcase rtt 28 days 
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Table 8.17: Preservative Efficacy Test results of 12 weeks 40"C+75"A,RH ARV 

reconstituted suspension. 

Test Organism Specified h i t s  

for category 3 

products 

Initial 

Inoculum 

>2.0 log reduclion nt 

14 days and no 

incrcasc a1 28 days. 

No increase from 

iniliitl inoculum 

Log Unit Reduction 

Day 7 Day I4 Day 28 

Table 8.18: Preservative Efficacy Test results of 12 weeks 25"C+GOqYnRH ARV 

reconst i t 11 ted suspension. 

Test Organism Initid I Log Unit R e d u c h i  I Specified limits 
I 

lnoculuni 
I 

D a y 7  Day14 Day 28 

2 . 0 ~  lo3 1 - 3.0 3.0 z 3.0 

I4 d a y  nnd no 

incrcast at 28 days. 

for category 3 

products 

1.2.0 log rcducliai at 

- 

No increase from 

2.0 s I()-: > 3.0 > 5.0 > 3.0 initial inmtiIum 
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Table 8.19: Preservative Efficacy Test results of 12 weeks 3Q0C+6S0/oRH ARV 

reconstituted suspension. 

1 I I products 

Test Organism Initial 

lnoculum 

E. coli 

1'. clr.nrginosn 

S. nrrrrrrs 

Table 8.20: Preservative Efficacy Test results of 12 weeks 40"C+75%IUI ARV 

> 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

reconsti~uted suspension. 

Log Unit Reduction 

Day 7 Day 14 Day 28 

2.0 s ld 

2.4 s 10' 

2. I s 10.: 

No incrcasc kom 

inilinl inoculuin 

Tcst Organism 

Specified limits 

for category 3 

Initial 

Inocul~~m 

:- 3.0 > 3.0 > 3.0 

> 3.0 s. 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

5.9.2 DISCUSSION 

>2.0 log rcdi~cliort at 

14 days and no 

incrensc a1 28 d a y .  

Log Ilnit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

products 

2.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

3.0 > 3.0 9 3.0 

All Inhraton. samylcs complicd n i l l r  ~ h c  rcquircmcn~s for cnlcgory 3 yroducls as 

describcd in USP 28, Tlicrcf~rc II can kc coii~l~idcd tlial Ilic P ~ C S C ~ ~ ~ I ~ ~ C S  C~IOSCR for lllc 

>2.0 lo2 rcduclion at 

I4 days and no 

incrcnsc at 28 days. 

> 3.0 > -3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

No incrcasc from 

initial inmulum 
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fonnuln~ion wcrc cfl'cclivc in protecting tlie suspcnsion from microbial contamination. 

cvcn after simulating patient usage for o pcriod of 30 days. 

8.10 CONCLUSION 

This chaptcr sununnriscd results for various tcst sarnplcs of the 300 ml ARV 

powder for arspension, \vhich undcnvcn~ cslensive tesling during n pcriod of lwclve w c k s  

and in-usc testing for thirty d a p  The tcst samples rcprcsentcd larnivudinc, zidovudinc and 

ne\.irapinc at concenmations of 22 mgi 5 nil, 75 mg/ 5 ml and 50 mgi 5 ml, respectiveI!.. 

Thc ARV powder for suspension was stored at three slorasc conditions, natncly 

2S"C+GOU/nRH. 3U'C+f3%RH and 40c'C+75'%RH. Tllc in-risc stability tests werc pcrfornlcd 

at ~~ncontrollcd room tcnipcraturc. 

Viswil assessment rcsts includcd asscssmcnt of h c  colour. flavour and physical 

app r i l ncc  of tlic tc.st snrnplcs. No chatigcs in llaiour occiurcd during h e  stabilit~. pcricd 

Colour changcd horn snow \vhile to off-while and wtcry. especially the test snmplcs 

s~orcd a1 40"C+75'%RH. \vIiich suggcsts tcmpcraturcs as high as 40°C to be too high for tlie 

physical stability ot'the suspcnsion. 

T'hc rcsults oblnincd for pH. rclativc dcnsit!. viscosih and moiar~re conkilt did no1 

change s~gniiicantl! throughoul thc wabilit! tcsting p c r i d .  All sarnplcs coniplicd \\it11 tlic 

set spcc~fications for scd~mcnta~ion raw illid rcsuspcndabil~t~~. 

Dissol~i~ion resdls intiicntcd that Ianii\odinc. /.idovudine ,and n e t h p i n c  were 

immcdiatcl! dis.wl\.cd aRcr I0 minurcs. 

Assay tcsting by mcnns of HPLC sho\ved o do\\invard trend in Ihc rcsults obtaincd 

I'or lamivudinc during in-usc tcaing. Rcsults obtained for zidovudine and ncvirapinc 

showed solnc inconsistcnc!.. bul remilined \\i~liin rhc specification limit of 90-1 10%). 

c r c c p ~  for tlic t5 d+.s in-usc sample at tlic i~ l i t i i l l  stagc 111ierc a below specification result 

was obtained for ncvirapi~~c. This rcarlt could tx: due to csperimental crror. 

Results obtained for sodium rncdi>.l l1!-drosybcn~oatc remaincd slable mid wit hi 11 

tlic limit of 90-1 10's. Abovc spccificnrion results wcrc oblaincd for sodium prop>,I 

liydrosybc~izoatc in somc sarnplcs. PET' tcsting con limed ellicncy of the prcsenaliw 

s!,stcrn uscd. 
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Thc deieriorntion in thc ph~4cal  nppcarnncc of Ihc suspension mighi be goimds 

for poor palicnt compli;uicc. Furthcr stabilih tcsting inchding a longcr stability pcriod will 

bc requircd to more accurately rcflcct ttic sli~bil it? poten~inl of this fonnulmion. 

From thesc findinp it can bc concluded that h e  300 ml ARV powder for 

suspension has poicntial as a paediotric ARV Ircamenl for paticnts with a body weight of 

6- 10 kg. 
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CHAPTER 9 

RESULTS AND DISCUSSION: POWDER FOR 
SUSPENSION FOR 

PAEDIATRIC PATIENTS: 10-15 KG 

"11's a good rnornirlg exercise for a researcher to discard a pet hypothesis 
every day before breakfast." 

-Konr;~d Lorenz- 

Tlic powdcr for suspension that, if rccotislilutcd. has a voliln~c of 420 ~ n l  and 

providcs ARV trcdnienl for paediatrtc yaticnts with a body mass of 10-15 kg for 1 month. 

\\as subjected to accclcratcd stability tcsting for a pcriod of tnclvc necks (rcfcr to chaptcr 

0 Tor [he discussion of thc slabilil!; program). 

The results of cach tcst will be discussed mtd gayhic prcscrltations of thcx rcsults 

ca i  be secn in anncsurc A-F. 

9.1 VISUAL ASSESSMENT. 

9.1.1 RESULTS 

Visual assessmen1 was prforn~cd on rcco~alitutcd susycnsions. Initial 1abor;tlory 

samylcs \vcrc storcd a1 uncontrolled room telnperalurc. Rcsults Tor h c  vis11a1 asscssmc~~l 

are given in Tablc 9.1. 



Table 9.1: Visual assessment resulls of the 420 ml reconstituted ARV suspension, during stability and in-use testing. 

Visual a.ssessrnen t 

lnitial 

Initial 

Snow wh~tc. Immogcnmus 
thick whitc suspcnsion. 

12 Weeks 

Storage temperatures 

25°C+G00hRH 

6 Weeks 

Snow white, uniform 
suspension. 

White uniform suspension. 

White suspension, larger 
particles than initially 
visible are present. 

In-use stability 

12 Weeks 

\Vhilc. milky suspcnsions, Iargcr 
paniclcs ~han inir ially visiblc arc 
prcscnr. 

OlTwhilc suspcnsions. largcr 
particlcs than initially visiblc arc 
prcscnt. 

Off while suspcnsion, Inrscr 
paniclcs than ini~ially tisiblc arc 
prcscni. 

Storage temperatures I I5  Days 1 30 Days 

UnconrroIlcd room Lcmlxrarure Snow whitc. hon~ogcncous 
hick suspcnsion. 

Milky while suspcnsion, largx 
particlcs than iniliall:, visiblc 
arc prcscnt. 

-- - - 

Snow whiic. l~omogcncous hick 
suspcnsion. 

Milky white suspcnsion. largcr 
paniclcs than irritially visibk arc 
prcscnL 

Off whirc suspension. larger 
particlcs than inilially i~isiblc 
arc prmnl. 

Off whitc suspcnsion, largcr 
particlcs rhan initially visiblc 
arc prcscnt. 

Off nll i~c suspnsion, larscr 
pniclcs than initiall!' visiblc arc 
prcscnt. 

Crcamy whilc suspension, Irrrscr 
particles than initiall!. visiblc arc 
prcscnl. 
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9.1.2 DISCUSSION 

Somc changcs in Ihc physical appcarancc of thc suspension wcrc apparent. Thc 

flavoiu stayed identical Ihuoughout the wholc test p a i d ,  but Ihc colour changed from 

whitc to off-white after I2 \vccks storage nt  3O0Ci-55%RH and 4O0C+75%RH. 

Alter I 2  weeks largcr piuticlcs than ~hosc  initially obsened, w r e  present at all 

storagc tcmpcralures. including Lhc in-lac samples at I5 and 30 d a y  

9.2.1 RESULTS 

The pH rcsults nltcr accclcmted and in-usc stability tcsting Tor the rcconstitutcd 

suspension arc giwn in table 9.2. 

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

Initial 

4.75 

Storage conditions 6 Weeks IZWeekJ 

In-use stability testing 

Storage tonditio~is 

l nitisl Unconwollcd room 
lempernt wc 

12 Weeks 

IS Days 

4.75 
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9.2.2 DISCUSSION 

Thc rcconstilu~ed suspcrision showed l i l k  changc i n  pH over l l x  accclcratcd 

stability and in-use tcsl pcriods. 

9.3 RELATIVE DENSITY 

9.3.1 RESULTS 

Thc rclnti\.c densil? rcst~lls aficr accclcratcd and in-nsc stability tcsting for thc 

recons~itulcd susycnsion are given in ~ablc 9.3. 

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

I Relative density (g/ml) I 
Initial Storage conditions 6 Weeks 

I .  IGO 2 S0C+frO%RH 1.161 

1 2 Weeks 
- - - 

1.150 

9.3.2 DISCUSSION 

TIlc rcl at ivc dcnsi~!. of the reconstituted A KV suspension rcmaincd salisl'acton. 

during lhe accelerated slabilit!: and in-usc slability lcst periods. No signilicanl clmge in 

dcnsir!, was obscrvcd. 

ln-use stability testing 

Initial 

I2 Weeks 

Storage conditions 

Uncon~ollcd room 
tenlpcralurc 

2S0C+60%RH 

30"C+65%RH 

15 Days 

1 161 

I 1% 

1.  IS4 
- - 

1.158 1 41YC+75%RH 

30 Days 

I 160 

1. ! 5 5  

1.152 

1 156 
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9.4 VISCOSITY 

9.4.1 RESULTS 

Thc viscosity rcsults after nccclcratcd and in-usc stability Icsting fbr tl~c 

rcconstitutcd suspension arc givcn in tablc 9.4. 

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

stabili~y and in-use testing. 

Viscosity (cp) 

Initial Storage conditions 6 Weeks f 2 Weeks 

50.7 2SC+bO%RW 50.7 47.5 

In-use stability testing 

Storage conditions 15 Days 

Initial Uncontrol led room 52.8 
tcrnperaturc 

- 

12 Weeks 25T+GOO/URH 46.!) 

30 Days 

52.8 

$6.3 

9.4.2 DlSCUSSlON 

No siyiificant chatigc in h e  viscosity rcsults obtaincd was obscntd aficr 

accclcra~ed and in-usc stabilil!. LCSIIIIS. 
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9.5 MOISTURE CONTENT 

9.5.1 RESULTS 

The moisture conlcnt results aflcr accelerated stabilily testing for the pon,dcr for 

suspension are givcn in tablc 9.5. 

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

Moisture content (%I) 

Initial I Storage conditions ( 6 Weeks I I2 Weeks 

9.5.2 DISCUSSION 

Thc moislurc: content of [hc A R V  powder for suspcnsioli remaincd s~able ovcr llic 

accelerated stnbilily tcsl priod or  I2 weeks. 

9.6 RESUSPENDABILITY AiiD SEDIMENTATION RATE 

9.6.1 RESULTS 

All samples tested cornplicd with [he sct shndards. namel! 1101 morc than 5 cm 

scdimcnt should bc prcscnr after 24 I~ours., and thc scdimenl for~ncd sliodd bc casil!. 

rcsuspended, 
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9.7 API RELEASE (DISSOLUTION) 

9.7.1 RESULTS 

Thc dissolulion results for the reconst i t  uted ARV powder for suspension arc 

prcscnted in figures 9.1-9.3. 

Lamivudine dissolution: 420 ml 

I 
I 

0 10 20 30 40 50 

Time (minutes) 
-- . - - -- --- -- -- 

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

weeks accelerated stnbility testing. 

-- . - - --.- 

Zidovudine dissolution: 420 ml 

Time (minutes) 

Fimre 9.2: Dissolutior~ results of zidovrrrline in 420 1111 formulation obtained after 12 

weeks accelerated stability testing. 
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.- . -. -- - . -- -- -- 

Nevirapine dissolution: 420 ml 

0 0  I 

0 10 20 30 40 50 

I Time (minutes) 
. .- - - - --.- - - .  

Figure 9.3: Dissolution results of rlevirapinc in 420 n ~ l  forrnulatior~ obtained after 12 

weeks accelerated stability testing. 

9.7.2 DISCUSSION 

Thc dissolution rcsul~s oblained niicr 12 weeks accclcrated s~abil ip tcsting showed 

lhat Inrui\mdinc. zido\~rdine arid nc\.irapinc ucrc immediatcl!. dissolwd with n firm1 

dissolu~ion concentratiori ol' 103%. 101% and 101% rcspccti\.eI!. alicr 10 ~ninutcs. 
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9.8 API ABD PRESERVATIVE COSCENTRATION ASSAY 

9.8.1 RESULTS: LAiCI1VUI)INE 

The assay results for Inmiwdine during the accclcrated stability arid ill-use 

stability study lcslirig arc givcri in table 9.6. 

Table 9.6: Lan~ivudine assay resulls after 12 weeks accelerated stability study and 30 
days in-use stability study. 

Initial I Storage conditions 1 6 Wnks 

In-nse stability rcsring 

Initial 

I2 Weeks 

15 Days 30 Days 



CHAPTER 9 RESULTS AND DISCljSSION: PAEDlATRlC PATIENTS: 10-15 Kc 

9.8.2 RESULTS: ZIDOVUDINE 

Thc assay rcsul~s for zidovudirie during h c  accclcrntcd stability and in-use stability 

s~udy testing arc givcn in tnblc 9.7. 

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

days in-use stability study. 

Zidovudine (%) 

Initial 

Initial 

100.9 

I2 Weeks 

In-use stnbility testing I 

Storage conditions 

2YC+GO%RH 

30"C+65%R H 
---- 

40"C+7S%RH 

Storage conditions I 15 Days 1 30 Days I 
Unconuollcd room 101.5 102.2 
tempcrnlurc 

2S"C+GO'!/oRH 98.7 97.9 
-- - . - . - - - -,-. - - 

3WC+6S%RH 92.3 91.7 

6 Wec ks 

105. I 

98. I 
. - - 

108.8 

I2 Wccks 

100.8 

92.7 
-- 

95.2 
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9.8.3 RESULTS: NEVIRAPINE 

The asso! results for ncvirapinc dilring the accclcratcd stabilily and in-use slabilie. 

slndy lcsling are given in table 9.8. 

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

in-use stability study. 

Nevirapine (%) I 
-- 

Initial ( Storage conditions 

Initial 

- - 

6 Weeks I 

9.8.2 DICUSSION 

Assip. rcsults obta~ned lbr lanuvudine. xidovudinc and nevirapinc during 

;~ccclcra~cd and in-use stability w r c  all within ~ h c  spccificaiion or 90-1 10%. nit11 onc 

cscept ion. nc\.irapinc concclltration as cstrcmcl~~ high during initial ICSI ing. Laborntan 

crror codd bc responsible for tlic rcsull of I 1 I .J% obhincd. 

Jrr-use stability testing 

Storage conditions 
- 

Uncon~rollcd room 
tclnperalure 

25"C-WY?hRH 
.- -- -- - 

3U"C+Glr%RH 

15 Days 

103.4 

95.0 
- 

96.2 

30 Days 

101.5 

- 

93.2 

96.3 



CHAPTER O RESULTS AND DISCUSSION PAEDJATRIC PATIENTS. 10- 15 KG 

9.8.4 RESULTS: SODIlJhl METHYL HY DROXY BENZOATE 

Ttie assay resulls Ibr sodium methyl Iydrosybcnzoa~c arc givcn 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 

1 2 Weeks 

In-use stability testing - -- 
30 Days 

0.151 I 

. --- - - -- 
Storage condilions 

U n w n ~ o l  tcd room 
lempcrat~~rc 

- - - - 

15 Dnys 

0 I49 
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9.8.5 KESULTS: SODlUlM PROPYL HYDROXYBENZOATE 

Thc ma!: rcsdts for sodium prop!,l hydrosybcnzoatc are given in table 9.10. 

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

stability testing and 30 days in-use stability testing. 

Sodium propyl hydroxybenzoate (% ndv) -- - - --- - 

Initial Storage conditions 6 Weeks 12 Weeks 

12 Weeks 

In-use stability testing 

9.8.6 DJSCUSSION 

Thcorclicol concenrralions for sodium mcth!-l 1iydrow.benzonlc and sdiuni prop?.l 

h~.dros!~bcn/.ontc are 0. IS% 11dv and 0.02% m/v rcspcclivcl!,. All results obtaincd for 

sodium rnclli!-l h!.dros!bmzoak during h e  nccclerated stabilih Lrial and in-usc stnbilily 

rcmnincd \wll wilhin Ihc h i 1  of 90 - 110% (0.135 - 0.165% mh). 

Somc of the rcsrdrs obtaincd for sodium prop!.l h!,drosybenzoalc were a b e  thc 

limit of 1 10%. DIIC lo Lhc very srllall peaks rcprcsenling sodium prop!.l h!dros~~bcnroak in  

thc HPLC chromatopm. dic above spccificn~ion rcw~lts could bc due to huh? intcgriltion 

pmnicrcrs. 

Initial 

- -- -- - 

Storage conditions 

Uncon~ollcd room 
Icmpcrature 

15 Days 

0.023 

.-- - 

30 Days 

0.02 1 
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9.9 PRESERVATIVE EFFICACY 

9.9.1 RESULTS 

Thc PET rcsults for i l~c  i n i h l .  6 \vccks. 12 w c k s  and 12 30 days laboralot-y 

b a t c h  cnn be sccn in tablcs 9.1 1-9.20. 

Table 9.1 I: Preservative Efficacy Test results of initial ARV reconstituted suspension. 

Test Organism Initial 

Inoculun~ 

- 

Log Unit Reduciion 

Day 7 Day 14 Day 28 

1.6s I@ 

2 . 0 ~  lo' 

Specified liniits 

for category 3 

products 

>2.0 log rcduclion n l  

I4 clays and no 

incrcasc at 28 da!s. 

No increase Iiom 

initial inoculum 

Table 9.12: Preservative Efficacy Test results of G weeks 25"C+60'XRH ARV 

reconstituted suspension. 

Test Organisn~ Initial 

Inoculum 

Log Unit Reduclion 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

products 

32.0 log reduction at 

14 dais and no 

incrcasc nt 28 da:s. 

> 3.0 > 3.0 - 3.0 
3.0 > 3.0 > 3.0 

No incrcase from 

initial inoculum 
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Table 9.13: Presentative Efficacy Test results of 6 weeks 30"C+65%RH ARV 

recoristituted suspension. 

Test Organism Initial 

lnoculum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified h i t s  

for category 3 

products 

b2.0 log reduction at 

14 days ;md no 

incrcase at 28 days. 

Table 9.13: Preservative Efficacy Test results of 6 weeks 40"C+75%RH ARV 

Test Organism 

E colt 

I? flcm,~lflo.~i-l 

.5: ourera 

A. nigw 

C'. nlhicc~ns 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

>2.0 log rcduclion at 

14 da!.s and no 

increasc a! 28 days. 

N o  increase tiom 

inilid inoculuin 
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Table 9.15: Preservative Efficacy Test results of 12 weeks 25"C+6O0hRH ARV 

reconst i t  uted suspension. 

Test Organism Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified liniits 

for categor;). 3 

products 
----- - 

b2.U log reduction at 

14 d a ~ s  and no 

incrcilse at 28 da>*s. 

No increasc from 

initial inoculum 

Table 9.16: Preservative Efficacy Test results of 12 weeks 3OC+65%RH ARV 

reconstitn ted suspension. 

Test Organism Initial 

Inoculuni 

Log Unit Reduction 

Day 7 Drry 14 Day 28 

Specified limits 

for category 3 

products 

3.0 3.0 > 3.0 

, 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 .- 3.0 
- 

3.0 > 3.0 > 3.0 

> 3.0 3.0 > 3.0 

,2.0 log reductioti al  

I4 dn!s and no 

incrcnsc or 28 days. 

No incrcasc from 

initial inoculum 
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Table 9-17: Preservative Efficacy Test results of 12 weeks 40°C+75%KH ARV 

reconstituted suspension. 

Test Organism 

- 

L. coli 

Initial 

Inoculum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specitied limits 

for category 3 

products 
.- 

>2.0 log reduction at 

14 d a y  and no. 

incrcax at 28 days. 

No increase from 

initial inocultini 

Table 9.18: Preservative Efficacy Test results of 12 weeks 25"C+6O0/~RH ARV 

reconstituted suspension. 

Test Organism Initial 

Inoculurn 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Sperified h i t s  

for category 3 

products 

~2.0 log rcduc~ioit nl 

14 days and MI 

increase at 28 days. 
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Table 9.19: Presetvative Efficacy Test results of 12 weeks 30"C+65%RH AH\; 

reconstituted suspension. 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Test 0 rgan ism Specified limits 

Tor category 3 

products 

>2-U log reduction nt 

14 dar.5 and m 

incrense si 28 days. 

Initial 

Inoculum 

No incressc Gom 

initial inoculum 

Table 9.20: Preservalive Efficacy Test results of 12 weeks 4O"C+75%RH ARV 

reconstituted suspension. 

9.9.2 DISCUSSION 

Test Orgttnism Log Unit Reduction Initid 

Inoculum Dsy 7 Day 14 Day 28 

Specified limits 

for category 3 

producls 

b2.0 log duct ion nt 

incrcasc at 2R days. 

All Inbornton. sn~nplcs cornplicd with the rcquircmcnts Tor c;ltcgorl\. 3 products ns 

dcscrikd in USP 28. ThcrcTorc ir can Ix concluded h i  thc prcscr\~ativcs chosen l'or the 
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formrrla~iot~ ucrc effccli\.c in prolcc~ing thc suspension from nlicrobial con~anination. 

e\.cn after simulating paticn~ usage for a pcriod of 30 dn!.s. 

9.10 CONCLUSION 

This chap~cr s~~lmnoriscd results for \.arious test samplcs or [.he 420 1111 ARV 

powdcr for stispcnsion. wliich undenvcnt cs~cnsivc tcsting during a pcriod of ~welvc ~ c c l i s  

and in-usc tcsling for thirty da~,s.  Thc test snniplcs rcprescntcd lamivudinc. i?ido\udine and 

nevirnpinc at concentra~ions of 30 my '  7 ml, 100 rng 7 ~ n l  and 100 mcj 7 ~ n l .  rcspccti\d!.. 

Thc ARV powdcr for suspension was storcd at thee sloragc conditions. nnrncl!, 

WC+GO%RH. 30"C+65%RH and 4(FC+75%RH. The in-usc slabilih. tesls wcrc performed 

a1 uncontrollcd room tc~nperahlrc. 

Visual nssessmcnt ~csts iricludcd asscssrncnl of llic colour, tla\.our and physical 

appearance of lhc tcsl samplcs. No cfinngcs in na~our  occurred during Ille stability pcriod. 

Colou~r cliangcd liom snow 11 hite to \\.aten. !~cllow. espcciall!~ lhe test samplcs slorcd at 

40''C+75%,RH, \vhich suggests tcmpcmlures as high as 40°C to be too high for the ph!.sical 

stabi lit! of lhc suspension. 

Tlic rcsulls obtaincd for pH. relativc dcnsi~!;. viscosi~v and moisture content did not 

changc signilicanll!. lhroughout tlic slabilily ~esljng pcriod. All samples complicd nilli lhc 

scl specifications for scdi~iic~ilation rnle and rcsuspcndabilih. 

Dissohrlion rcs111ls indicalcd l h a ~  larni\.rdinc.  ido ow dine md ncvirapinc w r c  

iinmcdiately dissol\~cd after 10 niinutcs. 

HPLC dcterminalioti of assn! co~~ccntm~ions for lmmi\~udinc. zidovudinc and 

nwirapinc shotved t ha1 all results obtained w r c  \\ i h  the h i t  of 90- 1 lo'%. csccpl for 

thc ini~ial \.aluc obtained for nc\~irapinc. The rcsuh of 1 1  1.4% could bc due lo espcrin~c~ilal 

error. 

Rcsults obroincd I'or sodium rnclh?-l h\drosybcnzontc rcniauicd stoblc and \\ illin 

lhc limit of' 90- 1 10%. Aboix spcci fication rcsdts w r e  obtained hr sod im prop!.! 

h!.drosyben~oalc in somc samplcs. PET tcsting conlirrned emcncy of dic prcscn.alivc 

s!'stcm used. 

Fwlhcr s~nbilily testing including a longcr s~nbili~! period will bc rcquircd to Inorc 

acciiratcI!. rcflcc~ thc stobilit!; potcnliol of this t'om~ulatio~~. 



CHAPTER 9 -- RESULTS AND DISCL&JION: PA-E_D1:4?RIC PATIENTS. 10-15 KG 

From thcsc lindings i t  can be cor~cluded that IIK 420 rnl ARV powder for 

suspcnsio~l has potcnlid ;IS a pacdialric ARV treatment for pnticnts \ v i h  a body weight of 

10-15 kg. 
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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- 

Thc po~vdcr for sos~ns io r i  that, I T  rcconstilutcd. has a volume of 600 ml and 

prov~dcs ARV trcatrncrit for paediatr~c yaticnts 11 ih a bod!. rnass of  15-20 kg for I month. 

\\as subjccled to acccIcm~cd slabili~y testing for a pcriod of t n c l ~ c  w c c h  (rcfcr to chapter 

6 for the drsc~rssiori of LIIC stobilit!. program). 

Thc rcsults of each test nil1 bc discussed and graphic prcsenlations of thcsc rcsr~lts 

can bc sccn in aruiesurc A-F. 

10.1 VISUAL ASSESSMENT 

10.1.1 RESULTS 

Visual assessment was pcri'orrncd o!l rcconstitutd susycnsions. Initial laboralon. 

samylcs ncre stored at ~~ricon~rollcd room tc~iiperature. Rcs~l t s  for thc visual assesslncnl 

arc giwn in Table 10. I .  
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Table 10.1: V i s ~ ~ a l  assessnient resdts of the 600 ml reconstituted ARV suspension, during stability and in-use testing. 

I Vist~al assessment 

1 Initial I Storage temperatures 1 6 Weeks 

OK whitc suspmsion. larger 
paniclcs than initially 1-isible 
arc prcscnt. 

12 Wceks 
- - - 

Snow whitc, homogcnmus 
thick whitc suspcns~on. 

--- 

- - - 

Initial 

12 Weeks 

[ 30 Days 
- - -. - - - - - - - 

Snow whitc. homoywous thick 
suspcnsiori. 

Off w h m  s~qwision.  largcr 
paniclcs than  nitr rally \ is~blc arc 
prcscnt. 

OTf wliitc suspcnsion. largcr 
paniclcs than initially visiblc arc 
ptcscnt. 

In-use stability - - 1  

Snow whte,  uniform 
suspension. 

Whire uniform suspension. 

White suspension, larger 
particles than initially 
visible are present. 
- -- . - - 

3S0C+6O%RH 

30°C+65%RH 

4O0C+7S%RH 

- - - -  

W a t p  !ullow suspcnsion. 
larscr particlcs than initiall!. 
visiblc arc prcscnl. 

LW~ilr: suspension. larscr paniclcs 
~ttm inihlly visiblc arc prcscnt. 

CVhirc suspension. lor~cr  p'miclcs 
~han ini~lall:. visiblc arc prcscnt. 

Off whitc suspension. largcr 
particles than initially visiblc a ~ c  
prcscnt. 

- - - - - - 

Storage temperatures 
- - - - - - - 

Unconmllcd room tcmpcraturc 

2S°C+GPARH 

W a l c ~  yl low ssupcnsion, largcr 
paniclcs than initiall>. \.isiblc arc 
prcscnl. I 

15 Days 
- -- - 

Snow whitc, homo~cncous 
hick suspcnsion. 

Whitc suspension, Iargcr 
par~iclcs ~ h a n  initially \.isiblc 
arc prcscnt. 
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Dtiring  he accclcrated slability and in-usc slability program. thc laboraton. 

samplcs sho~ved sigiificanl charigc in colour and physics1 appcarancc. The \,isad test 

results rcvcslcd change i n  dlc colour from s~loiv?~ white lo watery yello\v as the stabilii!: 

lest pcriod progcssed. The flavour of the suspension rcmairicd stablc dlroughout the 

i~ccclcrated stability and in-use stabilit~ tcst period. 

Largcr dispersed psrlicles than those initially obscrved \vcrc present a! 

40°C+7_i%RH aller 6 \vccl;s and 12 wceks accelcraled stability. as well as after 12 weeks 

at 30°C+65%RH and in-use tcstirig ilfier 12 \vceks. 

10.2 p H  

10.2.1 RESULTS 

Thc pH rcsuf ts allcr ncccleratcd and in-use stability testing for thc rcconstitu~cd 

s u s p s i o n  arc givcn in tablc 10.2. 

Table 10.2: pH results of the recons~i~uted  ARV suspension after accelerated stability 
and in-use stability study. 

I Storage conditions 1 15 Days 1 30 Days 

pH 

Initial 

4.76 

In w e  stability testing 

Storage conditions 

2PC+60tYoRH 
-- -- 

30"C+G5%RH 

4CFC+750/DRH 

6 Weeks 

4.71 
- - 
3.60 

4.73 

12 Weeks 

4 14 
- 

4.57 

4.71 
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10.2.2 DISCUSSION 

The rcconstilutcd suspcnsion showcd li11lc changc in pH ovcr thc accelcratd 

slabilih and in-usc lcst periods. 

10.3 RELATIVE DENSITY 

10.3.1 RESULTS 

The relativc density results after accelcratd ;md in-use stabilily tcsiing for thc 

rcconslitukd suspcnsion are g i \ m  in rablc 10.3. 

Tahle 10.3: Relative density results (dm[) of the reconstituted ARV suspension after 
accelerated stability and in-use studies. 

10.3.2 DlSCUSSION 

The rclnlivc densit? of the rcconstitu~ed suspension rcmaincd slable 01 cr thc 

nccclcrrlrcd stability and in-use tcst pcrids.  



CHAPTER 10 RESULTS AND DISCUS.5ION : PAEDIATRTC PATIENTS* 1 5-2QKG 

10.4 VISCOSITY 

10.4.1 RESULTS 

The viscosily resdts after ncceleraled and in-use stabilit!, ~cstjng for the 

reconstiluted suspension arc given in tablc 10.4. 

'Table 10.4: Viscosity (cp) results of the reconstituted ARV suspension during accelerated 

stability and in-use tesling. 

Viscosity (cp) 

Initial 6 Weeks I2 Weeks 

52.3 51.2 

In-use stnbility testing 

Initial U~lcontrol lcd roorn 
lempernture 

12 Weeks 

I5 Days 30 Days 

52.4 

10.42 DISCUSSION 

During thc accelerated strtbilily and h e  in-use stabilil! tcst periods rhe viscosity of' 

rhe reconstitulcd ARV s~lspcnsion rcmnined relatively slablc. 
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10.5 MOISTURE CONTENT 

10.5.1 RESULTS 

The rnoisturc conlcnt rca~lts after accelcritted stability testing for the powdcr for 

suspension arc given in table 10.5. 

Table 10.5: Moisture content of the ARV powder for suspension during the accelerated 
stability test period. 

I 

Initial 

Moisture content (%) 

Storage conditions 6 Weeks 12 Weeks 
1 

25'T+I@!,R H t ,029 1,030 

30"C+GS%RH 1.030 1.033 

10.5.2 DISCIISSION 

The nioislure conlent of ~ h c  4 R V  powder for sllspcnsion remained stnb1c o w  thc 

xcclcrawd stability pcriod. No significmil chnngc in results was observed. 

10.6 RESUSPENDABILITY AND SEDIMENTATION RATE 

10.6.1 RESULTS 

All samplcs lcstcd cotmplicd with the sct standards. namely no1 morc than 5 cm 

scdimcnl should bc presenl nncr 24 hours. and the scdimcnl fornicd should bc casily 

rcs~~spcndcd. 
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10.7 API RELEASE (DISSOLUTION) 

10.7.1 RESULTS 

Thc dissoliflion rcsdts for thc reconstilutcd ARV po\vdcr for suspension are 

prcscntcd in ligurcs 10.1- 10.3. 

- - - - - -- - - - .- - -- - -- - -  
I 

I 

Lamivudine dissolution:600 ml 

I I - I, - 
---- - ---- 1 -c 25'C+60%RHa 

-- 
I -c- 3OeC+65%RH 

- -  -- - 
, . 

' I  
1 -A- 4OVC+75%RH I 

I 0 10 26 30 40 50 

Time (minutes) 
- -- - --- -.--- --~ 

Fipure 10.1: Dissolution results of Iamivudine in 600 nil formulation obtained after 12 

weeks accelerated stability testing. 

-.- -.-- - - 

Zidovudine dissolution: 600 ml 

20 

Time 

30 40 

(minutes) 
-- - - "" --- -- -- - - -- 

Fiwre  10.2: Dissolutio~~ resul~s of zidovadine in 600 rnl formulation obtained after I2 

weeks accelerated stability testing. 
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Nevirapine dissolution: 600 ml 

0 10 20 30 40 50 
I 

Time (minutes) 
----- - - - - - - - - - -.---~- .- - 

Figure 10.3: Dissolution results of r~evirapine i n  600 rnl fornidatior~ obtained after 12 

weeks accelerated stability testing. 

10.7.2 DISCUSSION 

Thc d issoh~t io~~ rcsults obtained nftcr 12 weeks accclcratcd stabilit!. resling showed 

 hat I amid inc .  zidowdinc and nwirapinc ncrc irn~ncdiatcl!. dissolved with a dissolu~ion 

of 102%. 102% and 101% rcspcc~ively after 10 minutcs. 
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10.8 API A N D  PRESERVATIVE CONCENTFL4TION ASSAY 

10.8.1 RESULTS: LAMIVUDINE 

Thc assay r e s ~ ~ h s  for I;lmi\-udine during Lhc accclcrnlcd stability and in-tisc 

stability study tcsring are givcn in  table 10.6 

Table 10.6: Lamivudine assay results after 12 weeks accelerated stability study and 3 0  
days in-use stability study. 

Lamivudine (%) 

Storsge conditions 6 Weeks 1 12 Weeks 

In-use stabili~y testing 

I Storage conditions ] IS Days I 30 Days 

Initial 

12 Weeks 
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10.8.2 RESULTS: ZIDOWDINE 

Thc nssny results for zidovttdinc d u n n ~  thc nccclcmted slobilih and in-use stabilit?: 

study lcs t in~  arc givcn in tablc 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 1 6 Weeks 

I In-use stability testing 

12 Weeks 

I 1 Storage conditions 1 15 Days / 30 Days 

12 Weeks 



CHAPTER IC) RESULTS AND DISCWSSIO~PA ED1 AmlC PATIENTS. 15-20 KG 

10.8.3 RESULTS: NEVIRAPINE 

Thc assn!: rcsulls for nc\,iroyinc during thc acccIcraled stabilil! and in-usc stabilih 

sludy lcsting ,m sivcn in tablc 10.8. 

Table 10.8: Nevirapine nssny results after 12 weeks accelerated stability study and 30 

days in-use stability study, 

Initial 

Nevirapine I%) 

Storage conditions 1 6 weeks 

- 

In-use stability lesting 

( Storage conditions 15 Days 

10.8.4 DISCUSSION 

Lnmivudine. xidowdinc and nevirapinc assay rcsul ts obtaiucd during nccclcrnicd 

stabilii!. tcslin~ and in-usc ~csling w r c  all wi~hin 11ic spcciftca~ion of 00-1 10% 
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10.8.5 RESlJLTS: SODIUM METHYL HYDROXY BENZOATE 

The assay results lor s d i m  mclllj l hydros~ben~oate are gken in lablc 10.9. 

Table 10.9: Sodium methyl hydronybenzoate assay results after 12 weeks accelerated 

stability testing and 30 days in-use stability testing. 



CHAPTER-I0 RESULTS AND DTSCUSSION: PAEDJbTRJC PATIENTS: 13-20 KG 

10.8.6 RESULTS: SODIUM PROPY L HYDROXYBENZOATE 

Thc ass*. results for sodim propyl hydrosykrizoalc are given in tablc 10.10. 

Tahle 10.10: Sodium propyl hydroxybenzoate assay results after I2 weeks accelerated 

stability testing and 30 days in-use stability testing. 

T h ~ ~ r c t i c i ~ l  concentrations for sod im met h!.l h!.drosybcnsoatc and sodium propyl 

I i ~ ~ ~ o s ~ ~ b c n z o a ~ e  arc 0, I 5% rn/v and 0.02% 111h rcspectivel!;, All rcsults obtnincd for 

sodium ~nclhyl tiydrosybenmnt during h c  nccelcrafcd slobilih. [rial and in-usc skrbili~y 

rc~naincd well within tlic limit of 90 - I 10% (0.135 - 0. I6Y% nliv). 

Sodium propyl hydroxybenzoste (% rnh) 

Some of Ihc rcsults obtaincd for sodium prop.1 h~~dros~~bcnzoats ncrc nbo1.e the 

limit of  1 10%. Due to ihc vc~~srna l l  peaks reprcscnting sodium prop4 ~dros! .k~rzoatc  i n  

11ic HPLC chromalogram. the above spcciiicntion results could bc due to f a u l ~ ~ '  itltcgraiio~l 

paramctcrs. 

- -- 

Initial 

0.02 4 

. - 

Storage conditions 

2joC+60%RH 

30"C+(,S%RH 
- 

4ITC+75%RH 

-- 

6 Weeks 

0.027 

0.027 

0.026 

12 Weeks 

0.019 

0.020 

0.023 

In-use stability testing 
- -  

30 Days 

0.02 1 

0.02 1 

0.0 I9 

- . - ---- 

Initisl 

l2Wwks 

40"C+75%RH 0.023 0 024 

-- - 

Storage conditions 
- 

Urrcorrirol led rmni 
lcmperature 

2.5"C+6PhR H 

3(T%+GZ%RH 

- - 

15 Days 

0.023 

0.024 

0.018 
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10.9 PRESERVATIVE EFFICACY 

1 0.9.1 RESULTS 

Thc PET results for tl~c inilinl, 6 wecks, 12 wccks wd 12 wccks 30 days laboratory 

batches con be seen in tnblcs 10. I 1 - 1  0.20. 

Table 10.11: Preservative Efficacy Test results of initial ARV reconstituted suspension. 

Test Organism Initial 

Inoculurn 

Log Unit Reduction 

Day 7 Day 14 Day 58 

Sp4cified limils 

tor categ01y 3 

products 

>2.0 log reduction a[ 

I4 days and no 

incrcase at 28 da!s. 

No i ticrease lion1 

initial iiiaulum 

Table 10.12: Prese~-vative Efficacy Test results of 6 weeks 25"C+GO%RtI ARV 

reconstituted suspension. 

Test Organism Init ial  

Inoculum 

Log Unit Reduction 

Day7 Day 14 Day 28 

Specified limit-s 

for category 3 

products 

>2.0 log rcd~~c~ion a1 

I4 days and no 

il~crcasc o~ 28 dips. 

3.0 3 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

Nu increase Frorn 

initial inoculum 
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Table 10.13: Preservative Efficacy Test results of 6 weeks 3O0C+65%RH ARV 

I-ecorrstituted suspension. 

Test Orgarrisrn 1 Initial I Log Unit Reduction I Specified limits 

I I I products 

1 2.0 s 10'. > 3.0 > 3.0 I >2.0 log reduction nt 

Table 10.14: Preservative Efficacy Test results of 6 weeks 4O0C+7S%RH ARV 

A. niger 

reconstituted suspension. 

1.6 s lo3 

Log Unit Reduction 

Day7 Day14 Day 2.8 

Test Organis111 Specified limits 

for category 3 

products 

>2.0 lo3 rcduclion nt 

1 4 days and no 

increase at 28 dn\s 

No ir~crcasc fiorii 

initial inoculuni 

> 3.0 > 3.0 > 3.0 

Initial 

Inocutum 

No i~icrcasc Go~n 
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Table 10.15: Preservative Efficacy Test results of 12 weeks 25"C+GO%RH ARV 

reconstitu ted suspension. 

Test Organism 1 Initial 

lnoculum 

Log Unit Reduction 

Day7 Day14 Day 2 

=. 3.0 > 3.0 > 3.0 rncrcnsc at 28 d a ~ s .  I ' 

Specified limits 

for category 3 

p r d u c l s  

> 3.0 == 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

Tabte 10.16: Preservative Efficacy Test results of 12 weeks 30"C+65%HH ARV 

>2.0 log reduction nt 

14 days and no 

reconstituted snspension. 

Initial 

lnoculum 

A. nigcr 

C". tdhic-rrns 

Dny 7 Day I4 Day 28 ( lor 

Log Unit Reduction 

1 products 

Specified lintits 

> 3.0 >. 3.0 > 3.0 

> 3.0 3 3.0 3.0 

> 3.0 > 3.0 > 3.0 

1-21) log rcduclion at 

14 da? s and no 

incrcnsc nt 28 da!s. 

3.0 > 3.0 > 3.0 

3.0 > 3.0 > 3.0 

No incrcax from 

inirial inoculuni 
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Table 10.17: Preservative Efficacy 'Test results of 12 weeks 40°C+7S%RH ARV 

reconstituted suspension. 

Log Unit Reduction Test 0 rganisrn Initial 

Inoculum Day7 Day14 Day 28 

Ii. cali 

P, nunrgmosa 

S mrretrs 

Specified h i t s  

for category 3 

products 

2 . 0 ~  10' 

2.5 x 10' 

2.1 s Id 

>2.0 log reduction at 

1 5 days nnd no 

increase ~t 28 days. 

No incnnsc Gonl I 

Table 10.18: Preservative Efficacy Test results of 12 weeks 2S"C+GO%RH ARV 

reconstituted suspension. 

Test Organism Initial I Log Unit Reduction 

Inoculum I Day 7 Day I4 Day 28 

Specified limits 

for catego y 3 

products 

)2.0 log rcdtdon nt 

14 dp-s nnd no 

incrcm at 28 days. 

No iricrcasc Iiotn 

inilia! inwulum 
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Tahle 10.19: Preservative Efficacy Test results of 12 weeks 3WC+65%RH ARV 

reconstituted suspension. 

Test Organism 

A, niger 

r. nlbicnns 

lnocuturn 

Log Unit Reduction 

Day 7 Day I4 Day 28 

Specified linlils 

for category 3 

products 

~ 2 . 0  log rcdt~clion a1 

I4 days and no 

increase a1 28 davs. 

No increase Trom 

initial i~ioculwn 

Table 10.20: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV 

reconstituted suspension. 

Test Organism Initial 

Inoculun~ 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified l i ~n i t s  

for cntcgory 3 

producrs 

--2.0 log rcdncrion at 

14 days and no 

- 

1.6 s 10' I > 3.0 3 3.0 .- 3.0 I No irrrcnsc from 

,411 Inbraton snmplcs cornplicd \viih the rcquircnlcnts ror category 3 products as 

dcscribcd in USP 28. TliercTore it  can be concluded Lhal lhc prcsenarives choscn for thc 

~orniuln~ion \vcrc cffcclive in  protecting ~ h c  sr~spc~ision from microbial cantnrni~~ntion. 

cvcn nrtcr si~nulaling patient usogc for a pcriod of 30 days. 
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10.10 CONCLUSION 

This clioptcr silrnmarised results for various tcst saniplcs of ~ h c  GOO ml ARV 

powder for suspension, which underwent cstcnsive physical and chemical tcsting during a 

pcriod of h \ f e l ~ ~  nccks and in-use testing for Lhirty days. Thc lcst sarnplcs represented 

lamivudine, zidovudine and nevirayinc at conccn~ro~ions of 75 mgf 10 ml: 150 mgf I0 ml 

nrid I00 mg/ 10 ml. rcspcctivcly. 

Thc AKV yowdcr for sospc~lsion was storcd ttucc storage condi~ions. namely 

2jUC+6WYoRH. 30"C+65%RH and 40"C+75%RH. Thc in-use tcsts wcrc performed at 

unconuollcd room temperitt tire. 

Visual asscssrnent lests includd asscssmcnk of the colour. !lavoor and ph?,sicnl 

appcnrancc of the kst samples. No changes in tlavour occnrrcd during Lhc stabilit?. period. 

Colour cliitnged from snow white to off-~vhitc and watery, especially the tcst samplcs 

stored at JOfiC+7>%RH. which suggests tcmpcraturcs ns high as 40°C to be too high for the 

physical s~ability ol'lhc suspcnsion. 

Tile results oblaincd for pH, rclatiw dcnsit:.. \,iscosily and moisturc conlcnt did not 

changc significnntl~ tluougliout the stnbil it\- Icst ing pcriod. All samplcs complied with thc 

sct spccitications for scdinicntation ralc (uld resuspendabilily. 

Dissolutiorl rcsolts indicaled hat Imi\.udinc. /.idowdine and nciirapinc ncrc 

i~nrncdinlcl?, dissolved aRer I0 minutes. 

HPLC dclcr~n~nalion of a s sq  conccnlrations for lamivudinc. /.idovudirlc m i  

~ievirapine showcd that all rcwlts obhi~lcd ncrc 11 itllin the limit of 90- 1 10%~ 

Results obtained for sodium mchyl li!dros!-bcnzuatc rcniained stablc and iiithin 

thc limit of 90- I 10%. Abovc specifica~ion rcsdts wcrc obtaincd for sodium yroy>.l 

I~!.drosybenxoate in some samplcs. PET Icsling confirnled eficacy of thc prcscnaliw 

syslcm used. 

Furlhcr stability testing including a longcr stability ycriod nil1 bc requircd to morc 

accuratcl? rcflcct tlie stabilily potential of this fornl~~l i l~i~n.  

From lllcsc findings i t  car1 be concluded tha~ Lhc 600 nll ARV pon-dcr for 

suspcnsion has plcntinl as a pediatric ARV Ircatmcnt for patients with a M y  ncight of' 

15-20 kg. 



CHAPTER I I RESULTS A N D  DISCUSJJQN : PAEDIATU IC PATIENTS 20-28 KG 

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 Pnstenr- 

Tllc PO\\-der for s~~spensiot~ that. if reconslih~tcd. has a \.olurnc of 900 ml and 

pro\.idcs ARV ucntmcnt for pacdintric palicnts \\-ilh a body mass of 20-21) kg for I m o n h  

\\-as subjectd to accclcratcd stability tcsting for a period of t \ \ - c l ~  \~ecks (rcfer to chaptcr 

6 for thc discussion of the stabili~y program). 

The rcsults of cach lest \\.ill bc discl~ssed and 2-raphic presentations of thcsc rcsults 

can k x c n  in annesure A-F. 

11.1  VISUAL ASSESSRlENT 

11.1.1 RESULTS 

Vis~inl asscssmcnt \\:as pcrforn~cd on rccons~i~urcd suspensions. Inilial labratorl\. 

sn~nplcs were storcd at uncon~rdIcd room Icmpcraturc. R c s d ~ s  for ~ h c  visual asscssmcnt 

arc ~ i v c n  in Tablc I 1 . 1 .  





CHAPTER I I 
-- RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 K G  

1 1.1.2 DISCLISSION 

A chnngc in colo~~r in rcconstitutsd powdcr Tor s~~spcnsion Trow nhik to off- 

ivhile was obscrird aficr storage al 30nCGS%RH and 4VC+7S%RH Tor 12 \vccks. Thc 

ph!sical appearance showed a sli~ht dccomposition. Much largcr dispersed particles, Ihan 

wcre inirially noticcd w r c  prcsenl throughout Lhe s~~spcnsion. Thc passion rnlit fla\.our of 

rhc suspension remaincd stabtc thro~tgho~~l the stability and in-usc tcst pcriods. 

11.2 pH 

1 1.2.1 RESULTS 

Thc pH rcsults aficr accelerated and in-use stability ~csting Tor thc rccons~i~utcd 

s\~spcnsion are given in tnblc I 1.2. 

Table 11.2: pH results of the reconstituted ARV suspension after accelerated stability 
and in-use stability study. 

Initial 

In-use stability testing 

I Storage conditions 1 15 Days 

12 Weeks 

30 Days 



CHAPTER I I RESULTS AND DISTYJSSION: PAEDIATRK PATIENTS. 20-29 KG 

1 1.2.2 DISCUSSION 

During 111c accelerated stability and in-usc stabiiil!! lesl pcriod, the pH of Ihc 

reconslitdcs suspension rcmaincd relativcl!: slablc. 

1 1.3 RELATIVE DENSITY 

1 1.3.1 RESULTS 

Thc relarivc dcnsil~ resul~s a k r  accelerated and in-use stability testiug Cor Ihc 

rcconstilulcd suspension arc giwn in tablc 1 1.3. 

Tfible 11.3 Relative density results (dm!) of the reconstituted A R V  suspension after 
accelerated stability and in-use studies. 

I Relative density (gfmT) I 
Initial 
- .. 

1 .  I57 

1 1.3.2 DISCUSSION 

No signilicai~ changc in the rclmi\,c dcnsily rcsuIts was obscnxd aticr nccelern~cd 

s~abil i~y for 12 weeks and in-usc ~csiing I'or 30 dc?!s. 

In-use stability testing 

Storage conditions 
.- - - -- 

25@C+GO%RH 

3V'C+(ij%RH 

Initial 

3 2 Weeks 

6 Weeks 
- - -. - - -  

1.156 

I .  155 

Srorag corrditions 

Unconrrollcd room 
Icmpcralt~re 

2PC+GO%RH 

30°C +6S%W 

1 2 Weelis 
--- -- 

I .  155 

I .  155 

j 4OT+72%RH 1.152 I l . 1 ~ 2  

15 Days 

1.158 

1.153 

1.134 

31) Days 

1.157 

1.151 

1.152 
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1 1.4 VISCOSITY 

1 1 - 4 1  RESULTS 

The viscosity rcsdls aflcr acceleralcd and in-usc stability tesling for rhe 

reconstituted suspension arc given in lablc I 1  .J. 

Table 1 1.4: Viscosity (cp) resdts of the rcconstitutcd ARV suspension during accclcrsted 

stability and in-use testing. 

Initial 

Viscosity (rp) 

15 Days 1 30 Days 

Initial 

48.5 

1 1.4.2 D1SC:IISSION 

Illc viscosit\. of thc reconst itu tcd suspcnsion showed no sigX~cnnl cli'mgc during 

thc accelcratcd stabilily and in-usc tcst periods. 

In-use stability testing 

Storage roridilions 

2Si'C+TN%U H 

30nCt6S%RH 

JOK+7S%RH 

6 Weeks 

48.5 

49.6 

49.6 

- - 

1 2 W ecks 

49.6 

5 1.2 

50.3 
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1 1.5 MOISTURE CONTENT 

1 1.5.1 RESULTS 

Thc rrioislure conlcnl resulk a1kr accelcrntcd slability t c s t i n~  for the powdcr 

strsper~sion are given in tablc 1 1.5. 

Tahle 11.5: Moisture content of the ARV powder for suspension during the accelerated 
stability l ed  period. 

Moislure content (%) 

Initial I Storage conditions 1 6 Weeh I 12 Weeks I 

1 1.5.2 DISCUSSION 

'The rnoislure contc-nl of thc ARV ponder for si~spcnsion showed no signilicant 

cliangc during tlic accclerakd slnbility lest pcriod. 

1 1.6 RESUSPESDABILITY AND SEDIMENTATION RATE 

1 1.6.1 RESULTS 

411 tlic snniplcs tcslcd complicd \viIh dic sct s~andards. n,m~cly not Inorc Ilinn 5 cni 

of' scdimcnt should bc prcserit arlcr 24 hours. and tlic s d i m c n ~  forrncd should bc cnsilv 

rcsuspendcd. 
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11.7 API RELEASE (DISSOLUTION) 

1 1.7.1 RESULTS 

Thc dissolulion rcsdts for thc rcconslitulcd ARV powder for suspension arc 

piesenled in figures 1 1 . 1  - 1 1.3. 

- - -. - - ---- = - ---- 
1 Lamivudine dissolution: 900 ml I 

Tim (minutes) 
, -- .- -- ---- 
Figure 1 1 . 1  : Dissolution results of lanlivudine in 900 ~ n l  formulation obtained after 12 

weeks accelerated stability testing. 

-- -- --- -- -. 

Zidovudine dissolution: 900 ml I 

Time [minutes) 
- ---- -. - - --- 

Figure 11.2: Dissolution results of aidovudine in 900 ml formulation obtained after 12 

weeks accelerated stobilily testing. 
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Nevirapine dissolution: 900 ml 

I Time (minutes) 
,- . -  ----- - - -  

F i ~ u r e  11.3: Dissolution results of nevirnpine in NO nil formulation obtained after 12 

weeks accelerated stability testing. 

11.7.2 DISCUSSION 

Thc dissoli~tiori results obtained aIicr I2 weeks nccelcro~cd stabili~? tcs~ing showcd 

that lamivudine. ;.jdovudine and ncvirapine wcrc imnlediatcl!: dissolved with a final 

dissolrtlion conccn~nlion of  104%. 103% and 10 1 % rcqxc~ivcl!. niter I II mini~rcs. 



CHAPTER I I -- - RESULTS AND DISCUSSION: PAEDIATRIC PATIENTS: 20-29 KG 

11.8 API AND PRESERVATIVE CONCENTRATION ASSAY 

1 1.8.1 RESULTS: LAMIW DINE 

Thc assa? rcsults for lami\;udine during thc accelcratcd stabilily and in-use 

stabilit!, study tcsling are gi~qen in tablc 11.6 

Tahle 1 1.6: Lamivudine assay results after 12 weeks accelerated slabilily shdy and 30 
days in-use stability study. 

Lamivudine (%) 

In-use stability testing 

Initial 

100.6 

I Storage conditions I I5 Days 

Storage conditions 

2SoC+G0%RH 

30" Ci6S%RH 

I2 W e e b  

6 Weeks 

101.8 
- 

99.0 

12 Weeks 

102.1 

106. l 
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1 1.8.2 RESULTS: ZIDOVUDINE 

Thc m a ?  results for zidov tidine during the accclcrnted stabilip and in-usc stability 

study testing wc in table 11.7. 

Table 11.7: Zidovudine assay results after 12 weeks accelerated stability study and 30 

days in-use stability study. 

Zidovudine (%) 

Initial I Storage conditions 1 6 Weeks I 12 Weeks 

In-usc stability testing 

Initial 

12 Weeks 

30 Days 

94.8 

102.9 
- 

99.5 

101.5 

Storage condi lions 

Uncontrolled room 
Icnrpcnlure 

25"C+GO%RH 
--- -- 

3lYC+fi5%RH 

SC)"C+7S%RH 

I5 Days 

102.6 

103 9 

100.4 

103.7 
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1 1.8.3 RESULTS: NEVlRAPlNE 

Thc assay rcstllls for ncvirapine during the accelcratcd stability and in-usc st ability 

study testing are given in  able 11.8. 

Table 11.8: Nevirapine assay results after 12 weeks accelerated stability study and 30 

days in-use stability study. 

I Nevirapine (%) 

I Initial I Storage conditions 

I In-use stability testing I 

Initial Ut~convol led morn 

-.--- --- 

Slorsge conditions 

I 1.8.4 DISCUSSION 

Ass;p. resulls obrained for Imivttdinc. ido\ udinc and nevirapinc dilririg 

acccleroled and in-use testing w r e  i11I withi11 thc spccilkation of 90-1 10%. with the 

csccption of ncvirripitlc rcsdts a1 thc initial and I5 days in-usc at 11ic inilia1 stagc. Both 

tlicsc results \vcrc above spccificatjon. Esycrimcntal crror codd bc rcspnsiblc for [he 

abo\,c spccificatiori valucs ob~aincd. 

15 Days 30 Dsys 
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11.8.5 RESULTS: SODIUM METHYL HYDROXYBENZOATE 

Thc ass!. rcsul~s for sodium methyl h>dros>*benzoatc arc given in lablc 1 I .9. 

Table 11.9: Sodiuni niethyl hydroxybenzoate assay results after I2 weeks accelerated 

stability testing and 30 days in-use stability testing. 

Sodium methyl hydroxybenzoate (% mhl) 
- -- 
Initial 

0.15 1 

h u s e  s t~bi l i ly  testing 
- 

Initial 

P 

12 Weeks 

-- - -  - 

Storage condillons 

2S"C+WhRH 

3FC+rij%RH 

- 
Storage conditions 

Unconlrolkd reom 
Icmpcrature 

25"C+6O%RH 

- - 

6 W e  ks 

0. I48 

0. 157 

-- - - - 

12 Weeks 

0. I46 

0.158 

406C*75%RH 0.142 

15 Days 

0.146 

0.146 

0.152 

.--- . 

30 Days 

0.148 

0.14G 
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1 1.8.6 RESULTS: SODIUM PROPYLHYDROXYBENZOATE 

Thc assay rcsnlts Ibr sodiwn propyl hydrosyben;r.on~c arc given in rablc 11.10 

Table 11.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated 

stability testing and 30 days in-use stability testing. 

1 1.8.7 DISCUSSION 

Sodium propyl hydroxybenzoate (% mfv) 

Thcorelicnl conccnrralio~~s Tor sodium mclh!.I Ii~dros!.bc~ima~c and sodium propyl 

h~~drosybcnzootc ilrc 0.15% m/v and 0.02% mh. respectively. A l l  rcsulls obtained Ibr 

sodim mctli!.l liydros~.ben~oate during tlic accelernlcd stabilily  rial and in-use stability 

rcninined \ \e l l  within LJic liniil of90 - 110% (0.135 - 0.16594 ndv). 

-- - - - 
Initial 

0.024 

Sonlc or thc rcsults ubtaincd For sodiwn propyl h!.drosybenzo;w \\crc i h v c  tllc 

limit or 110%. Due lo Ihc \,cn, small pcaks rcprcscnring sodium prop!,] li!~dros!~bcnsoatc in 

Ihc HDLC chromatogram. the nbo\.e specilicarion rcsults could be due to h u l ~ y  i~mgrnlion 

pnmmctcrs. 

- - - - - - - - - - 

Storage conditions 

Z5"C-I-r--%RH 

300C+G5%RH 

4VC+75%RH 

In-use stability testing 

-- - - - - .  
6 Weeks 

0.029 

0.03 1 

0.021 

- - -  

Initial 

12 Weeks 

- 

I 2  Weeks 

O.OI9 

0.026 

0.026 

- -  

30 Days 

0 02 1 

0.025 

0.022 

0.024 

- - - 

Storage conditions 

Uncontrolled roo111 
lctnpcrat urc 

2 J°C+GO%R14 

30"C-H;5%RH 

4VC+75%RH 

- - - - 

15 Days 

0.02 1 

0.024 

0.026 

0.02 1 
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11.9 PRESERVATIVE EFFICACY 

1 1.9.1 RESULTS 

Thc PET rcsults for thc initial, 0 wceks. 12 wccks and 12 wecks 30 da!,s lat>ornlon. 

ba~ches call be seen in hblcs 1 1.1 1 - 1 1.20, 

Table 11.1 I :  Preservative Efficacy Test results of initial ARV reconstituted suspension. 

Log Ulrir Reduction 

Day 7 Day 14 Day 28 

Test Orpnism Specified h i t s  

for category 3 

products 

Initial 

lnocu'lum 

>2.0 102 rcdnction a1 

14 days and no 

incrcasc at 28 days. 

Table 11.12: Preservative Efficacy Test results of G weeks 2S°C+60*/~RH ARV 

reconstituted suspension. 

Log Unit Reduction 

Day 7 Day I4 Day 28 

Test 0 rgan ism Specified h i t s  

for category 3 

products 

Initial 

lnotulum 

1.2.0 lo2 rcducrion a1 

I 4  da>s and no 

increase R I  28 da~s .  

No increase From 

initial inoculurn 
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Table 11.13: Preservative Efficacy Test results of 6 weeks 30"C+6S0/oRH ARV 

reconstituted saspension. 

Test Organism Initinl 

Inoculurn 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

products 

>2.0 log rcdwtion at 

14 days nnd IK) 

increase at 28 days. 

No increase corn 

initial inoculr~m 

Table 11.14: P~.esen~ativc Efficacy Test results of 6 weeks 40"C+7S0/~RH M V  

reconstituted suspcmion. 
- --- 

Test Organism Ini t id  

Inoculurn 

Log Unit Reduction 

Day7 Day14 Day 28 

Specified limits 

for category 3 

products 

>2.0 log reduction nl 

14 days and no 

incrcasc a1 28 da?x 

No increase from 

initial inoculun~ 
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'Table 11.15: Preservative Efficacy Test results of 12 weeks 2S°C+60%RH ARV 

reconstituted suspension. 

Test Orgmism I Initial 1 Log Unit Reduction Specified limits 

for category 3 

products 

Inoculum 

>2.O log reduction al 

14 days and no 

incrensc at 28 days. 

P 

No increase Goin 

inilid inowlurn 

Day 7 Day 14 Day 28 

Table 11.16: Preservative Efficacy Test results of 12 weeks 30°C+65%RH ARV 

reconstituted suspension. 

Test Orgrnisrn l n i t r l  Log Unit Redudion Specified limits 

lnoculunl lor category 3 Day 7 Day 14 Day 28 
products 

~ 2 . 0  log rcducrion nt 

I4 days and no 

illcrcasc nl 28 days. 

No incrensc from 

initial inocu l w i  
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Table 11.17: Preservative Efficacy Test results of 12 weeks 4O0C+75%RH ARV 

reconstituted suspension. 

Initial: 

Inoculum 

2.4 s la" 

2.J x Id 

Log Unit Reduction 

Day 7 Day 14 D~~ 28 

Specified limits 

ror category 3 

products 

> 3.0 > 3 ,O =. 3.0 

> 3.0 > 3.0 > 3.0 

> 3.0 > 3 0 > 3.0 

> 3.0 > 3.0 > 3.0 

Tnble 11.18: Preservative Efficacy Test rcsults of 12 weeks 30 days 25"C+60%RH ARV 

reconstituted suspension. 

> L O  log reduction a[ 

I4 days nnd no 

incrcnsc 3128 days. 

No incrcnsc from 

2 .0s  10' 

I Tesl Orgnnism I Initial I Log Unit Reduction I Specified limits 1 
lnoculum Dry 28 for category 3 

::I4 , 3 0  1 products , 1 I I L  mb 2.0s ld r2.O log rcduclion nl 

> 3.0 > 2.0 > 3.0 initial inoculurn 

:, 3.0 3 3.0 > 3.0 

> 3.0 > 3.0 3.0 

I4 d n ! s  and no 

i~lcreilse nl 28 days. 
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Table I 1.19: Preservative Efficacy Test results of I2 weeks 30 days 3OUC+65%RH ARV 

reconstituted suspension. 

Test Organism Initial Log Unit Reduction Specified limits 

/ ~ n o c u ~ u m  I Day 7 Day 14 D ~ , ,  ( for category 3 

I 1 I products 

I:. coli 2.0s  103 =. 3.0 > 3.0 3 3.0 >2.0 log reduction a1 

1 3 . 0  > 3.0 1 3 . 0  14 dips and no 

:. 3.0 =. 3.0 :. 3.0 increase al 28 days. 

/ 1.6s 10' > 3.0 r 3.0 I No increase from 

T:lble 11.20: Preservative Efficacy Test results of 12 weeks 30 days JOC+75"/oRH ARV 

reconstituted suspension. 
- 

Test Organism Initial Log Unit Reduction 

Inocu'luni Day 7 Day 14 Day 28 

Specified h i t s  

for category 3 

products 

~ 2 . 0  log reduclion st 

I4 days and no 

increrisc at 28 days. 

No increase from 

iniliol inocolum 

AH laboraton. sa~nplcs conlplicd \\ill1 thc requiremcn~s Tor catego!. 3 products as 

described in USP 28. Thercforc it  can bc concluded that tlic prescn.ahw choscn for 1hc 

l'ormuta~ion wcrc cfl'eclive in protecting the suspension  lion^ microbial conraminnlion. 

even aflcr simulating patient ilsngc I'or a period of 30 days. 
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11.10 CONCLUSION 

This chapter summxizcd rcsults for various test sarnplcs of thc OOU 1111 ARV 

poivdcr for suspension. ~vhich undcnvent estensive testing during a pcriod of tn.clvc ivecks 

and in-use icsting for thirty days. The test sarnplcs rcprcsented lamivudine, zidovudine and 

ncvirapinc at thcorcticnt concentrations of 100 m d  I 5  ml, I00 ~ n d  13 ml and 200 mg/ I3 

ml. rcspeclively. 

Thc ARV yowdcr for suspcnsion \vns storcd nt three storagc conditions, narncly 

Z~T+~;O"!ORH. 30"C+o5%RH nnd JOT+73%RH. Thc in-use stability tests wcru preformed 

at uncontrolled room tcmpcrntore. 

Visual assessmcnt tcsts included assessmcnt of thc colour. Ravour and physical 

aypcarancc orthe test samples. No changcs i n  flavour occurrcd during tlle slnbilily pcriod. 

Colour changcd from snou whitc to a cream!. colour. Tcsl samylcs storcd at JIPC+7j%RH 

displn!.cd a change in colour six weeks carlicr th,m the samples storcd at 25uC+G0t3/;1RH 

and 30"C+GS%RH. This may suggest the suspcnsion to bc nlorc physically slablc at 

2j0C+OOO/oRH and WC+6S'%RH. 

T l ~ c  rcsdts obtained for pH, rclativc dcnsit!, \.iscosit!. and moislure contenl did not 

change significantly ~h ro~~ghou t  ~ l lc  stabilit;!. testing period. All snmplcs complicd with ~ h c  

scl spcci Gcat ions for scdinlcntat ion ratc and rcs~~spcndability. 

Dissolution rcsults indicated thal lamt\.ndine, zidovudine and nevimpine were 

inzmcdialcly dissolved aflcr 10 minutes. 

HPLC dctcrmination of assay concentrations for lamivudinc. ~idovudinc and 

ne\.irnpine shoivcd that all rcsults obtained \wre within the limit of 90-1 10%. csccpt for 

thc initial and 15 da!.s in-use \Aue at  he initial stngc for ncl-irapinc. Laboraton. crror 

could bc responsibk for h e  abovc spccificntion rcsolts in thesc t\vo cases. 

Ilesulrs obtaincd for s o d i m  ntcth!:l hyAros!.bcnzoalc remained stable and within 

thc limit of 90-1 10'%. Above specificatior~ resul~s wcrc obtnincd for sodium prop!,l 

11~~dros~~bc1t;l.oatc in somc samples. PET tcsting conGnncd cllicac!. of thc prcscrvati\z 

s!-slcm oscd. 
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Although nmost assay \.alucs of this forrn~~lalion do compl! nit11 the sel srmdards. 

the dctcrioration of thc physical apparmcc of Ihe suspension [nigh1 bc grounds for poor 

palicnt compliancc. F~uthcr stability Icsting including a longcr stnbilily pcriod will bc 

requircd to rnorc accura!ely rcflcct tllc stability potential of this formulation. 

From thcsc filldings i t  can be concluded Lhat Lhc 000 rnl ARV powdcr for 

swpnsion has potential as a pacdialric ARV trcat~ncnt for paticnls wilh a body wight  of 

20-29 kg 
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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 i s  a great deal of difference." 

-Anon- 

The powder for suspension that, if reconstituted. has a ~alurnc of 1000 tnl aid 

pr0i.ide.s ARV trcnlmcnt for adult aid gcrialric patients for 1 tnon~li. was ahicctcd to 

acc~lcriifcd stabilit?, tcsting for a pcriod of tivclvc necks (refer to chaptcr 6 tbr rhc 

discussion of thc slability program). 

The rcsults of cach kst will be discl~sscd mid graphic prcscntalions of these rcsr~lts 

can lx seen in anncsurc A-F. 

12.1 VISUAL ASSESSkIENT 

12.1.1 RESULTS 

Visual asscssrncnt \\.as prformed on rccotlstitutcd suspensions. Initial laboratory 

ssrnplcs wcrc storcd at  mcontrollcd room Icmpcrature. Results for thc isud asscssrncnl 

arc gi\cn i n  Table 12.1. 
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12.1.2 DISCUSSION 

During Lhc vistlnl asscssmcnl. n changc i n  ihe physical appearance oC ihc 

rcconslilded sl~spetision was clearly sccn. Lxgcr than origin all^! rr~arlied parlicles w r c  

dispersed hroughout ihc suspension aTtcr 6 wccks siorage a1 40°C+75%RH and 12 w e b  

a1 3O0C+650/;,FUI and J0°C+75%RH. ns well as in all lhc in-usc samplcs aflcr 12 wcks .  

Furlhcr changes in colour \\.ere obvious, cspeciall: during  he I2 week 15 days ill-use 

testing and onward. The passion fruit flavour oT tI~c suspension rcmaincd s~ablc tl~rougliout 

tIw acceleralzd shbilit>' and in-usc stabilih kst pcriods. 

12.2 pH 

12.2.1 KESlILTS 

T'hc pH results afler accclcralcd mld in-t~sc stability tcsling Tor ttic rccons~~tuled 

susl>cnsion arc g i \ m  in tablc 12.2. 

Table 12.2: pH results of the reconstituted ARV suspension afler accelerated stability 
and in-use stability study. 

Initial ( Storage conditions 1 6 Weeks I I2 Weeks I 

I In-use stability testing I 

12 W c e b  

Storage conditions 35 Days 30 Days 

4.52 
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12.2.2 DISCUSSION 

During ~ h c  accclcrntcd slability and ill-use stability study h e  pH of thc 

rcco~lsliltitcd siispcrision sho\vcd no significant changc. 

12.3 RELATIVE DENSITY 

12.3.1 Results 

The r c l n k  dcnsily results ilftcr accelerated i l ~ d  in-usc stability tcs~ing for Ihc 

reconslitutcd suspension arc g i \m  in lnblc 12.3. 

Table 12.3: Relative density results (gl~iil) of the reconstituted A R V  suspension after 
accelerated stability and in-use studies. 

In-use Stdbility testing 

--  

Relative density [glnll) 

I 
Initial / Slorage conditions 

St o r ~ g  cmditions 

12.3.2 DISCUSSION 

Tllc relati vc dcnsi ty of t11c 1000 ml rcconsli iutcd sespcnsion rcmnincd rclati\dy 

s~iblc  during the accclcrntcd stabilit~ and in-usc testing period. 

6 Wecks 

Initial 

I2 Weeks 

1 2 Weeks 

15 Days 30 Days 

Ut~controllcd room 
tempcratwc 

25"C+GO'!!bRH 
- 

300C+bS%RH 

1 JC"C+75KRH 

t .  I58 

1.154 

1.153 

1,157 

1.152 

1.152 

I .  150 1.149 
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12.4.1 RESULTS 

Thc viscosity rcsults nftcr accelerakd and in-use stabilil!. testing b r  the 

reconstitukd suspension are given in table 12.4. 

Table 12.4: Viscosity (cp) results of the reconstihted ARV suspension during accelerated 

stability and in-use testing. 

I In-use stability testing 

Viscosity Icp) 

I Storage conditions 15 Days 

lnilial 

f 2.4.2 DlSClJSSION 

During the accclcrolcd srabilit! tcsr and in-usc stnbilir! lcsting pxbd. the \.iscosii!. 

of tlic recnnstitu~cd suspension sho\~cd no significan~ changcs. 

6 Weeks Storage conditions I2 Weeks 
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12.5 MOISTURE CONTENT 

1 2.5.1 RESULTS 

The moisture contcnt resutls nncr nccelcriltcd stabilih lcsting for ihc po\vdcr for 

s~~sperlsion arc given in table 12.5. 

Table 12.5: 3loisture content of the ARV powder for suspension during the accelerated 
stability test period. 

12.5.2 DlSCZISSlON 

No significant chnngc in thc moisturc contcnt or ~ h c  powder For s~rspcnsion was 

obsencd after ncceleratcd anbilit! tcsting. 

Moisture con tent I%) 

12.6 RESUSPENDABILITY AND SEDl MENTATION RATE 

12.6.1 RESULTS 

Initial 

1.438 

All tltc samplcs tcslcd complicd \\it11 Lhc scl standards. namcl! not niorc Lhnn 5 cni 

01' scdilncnt shodd be prcscnl aftcr 24 horus. and tllc scdirncnt ronncd s l~odd  bc casily 

rcsuspcndcd. 

Storage conditions 

2YC+W!4RH 

30"C+65%RH 

40nC+7S'%,RH 

6 Weeks 

1.468 

I2 Weeks 

1.470 

t .47 f 

1.478 

1.476 
- 

1 483 
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12.7 API RELEASE (DISSOLUTION) 

1 2.7.1 RESULTS 

Tllc dissolution rcs~~lts  for the reconstituted AKV pondcr for suspension arc 

presented in fig~ucs 12.1 - 12.3. 

- -- - - . - - - 

Lamivudine dissolution: I000 ml 

0 , 
0 10 20 30 40 50 

Time (minutes) 

Figure 12.1: Dissolulion results of lamivndioe in 1000 ml formulation obtained after 12 
weeks accelerated stability testing. 

--- -.- . . - .  .- - . 

Zidovudine dissolution: 1000 ml 

Time (minutes) 

Fipure 12.2: Dissolurion resdts of zidovudine in 1000 r n l  formulation obtained after12 

weeks wccelc.rated stability testing. 
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Nevirapine dissolution: 1000 ml 1 

Figure 12.3: Dissolution results of nevirapine in 1000 nil formulation obtained after 12 

weeks accelerated stability tesling. 

12.7.2 DISCUSSION 

Thc dissolution results obrairicd after 12 I\-ccks nccclcr-alcd stabilil!, testing sho\wd 

tIia1 Inlnivudinc. ~idovudine arid nc\irapinc were inuncdintel!. dissolved \\-ill1 I? dissol~ltion 

ol' I0 1%. I03% ntid 102% rcspec~i\:cl!: ancr I0 ~ninutcs. 
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12.8 API AND PRESERVATIVE CONCEiYTRATION ASSAY 

12.8.1 RESULTS: LAMI W D l N E  

Thc assay rcsttlts for lamivudine during the acccleratcd stability and in-use 

stability stud!; tesling arc gi\m in rablc 12.6. 

Table 12.6: Lamivudine assay results after 12 weeks accelerated stability study and 30 
days in-use stability study. 

Lamivudine (%) 

Initial I Storage conditions 1 6 Wceb 

In-use stability testing 

initial 

12 Weeks 

15 Days 30 Days 
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12.8.2 RESULTS: ZIDOVUDINE 

Thc assay rcsulls for ~ i d o ~ d i n e  during Ihc nccclcralcd stabili h and in-usc st abi lily 

study testing arc given in tablc 12.7 

Table 12.7: Zidovudine assay results dter 12 weeks accelerated stability study and 30 

days in-use stability study. 

Zidovudine (%) 

1 12 Weeks 

In-use stability testing 

Initial 

99.7 

Ini t id  

6 Weeks 

97.9 

93.0 
---- 

97.0 

Storage conditions 

Z~C+60YoRH 

3IT'C+(iS%RH 
---.- -- -- 

40"C+75%RH 

Storage condiilions IS Days 

Uncontrolled roo111 98.2 
Icmpernti~re 

I2 Weeks 

94.2 

94.0 
-- 

03.2 
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12.8.3 RESULTS: N E V I M P I N E  

Thc assa!. rcsults for ncvirapinc during thc nccclcratcd stabilit!~ and in-usc stabili t!. 

stud!; k s h g  me gkcn in rablc 12.8. 

Table 12.8: Nevirapine assay results afler 12 weeks accelerated stability study and 30 

days in-use stability study. 

Storage conditions ( IS Days 

Nevirrpine (%) 

Initial 

99,8 

I 2  Weeks 

Initial 

12.8.4 DlSCLlSSION 

A do\v~i\vnrd hcnd in the assay results obtained for Imivudinc. zidovud~nc and 

ncvimpinc was obscnzd a ftcr ;~ccelerarcd and in-usc stabil ih Icsling. Howcvcr. all rcsulls 

rcniaincd w i ~ h i n  rhc 90-1 10% spccifici~~ion. 

In-use stability testing 

S t o r ~ g e  conditions 

25"C+f#!!oRH 
- 

30"C+d5%RH 
- - - - -- - -- - - 

4CPC+75%RH 

Unconlrollcd room 
lcmpcnture 

6 Weeks 

94.8 

91.8 
-- -- - 

94.3 

1 2 Weeks 

93.0 

95.2 
- - 

M.0 

90.2 96.1 
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12.8.5 RESULTS: SOD1 Uh.1 METHYL HY DROSY BENZOATE 

The assay results for s d i u m  methyl hydras!-bcnzoalc arc givcn in lable 1 2.9. 

Table 12.9: Sodium methyl hydt.oxybenzoate assay results after 12 weeks accelerated 

stability testing and 30 days in-use stability testing. 

In-use stabilily testing 
- - - +  

lnitinl 

t 2 Weeks 

---- - 
f 5 Days 

0.162 

0.169 

0. IS9 

0.158 

.- ---- 

Storage conditions 

Unconlrollcd room 
tcmpcrmuc 

2 5°C +6O0/0 RH 

30"Ct6S%RH 

4O@C+7S%RH 

-------- - 
30 Days 

0.160 

0.161 

0. t52 

0.160 
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12.8.6 RESULTS: SODIUM PROPY L HYDROXYBENZOATE 

The assa!: resulls for sodium prop!.l hydros!.bcn/.oate are g i \m in lablc 12.10 

Table 12.10: Sodium propyl hydroxybenzoate assay results after 12 weeks accelerated 

stability testing and 30 days in-use stability testing. 

- --- 
30 Days 

Sodium propyl hydroxybenzonk j% adv) 

Thcorcticnl conccnlmtions for sodium nic~h!.l Iiydros~~bc~v.ontc and sodim prop?.t 

h!~dros!~bcn~oalc arc 0.13% m h  and 0.02% n h  rcspecti\.cl!,. Rcsulls ob!nitlcd for sodium 

mcth!.l Ii!,drosybcnzoalc during the accelerated stabilih trial and in-usc stability slio\\-cd a 

slight inclinc in concentration of thc labralory sarnple storcd at 2joC+60%RH. all of Ihc 

othcr Inbornton, sarnpks rcniaincd \wll vitflin lhc limit of 90 - 110"/0 (0.135 - 0.105% 

n h . )  during the in-usc and stabilih. testing, 

S o w  of ~ h c  rcsdls obtaincd for sodium propyl hydro\-.bcn/.oatc \\.ere a b \ x  lhc 

limit of 1 10%. Duc to the \.cn. small peaks representing, sodiuni pr0p.l hydros!ln.n~oatc ill 

lhc HPLC chro~nalogram. tlic obobc specification resillls could Ix due to filulty irltegration 

parameters. 

- - 

12 Weeks 

0.025 

0.026 

0.024 

- 

lnitid 

0.02 1 

Storage conditions 

25T+~fi%RH 

WC+GS%RH 
- 

JO"C+75?4,RH 

. - 

6 Weeks 

0 022 

0 028 

0.02 1 
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12.9 PRESERVATIVE EFFICACY 

12.9.1 RESULTS 

Thc PET rcsulls for the initial. 6 \vccks, 12 weelis ard 12 wcelis 30 da!s laboralon 

bmhes can bc sccn in tablcsl2.1 1-12.20. 

Table 12.1 1 : Preservative Efficacy Test results of initial ARV reconstituted suspension. 

Test Organism 

-- - 
2 . 0 ~  1d 

2 .  J s I'd 

2 . 1  s ~d 

Log Unit Reduction 

Day 7 Day 13 Da Y 

Specified limits 

for category 3 

products 
. - -- 
-2.0 log reduclion a~ 

14 days and no 

incrcosc nt 28 dips. 

No incrcnsc from 

initial inoc~ilum 

- .- - .  

Table 12.12: Presewative Efficacy Test results of 6 weeks 25"C+6O0/~RH ARV 

recordtuted s~rspension. 

Test Organism Initial 

Irtoculun~ 

Log Unit Reductiorl 

Day 7 Dny I4 D~~ 28 

Specified limits 

for category 3 

products 

3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

3.0 > 3.0 3.0 

>2.0 log reduction at 

IJda!s nnd n o  

incrcasc nt 28 dn!s. 
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Table 12.13: Preservative Efficacy Test results of 6 weeks 3O0C+65%H ARV 

reconstituted s~~spension. 

1 I ] products 

Test Organism 

-- 
E. coli 2.0 s 10' > 3.0 > 3.0 >2.0 log rcdwtion at 

> 3.0 > 3.0 > 3.0 I4 days and no 

> 3.0 > 3.0 > 3.0 incrcnsc nf 28 days. 

Initial 

lnoculum 

Table 12.14: Preservative Efficacy Test results of 6 weeks 40°C+75%,RH ARV 

reconsliluted suspension. 

Log Unit Reduction 

Day 7 Day 14 D~~ 28 

> 3.0 3.0 > 3.0 >2.0 log reduction at 

3.0 =- 3.0 > 3.0 14 d a g  and no 

Specified limits 

for category 3 

Test Organism 

> 3 ,0  , i i~~cresx  a1 28 days. 

Initial 

hoculurn 

Log Unit Reduction 

Day 7 Day 14 Day28 

Specified lirr~ils 

f0rCakgQry3 

products 
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Table 12.15: Preservative Efficacy Test results of 12 weeks 25"C+60%RH ARV 

reconstituted suspension. 

Test Organism Initial 

Inoc~~ lun~  

- 

2.0 s Ioi 

2.4 s 10' 

2 . 1  s ~d 

1-6s 10' 

2.0 s lo1 

/ Log Unit Reduction I Specified limits 

1 Day 7 Day 14 Day 28 / lor 

I 1 products 
--- - -- - 

15 3.0 > 3.0 >2.0 log reduction nl 

> 3.0 > 3.0 > 3.0 

> 3.0 > 3.0 > 3.0 

Table I2.lG: Preservative Efficacy Test results of 12 weeks 30"C+65%KH ARV 

I4 do!s and no 

incrcnse at 28 days. 

> 3.0 > 3.0 z 3.0 

> 3.0 > 3.0 > 3.0 

reconstituted suspension. 

No irlcrcase from 

initial inoculum 

Test Organisnl Log Unit Reduction Specified limits 

Day 7 Day 14 Day 28 for CPtegorY 3 
products 

Initial 

lnoculuni 

1; coh 

P. neni,gwnw 

.Y. ctnrrrc.trs 

A. nigw 

C: rrlbicnn~ 

2.0 s 10:~ 

2.4s lo3 
2.1 x 10; 

~ . G S  lo3 

2.0 s 10' 
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Table 12.17: Preservative Efficacy Test results of 12 weeks 40°C+75%RH ARV 

reconstituted suspension. 

Test Organisni Initial 

lrioculum 

Log Unit Reduction 

Day 7 Day 14 Day 28 

Specified limits 

for category 3 

products 
----- 

22.0 l o ~  reduction at 

14 days and no 

incrensc at 28 days. 

No incteasc corn 

initial inoculum 

Table 12.18: Preservative Efficacy Test results of 12 weeks 30 days 2S°C+60%RH ARV 

reconstituted suspension. 

Test Organism Initial 

lnoculurr~ 

Log Unit Reduction 

Day 7 Day I4 Day 28 

Specified limits 

for cslegory 3 

products 

,2.0 log rcduclion nt 

I 4  dnys and no 

incrcasc at 28 days. 

No incrcose from 

initial ina.u!urn 
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Table 12.19: Preservative Efficacy Test results of 12 weeks 30 days WC+6S0/oRH ARV 

reconstituted suspension. 

Test Organism Initial 

Inoculurn 

- 

2 . 0 ~  I @  

2.4s lOf 

2.1 x lo3 

1.6 x 10' 

Log Unit Reduction Specified h i t s  

Day 7 Day 14 D~~ 28 for category 3 

products 
- - - - - - -- - -- -- 

3.0 > 3.0 3 3.0 >2.0 l o ~  reduction at 

3 3.0 > 3.0 > 3.0 14 dns and no 

> 3.0 > 3.0 > 3.0 increase at 28 bays. 

3 3.0 > 3.0 r 3.0 No incrcase Gom 

Table 12.20: Preservative Efficacy Test resttlts of 12 weeks 30 days 401'C+75%RH ARV 

reconstituted suspension. 

Test 0rg;tnism 

E cnli 1 2.0s 10' 1 3 3.0 1 3.0 > 3.0 I >2.0 log reduction a, I 

Initinl 

lnoculuni 

Log Unit Reduction 

D a y 7  Day14 Day 28 

Specified liliiits 

for category 3 

products 

:- 3.0 > 3.0 =- 3.0 

3.0 > 3.0 > 3.0 

12.9.2 DlSClJSSION 

All laboratoy snmplcs complicd with ~ h c  rccpiremcnts Tor calcgor! 3 products as 

dcscribcd in USP 28. Therdorc it  can bc concluded ha t  the prcscrwtivcs cl~oscn Tor b e  

formulation w r c  cfScc~ivc in pro~cciing the suspension from microbial co~i~amination~ 

c\.cn alicr si~nrttnting pnrienl usagc for n pcriod o f 3 0  dn! s. 

14 days and no 

incrcasc nl 28 da!s. 

.4. rtrgiv- > 3.0 > 3.0 

C: crlhic.nt7.s 2.0s 10' > 3.0 > 3.0 > 3.0 

No incrcasc from 

initial inocul~m 
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12.10 CONCLUSION 

This chapter sutnmarised results for various kst samples of the 1000 ml ARV 

powdcr for suspnsion. wtiicll ondenvent estensivc tcsting during a pcriod of twlvc n.ccks 

and in-use testing for thirty da!:s. The lcst samples represcr~tcd lami vud ne, nevirapinc and 

zidovudine at theoretical conccnbations of 150 rngl 16.6 ml, 200 mg/ 16.6 ml and 275 rnd 
16.6 ml. rcsyecti\:ely. 

Thc ARV powder for suspc~lsion was stored at thrcc storagc conditions. nanlcty 

2juC+6V!XH. 3C"C+6j%RH and 4VC+7j%RH. The in-use stability rcsb were prelbnned 

at  unconlrollcd room temperalmc. 

Visual asscsslncnt tests included nsscssrncnt of the colour. flai.our and pR!sical 

appcxancc ol'thc tcst sarnplcs. No changes in flavour occurred during h c  stabilil, pcriod. 

Colour dramarically chmgcd from snow \vliile to a ualcn. !cllow. A ch,mg in ph-sical 

apparancc was apparent in tcst sarnplcs storcd for 6 weeks a1 40 C+7j%RH, aid 12 

ivccks 2YC+60%RH and liighcr. as welt as thc in-usc sarnplcs ancr 12 ~~.ccl is  storage. 

Tlic rcsults obraincd for pH. relativc dcnsily. viscosit~. and ~noislurc conlcnr did not 

changc sigiilicantl! ~ tuo~~ghoot  h c  stability icsling period. All snmplcs complied ~ i r h  thc 

sct specificalions for sedimcntalion rate and rcsuspcndabilih~. 

Dissoludon r c s ~ d ~ s  indicated h 1 1  lamivudine. zidovi~dinc and ncvimpinc wcrc 

i~n~nediatcl! dissolved a h  I0 niinutcs. 

HPLC dcterlninntion of assay conccn~rotions for lomi\ uditic. /,idowdinc and 

ncii-apinc shotvcd hat dl results oblaincd wcrc t\itllin ~ h c  Iimil of90- 110%. 

Kcsults obtaincd for sodium nlelh.1 li~~dros~4xnzoale indicntcd a sligh~ incrcase i n  

conccntra~ion of llie laboraton. samples stored at 2j°C+(i0'%lRtl for 12 w c k s  during in-usc 

and stabilit?- shrdics. the rcst of thc laboralon sarnplcs rcniaincd slnble arid tvi~hin tIlc 

limil of 90-1 10%. Abovc spccilicatjon resillts w r c  obtaincd for sodium propyl 

hydros~.bcnxoatc in somc sarnples. PET tcsling confirnizd elficac! of Ihc prcscrvat i \,c 

s?xlern r~scd. 
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Although thc assay valucs of his formulation do comply with Ihe sel standards dlc 

dcrcriorotion of d ~ c  plysicnl nppcarrutce of  he srispcnsion l n j ~ h t  k grounds for poor 

p a t h  conqAiiu~ce. 

Furd~cr stability testing including a longcr stability penod will k rcquircd to 

morc accurately reflect he stabilil!, potential of this formula~ion. 

From hesc  findings it can k conchdcd that the 1000 rnl ARV p v d c r  for 

s~~spcnsion has potential as an adult and geriatric ARV trcamcnt for paGents who 

cspcricncc diilculty when s~vallowing solid dosagc fonns. 
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CHAPTER 13 

SUMMARY AND CONCLUSION 

"The great tragedy of science - the slaying of a beautiful hypolhesis 

by an ugIy fact." 

- T.H. Huxley- 

Fixed Dose Combination (FDC) of Antirctroviral (ARV) drugs could in future 

become sorncwhat of a cornforl for those who suffcr from HIV or AIDS. Becausc of Ihc 

user friend1 incss of FDCs, patictit adhcrcncc will irnprovc remarkably. Workloads upon Ihc 

shoulders of mcdicnl shtT and carcgii.crs will drastical!!. decrease and wrongly 

administcrcd dosagcs duc to conlplicatcd dosngc regi~ncs iviH be something of the past. 

Before !he cornpielion of his slud?.. no FDC conk~ining lan~i\udinc. ~idoiudinc 

and ncvirapine has becn availabk. 

13.1 SUMMARY 

Thc foclis of rhis stud!. was 10 combinc lami~,oditlc. zidowdme and nevirapinc into 

an oral powder for suspension. Sis powder for suspc~lsion for~i~ulas iicrc prcpxcd. of 

nhich tk.c coritaincd thc dosagc rcgirncs for h1.c gronlh slagcs during thc pacdialric HIV / 

AIDS patient's life. The sisth fom~ulation contained  he dosagc rrcgimc for adult and 

geriatric HIVIAIDS pa~icnls as suggcstcd by UNICEFAYHO (2004). 

All sis fonnulations w r c  subjcctcd to accclcra~cd stability sludics o\xr a pcriod of  

t\veh.c weeks. Initial and ~ w l v c  week balches undenvcnr in-use slabilil?. testing. wherc the 

stobi l i ly of h e  reconstituted susye~rsiorrs during patient ilsngz was studied. 

Assn! dctcrmination ol' APIs and prcscnativc contcnl was donc b!. n m n s  of 

HPLC:. I'h!.sical stability of  the fonnulations wcre investigated by conducting pH. rclati\.c 

densit!. viscosi~!.. rnoisturc contcnt. scdimcn~a~ion ratc and rcsuspcndability csperirnc-rrts.. 

Ncvirapinc on t\vo occasions did prcscnl an cslrcrncl! lo\\- ass+: conccnlration 

cluring in use stabilily testing. Tlus ma\ bc due to fauh?. laboraton cquipmcnt uscd at thc 

slxcific limc. 
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The pH, rclali ve dcnsit!. \,iscosit!~ and moisture content of thc forniul~t , 10!1s ' 

~wmincd  stablc Lhroughoul the given stability pcriods. Sedimentation ratc and 

rcsuspcndability rcsulb also complied wid1 lhc sct standards. Visual nsscssmcnl of the 

reconstiluted sr~spensions did indicatc possible inslabilit!:. Large dispcrscd p'ulicles, which 

\kcrc abscnt during i~litial tesling, were prescnt aRcr I2 wceks storage a1 30°C+65%RH and 

4O0C+75%RH, as \\'ell as during in-usc lestirig aflcr 12 weeks. The colour of lhe 

rcconstitutcd suspensions also changcd ovcr time, gradually turning from sno\\. whitc to a 

watcn, !~cllow c o l o ~ ~ r .  Tlic swccl passion fn~ i l  flavour rcn~aincd slablc during accclcratd 

stabilit!. and in-use periods. 

Dissolution results showed that lamivudine, zidovudine and nevirapine were 

immediately dissolved, with 100?/o dissolution after 10 minutes. The  assay results 

for lamivudine, zidovudine and nevirapine remained within the specification of  90- 

I to%, but a downward trend i,n lamivudine assay was observed in the 300 rnl and  

900 rill forn~ulation, where a result of 89.3% was measured after 12 weeks at 

JO°C+75%RH. 

Rcsolts for soditmi rnctIi!:l h!.drosybenzoate indicated a slight incrcase in 

conccn~ration in Ilic 1 5 h l  and 10OOml conlaincr. dlc rcst of Ilic laboraton. batchcs 

rcmaincd wit hirr thc 90- l 10% limit throughout acceierntcd stabil it!. and in-use testing. 

Ab0i.c specification rcsulls w r c  also obtnincd for sodium prop4 hyAros!.bcnxoak in somc 

samplcs \vliich could be i~sc r ikd  to frlulh integration paramclers due to tile v e n  s1naI1 

pcak representing sodium mcthyl liydros!,bcn~oatc a id  sodiiun propyl h~dros!.benxonte in 

thc H PLC chromatogram. 

Prcscr\,ati\ c cl'licacy tcst ing con finned thc su flicicncy of thc prcscnativc s! slcrn 

used in the formulations. 

13.2 CONCLUSION 

Thc cn'cclii-c Ircatrnctit of HIV and AIDS in this day and age is dcpcndcnt on three 

major factors. namcl!. cffcctivc ~ncdicinal tIlcrapy. unco~nplicatcd dosngc rcgimes and 

paticnt compliance. Thc formula~cd FDC conlaining Inmi\-udinc, ~idovudine and 

ncvirapinc in a po\vdcr for oral susycnsion has ~ h c  possibilities to bccorne an es-senlial part 

in llic fight against HIV and AIDS. 

There are additional requirements that need furlher invenig;~tion which inchdc: 
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Conducting accclcrated stabilil!~ studics over a longer pcriod of'timc. 

Possiblc rcforrnulntion of Lhc products lo clilninatc visual instabilil!,. 

Container volurncs tho1 match h c  esact \.olurnc of the rccons~ituted 

suspension. 

In vivo tcsling of these sis ARV powders for oral suspcnsion. 
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CONFERENCE CONTRIBUTIONS 

The Combination of Lamivudine, Zidovudine and Nevirapine 

In a Powder for Oral Suspension. 

Janene 0 de Villiers ', Antonie P LStter ', Erna Swanepoel ' 
I Research Institute for Inrluslrial Pharmacy, School for Pharmacy, North-West Unhcrsity, 

Po~chcfslroom Campus, Potchcfsiroom 2520, South Africa. 

Purpose: 
Cornbinat ion antiretroviral therapy has proven to be the most effective approach 

i n  treating HIV positive patients. An oral liquid dosage formidation is desired for 
paediatric HIV patients, and for those who cannot swallow other oral dosage forms such 
as mpsu!es and tablets. The focus of this study was to identify incompatibili~ies, and 
other factors that could possibly affect the chemical stability of Nevirapine, Zidovudine 
and Lamivudine in combination i n  a powder for oral suspension. Six st~spension 
formulations according to patient mass were made containing the dosage regime for one 
month as suggested by the WHO. Sodium propylhydroxybenzoaie and sodium methyl- 
hydrosybenzoate were added as preservatives. 

Nlethocls: 
A prefor~nulation study was prefor~ned to eliminate any incompatibility between 

the excipients and the actives. The formdated products were submitted to accelerated 
stability studies for a three month period at 25"/60%RH, 30°C/65%RH and 40°C/75%RH. 
I-LPLC was used to determine the concentration of the active ingredients. Preservative 
efficacy tests were done to determine the effectiveness of the preservative systenl. Other 
tests included appearance, pH, viscosi ts, density, resuspendabi l i  ty and rate of 
sedimentation. Also, an in  use stability study was done to simdate patient use. 

Resulls: 
No incompatibilities were detected between the excipients and the actives. There 

was no change in odor or physical appearance of the forlnulations, the suspensions had a 
satisfactory sedimentat ion 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. 

Co~lclusio~r: 
The results obtained indicate that Lamivudine, Zidovudine, Nevirapine and 

excipients are compatible and can successfi~lly be conlbined in a powder for oral 



J.O. de Villters~, A.P. Lbtterl, E. Swanepoell 
Research Institute for Industrial Pharmacy, School of Pharmacy, North-West University, 
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pH: Initial in-use stability study 
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A N N E W R E  A GRAPHIC REPRESENTATION: p-H 

A.1: pH: INITIAL hl USE STUDY - 
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Fipure A.1.I: Graphic representation of the pH results obtained for the 1% 1t11 A R V  

suspension during in-use stability testing. 
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Figure A.1.2: Graphic representation of the p H  results obtained for the 300 rnl ARV 
suspension during in-use stability testing. 



420ml Initial in-use study 

- - -  - 

Figure A.1.3: Gra 
suspension during 
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phic representation of the p H  results obtained for the 420 ml ARV 
in-use stability testing. 
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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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Figure A.1.S: Graphic representation of the p H  results obtained for the YOO tnl ARV 
suspension during in-use stability testing. 
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Figure A.1.6: Graphic representation of the pll  results obtained for the 1000 nil ARV 
suspension during in-use stability testing. 



ANNEXURE A GRAPHIC REPRESENTATION. pH 

A.2: pH STABILITY STUDY - 
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Figure 11.2.1: Graphic representation of the pH results obtained for the 150 nil ARV 
susper~sion during accelerated stability testing. 
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Fimre 14.2.2: Graphic representation of the pH results obtained for the 300 ml ARV 
suspension during accelerated stability testing. 
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F i ~ u r e  A.2.3: Grnphic representation of the p H  rcsultv obtained for the 420 ml ARV 
suspension during accelerated stability testing. 
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Fipure A.2.4: Graphic representation of the pH results obtained Tor the 600 ml ARV 
suspension during accelerated stability testing. 
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Fieore A.2.5: Graphic representation of the pH results obtained for the 900 ml ARV 

suspelision during accelerated stability testing. 
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Fizure A.2.6: Graphic representation of the p t  results obtained for the 1000 rrd ARV 

suspension during accelerated st ability testing. 
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A.3: pH STABILITY STUDY - 
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Fipure A.3.1: Graphic representation of the pH results obtained for the 1 9  ml  ARV 

slrspension during 12 week in-use stability testing. 
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F i w r e  A.3.2: Graphic represerttation of the pH results obtained for the 3011 ~ n l  ARV 

suspertsion during 12 week in-use stability testing. 
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Fieure A.3.3: Graphic representation of the p H  results obtained for the 420 n ~ l  ARV 
suspension during 12 week in-use stability testing. 
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F i ~ u r e  A.3.4: Graphic representation of the p H  results obtained for the 600 ml ARV 
s~~spensior~ during 12 week in-use st:~bility testing 



A N N E X W  A GRAPHIC REPRESENTATION: pH 
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Figtrre A.3.5: Graphic representation of the pH results obtained for the 900 ml ARV 

suspension during 12 week in-use stability testing. 

I000 ml In-use study 

I 
I 

4.8 a -- -- - - , 

4.7 - r -  12 Weeks 
I ~ ~ " c + ~ o % R H ! '  

0 15 30 

Time (days) 
-- - .. - 

Figure A.3.6: Graphic representation of the pH results ob t ined  for the 1000 ml ARV 
st~spensior~ during 12 week in-use stability testing. 
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ANEXURE - B - GRAPHIC REPRESENTATION : DENSITY 

B.1: RELATIVE DENSITY: N I T I A L  IN-USE STUDY - 
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F i ~ u r e  U.I .1:  Graphic representation for the relative density results obtained for 
the 150 ml reconstituted suspension during the initial in-use stability testing. 
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Fipure B.1.2: Graphic representation for the relative density results obtained for the 
300 rnl reconstituted suspension during the initial in-use stability testing. 



A N E X U W  GRAPHIC REPRESENTATION: DENSITY 
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Fieure B.1.3: Graphic representation for the relative density results obtained for 
the 420 n ~ l  reconstituted st~spension during h e  initial in-use stability testing. 
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Figure B.1.4: Graphic representation for the relative density results obtained for the 
600 r d  reconstituted susper~sion during the initial in-use stability testing. 



ANESURE B GRAPHIC REPRESENTATION: DENSlTY 
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F i ~ u r e  B.1.5: Graphic represenlation for the relative density res~rlts obtained 
for the 900 nd reconstituted susper~sion 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. 



ANEXURE B -- GRAPH lC REPRESENTATION: DENSITY 

B.2: RELATIVE DENSITY: STABILITY STUDY - 
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Figure B.2.1: Graphic representation for the relative density rest~lts obtained for the 
150 1111 reconstituted susper~sion during the accelerated stability testing. 
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Figure B.2.2: Graphic representation Tor the relative density restrlts obtained Tor the 

300 nil reconstituted suspension during the accelerated stability testing. 



ANEXURE B -- GRAPHIC REPRL5ENTATlON: DENSITY 
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Figure B.2.3: Graphic representation for the relative density results obtained for the 
4201111 reconslitutcd suspension during the accelerated stability testing. 
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F ig~i re  B.Z.4: Graphic representation for. the relative density resulls obtained for the 
600 ml rcconstitl~red suspension during the accelerated stability testing. 
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ANEXURE B GRAPHIC REPRESENTATION: DENSITY 

B.3: RELATIVE DENSITY: I2 WEEK IN-USE STABILITY STUDY - 
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Fizure B.3.1: Graphic representation for the relative density results obtained for the 
150 rrll reconstituted suspension during the 12 week in-use stability testing. 
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Figure B.3.2: Graphic representation for the relative density results obtained for the 
300 1111 reconstituted suspension during the 12 week in-use stability testing. 
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ANEXURE 8 GRAPHIC REPRESENTATION: DENSITY 
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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. 
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17i~sre R.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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Fipure B.3.5: Graphic representation for the relative density results obtained for 
the 900 1n1 reconstituted suspension during the 12 week in-use stability testing. 
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Fipure B.3.6: Graphic representation for the relative density results obtained for the 
1000 ml reconstihted suspension during the 12 week in-use stability testing. 
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ANNEXURE C CiRAPHiC REPRESENTATION; VISCOSITY 

C.l: VISCOSITY: lii1TWL IN-USE STABILITY STUDY - 
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C.I.1: Graphic representation of the viscosity results ofthe 150 nil ARV 
reconstituted susperision during the initial in-use stability test period. 
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C.1.2: Graphic representation of the viscosity t~sults of the 300 ml  AFtV 
reconstituted suspensiorl during the initial in-use stability test period. 



ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY_ 
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C.1.3: Graphic representation of the viscosity results of the 420 nll ARV 
reconstituted s~~spension during the initial in-use stability lest period. 

Time (days) 
----- - - -- ---- -- - -- -.-- -- 

C.1.4: Graphic representstion of the viscosity res~rlts of  the 600 nil ARV - 
reconstituted susperrsion during the initial in-use stability test period. 



AJiiEXURE C G R A m C  REPRESENTATION: VISCOSITY 

- -- - - - 
900 ml lnitial In-use stability study 

15 

Time (days) 

-+- lnitial in-use I - -- -!I 

C.1.5: Graphic representation of the viscosity results of the !I00 ml ARV - 
reconstituted st~spension during the initial in-use stability test period. 

- -- - 
-1 i + lnitial in-use 

15 

Time (days) 
- -  - - -  --- -- -- - - -  - 

C.1.6: Graphic representation of the viscosity results of the 1OOOnrl ARV - 
reconstituted suspension during the initial in-use stability test period. 



ANNEXURE C GRAPHiC REPRESENTATION: VISCOSITY 

C.2: VISCOSITY: STABILITY STUDY - 

150 ml Stability study 
I 

I 

Time (Weeks) 

C.Z.l: Graphic representation of the viscosity results of the 150 rill ARV 
reconslit~~ted s~sperlsion during the acceleri~ted stability test period. 

Time (Weeks) 

(7.2.2: Graphic representation of the viscosity results of the 300 nd ARV 
reconstituted suspension during the accelerated stability test period. 



ANNEXURE C GRAPHIC REPRESENTATION: VISCOSITY 

420 ml Stablity study 

0 6 12 

Time (Weeks) 
- - - -- - - - - - - - - - - . -  -- - 

C.2.3: Crsphic representalion of the viscosity results of the 420 ml ARV 
reconstiruted suspension during the accelerated stability test period. 

Time (Weeks) 
. - -  -- - - -- - -. -- -- - -- --A - 

C.2.4: Graphic representation of the viscosity results of the 600 1111 ARV 
reconstituted suspension during the accelerated stability test period. 



ANNEXURE C GRAPHIC REPRESENTATIOIJ. VISCOSITY 

0 6 12 

time (Weeks) 

C.2.5: Graphic I-epresentation of the viscosity results of the 900 ml ARV 
~.econstitutcd suspension during the accelerated stability test period. 

Time (Weeks) 
- - - - ----- .- - -- -. -- -- - 

C.2.6: Graphic representatio~~ of the viscosity r.esults of the 1000 1111 ARV - 
reconstituted suspension during the accelerated stability test period. 



ANNEXURE C GRAPHIC REPRESE&TATION: VISCOSITY 

C.3: VISCOSITY: IN-USE STABILITY STUDY (12 WEEKS) - 

- -- - - -- - - - - -  - .--- -- 

150 ml In-use stability study 

I 
Time {days) 

.- -- -- - --- - - - -. --- - - - - - - -  - - 

C.3.1: Graphic representation of the viscosity results of the 150 mi ARV 
reconstituted suspension during the 12 week in-me stability rest pcriod. 

. - -,I 
12 Weeks 
25"C+60%RH I I 

I I 
,+l2Weeks 1 ,  

30"C+65%RH ' I 
I --.-- 12 Weeks , I ~ ( P c + ~ ~ % R H  / I ' _ - _ 

I 

I 
60 

50 - ' =  
I 2 4 0  
I >. 
1 ~5 30 

o 
; $ 2 0  

5 1 10 

0 

- I -c- 12 Weeks 

0 15 30 I 

-- 

- 

- 

- 

-- 
- 

- . - - . - - - - - - - - - - - - -- - - - -- - - - - - 

C.3.2: Graphic representation or  the viscosiiy results of the 300 till ARV 
I-cconstituted suspension during the 12 week in-use stability test period, 



ANNEXtRE C GRAPHIC REPRESENTATION: VISCOSITY 

420 ml In-use stability study 

- - - 

15 30 

Time (days) 

-12Weeks I 
30°C+65%RH\ 1 

-A- 12 Weeks I I SO"C+75%RH, ! L - - - .- - - - - . . 
I 

600 rnl In-use stability study 

T i m  (days) 

C.3.4: Graphic represer~lation of the viscosi(y results of the 600 nd ARV 
~.econstitutrd s~~spension during the 12 week in-use stability test period. 

C9 

. - .  -- --- -. 

i-t-12Weeks ;I 

25"C+60%RH? 
I 
: -+- 12 Weeks 

30%+65%RH 
I 
-A- 12 Weeks 

I 4O0C*75%RH -- - - - 

60 . 

50 
n 
Q 
0 40 - 
>I 
u 
'; 30 
0 
0 
20 

10 

0 

0 15 30 

----- - -.- .-- - 
-.- .-.--- 

---- 

-- - -  

- 



A N N E X W E  C GRAPHIC REPRESENTATION: VISCOSITY 

900 ml In-use stability study I 

0 15 30 

Time (days) 
. - --- - - - -  -- -- -- - -. - - .  - - 
C.3.S: Graphic representation of the viscosity results of the 900 rnl AR\' 
~wonstituted st~spension during the 12 week in-use stability test period 

+ 12 Weeks -I 1 30"C+S5%Rn 

0 L I 
0 15 30 

Time (days) 
- 7 - -- - - --- - - 

C.3.6: Criiphic representation of the viscosity results of  the 1000 rnl ARV 
recor~stituted suspensior~ during the 12 week in-use stability test period. 



ANNEXURE D GRh PHIC KEPRESENTATION: MOISTURE CONTENT 

ANNEXIJRE D 

bloisture content: Accelerated stability study 



ANNEXURE D GRAPHIC REPRESENTATION: MOISTURE CONTEN2 

D.1: MOISTURE CONTENT: STABILITY STUDY - 

- -. -- ---- -- --- 

Moisture content: 150 ml 1 

T [me (weeks) I 

- - - --- -- -- 
D.l.l: Moisture content of the 150 1111 ARV powder for suspe~~sion during the 
accelerated stability study. 

Moisture content: 300 ml 

6 

Time (wee ks) 
. -- - & -- - -  - - - - . - --- - 

D.1.2: Moisture coriter~t of the 300 ml ARV powder for suspension during the - 
accelerated stability study. 



ANNEXURE D - GRAPHIC REPRESENTATION: MOISTURE CONTENT 

Moisture content 420 ml 

0 6 12 

Time (weeks) 
- - - - -- - - - - - -. . - 

D.1.3: Moisture content of the 420 nd ARV powder for suspension during the 
accelerated stability study. 

a - - --  - ,  

Moisture content: 600 mi I 

Time (weeks) 
.- - - - - ~  - - - - - - . . -  - - -- - --- 

D.l.4: Moisture content of the 600 rril ARV powder for susper~siori during the 
accelerated stability study. 



ANNEXWRE 0 GRAPHIC REPRESENTATION: MOISTURE CONTENT 

- 
Moisture content: 900 ml 

0 6 12 

I 
Time (weeks) 

. - - - . . A - - - - - ---- - .- -A 

D.1.5: Moisture content of the 900 1111 ARV powder for suspension during the 
accelerated stability s t d y .  

Moisture content: 1000 ml 

6 12 

Time (weeks) 

D. 1.6: hIoisture content of the 1000 ml ARV powder for suspension during the 
accelerated st21 bility study. 



ANNEXLIRE E -- GRAPHIC REPRESENTATION: API ASSAYS 

Lamivudine assay: 150 ml 

Lamivutline assay: 300 ml 

Lamivudine assay: 420 ml 

Lamivutline assay: 600 ml 

Lamivudine assay: 900 mi 

La mivudine assay: 1000 ml 

Zidovutline assay: 300ml 

Zidovutline assay: 420ml 

Zidovutline assay: 600ml 

Zidovudine assay: 900nd 

Zidovutline assay: 1000ml 

Nevira pine assay: ISOml 

Nevira pine assay: 300ml 

Nevirapine assay: 420ml 

Nevira pine assay: 6OOml 

Nevirapine assay: 900ml 

Nevira pine assay: I OOOml 



A N N E S I E E  GRAPHIC REPRESENTATION- API ASSAYS 

E. I: L.UllVUDliYE - 

I-- -- 
- - A - - - -- - - . - 7 

Lamivudine i n  150 ml formulation 

- -  - 
Initial inuse 

w Inusel 5 Days 
, lnuse 30 ~ a y s  

I 6 Weeks 25"C+60%UH 
- - - 1 I w 6 Weeks 30°C+65%UH 

I I 6 Weeks 4O0C+75%UH 
-- w 12 Weeks 25"C+60%UH 

12 Weeks 30°C+65%RH 
1 w 12 Weeks 40°C+75%RH 

Days 
Days 
Days 
Days 
Days 
Days 

Fieure E.I.1: Assay concentrations for the lamivudine 150 nll suspensior~ formulation. 
during in-use and accelerated stability testing. 

Lamivudine in 300 mlformulation 

- - - -. - - 

U Initial in-use 
tnuse 15 days 
lnuse 30 days 
6 Weeks 25"C+60%RH 
6 Weeks 30GC+65%RH 

0 6 Weeks 40°C+75%RH 
12 Weeks 25OC+60%RH 

0 12 Weeks 30"C+65%RH 
r t 2  Weeks 4O0C+75%RH 
w 12 Weeks 25"C+60%RH 15 Days 
0 12 Weeks 30GC+65%RH 15 Days 

12 Weeks 4O0C+75%RH 15 Days 
I rn 12 Weeks 25"C+60%RH 30 Days 
1 12 Weeks 30DC+65%f?H 30 Days 
w 12 Weeks 4OaC+75%RH 30 Days 

-- 

F i ~ w  E.1.2: ,Issay concentrntions for the Ismivudi~~e 300 rill s~~sperision formulation, 
during in-use and accelerated stability testing. 



ANNEXURE E Q-&$P_HIC REPRESENTATION: APItASSAYS 

Lamivudine in 420 ml formulation 

- - - - - -  
l n i t i ~ n u s e  .- I 

lnuse 15 Days I - w Irkuse 30 Days 
0 6 Weeks 25"C+60%RH 

1 6 Weeks 30"C+65%RH 
6 Weeks 40°C+75%RH 

O 12 Weeks 25"C+60%RH 
0 12 Weeks 30"C+60°hRH 

' w 12 Weeks 4OQC+75%RH 
I 12 Weeks25OC+60%RH 15 Days 
I 12 Weeks 30°C+65%RH 15 Days 

12 Weeks 4O0C+75%RH 15 Days 
w 12 Weeks 25@C+60%RH 30 Days 
w 12 Weeks 30°C+65%RH 30 Days 
H 12 Weeks 40°C+75%RH 30 Days 11 -- - . - --- 

Fieure E.1.3: Assay concentrations for the Iamivudine 420 nil suspension for~nulation. 
during in-use and accelerated stability testing. 

Lamivudine in 600 ml fdrmulatioii 

. 

D-lnitial in-use 
In-use 15 Days 
In-use 30 Days 

0 6 Weeks 25"C+60°hRH 
w 6 Weeks 3O0C+65%RH 

6 Weeks 40QC+75%RH 
12 Weeks 25"C+60%RH 

0 12 Weeks 30°C+65%RH 
1 12 Weeks 4OCC+75%RH 
w 12 Weeks 25"C+6O0/0RH 15 Days 
0 t 2 Weeks 3O0C+65%RH 15 Days 
0 12 Weeks 40°C+75%RH 15 Days 
w 12 Weeks 25"C+60%RH 30 Days 

12 Weeks 3O0C+65%RH 30 Days 
12 Weeks 40°6+75%RH 30 Days 
. . . . - - . . .- - - - - - . - - 

F i ~ u r e  E.J.4: Assay concentrations for the la~nivudine 600 ~ n l  sirspension forn~ulation. 
during in-use and accelerated stability testing. 



ANNEXURE E GRAPHIC REPRESENTATIOV.'API ASSAYS 

-- - -- - - - - - - - 

Larnivudine in900 ml formulation 

- .  - 

13 Initial in-use 
D Inuse 15 Days 

Inuse 30 Days 
8 6 Weeks 25"C+60%RH 

I 
6 Weeks 30°C+65%RH I 

6 Weeks 40°C+75%RH I 
El 12 Weeks 25"C+60%RH 
D l 2  Weeks 30°C+65%RH 

; w 12 Weeks 40°C+75%RH 
; 12 Weeks 25"C+6O0/oRH 15 Days 
I EI 12 Weeks 30°C+65%RH 15 Days 
I 12 Weeks 40°C+75%RH 15 Days 

12 Weeks 25"C+60%RH 30 Days 
I 12 Weeks 3O0C+65%RH 30 Days 

rn 12 Weeks 40°C+75%RH 30 Days -- - 

Figure E.1.5: Assay concentrations for the tar~~ivudir~e 900 rrd suspetisior~ formnlation. 
during in-use and acceleri~ted stability testing. 

Lamivudine in 1000 ml formulation 

--- - -- . - .  - - 
lnitial in-use 
I kuse 15 Days 

- kuse 30 Days 
n 6 Weeks 25"C+60%RH 

6 Weeks 3OC'C+65%RH 
6 Weeks 40QC+75%RH 
12 Weeks 25"C+60%RH 

I q 12 Weeks 30°C+65%RH 
1 12 Weeks 40°C+75%RH 

12 Weeks 25"C+60%RH 15 Days 
D l 2  Weeks 30°C+65%RH 15 Days 

12 Weeks 40"C+75%RH 15 Days 
1 12 Weeks 25"C+60%RH 30 Days 

12 Weeks 3O0C+65%RH 30 Days 
12 Weeks 4OoC+75%RH 30 Days 

F i ~ u r e  E.1.6: Assay concer~tratior~s for the I;~n~ivudine 1000 rnl suspension formulation, 
during in-we and accelerated stability testing. 



ANNEXURE E - -- GRAPHIC REPRESENTATION: API ASSAYS 

Zidovudine in 300 rnl formulation 

Initial inuse 
lnitial inuse 15 Days 
Initial inuse 30 Days 
6 Weeks 25"C+6O%RH 
6 Weeks 3O0C+65%RH 
6 Weeks 4O0C+75%RH 
12 Weeks 25"C+60°/~RH 
12 Weeks 3O0C+65%RH 
12 Weeks 40QC+75%RH 
12 Weeks 250C+60°hRH 

0 12 Weeks 30°C+65%RH 
0 12 Weeks 40°C+75%RH 

15 days 
15 days 
15 days 

12 Weeks 25"C+6O%RH 30 days 
12 Weeks 3O0C+65%RH 30 days 
12 Weeks 40°C+75%RH 30 days 

Figure E.2.1: Assay concentrations for the zidovudine 300 ml suspension formulation. 
during in-use and accelerated stability testing. 

Zidovudine in 420 ml formulation 

125 -- -- - -. - -. 
Initial inuse 

120 - B In~tial inuse 15 Days 

715 -- 
a Initial inuse 30 Days 

1 a 6 Weeks 25"C+6O0/0RH 
6 Weeks 30DC+65%RH 

I 

s 11 0 
QI 

6 Weeks 4O0C+75%RH 
g 105 - r 12 Weeks 25"C+60%RH 

0 12 Weeks 3O0C+65%RH 1 
I m 12 Weeks 40°C+75%RH 

I 

r 12 Weeks 25"C+60%RH 15 days I 

12 Weeks 3O0C+65%RH 15 days 
a 12 Weeks 40°C+75%RH 15 days 

12 Weeks 25"C+60%RH 30 days , 
12 Weeks 30°C+65%RH 30 days I ' 

rn 12 Weeks 4O0C+75%RH 30 days 
- - - - -  - 

F i ~ u r e  E.2.2: Assay concentrations for the zidovudine 420 1111 S I I S ~ J I S ~ O I ~  fonnalalion, 
during in-use and accelerated stability lesting. 



ANNEXURE E GRAPHIC REPRESENTATIOB API ASSAYS 

---. - . 

€3 Initial irruse 
m Initial in-use 15 Days 

Initial inuse 30 Days 
6 Weeks 25"C+60%RH 

B 6 Weeks 30'C+65°/~RH 
, 6 Weeks 4O0C+75%RH 
1 12 Weeks 25"C+60%RH 
I a 12 Weeks 30°C+65%RH 

12 Weeks 4O0C+75%RH 
12 Weeks 25"C+60%RH 15 days 
12 Weeks 3O0C+65%RH 15 days 

I 12 Weeks 4O0C+75%RH 15 days 
12 Weeks 25"C+60%RH 30 days 
12 Weeks 3O0C+65%RH 30 days 

F i m r e  E.2.3: Asssy concentrations for the zidovudine 600 ml suspension forrr~utation, 
during in-use and accelerated stability testing. 

-- "-. - - -  

Lidovudine in 900 ml formulation 

. - 

t~ initial irruse 
Initial inuse 15 Days 

I Initial inuse 30 Days 
0 6 Weeks 25"C+60%RH 

I 6 Weeks 3O0C+65%RH 
6 Weeks 4OCC+75%RH 

0 12 Weeks 25"C+60%RH 
12 Weeks 3O0C+65%RH 

I 12 Weeks 4OC'C+75%RH 
12 Weeks 25"C+60%RH 15 days ! 12 Weeks 3OSC+65%RH 15 days 

I 12 Weeks 40°C+75%RH 15 days 
12 Weeks 25"C+60%RH 30 days 

I 12 Weeks 3O0C+65%RH 30 days 
: 12 Weeks 4O0C+75%RH 30 days 1 
.- - - - - - - . - 

Firrure E.2.J: Assay concentrstions for the zidovudine 9UO rnl suspension for~nulation. 
daring in-use and i~ccelerated stability testing. 



Zidovudine in 1000 mlforrnutation 

Initial inuse 1 5 Days 
Initial inuse 30 Days 
6 Weeks 25OC+60%RH 
6 Weeks 30°C+65%RH 

o 6 Weeks 40°C+75%RH 
12 Weeks 25"C+60%RH 
12 Weeks 30GC+65%RH 
12 Weeks 40°C+75%RH 

1 12 Weeks 25"C+60%RH 1 5 days 
12 Weeks 30°C+65%RH 15 days I 
12 Weeks 40°C+75%RH 15 days I 
12 Weeks 25"C+60%RH 30 days I 
1 2 Weeks 30°C+65%RH 30 days i 
12 Weeks 40°C+75%RH 30 days 

-- 

F i ~ u r e  E.2.5: Assay concentrations for the zidovudine 1000 ml suspensio~r for.mulation, 
d~wing in-use and accelerated stability testing. 

E.3: NEVIRAPINE - 
-- --- - . - -  

Nevirapine in 150ml formulation 

- -- - - - 
O Initial inuse 

-- : ). ln-use 15 Days 

; ' 
I ' In-use 30 Days 

6 Weeks 25"C+60%RH 
6 Weeks 3O0C+65%RH 
6 Weeks 40°C+75%RH 
12 Weeks 25"C+60%RH 

a 12 Weeks 30GC+65%RH I 
I 12 Weeks 40°C+75%RH 

12 Weeks 25"C+60%RH 15 Days 
; 12 Weeks 30°C+65%RH 1 5 Days 

12 Weeks 40nC+75%RH 15 Days 
12 Weeks 25"C+60%RH 30 Days 

I 12 Weeks 3OC'C+65%RH 30 Days 
I 
8 12 Weeks 40GC+75%RH 30 Days 
- - -  - - -  . 

Fie~rre E.3. I : Assay concentratio~~s for. the nevirapioe 150 nil suspension for~l~uli~tion. 
during in-use and accelera~ed stability testing. 



ANNEXURE E GRAPHIC REPRESENTATION: API ASSAYS 

- -- -- - -  . . - - 
I 

Nevirapine In 300 ml formulation 

I 125 

1 20 

I H 5  

I bp 110 
w g ros 
C 
a 100 
2 
d 95 

90 

85 

80 

I 

'okitial inuse 
' lnuse 1 5 Days 
0 lnuse 30 Days 
0 6 Weeks 25"C+60%RH 

--I ' 
6 Weeks 30°C+65%RH 
6 Weeks 4O0C+75%RH 
12 Weeks 25OC+60%RH 

0 12 Weeks 30°C+65%RH 
12 Weeks 40°C+75%RH 
12 Weeks 25"C+6O0/0RH 15 Days 
12 Weeks 30GC+65%RH 15 Days I 

/ 0 12 Weeks 40°C+75%RH 15 Days 1 
12 Weeks 25%+65%RH 30 Days 
12 Weeks 3OC'C+65%RH 30 Days 
12 Weeks 4OC'C+75%RH 30 Days 

L - 

Figure E.3.2: Assay concentt-ations for the nevirapine 300 ml suspension formulation. 
during in-use and accelerated stability testing. 

- - -- -. - -- -. - 

Nevirapine In 420 ml formulation 

:- - .- -- 
Initial inuse 

O lnuse 15 Days 
1 lnuse 30 Days I 

a 6 Weeks 25"C+60%RH I 
6 Weeks 3 0 " ~ + 6 5 % ~ ~  
6 Weeks 40°C+75%RH 
12 Weeks 25"C+60%RH 

0 12 Weeks 30QC+65%RH 1 
12 Weeks 40@C+75%RH 

Q 12 Weeks 25"C+60%RH 15 Days 
I3 12 Weeks 30°C+65%RH 15 Days 

12 Weeks 40°C+75%RH 15 Days I I 
'B 12 Weeks 25"C+60%RH 30 Days , 

12 Weeks 3O0C+65%RH 30 Days 
12 Weeks 4O0C+75%RH 30 Days 

- -  . . . . - -  

F i ~ u r e  E.3.3: Assay concentrations for the nevirapine 420 rrll suspension formulation, 
during in-use and accelerated stilbility testing. 



Nevirapine in 600 mt formulation 

) In-use 15 Days 
' lnuse 30 Days 

6 Weeks 25"C+6O0/0RH 
6 Weeks 30°C+65%RH 1 
6 Weeks 4O0C+75%RH 
12 Weeks 25"C+60%RH 
12 Weeks 30DC+65%RH 
12 Weeks 4O0C+75%RH 

a 12 Weeks 25"C+60%RH 15 Days1 
12 Weeks 30°C+65%RH 15 Days1 

0 12 Weeks 40°C+75%RH 15 Days 
12 Weeks 25"C+60%RH 30 Days I 
12 Weeks 30°C+65%RH 30 ~ a y s i  
12 Weeks 4OPC+75%RH 30 Days 

Fio,ure E.3.4: Assay conceritrations for. the nevirapine 600 ml suspension formulation, 
during in-use arid accelerated stability testing. 

Nevirapine in 900 ml formulation 

- - 

Initial in-use 
0 lnuse 15 Days 

lnuse 30 Days 
6 Weeks 25"C+60%RH 
6 Weeks 30GC+65%RH 
6 Weeks 40GC+75%RH 

0 12 Weeks 25"C+60%RH 
0 12 Weeks 30r'C+65%RH 
rn 12 Weeks 4O0C+75%RH 
o 12 Weeks 25"C+60%RH 15 Davs 

12 Weeks 3OCC+65%RH 15  ah 
, o 12 Weeks 40°C+75%RH 15 Days 

12 Weeks 25"C+60°/~RH 30 Days I 
I 12 Weeks 3OUC+65%RH 30 Days I 

' 12 Weeks 4O0C+75%RH 30 Days 
. -  - 

Fioure E.3.5: Assay concentrations for the nevirapine 900 nd suspension fornlularion, 
during ia-use and accelerated stability testing. 



ANNEXIIRE  E GRAPHIC' REPRESENTATION:  API ASSAYS 

Nevirapine in 1000 rnl formulation 

I 

IJ ' 
12 Weeks 3O0C+65%RH E 100 

E H 12 Weeks 40QC+75%RH 
H 12 Weeks 25"C+60°%RH 15 Days I 

12 Weeks 3O0C+65%RH 15 ~ a ~ s /  
12 Weeks 4O0C+75%RH 15 Days1 
12 Weeks 25'C+€iO%RH 30 Days ' w 12 Weeks 3O0C+65%RH 30 Days 
12 Weeks 4O0C+75OhRH 30 Days 

- - -- 

I 125 

3 

Fio,ure E.3.6: Assay concent~~ations for the nevirapine 1000 ml srrsperlsior~ formulation, 
during in-use t ~ r ~ d  ~ccelerated stability lesting. 

1 120-  

115 .. 

- -- I 
- Initial inuse 
, In-use 15 Days I 

, In-use 30 Days 
6 Weeks 25"C+60%RH 

$ ? l o .  -- 6 Weeks 30°C+65%RH 
a 6 Weeks 40°C+75%RH 

, 105 - r 1 2 Weeks 2!j0C+60%RH 
I 



ANNEXURE F GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY 

Sodium methyl hydroxybenzoate assay: 150 ml 

Sodium methyl hydroxybenzoate assay: 300 nil 

Sotlium methyl h ydroxybenzoa te assay: 420 ml 

Sodiuni methyl hydroxybenzoate assay: 600 ml 

Sodium methyl hydroxybenzoate assay: 900 ml 

Sodiuni methyl hydroxybenzoa te assay: 1000 ml 

Sotlium propyl hydroxy benzoa te assay: 150 ml 

Sodium propyl bydronybenzoate assay: 300 ml 

Sotlium propyl hyd roxy benzoate assay: 420 ml 

Sodium propyl hydroxybenzoate assay: 600 ml 

Sodium yropyl hydroxy benzoa te assay: 900 ml 

Sotlium propyl hytlroxy benzowte assay: 1000 n ~ l  



ANNEXlJRE F GRAPHIC REPRESENTATION:PQ1CIERVATIVE ASS-AJ 

F1: SODIUM METHYL HYDROSYBENZOATE - 
- - - - ------ - - 
I 

Sodium methyl hydroxybenzoate in I 5 0  ml 
1 
I 

formulation 
- -  

6 Initial in use 
Initial in use 15 Days 

U Initial in use 30 Days 
6 Weeks 250C+6Q0/oRH 

H 6 Weeks 300C+65%RH 
6 Weeks 400C+75%RH 

H 12 Weeks 25°C+600/~RH 
12 Weeks 300C+65%RH 

H 12 Weeks 400C+75%RH 
H 12 Weeks 25OC+60%RH 15 Days 

12 Weeks 30°C+65%RH 15 Days 
12 Weeks 40°C+75%RH 15 Days 

H 12 Weeks 250C+60°hRH 30 Days 
H 12 Weeks 300C+65%RH 30 Days 
H 12 Weeks 400C+75%RH 30 Days . --- - - - 

Figure F.I.1: Assay concentrations for the sodium niethyl hydroxybenzoate 150 nil 
susperlsion formulslion, during in-use and accelerated stability testing. 

Sodium methyl hydroxybenzoate in 300 mi 
formu lation 

-. ~ . - 
l3 Initial in use 
H lnitial in use 15 Days 
0 Initial in use 30 Days 
0 6 Weeks 250C+60°hRH 
H 6 Weeks 300C+65%RH 

6 Weeks 40%+75%RH 
12 Weeks 25°C+600/~RH 

O 12 Weeks 30aC+65%RH 
H 12 Weeks 400C+75O/oRH 
1 12 Weeks 250C+60°/oRH 15 Days 

12 Weeks 300C+65%RH 15 Days 
12 Weeks 400C+75%RH 15 Days 
12 Weeks 25OC+60%RH 30 Days 

1 12 Weeks 30°C+65%RH 30 Days 
H 12 Weeks 400C+75%RH 30 Days 

-- 

Fipure F.1.2: A S S ~ ~ Y  c o ~ ~ c e ~ ~ t ~ ~ a t i o ~ l ~  for the sodium methyl hydroxybenzoate 300 1111 

suspension fo~.maIation. during in-use and accelerated stability resling. 



ANNEXURE F - GRAPHIC REPRESENTATION: PRESERVATIVE ASSAY 

- - - - - - - - -- .- - - - - - - - -- - - 
1 

Sodium methyl hydroxybenzoate in 420 ml I 

formu lation 
I 

, --.- . - 
i Initial in use 

Initial in use f 5 Days / Initial in use 30 Days 
' U 6 Weeks 25OC+60%RH I 

W 6 Weeks 300C+65%RH 
0 6 Weeks 400C+75%RH 

12 Weeks 25%+60%RH 
12 Weeks 30%+65%RH 1 W 12 Weeks 40%+75%RH 
12 Weeks 25%+60%RH 15 Days 

( 12 Weeks 30%+65%RH 15 Days 
0 12 Weeks 40%+75%RH 15 Days 
W 12 Weeks 25%+60%RH 30 Days 
W 12 Weeks 30%+65%RH 30 Days 
W12Weeks40%+75°/oRH30Days - - - - 

F i ~ u r e  F.1.3: Assay co~iceritratio~~s for the sodium methyl hydroxybenzoate 420 ~ n l  
suspension forniulation, during in-use and accelerated stability testing. 

Sodium methyl hydroxybenzoate In 608 rnl 
formulation 

1 0.175 -- - .- 

o f .  i- 
-- - ' htialin use 

- W Initial in use 15 Days i Initial in use 30 Days 
O f 6 5  , 6 Weeks 25@€+60%RH 

R 6 Weeks 30@€+65%RH 
6 Weeks 40%t75%RH 

W 12 Weeks 25@€+6O0/oRH 
0 12 Weeks 30%+65%RH 
W 12 Weeks 40%+75%RH 
H 12 Weeks 25%+60%RH 15 Days 
U 12 Weeks 30%+65%RH 15 Days 
0 12 Weeks 40°C+75%RH 15 Days 
H 12 Weeks 25%+60%RH 30 Days 
W 12 Weeks 300C+65%RH 30 Days 
W 12 Weeks 400C+75%RH 30 Days 

" 

Figure F.1.4: Assay conce~ltratior~s for the sodium melhyl hydroxybenzoate 600 nd 
sr~spension fo~mnliltion, during in-use arid accelerated stability testing. 



Sodium methyl hydroxybenzoate in 900 ml 
formulation I 

13 Initial in use 
lnitial in use 15 Days I U 1n.l in m e  30 Days 

17 6 Weeks 25%+60%RH 
I .6 Weeks 30%+65OhRH 

0 6 Weeks 40%+75%RH 
: . 12 Weeks 250C+60°hRH 

O 12 Weeks 300C+65%RH ' .I2 Weeks 400C+75%RH 
12 Weeks 25%+6O%RH 15 Days 
12 Weeks 300C+65%RH 15 Days 
12 Weeks 400C+75%RH 15 Days 
12 Weeks 25%+60%RH 30 Days 

, rn 12 Weeks 30°C+65%RH 30 Days 
.I2 Weeks 400C+75%RH 30 Davs 

F i w r e  F.1.5: Assay concentrations for the sodiuni methyl hydroxybemoate 900 nrl 
suspension formulation, during in-use and accelerated stability testing. 

Sodium methyl hydroxybenzoate in I000 ml 
formulation 

,- .----- 
I 13 Initial in use 
I . Initial in use 15 Days 

C1 Initial in use 30 Days 
I El 6 Weeks 25"C+60°hRH 
, rn 6 Weeks 309=+65%RH 

6 Weeks 409=+75%RH 
1 12 Weeks 25%+60%RH 

12 Weeks 30%+65%H 
12 Weeks 40%+75%RH 
12 Weeks 25%+6O%RH 

0 12 Weeks 30%+65%RH 
12 Weeks 40%+75%RH 

W 12 Weeks 25%+60%RH 
1 12 Weeks 30%+65%RH 

12 Weeks 40%+75%RH - -  ' -- 

15 Days 
15 Days 
15 Days 
30 Days 
30 Days 
30 Days I 

- -  .- 

F i ~ u r e  F.1.6: Assay concentrations for the sodium niet hyl hgdroxybenaoate 1000 m l  
susperrsion formulation, during in-use and accelerated stirbility testing. 
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B2: SODIUM PROPYL HYDROXYBENZOATE - 
-- - - -- ----- - - - 

Sodium propyl hydroxybenzoate in 150 ml 
formulation 

- - .  
B lnitial in use 
W lnitial in use 15 Days 

Initial in use 30 Days 
6 Weeks 25"C+60%RH 

. W 6 Weeks 30"C+65%RH 
: El 6 Weeks 40%+75%RH 

W 12 Weeks 25OC+60%RH 
12 Weeks 30°C+65?4RH 

I I 
I I 

W 12 Weeks 400C+75%RH 1.  H 12 Weeks 25uC+600hR H 15 Days 
El 12 Weeks 3PC+65%RH 15 Days ' 

El 12 Weeks 40°C+75%RH 15 Days 
12 Weeks 25%+60%RH 30 Days I H I 2  Weeks 30%+65%RH 30 Days 

Fipurc F.2.1: Assay conccnlrations for the sodiom propyl hydroxybenzoate 1-50 1111 

smperrsion formtrlation, during in-use srld accelerated stability testing. 

Sodium propyl hydroxybenzoate in 360 ml 
formulation 

I3 Initial in use 
lnitial in use 15 Days 
Initial in use 30 Days 

0 6 Weeks 25%+60%RH I 
6 Weeks 30°C+65%RH 
6 Weeks 40%+75%RH 

W 12 Weeks 25"C+60°hRH 
0 12 Weeks 300C+65%RH 
W 12 Weeks 40%+75%RH 

- H 12 Weeks 25%+60%RH 15 Days ( ' 
0 12 Weeks 30"C+65%RH 15 Days 

-. 12 Weeks 40"C+75%RH 15 Days 
I 11 12 Weeks 25%+60%RH 30 Days 

- I H 12 Weeks 30%+65%RH 30 Days 
. 1 12 Weeks 4006+75%RH 30 Days 

-., -- - - -  .. -- 

Fipure F.2.2: Assay concentrations for the sodium propyl hydrosybenzoatc 300 ml 
suspension forrn~~lation. during in-use and iicccIel-ated stability testing. 
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Sodium propyl hydroxybenzoate in 420 ml 
formu lation 

- -- .... . - - . - - - - - 
El lnitid in use 
R Initial in use 15 Days 

Initial in use 30 Days 
0 6 Weeks 25%+60%RH 
R 6 Weeks 30OC+65%RH 

6 Weeks 40°C+75%RH 
1 12 Weeks 25%+60%RH 

12 Weeks 30%+65%RH 
12 Weeks 40%+75%RH 
12 Weeks 250C+60°/~RH 15 Days 
12 Weeks 30%+65%RH 15 Days 
12 Weeks 40%+75%RH 15 Days I .I2 Weeks 25%+60%RH 30 Days 

I R 12 Weeks 30%+65%RH 30 Days 
12 Weeks 40%+75%RH 30 Days 

1 - ~ - - 

F i ~ u r e  F.2.3: Assay concentrations for the sodium propyl hydr-mybenzoate 420 ml 
s~~spension formulation, during in-use and accelerated stability testing. 

- - -- - -- - - - . - - - - - - . - - 

Sodium propyl hydroxybenzoate in 606 ml 
formulation 

, -.. . .  - - -- 
0 Initial in use 
R Initial in use 15 Days 

Initial in use 30 Days 
0 6 Weeks 25OC+6O%RH 
R 6 Weeks 3WC+65%RH 

6 Weeks 40°C+75%RH 
R 12 Weeks 25%+60%RH 

12 Weeks 30°C+65%RH 
U 12 Weeks 40%+75%RH 
R 12 Weeks 25°C+60%RH 15 Days 
0 12 Weeks 30%+65%RH 15 Days 
0 12 Weeks 40%+75%RH 15 Days 

12 Weeks 25%+6O%RH 30 Days 
] 1 12 Weeks 30%+65%RH 30 Days 
1 12 Weeks 40%+75%RH 30 Days 

- .  . .- . -- 

Finrre F.2.4: Assay concentr~ations for the sodium propyl hydroxyhenzoate 600 1111 
suspension fo~mulation. during in-use and i~ccelerated stability testing. 
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- -- ----- - - - - -  - 

Sodium propyl hydroxybenzoate in 900 ml I 

formulation I 

-- -. - 
i I?! Initial in use - I 

lnitial in use 15 Days 
Initial in use 30 Days 
6 Weeks 25°C+600/~RH 
6 Weeks 30%+65%RH 
6 Weeks 40%+75%RH 
12 Weeks 25%+60%RH 
12 Weeks 300C+65%RH 

1 12 Weeks 400C+75%RH , 12 Weeks 25%+6O0/~RH 
12 Weeks 300C+65%RH 
12 Weeks 40%+75%RH 

15 Days 
15 Days , 

t5Days ' I 
12 Weeks 25%+60%RH 30 Days 
12 Weeks 300C+65%RH 30 Days 
12 Weeks 40%+75%RH 30 Days - - -- . - -  

Figure F.2.5: Assay concentrations for the sodiuni propyl liydroxybenzoate 900 m l  
srrsper~sio~i formulation, during in-use and ;iccelerated stability testing. 

Sodium propyl hydroxybenzoate in I000  ml 
formulation 

F i w  re F.2.6: Assay concentrations for the sodium propyl hydroxybenzoate 1000 ml 
strspension form111alio11, during in-use and acceleraled stability testing. 

0.03 - - - - -- - - 
O Initial m use 

0.028 Inktial in use 15 Days 
Initial in use 30 Days 

P 6 Weeks 25%+60%RH 
6 Weeks 30%+65%RH 

0.024 6 Weeks 40%+75%RH - H 12 Weeks 2Ei°C+60%RH 
$ 0.022 12 Weeks 30%+650/0RH 
C) 12 Weeks 400C+75%RH 
Fj 0.02 12 Weeks 25%+60%RH 15 Days 
E 12 Weeks 30T+65%RH 15 Days 
d 0,018 12 Weeks 40T+75%RH 15 Days 

12 Weeks 25%+6W/oRH 30 Days 
0.016 12 Weeks 30%+65%RH 30 Days 

H 12 Weeks 40%+75%RH 30 Days 
; 
! 

0.0t4 - - - -  -- -.- ..- . - .  
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ANNEXURE G 

VALIDATION OF AN ASSAY FOR THE SIMULTANEOUS DETERMINATION OF 
LARIIVUDINE, ZIDO W D I N E ,  NEVIRAPINE, SODIUM METHYL 

HY DROXY BENZOATE AND SODIUM PROPY L HYDROXYBENZOATE IN 
SUSPENSION 
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SUMMARY 

Table GI: Summary of the validation results for the simultaneous determination of 
lan~ivudine, zidovudine, nevirapine, sodium methyl hydroxybenzaole and sodium propyl 
hy droxy benzoate in suspension. 

Lamiwdim 0.9- 348 !1g h l  

Zidovodine 0.9 - 349 pg /nd 

Nevirapine 0.9 - 350 112 hnl 

Scdium propyl hydrosybciizoate 0.1 - 50 pg /ml 

Sodium mclhyl hydroxybcnzoa~e 0.05 - 206 ug /ml 

Cylosinc 0.1 - 202.7 pg /lid 

Thymine 0. I - 208.9 pg /ml 

Lnmrvudine r-= O.WVI 

Zidovudinc r'= 0.9992 

Ncvimpine r2= 0.9999 

Sodit~rn propyl hydrosyhnzoale r'= 0.9999 

Sodium mctl~yl hydrosybcnzoate r'= 0.999 I 

Cytosine r2= 0.9990 

Th~rninc r'= 0.9997 

Lnrnivt~dinc 101.5% 

Zidovudine 101 .6% 

Nevirapinc 100.l'Y'.o 

Sodium propyl hydras! bcn/.onrc 1 00.3% 

Sodium meh! l h!.drosybcnr.oa~e I OO.Jo/0 

Liivudinc RSD 1 29Y0 

Zidovtidinc RSD 1.2.i% 

Ncvimpinc R5D 1.47% 

Sodium prop l hydrosyhnrontc RSD 1.59% 

Sc~d~um methyl h>drosl bcwoa~c RSD 0.78% 

Coinplics 

Compl~es 
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I.  ORIGIN O F  METHOD 

Thc method was dcvcloped and \.alidarcd b!l Dr. J.L, du Prcez at ~ h c  Annlylical Tcchnolop 

Labralory (ATL.) al thc North-Wesl Univcrsily. 

2. CHROMATOGRAPHIC CONDlTlONS 

+ Analytical Instrument: HPllOO scrics HPLC equipped with a pump, auto 

sampler. UV dcrcctor and Chernstation Rcv. A.06.02 data acquisition and anal+ 

soflwarc or  equivnlenl. 

+ Column: Luna C 18 (2) 150~4 .6  rnm, 5l1;ll (Phenomenes, Torrance, CA). 

+  mobile phase: Acctoni~r~lc (solwnt B). water ~ ~ l h  0.2% tricrl~ylominc. pH 

adiustcd to 7.0 nith phosphoric acid or alnmor~ium h!,drosidc (sol\,cnl A). 

Gradient table: 

+ Flow Hate: I . O  m h i n .  

--- -- Time 
0.00 - 

E .ji~{l 
10.00 
15.00 

+ Injection Volume : 10 111 

Detection: UV at 270 run. I6  mi bandwidth. 

Solvent A 
92 

. 

35 
&. ?i - 

02 

Retention time: A 1.7 niinrilcs for cytosine 

* 2.3 mirlutes for lh!nlinc 

* 3.7 niinoles for Inmiwdinc 

* 6.5 niinulcs for ~ido\.udinc 

* 7.7 minules for nc\,irapine 

* 8.2 rnil~r~lcs Tor sodium mctli~l hydros~~benzoalc 

* 0.9 rninutcs for sodium ~ x o p l  I i ~ ~ d r o s ~ b c ~ ~ ~ o a ~ c  

Run tinic: 15 minutes. 

Solvent B 
8 
. . - .- .- - 

fi 5 
AC 
8 
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3. SAMPLE PREPARATION 

Placc a sterilc 5 1111 surgical syringe on nu annl!-tical bali~nce (md tare. 

Accurately wigh  5 ml of the 150, 300. 420 and 600 ml suspensions into scparntc 250 

n ~ l  volumcbic flasks. 

Accurately weigh 3 ml of lhe 900 ml suspension and 4 nJ of h c  1000 ml s~~spension 

into scpwatc 250 rnl volomctric flasks. 

Add nboul 150 ml methanol to cach llask, remove Ihc stoppcrs and put thc flasks i n  on 

ultrasonic bah, containing luke warm wntcr and sonicale for 20 minutcs. 

Make sure hat all h c  suspension has dissolved. If solid particles are visible. shake the 

flask 'and sonicatc i t  again until complctcly dissolved. 

Allow the flasks lo cool to room tcmperahue 'and f i l l  cach flask to 250 ml with distilled 

wnlcr. 

Filter thc solutions into auto sampler \ i d s  and anal>.sc. 

4. STANDARD PREPARATION 

Placc n clcan dr\. \vcighing boat on an ana!>.tical baloncc and tare. 

Accurately wig11 7 1.38 rng z.idowdinc. 35.65 mg Intnivudinc and 7 1.29 mg ncvirapine 

scpamtcl!.. cach in its own wcig1:hing boat. 

Placc the thrcc nccumlcl! \vcighcd APls togctlw in n 2 5 0  ml volumetric flask. 

Place a clcar~ drx wcighing boat or1 all analyticid balnncc and tarc. 

Accurate!! weigh 2 1 mg th~rninc. 75 tng sodium rncth!:l h>,drosybcn~oatc ilnd 10 1113 

sodiurrl prop!.l h!,dro\?,bcni..oate in scparntc weighing boals. 

Add thc thrcc abovernentioned substances togcther in a 100 ml volumetric flask. 

Place n 200 1111 \dtrmctric flask on an anal>.lical batancc i~nd tare. 

Accuratcl!. wcigh 14 mg c>.tosiric into rhc flask. 

Add I50 ml rne~hanol to the 200 ml tlask and put the flask in an uluasonic bath, 

containing lukc \\.am1 watcr and sonicatc for 20 minutcs. 

Allow thc flask to cool to room tcmycraturc and till to \.ohme with distitled water. 

1 1 .  With a 10 nil piptie. esvact 10 rnl of the abowncntioncd solution into Ihc 100 ml 

flask. 

12. Add 30 ml nictlianol to die 100 rnl flask and put dlc flask in an ultrasonic balh. 

containing Iukc arm wotcr and sonicate for 20 min~~tcs. 
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13. Allow to cool 10 room tcniperatorc 'and fill to \.olume with distillcd water. 

14. Using a 10 ~ n l  pipette. traiisfcr 10 ml of thc abovcmcnlioncd solution into the 250 nd 

flask. 

15. Add 200 ml mcthanol to thc 250 nd flask nnd put the flask in an ul~rasonic bnlh, 

containing Iukc warn1 water arid sonicatc for 20 minutes. 

1 6. Allow to cool to room iempcraturc and fill to volume wih distillcd ivatcr. 

17. Tllls is the final solution which will be used ns a standard. 

5.  CALCULATIONS 

The cornpliancc range for Iami\wdine, zidovudine . nevirapinc. sodium nieth!.l 

11ydrosybcrv.oate and sodium propyl hydrosybcnzoatc is set nl 90 - 1 10%. 

SAR X Imass of std. me) X (std. Potencl.) X n-Vrnl = mg Inmi\udine /ml 

STR X mass of san~plc (g) X 100 

SAR X (mass of std. me) X (std. Potcno.) X wljml = mg zidovuditic /mI 

STK X mass of samplc (g) S 1 00 

SAR X (mass of std. n x )  X (std. Potenc!.) X nVml = mg. nc~'irapi~~c/ml 

STR X mass of samplc (g) X I00 

SAR X (mass of std. r n d  X (std. Polcncv) X wljml = rns sodium n~cthyl h ~ ~ d r o s ~ ~ b c n z o a ~ c  /rill 

STR X mass of samplc (g) X 100 

SAR X Imiiss of std. n i d  X (std. Potcncv) X w/ml = Ing sodium prop1 h!~dros~bcn/.oatc / ~ n l  

STR X mass ol' sample (g) X I00 

\Y hew: 

SAR = samplc pcok nrca 

STR - standard peak nrcn 

\Yr/mI - n c i ~ h t  pcr rnl of lhc oral susycnsion in g 
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6. VALIDATION TEST PROCEDURE AND ACCEPTANCE CRITERIA 

6.1 SPECIFICITY 

METHOD: 

I .  Prepme a s'mple from a placcbo ofthe sl~spc~ision Lhal does not contain 

Lhe various actives which mc k i n g  tested will1 this ~nethod. 

2. Dilutc 4 s 10 ml standard solution w i h  water. 1 ml of IM hydrochloric 

acid, 1 nil of 1M sodium hydroxide and 0.5 rn! 10% Ii>drogcn peroxide rcsy>ectively. 

3. Store thcsc solutions ovcrniglil at 700C lo dcgadc. 

4. Filtcr Lhcsc sa~nples into an auto sampler vial a i d  anal?se to dctenninc whcthcr 

an!; additio~~al pcaks were formcd. 

ACCEP'T.4YCE CRITERIA 

'Thc placcbo shoold not contain an!. pcaks thal will interfere witti ttic 

dc~ermination of thc actives. 

Estrn pcaks formcd in thc sucsscd samples should bc discernible from those of 

h c  ncliw compments. 

6.2 LIKEARI'TY 

Smdard  P r c p ~ a t i o ~ i  

I .  Prcpnre n standard solution as dcscribcd undcr standard prcp;~i~tion 

2 Inject vnrinblc ~o lumes  into the chromalograph toobtain standards from 75- 125% 

of Ihe cspcclcd snmplc concentration. 

ACCEPTANC:E CRITERIA 

Lincnr rcgrcssion analysis should !.ield a rcgession cocllicict~t (r squarcdj of 

:> 0.99. .- 

6.3 ACCURI~C~Y 

I .  Spikc h i o w  amounts of  a c h x  a1 conce~iuations of approsirnard!- 80%. 100% and 

1 20% of IIic csyectcd satnplc conccutration. 

2 .  Injcct into dic cllroma~ograph in duplicate. 
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ACCEPTANCE CRITERIA 

Rcco~.ey nlusl bc bctneen 98- 102%. 

6.4 PRECISION 

6.4.1 INTRA DAY PRESCISION (REPEATABILITY) 

I .  Measurc approsimakly 3 x 8 ml (80%). 3 s 10 m1(100%) and 3 s 12 nd ( 120%) of thc 

suspension into 100 ml volumclric flasks and f i l l  to volume with mchmol. 

2. Prcpac n single standard at 10W0 of the cspeckd samplc concentration as described in 

lhc mchod. 

3. Injcct into thc cluomatograph in duplicatc. 

6.4.2 INTER DAY PRECISION 

1 .  Analysc thc samc homogeneous sarnplc in lriplicntc as dcscribcd abow for intra-da 

precision (at 100% of Lhc sample conccntralion) on rno morc occasions to deknnine 

the k t~vcen-da.  varinbilily of the method. On onc occasion (da? 3) a different analyst 

should perform h c  analysis on a diiTcrent scr of cquipmcnt. 

ACCEPTANCE CRITERIA 

Repciltabilit? must bc bctlcr h ~ n  2% (n=C>). 

Intcr-da!- precision must bc lxtlcr han 5% (11=9) 

6.5 RUGGEDNESS 

6.5.1 STABILITY OF THE SAkIPLE SOLUTIONS 

I .  Preparc a samplc as direclcd under sample preparation in 1hc mchod. 

2. In.icct rhc samplc into the chromalograph 

3. Lcilvc the samplc in Ihe auto snmplcr ma!. and reanalyse over a priod to dctcrmnc the 

stnbilil?. of thc samplc. 
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ACCEPTANCE CRITERIA 

Sn~nplc solutions should not bc used for a p i o d  longcr lhan it takcs to dcgrade 

by 2%, a id  in 11le cnsc of dcgmdnlion. spcial  prccau~ions should bc fol~owed 

to compensate for thc loss. 

6.5.2 SYSTEM REPEATABILITY 

1 .  Inject a sarnplc sis limes consccutivel~ in order lo test h c  repealobilit?' of the peak area 

as wcll as the retcnlion timc. 

ACCEPTANCE CRlTERlA 

The pcnk and retention rims should have an RSD of  2% or Icss. 

6.6 ROBUSTNESS 

1 .  XIakc dclibcrate changes lo thc cliromotograyhic condilions to dctcrnmine thc mcthod's 

lolcrance Lowards changcs. 

2. Change Ihc Row rate. waveleng~h. injcc~ion volr~me, acetonitrilc conccntraiion and use 

a similar column from a difl'crcnl manufach~rer. 

ACCEPTABCE CRITERIA 

Thc method should bc nblc 10 Iolerale a 5% uriancc in ~ h c  cluomatograyhic 

conditions. 

6.7 SYSTEM AND METHOD PERFORklANCE CHARACTERISTICS (SYSTEM 

SIJITABI LITY) 

1 .  Calculate thc chromatosrayhic prformnncc characteristics of die scyxation. 11kc 

rctcntion litne, USP pcak ~niling factor. capacity factor. and resolution hrwecn pcaks 

and rcpcntobility of mulliyle injcclions. 

2. Usc ~ h c  dala obtained lo sct rcalis~ic pcrfomiance limits that Bould bc nicl bcfore the 

anal!-sis cnn lx p h n n c d .  
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ACCEPTANCE CRITERIA 

RSD of 2 injcc~ions not rnorc b a n  2% 

Thc column must haw morc than 3000 theoretical plates for all thc API and 

prescrvati\.e peaks. 

Thc rcsolulion bcl\\cen subsequcnl peaks rnusl be grcalcr than 2. 

7. VALIDATION RESULTS 

Placcbo and slanda-d solutions wcrc prcpnrcd as dcscribcd in paragraph 6. I .  

All Ihc samplcs wcre anal!.scd (71 270 nm. 

Figure G 1 : HPLC chromatograrn of a placebo sample. 
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Figure G2: HPLC chromatogranl of a standard solution of lamivudine. 

Figure G3: HPLC cl~romatogri~ni of n standard solution of zidovudine. 



5 . - a -7- --- "_- - 10 7 

F i ~ u r e  G4: HPLC cl~roniatograni of a standard solution of nevirapine. 

F imre  GS: HPLC chroniatog~-am of a s t imhrd  solution of the reconstituted ARV 

powder for suspension. 
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fl - - Q --2--- 4-. B- 10 I ?  m 

F i m r e  G6: HPLC chromatogram of the 300 nrl ARV formulation. 

F i ~ u r e  G7: HPLC chromatogram of Iarnivudine stressed in water at 600C for 24 

hours. 
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F i ~ u r e  GS: HPLC chromatograrn of laniivudine stressed in 1 $1 sodiurn hydroxide at 
60°C for 24 hours. 

. - , ' -- a':. 

F i ~ u r e  G9: HPLC chromatogram of lamivudine stressed in 1 $1 hydrocliloric acid at 
60°C for 24 hours. 



F i ~ u r e  C10: HPLC chromatograrn ofzidovudine stressed in water at 6@C for 24 
hours. 

Figure G1 I :  HPLC c.h~*ornatogram ofzidovudine stressed in 0.1 M sodilm hydroxide 
at G O T  for 24 hours. 
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Finure G12: HPLC chro~natogrsm of zidovudine stressed in 0.1 $1 hydrochloric acid 
at 60°C for 24 hours. 

Figure G13: HPLC chromatograni of nevirapine stressed in water at 60°C for 24 
hours. 



Figure G1.1: HPLC chrornntogram of nevirapine stressed in 0.1 M sodium hydroxide 
at 60°C for 24 hours. 

F i ~ u r e  CIS: HPLC chromntogran! of nevirapine stressed in 0.1 hl hydrochloric acid 
at 6OC for 24 hours. 
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7.1.1 CONCLUSION 

Nonc of the i~rgedicnls in thc placcbo in~crfcred with h c  lamivodinc, zidowdine or nc\.irapinc 

pcaks. Alihough thc dcgadation proccss formed extra penks, i t  did not inlcrfcrc with tIlc 

sinu~ltancous dekction of lamivudinc. ;~.idovudinc, nevirapinc. sodium prop!! h?dros?.benzonle 

and soditen mehyl h>~drosybenzoalc. Pcak ptuity was preforrncd and all penks wcrc found to 

bc sat isfaclon. 

7.2 LLNEARITY AND RANGE 

Wider ranges of  the t Ilree APls and the two preservatives were determined because the 

specific n~ethod was used to determine the assay, a s  well as the dissolution values of 

the ARV reconstituted powder for suspension. 

Table G2: Peak area and co~lcentratiort for lamivodine, 

- Area 1 -- - - ~ ~ -  Area 2 
0.9 - - 23-- . . -- 24 
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Table G 3: Regression parameters for lamivudine. 

I REGRESSION PARAMETERS 1 

0.0 50.0 tOO.0 150.0 200.0 250 0 300.0 350 0 400.0 

Conccntralion (pglml) 

R squared 
Intercept 
Slope 

Fiwtre GIG: The linear regression curve for Iamivudine. 

0.9991 14 
-4.37997 
22.131 84 

~ o z r  95% 
-47.2294 
21.78249 

upper 95% 
38.46948 

22.481 192 
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7.2.2 ZIDOVUDINE 

Table C4: Peak area and concentration for zidowdine. 

1 Concentration 1 Peak area I ~ - -  ~ -~ - - -  

1 1  I 
I 

Area 1 Area 2 Mean 

Table G 5: Regression parameters for zidovudiue. 

REGRESSION PARAMETERS 
I R squared 1 0.94924 1 1 Lower 95%-'~ppr95liI 
I Intercept 1 28.50334 1 -4.51479; I 6- 
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0 0 50.0 100.0 1 5 0  0 200.0 250 0 300 0 350.0 400.0 

Concentration (pglrn I) 

- -- - - -- ---- - 
Fieure G17: The linear regression curve for zidovudine. 

7.2.3 NEVIRAPINE 

Table G 6: Peak area i111d concentration for nevirapine. 

1 Concentration I Peak area I 
Area I Area 2 Mean 
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Table G7: Regression parameters for nevirapine. 

T -  - 

- - - 
REGRESSION PARAMETRS -1 

- - - . - - - - - . -. - - - -- -- 
Figure G IS: The linear regression curve for nevirapine. 



7.2.4 SODIUM METHYL HYDROXYBENZOATE 

Table C8: Peak area arid concentration for sodium niethyl Bydroxybenzonte. 

Table C9: Regression parameters for sodium methyl hydroxybenzoate. 

Concentration 
lr943" 
0.05 

Peak area 
Mean Area 1 Area 2 

16 17 16 
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0.00 50.m 100.00 150.00 200.00 250.00 

Concentration (pglm I) 

- - -. - -- - -- - --- -- -. 

F i w r e  C19: The linear regression curve for sodium methyl hydroxybenzoate. 

7.2.5 SODIUM PROPYL HY DROXYBENZOATE 

Table G 10: Peak area and concentration for sodium propyl hydroxy benzoate. 
- 

Concentration Peak area 
P s I ~ I  

0.1 

1 .(I 
2.0 
3.0 
4.0 
5.0 
5.0 

23 
40 
61 
76 
100 
101 

23 

40 
61 
80 
100 
103 

23 
40 
6 1 

78 
1 00 
102 



Table GI 1 :  Regression parameters for sodium propyl hydroxybenzoate. 
- - - - - --- . - 

Lower 

10.0 20.0 30.0 40.0 50.0 m.0 

Concentration (pglrnl) 

F i~rwe CZO: The linear regression curve for sodium propyl hydroxybenzoate. 

7.2.6 CONCLUSION 

This method is linear over Lhc concentration range of 0.9-348.8 pdml Tor lami~~ldine. 0.9- 

340.8 p g h l  Tor ridoh~~diuc. 0.9-350.6 pc$nl for ncvirapiue. 0.1-50.3 pdm1 for sodirirn propyl 

h:,drosybeni..oak and 0.05-206.3 pS/ml for s d i u m  nictll!.l h!dros:.bcnzoatc. This rncllid 

~iiccls thc critcric? Tor acceplarice and is Lhcrcfore suitablc for single point calibration. 
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7.2.7 CYTOSINE 

Table G12: Peak area and concentration for cytosine. 

Table GJ3: Regression parameters for cytosine. 

Concenlration 
Wlml 

0.1 
0.2 

REGRESSION PARAMETERS 
R 7- 1 

Peak area 
Area 1 
10.14 

Area 2 
10.60 

Mean 
10.37 

16.23 16.24 2 0.82 
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0.0 50.0 100 0 150.0 200 0 250 0 

Concentration OJglml) 
. - - -- -- - -  -- 
Fieure G22: The linear regression curve for thymine. 

7.2.lO CONCLUSION 

This method is lincnr over h e  conccnlration rangc 0.1 - 202.7 pcJ ml. According to ~ h c  USP 

28. 2005 p. 20.18. a prepara~ion should no1 contain rnorc ~han the cquivnlcnl of 3.0% ~nfm. wiui 

respcct lo ~idovudine. ot'tli?iiiine. Thc litnit of qmntification and tlic limit of clcicction of this 

mcthod ucrc bascd on basclinc noise. The limit of quiin~ificalion of this merhod is 0. I pS/ ml 

(0.1%) of th?.rninc, and the h i t  of dctcclion is 0.03 pJ ml. Thc nlclhod is soit;iblc for singlc 

point calibrn~ion. 



7.2.9 THYMINE 

Table G14: Peak area and concentration for thymine. 

1 Concentration I Peak area I 
Area 1 I Area 2 Mean 1 

Table GlS: Regression parameters for thyn~ine. 

REGRESSION PARAMETERS I 
) R squared I 0.999766 1 Lower 95% Upger95% I 
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Concentration (Ccgiml) 
.- - - - - -- --.-.---- - -  

Figure CZ2: The linear regression curve for thymine. 

7.2.10 CONCLUSION 

This method is lincar oicr the concentmlion range 0. I - 202.7 p d  ml. Accordins to thc USP 

28, 2005 p. 2048. a preparation should not contain more than thc cquivnlcnt of 3.0% ~ d m .  with 

respccr to zidovudine. of th!mine. Thc limit of qunntilication and thc limit of dc~cc~ion of ~ h i s  

method werc based on baseline noise. The limit of quan~i ficnlioti of his mclhd is 0.1 prz/ ml 

(0. 1%) orthyninc. aid ~ h c  limit of dc~cction is 0.03 pg/ ml. The mrrhod is snitablc I*or singlc 

point cnlibmtion. 
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7.3 ACCURACY 

7.3.1 LAMIVUDINE 

Table G16: Percentages lamivl~dine recovered. 

Conc. spiked Area Area 2 Mean Recovery Recovered 
P ! $ ~ I  W m l  % 
ppp 

90.7 2032 2038 2035 92 102 
90.7 2028 2031 2030 92 101 

Statistical analysis 
101.5 

X RSD - 1.6 
95% confidence intervals 

Lower limit 
Upper limit 
Estimated median 101.4 
Confidence 

Table GI 7: Confidence intends for lamivudine. 

covered. 

7.3.2 ZIDOVUDJNE 

Table G 18: Percentages zidovudirle re 

-. -- - -- ~ o n ~ .  spiked Recovery 
pglml Area 1 Area 2 Mean Recovery % 
189.0 3567 3564 3566 193 102 
189.0 
189.0 
238.0 
238.0 
238.0 

3548 
3551 
4490 
4485 
4488 

3437 

3 5% 
4488 
4480 
4484 

298.0 i 5594 - -  5596 
29 R -0 
298.0 

3493 
3547 
4489 
4483 
4486, 

5578 
5575 

5595 

189 

1 92 
24 3 
243 
243 

100 

1 O J !  
102 
102 
102 - 

303 
5574 I 5576 

102 
30 2 
303 5587 1 

10 1 

102 5583 
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Tahle G19: Confidence irrtervals for zidovudine. 

Statistical analysis - 
Mean % 

% RSD 

T 01.6 

0.67 

Lower limit 

7.3.3 NEMRAPINE 

95% confidence intervals 
99.3 

Estimated median - -  - - 

Confidence 

Table G20: Percentages nevirapine recovered. 

99.7 
0.5 

Conc. spiked Recovery 
Wlml Area 1 Area 2 Mean Recovery 9% 
187.0 2766 -- 2754 2760 188 
1870 -- 2759 2748 2754 188 -. - 

U ~ w r  limit 

Table G21: Confidence intervals for nevirapine. 

1 00.5 

I Statistical analvsis 
I Mean % I 100.1 I 

I Lower limit 1 99.3 1 

% RSD 

I Confidence r 0.5 

0.84 
95% confidence intervals 



7.3.4 SODIUM PKOYYL HYDROXYBENZOATE 

Table G22: Percentages sotliuni propyl hydroxybenzoate recovered. 

Table G23: Confidence intervals for sodium pt-opyl hydroxybenzoale. 

Statistical analysis 
Mean I 700.4 , 

Conc. spiked 
p9lml 
38.6 
38.6 
38.6 
49.0 

% RSO ] 1.0 
95% confidence intervals I - 

Area 2 

79 1 
784 
779 
998 

Estimated median 
Confidence Level (95.0%) 
P . -- - 

Recovery Recovery 
% 

P 

Area 2 

7.3.5 SODIUM >IETHYL HYDROXY BENZOATE 

Mean 
I 

49.0 989 994 

Table G24: Percenlages sodium rnethyl hydroxybenzoate recovered. 

798 
78 1 

784 
99 3 

49.0 
57.9 
57.9 

101 992 49 
995 1 942 
1206 1 1 1 k  

101 
100 

I 

99 
100 

994 
1202 
1167 

795 1 39 

11 94 

49 I 100 
59 102 
57 I 99 

783 
782 
996 

1 i 3 9  

Area 2 
.. . - 

1298 
1294 

Conc, spiked 
m lm '  . - 
50.39 
50.39 

38 
38 
49 

Recovery 
% - 

101 
101 

Area 1 - - .. . 

1291 
1302 

Mean 
'- 1295 

1298 

Recovery 

- -. wlm' 
5 1 
5 1 
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Table C25: Confidence intervals for sodiun~ n~ethyl hydroxybenzoate. 

Statistical analysis 

95% confidence intervals 
Lower limit 
Upper limit 
Estimated median 100.2 
Confidence Level 195 0%$ 0.7 1 L -  .- 

7.3.6 CONCLUSlOir: 

Thc 111clhotf !icIdcd n rncnn rccovcn of  10 1.5% for Iiuni~.~~dinc. 105.4% for zido\.tidinc. 

103.5% for ~tc~irnyinc. 103.3% for sodium propyl h ~ d r o q ~ b c n m a  and 103.1% Tor sodium 

~neth!.I hydrosybcn7.oa1c. 

7.4 PRECISION 

7.4.1 INTRA DAY PRECISION 

Table GZG: Intermediate (inta-a-day) precision results for lamivucline. 

Area 1 Concent ration Recovered 
O h  

I Mean 64.87 1 105.09 1 
SD 

RSD - % 
7.07 1 
10.90 1 
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7.4.1.2 ZIDOVLIDIhT 

Table G27: Internlediate (intra-day) precision results for zidovudine 

Mass (mg) 

Table G28: Interrnedinte (intl-a-day) prccisiorl rcsults for nevirapine. 

Mean . 
SO 

Area 'i 

129.02 - - - . - 
1 5.20 

Mass (mg) 

9.813 
9.742 
11 ,106 
11.598 
11.924 
11 651 
12.639 
12 91 7 
13,486 

Area 2 

105-06 - -  

- - 1.31 -. 

Mean 

Mean 

7524 
731 9 
0378 
8924 
8826 

Area 1 

7456 

Area 2 

759 1 

102.93 
1.52 
1.4- 

Mean 
SD 

RSD % 

Concentration 
IJglml 

899 1 
9331 
9858 
10462 

- 

127.64 
13.74 
10.74 

Recovered 
Y* 

7342 I 7295 
8349 
8974 
8893 - 

8769 1 8880 
941 6 9374 

84IFs 
6 ? 4  
8758 

9873 
10381 - 

9866 
10422 



7.4.1.4 SODIUM PROPYL HYDROXYBENZOATE 

Table G29: Intermediate (intra-day) precision results for sodium propyl hydroaybenzoate. 

7.4.1.5 SODIU hi METHYL HYDROXYBENZOATE 

Table G30: Intermediate (inlra-day) precision results for sodium methyl hydroxybenzoate. 

7.41.6 CONCLUSION 

Recovery 
% 

108.7 

Mean 
S D  

Concentration 
~lglml 
10.7 

Mass (rng) 

0.920 

12.62 

Area 1 

738 

108.42 

Area 2 

735 

1.31 

Mean 

737 

0.84 
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Prccisio~~ \ins satisfacton wiih a RSD or 1.29% tbr larnivudine. 1.25% for zidovudinc. 1.47% 

for ncvirapine. 1.39% for sod~unl propyl hydroq~bcnzonle and 0.78% for sodiurn mclhyl 

I~ydrosybcn/oaic. 

7.42 INTER DAY PRECISION 

7.4.2.1 LAMIVUDINE 

Table G3l:  Inter-day precision for lsnlivudine 

Between I I 1 1 davr 

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 

Mean 98.03 96.90 
SD - 
RSD % 0.41 0.37 

ANOVA 

95.30 96.74 

- -0.3- 
0,26 

Source of 
Variation .S S df MS F P-vslue 

Between days 11.316 2.0 5.658 32.433 0.001 
Within days 1.047 6.0 0.1 74 

Total 12.362 8.0 

7.4.2.2 ZIDOVUDINE 

Tahle G32: Inter-day precision for zidovudine. 

I Mean 103.34 104.48. ] t03107 I 103.63 
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SUMMARY 
Groups Counl 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 0,174 

SD 
RSD % 

ANOVA 
Source o f  
Variation S S  d f MS F P-value 

Between days 3.376 2.0 1.688 4.146 0,074 
Within days 2.443 6.0 0.407 

0.63 
0.61 

Total 5.819 8.0 

Table C33: Inter-day precision for nevirspine 

0.55 

I Mean 101.20 99.87 98.M 99.99 

0.52 0.33 0.59 - . 

0.34 

Day 1 

SUMMARY 

0.61 

Groups Count Sum Avecag e Variance 
Day 1 3 303.602 101.201 0.489 
Day 2 3 299.600 99.867 0.863 
Dav 3 3 296.700 98.900 0.490 

Between 
days bay 2 

ANOVA 
Source o f  
Variation S S  d f  MS F P-value 

Day 3 

Between days 8.007 2.0 4.003 6.520 0.031 
Within days 3.684 6.0 0.61 4 
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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. 

SUMMARY 
Groups Count Sum Average Variance 

Day 1 3 307.4 102.40 0.172 

Between 
days 
A- 

Day 1 I Day 2 

Mean 
SD 
RSD Yo 

Day 2 3 308.9 102.96 0.129 
Day 3 3 307.3 102.43 0.330 

Day 3 

ANOVA 
Source of 
Variation SS dl MS F P-value 

Between days 3.31 3 2.0 1.657 7.877 0.021 
Within days 1.262 6.0 0.210 

102.46 
1.05 

1 .w 

Total 4.575 8.0 

7.4.2.5 SODIUh4 METHYL HYDROXYBENZOATE 

Table G35: Inter-day precision for sodiurr~ methyl hydroxybenzoate. 

102.98 
1.26 
1.22 

Between 1 1 1 days 1 
108.6 105.2 104.2 
106.2 105.8 103.8 
106.9 104.3 10 3.2 

102.43 
0.53 
0.52 1 

102.63 
0.25 
0.25 -- - 

Mean 
SD 

f 03.74 1 105.36 
0.40 .- 1.44 

107.23 
1.01 

105.10 
0.62 
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SUMMARY 
Groups Cwn 1 Sum Average Varrance 

Day 1 3 321.70 107.23 0.172 
Day 2 3 31 5.30 105.10 0.129 
Day 3 3 31 1.21 103.73 0.330 

ANOVA 
Source of 
Varlation SS MS F 

.. - -- .. . - -  df - - - - -  P-value - -  .- 

Between days 4.201 2.0 2.31 9 6.814 0.027 
Within days 2.087 6.0 0.426 

Total 6.812 8.0 

7.4.2.6 CONCLUSION 

Prccisio~i \US satisfxtor!- nith RSD-s of ICSS than 4%. Thc rcpcatability is still ~\- i lhi~i  

acccplablc limits: and rhc assay should ~>crfonn \\ell. c\.cri \\lm csecu~ed by oihcr pcl-sot~ricl in 

a dini'rcnt li!boraton.. 

7.5 RUGGEDNESS 

7.5.1 S1"4BILITY OF SAMPLE SOLUTIONS 

Table C36: Ruggcdncss for lamivudine. 

Mean I 
-. - 3181 1100.9  
SO 1 17.22 1 0.54 
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1 RSD % 1 0.54 1 0.54 1 

Table G37: Ruggedness for zidovudine. 

1 (hours) I Area 9% I 

7.5.1.3 NEVIRAPINE 

Table C38: Ruggedness for nevirapine. 
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7.5.1.4 SODIUM PROPYL HYDROXYBENZOATE 

Table G39: Ruggedness for sodium propyl hydroxybenzoate. 

(hours) Area 
100.0 
100.0 

150 100.1 

(Mean ] 150.82 1 99.9- 

7.5.1.5 SODIUM METHYL HYDROXYBENZOATE 

Table G40: Ruggedness for sodium methyl hydroxybenzoate. 

1 ~ i m l  Peak 1 
(hours] Area 

100.0 
I , I,,., 
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Sample solutions con~ainiog lamiwdi~re, zidovudine, ncv~rapine~ sodium prop!d 

hydrox>bcn~oate and sodirm methyl h!!dros!,bcn~onic arc slablc for a yeriod of 12 hours. 

7.5.2 SYSTEM REPEATABILITY 

7.5.2.1 LAMIVIIDINE 

Table (21: System repeatability for laniiwdine. 

3173.1 

RSD % 0.741 

Area 

3169 
3206 

7.5.2.2 CONCLUSION 

Retention 
time 

(minutes) 
-- - -- 
3.249 
3.21 7 

Tlic s ~ s l c m  perfor~iianc.~ was sai ishc~on- for Inmi\ udinc \\ ill1 RSD valucs of  O,M% for peak 

arca and 0.74 1% for rclcnlion limc respectively. 

3171 3.220 
3145 1 3240- 

-- 

3190 1 3.240 
3155 1 3.290 

Table (22: System repei~tabilit y for zidovudine. 

Retention 
time 

[minutes) 
6.390 
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7.5.2.4 CONCLUSION 

Thc syslcm pcrfor~nancc \\as sa~isfaclory for i dowdine  with RSD v ihcs  oTO.56% for peak 

m a  and 0. 1070h for rctcntion lime respeclivcly. 

Table GJ3: System repeatability for nevirapine. 

time 
[minutes) 

7.623 
4086 7.621 

7.5.2.6 CONCLUSION 

Mean 
SD 

Tlic s!,slem pcrformancc \\.as satisfacton. for ncvirapinc II i ~ h  RSD values of 0.1 I %  for peak 

nrcn and 0.03% for retention timc rcspcctiwl?. 

4006.9 1 7.622 
4.38 1 0.002 
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7.5.2.7 SODlUiM PROPYL HYDROXYBENZOATE 

Table GJ4: Systenl repeatability for sodium propyl hydroxybenzoate. 

7.5.2.8 CONCLUSION 

Thc system pcrformnncc \\as sa~isfnctnp. for sodium propyl h!dros!.benzoatc uith RSD ~ n l u e s  

f 0.62 
0.06 

Mean 
SD 

of 0.14% Tor peak area and O.O(<%, for rcicnlion time respcclivcl!;. 

150.39 
pp 

' 2.67 

7.5.2.9 SODIU hI METHYL t IY DROSYBENZOATE 

Table G15: System repeatability for sorliu~n methyl hydroxybenzoate, E' 
[minutes) 

1 Mean 1 776.40 -- 1 8.99 
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7.5.2. J0 CONCLUSION 

Thc system pcrfonnance was saris factory for sodium rneh):! hvdrox--bcnzoale wilh RSD \ d o c s  

of O . N %  for ye,& area and 0.02?& for rctenlion time respcctivel!l. 

Changcs werc made to llic chrorna~ographic conditions to detcrniine the robustness of rhc 

rncthod. 

The follon ins changcs w r c  made and found to bc accept ablc: 

C~olama: Luna C18-2 colunu~. 150 s 4.6 mm. 5 pn. 100 A pores, 17.8 % carbon load. 

cndcappcd. Phcnonicncs- Torrance. CA. and Liclirosplicr 100-5 UP - 18cc c m i d ~ c  colomn, 

125 s 4 .0  mni. .i p i -  I00 A pores, 2 1.5% carbon load. cndcappcd, M a c h e ~  - Nagel. Diircn. 

German!: were found to bc suiiable. 

Mobile plii~se: Accto~ritr~Ic/\valer nit11 0.2?4 tric~hylaminc. pH adjusted to betwxn 6.90 - 7.10 

with pliosphoric acid or anunonium li!.drosidc is still suitnblc. 

Flow rate: 0.8 - 1.2 ml/minutc is still suitable, 

\\'avelength: The ni~vclength can be altercd by k 22nm nitlioul any ill efTect. 

8. CHROhlA'TOGRASPHIC PERFORMAYCE PARAMETERS 

KEFEKENCE: USP 28.2005 

Retention time (minutes): 
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Sodium methyl h~drosyben~oatc  

Sodium propyl hl-rlrosybenzontc 

C>losine 

Thylnine 

Number of theorericnl plates (N) plates/column (tangent method) 

USP Tailing factor (T): 

Lamivudinz 

Zidonldinc 

Ncvirnpinc 

Sodi imm 1netI1!4 hydros!hcnxontc 

S o d i m  propyl hydrosybc~~zoatc 

C!.tosinc 

Thlmine 

Capaciv factor (k') 

+ Lnnlivudine 

Zido\udinc 

Ncvirapinc 

S o d i ~ ~ m  ~nclh!d hydrosybcn~o~lc  

Sodium prop!! h~drosybcn~oate  

Cylosinc 

Thylnine 
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Resolution between peaks (R): 

Cytosine - Thyminc 2.785 

Thyninc - Lamivudine 3.919 

Lamivudinc - Zidowdinc 5.128 

Zido\~rdinc - Ncvirapinc 25.639 

Nevirapinc - Sodium mcthyl h>droxybcnzontc 5.128 

Sodium n~eth>:l hydrosybcnzoate - Sodium prop?] h>dros>~bcnzoatc 1 0.603 

9. SYSTEM SII ITABILITY PhKAM E T E R S  

Makc duplicate ir~jcc~ions of standard solution. 

CaIcolntc the relative stnndard dc\iatjon of thc pcak arcns obtained 

Calculate the nlunbcr of tl~co~rrical plalcs for rhc parabcn peaks. 

T h e  system is suitable to perform the analysis if the following criteria a re  met: 

t RSD o f 2  injections 1101 morc than 2% 

2. The column m u s ~  I m c  mow than 3000 ~hcoretical plates for all the peaks. 

3. The resolution bcn\ccn subscquco~ pcaks mwl bc grcalcr than 2. 

LO. C O N C L U S I O N  

Thc mcthod prci'orrncd well arid shodd bc suirablc to iu~nIysc lamilxdinc. ndo\udinc. 

nc\,irnpinc. sodturn prop.1 11)-drosybcn~oatc and sodium mcthyl h!~drosybcnzoatc 

simultnncot~sl~~ in suspension for sstnbiliry testing, qualil!, control and batch relcasc purposes. 

No interference was encotmtered from strcsscd samples or h o \ \ n  dcgada~ion products. 

Thc mctl~od can thcrclbrc k rcgarded as k i n g  slnbilily indicating. 




