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El grup de Quimica Bioanalitica del Departamen@Qdémica Fisica i Analitica de la
Universitat Jaume |, amb codi 029 de I'Oficina erla Cooperaciéo en Investigacio i
Desenvolupament Tecnologic (OCIT), s’inicia en éaarca sobre cromatografia liquida als
anys 90, primer a la Universitat de Valencia (U\geguidament a l'Institut de Recerca en
Aliments de Norwich (UK). Posteriorment, s'espéxdlien cromatografia liquida micel-lar
(MLC), la qual rapidament va esdevindre la linemrgaria de recerca. A linici, I'estudi
estigué orientat als fonaments d’aquesta tecnicavadora, que destacava per la seua gran
versatilitat i la possibilitat d'injeccio direct& dnostres complexes, i després, a l'aplicacié de

I'MLC al analisi mediambiental, de salud alimerdgaforense i clinic.

El grup presenta una llarga experiencia en el desgpament de métodes analitics
amb aplicacio clinica. De fet, la majoria de pudndions, projectes i Tesis Doctorals dirigides
estan relacionats amb aquest tema. En 1999, esmnvangar una fructifera cooperacio amb el
Hospital Virgen de los Lirios de Alcoi, que es waendre posteriorment a hospitals meés
propers geograficament: General, La Plana i Praadirde Castell6. Aquesta diboracio
consisteix en informaci6 de quins son les apliaaianalitigues que demanden els Hospitals
a cada moment, en la provisi6 de medicaments, dgresoi la presentacid de projectes

conjunts.

L'MLC és una variant de la HPLC que utilitza dismibns micelars, és a dir de
surfactant per damunt de la concentracié ribretritica (CMC), com a fases mobils. Sota
aguestes condicions, els monomers de tensioadigagitzen en agregats esferics: les
micelles, formant una dispersié @oidal. El nucli de la micdla esta format per les cadenes
carbonades, que busquen aillar-se de l'aigua, engqoe a la superficie es sitien les grups
polars. La formacio de la midkl permet que tant la part hidrofobica com hidrcdilestiguen
en un entorn favorable. La interaccié entres lateras lipofiliques estabilitza la midal|
mentre que la interaccié entre els grups polataigda manté a la midi suspesa en la
dissolucié aquosa i evita I'unié entre milid per a formar agregats més grans. En la majoria

dels cassos, s'afegeix un volum generalment baigistdvent organic per a disminuir la
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polaritat de la fase mobil, obtenint fases mobiisatiars hibrides. Els més utilitzats son

alcohols de cadena curta i acetonitril.

Des del seu inici en 1980, I'MLC ha evolucionasfanconvertir-se en una alternativa
real a la cromatografia liquida de fase inversasita (RP-HPLC), que utilitza fases mobils
hidroorganiques. Gracies a la gran quantitat diéistwealitzats, i a nombrosos llibres i
articles publicats dirigits al coneixement d’agaeticnica, els fonaments de 'MLC estan

actualment fermament establits.

A causa de les propietats singulars de les dissoisianicellars, 'MLC constitueix
una excdlent alternativa per a I'analisi de fluids biolagjiespecialment el plasma i el serum.
Els monomers de surfactant desnaturalitzen lesiped, que adopten la estructura lineal
primaria. Les dissolucions midklr solubilitzen les cadenes peptidiques i alt@®postos
hidrofobs, mitjancant la seua interaccié amb eliripofilic de la micella. Aixi doncs, les
mostres de plasma i sérum, tot i ser suspensiompleges, es poden injectar directament
sense risc de precipitacié al mesclar-se amb k& fasbil dins de la columna, l'agulla o els
tubs del sistema cromatografic. Aquesta simplifitade la preparacié de la mostra
representa un fort avantatge front a la HPLC aqatca, que exigeix la introduccié de
etapes intermedies d'extracid i neteja de mostue, a@llargen i compliquen el protocol
experimental, i poden ser causa de perdua d'anaitiabilitat en la recuperacié. A meés a
més, els analits lligats a les proteines i macréouwés son desplacats pels monomers de

tensioactiu, resultant en una major recuperacio.

A les fases mobils miclirs s'estableix una varietat més ampla d'inteoascii
d'equilibris de repartiment dels analits (entréakse estacionaria, la fase mobil, la superficie
de la micela i l'interior de la micédla) que a les fases mobils homogenies hidroorgasiqu
(només entre la fase estacionaria i la fase mobiper tant, augmenta la versatilitat de
I'MLC. Es poden resoldre mescles complexes de saletdiversa natura (polars o apolars,
carregats o sense carrega) i de diferent hidratabienitjancant elucié isocratica. Per altra
banda, el comportament cromatografic dels analitdleC és altament estable i reproduible,

i pot modelitzar-se amb gran exactitut mitjancaquazions matematiques, que prediuen els
parametres cromatografics segons la composicibadéade mobil. Aixi doncs, es pot

optimizar simultaneament la concentracié de suafedtmodificador organic mitjancant una
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estrategia interpretativa, a partir de les dadegmxentals obteses amb un nimero reduit de
fases mobils, disminuint l'esfor¢ necessari. A mé@dL.C fa servir en el protocol
experimental i en la fase mobil una menor quantiéatolum de reactius i disolvents toxics i
inflamables que la HPLC hidroorganica, millorantskguretat al laboratori, i disminuint el
vessament de contaminants al medi ambient. Totesssep caracteristiques doten a 'MLC
d'importants avantatges practics, com la capadehtprocessament successiu de una gran

guantitat de mostres per dia, alt grau d'autonaatifzi reduccid del preu dels analisis.

El sindrome de inmunodeficiencia adquirida (SIDA&)ulma greu enfermetat causada
pel virus de inmunodeficiencia humana-1 (VIH-1)owica un debilitament general del
sistema inmunologic, fent al pacient especialmensible a qualsevol infeccid. El virus va
ser descobert en 1981, i es considera responsab&erdort de 39 milons de persones. El
VIH es transmet mitjancant l'intercanvi de fluidsuig, relacions sexuals i de mare a fill) i
s'estima que vora 35 riibns de persones hi estan infectades actualmémtisténcia de la
SIDA i les seues caracteristiques han estat ameliaestesses pels mitjans de comunicacio,
a causa de la seua rapida expansio, la seua dialela condicié de malaltia de transmisié
sexual. Aixo ha permés que la opinié publica sigascient dels seus perill i de la necessitat
de introduir mesures de prevencio. Malgrat I'intigoverns i empreses farmaceutiques en

erradicar la malaltia, encara no s'hi ha descalagricura definitiva.

En 1996, es va proposar la terapia HAART, que amuis resultats clinics
impresionants en la lluita contra aquesta malali@sisteix en I'administracié simultanea de
tres o0 cuatre antirretrovirals i/o antivirals, caetten conjuntament per a suprimir I'activitat
del VIH-1. No obstant, els tractaments HAART tanmsésenten problemes. Es una terapia
dificil de presciure, ja que la dosis idonea patarad'un pacient a un altre. Per a ser efectiva,
la quantitat de antirretrovirals i antivirals enngas'’ha de mantindre dins d'un "rang
terapéutic". Una quantitat molt baixa pot estimdi@parici6 de mutacions resistents, i una
concentracio massa elevada pot causar efectesdsgijrcom l'increment de la concentracié
de triglicerids i colesterol, i I'aparicié de prebies renals i hepatics. La quantitat de farmacs
en sang no només depén de la dosi prescrita, ambét de com el pacient metabolitza els
farmacs, i per tant depén de multitud de varialites) el fenotip/genotip, la fisiologia, del
temps que pren el tractament, dels seus habitemiarns i de vida, i de la injestio de altres

medicaments. A més a mes, s'ha d'administrar deigey ja que no elimina el
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virus, sino que nomeés l'atura. Aixo afavoreix ltafdladherencia al tractament, que de fet és

la primera causa de fracas. A més a més, es ttaaiaa terapia enormement costossa.

La monitoritacié terapéeutica de farmacs (TDM) cetwk en la mesura de la
concentracié de farmacs en plasma i/o serum agtisetemps després de la injesta del
medicament. Aquesta informacié permet esbrinar daasfarmacocinetica, previndre i
explicar els efectes adversos i terapeutics, irohetar la dosi adecuada per a un pacient
especific. També permet la deteccié de quantitdisissuperterapéutiques, i comprovar si el
pacient effectivament prén els medicaments. Pé&rpen a avancar en la lluita contra aquesta
malatia és necessari que els Hospitals disposemétedes analitics que mesuren amb
fiabilitat i a baix preu la concentracio dels amirovirals i antivirals prescrits en HAART en

plasma i serum sanguini.

En aquesta tesis s'aplica 'MLC per a la deterninee antirretrovirals i antivirals
prescrits en HAART en plasma i serum. Es presentarametode de cribat per a determinar
els farmacs meés habituals a HAART, i després ciretodes centrats en la deteccio
simultanea dels tres o cuatre antirretroviralsaset en els cinc tractaments HAART més
prescrits. Els métodes es validaran i s'aplicararostres reals, per a que els metges puguen
avaluar l'adherencia del pacient, estudiar la faoniaética dels analits i comprobar si la
guantitat de antirretroviral en sang esta dintrerdeg terapeutic. Aixi doncs, els treballs
desenvolupats tindran un fort impacte social eam#bit de la salud bioclinica i del tractament
contra la SIDA. Els diferents treballs d’aguestanmga s’emmarquen en la linia
d’'investigacié que du a terme el grup de QuimicaaBalitica i es basen en l'ampla

experiencia del grup de recerca en el desenvolupadeemétodes per MLC.

Aquesta memoria consta de set capitols. A l'inttorfues fa una explicacié extensa
sobre les caracteristiques i el ambit d'aplica@és @ntirretroviral i antivirals. També es
descriuren les caracteristiques de la cromatodiigfiéda micellar, sobre tot les que resulten
d'interés per a lI'analisis de les matrius estudiadesteriorment es presenten els objectius de
la tesis i es discutixen els resultats obtingutgada estudi. Finalment s'indiquen els

conclusions extretes de la totalitat del treballitzat.

Per ser una Tesis escrita parcialment en anglés ZArde laNORMATIVA DELS
ESTUDIS DE DOCTORAT, REGULATS PEL RD 99/2011, ENNAVERSITAT JAUME |
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(Aprovada pel Consell de Govern nim. 19 de 26 deegee 2012)), aquesta tesi ha de
contindre un apartat prou ampli en valencia o dHastejue ha de formar part de

'enquadernacio6 de la tesi on s’incloga necessanm

- Objecte i objectius de la investigacio
- Aportacions originals

- Conclusions obtingudes i futures linies d’investiga
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Chapter 1. Introduction

1. Human Immunodeficiency Virus infection: an overnew

The Human Immunodeficiency Virus-1 (HIV-1) islantivirus which attacks the
immune system when introduced into the human baddhe virus infection facilitates the
occurrence of many diseases, and causes the Addmraunodeficiency Syndrome (AIDS),
which is the last phase of the HIV infection [1].dddition to the destruction of the immune
system, the HIV infection stimulates the formatioh tumors and infections caused by
opportunist microorganisms. This diversity of aimi manifestations originates from the
double tropism of HIV: as hentivirus it infects the tissue cells of macrophage lineagel
also holds a special ability to affect the lymphesyT cluster of differentiation 4 (CD4) [2].

AIDS is the expression of a wide range of orgaalterations caused by the
dysfunction of the immune system, both cellular andoral, produced by the infection of
the HIV-1. It was recognized as a specific clinisghdrome in 1981 by the US Centers for
Disease Control and Prevention (CDC), when sevezalthy patients show serious infections
by rare pathogens, which have been previously tetaanly in patients with strong cellular
immunodeficiency. Since the descriptions of thetfaases, AIDS became the first pandemic
of the 24" Century [3].

Since the start of the AIDS epidemic in 1981, mitvan 78 millions of people have
been infected with HIV and approximately 35 millibave died of the disease. Nowadays, it
is estimated that nearly 39 millions of people mfected with HIV. The last year, it was
appraised that 2.1 million were infected by theusirDespite this, UNAIDS states that the
incidence of AIDS is stabilizing in a global conteXhe number of infections per year has
decreased since 1990. The number of deaths haslettioed since 2005, because of the

implementation of therapies based on antiretroyA&&V) drugs [4].

The medical advances have reduced the mortalitghef HIV infected patients,
allowing, in many cases, an improvement of the igualf life. The determination of the
plasmatic viral load, the finding of new and moffeeive combinations of ARV drugs and
the development of preventive strategies have alibthat AIDS has turned to a manageable
chronic process. However, it is estimated that @1Myo of the infected patient receive ARV

therapies. Therefore, other diseases not relatet\Mpsuch as chronic hepatitis, are causing
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more problems than AIDS itself [4]. Besides, theidily of the long-term ARV therapy is
currently one of the more relevant aspects of thaitaring of these patients [5].

2. Antirretroviral treatment

Nowadays, the treatment using antiretroviral (ARY¥)the main factor that could
influence the development of the VIH-1 infectiorerfefore, the accessibility of this therapy
by the patients to should be effective. The coruset of the ARV requires the knowledge of
concepts related to the pathogenesis and theragytbinfection, as well as of the adequate
criteria to select the beginning of the therapy #mal kind of drugs to-be-used, the way to
monitor the answer and when a change of therapy bbeuenvisaged [6].

The prescription and dispensation of the ARV tremit are performed by the
hospitalary department specialized in HIV. Howewbe primary health care centers also
maintain a fundamental role and a strong respditgilin the scope of AIDS diagnosis,
treatment and monitoring of patients. The intenamtvhich the primary health care centre
should develop, regarding on the ARV treatment, trexcquire the basic knowledge about
the drugs, and current guidelines of the treatnterget a elemental comprehension about the
adverse and side effects of the prescribed drads)aw and watch over the pharmacological
interaction between ARV and other coadministeredgslr as well as between other
compounds usually consumed by HIV infected patigiotsctively stimulate the compliance
of the patients with the trearment, in order toidwbe appearance of drug resistance, and to
collaborate to attain the desired therapeutic dbjes (improvement of the lifespan and
quality life, increment of the health level, to wlahe progression of the disease, and
diminishing the mortatiry rate) [7].

The HIV infection cannot be nowadays eradicatduls] the objective of the ARV
treatment is to achieve the maximal suppressioth@freplication of the virus as long as
possible, in order to avoid the progression of teease (occurrence of symptoms and
medical complications related to the HIV infectipt) prevent the appearance of resistant

HIV strains, avoid the decay of the immune systamng, if possible, accomplish the
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recovery, improve the quality life and reduce thertality rate [8]

2.1 The concept of highly active antiretroviral tiyey

In 1987, the use of the first antiretroviral, thenscriptase inverse inhibitor
zidovudine (AZT) was approved as monotherapy in Hpdtients. Nevertheless, the
monotherapy was found unsuccessful against HIV.affment of transcriptase inverse
inhibitor was able to reduce the replication of theus during a short period, but soon
became ineffective. In fact, the virus shows a shier cycle (a half-life of nearly 6 h), and
replicates and mutates rapidly, so that it easdyetbp resistance to the simple therapies.
Therefore, the necessity to investigate new dragirdstically reduce the viral load, in order
to hinder its ability to mutate and replicate. B96, a new group of ARV able to inhibit the
activity of the protease, the enzyme responsiblethef replication of the virus in the
lymphocyte was developed, the protease inhibitBts)(was developed. The combination of

these others with those previously proposed leatitART [9].

The highly active antiretroviral therapy (HAART} ia treatment based on the
simultaneous prescription of a regimen containingetof at least three ARV drugs. Each
ARV attack a different step in the reproductionleyof the virus, or some related aspects,
generating a better inhibition of the viral procemsd its replication. The most usual
antiretroviral are: the nucleoside reverse trapsase inhibitors (NRTIs), non-nucleoside
reverse transcriptase inhibitors (NNRTIs), nuckdetieverse transcriptase inhibitor (NtRTIS)
and protease inhibitors (PIs). Other antiretrdyvisauch as fusion inhibitors (FIs) and
integrase strand transfer inhibitors (ISTIs) areluded in lesser extent. The combined

activity of the ARV is more effective than the saARV in a monotherapy.

The usual HAART regimen combines three or mordeddht drugs such as two
nucleoside reverse transcriptase inhibitors (NR&fg) a protease inhibitor (PI), two NRTIs
and a non-nucleoside reverse transcriptase inhiBNdIRTI) or other such combinations.
These HAART regimens have proven to reduce the amolactive viruses and in some

cases, the viral load has been decreased unslundetectable by current blood testing
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techniques [10].

HAART reached an impressive clinical result by m@ssing the replication of HIV
during a large period of time, ranging from montbsyears, in a significative number of
patients. HAART also improves and can even redteemmune system of the patient. This
would diminish the occurrence of opportunistic otfens. The introduction of HAART has
resulted in a significant reduction of the HIV adly, and the improvement of the lifespan
and the quality of life [9].

2.2 ARV included in HAART

The main antiretroviral used in HAART are [10]:
- Nuceloside reverse transcriptase inhibitors (NRTEZidovudine (AZT) (Retrovir ®,
Zidovudina ® EFG), didanosine (ddl) (Videx ®), zédbine (ddC) (Hivid ®), lamivudine
(3TC)(Epivir ®), stavudine (d4T)(Zerit ®), abacaABC)(Ziagen ®) and emtricitabine
(FTC) (Truvada ®; Emtriva ®).
- Nucleotide reverse transcriptase inhibitors (N8} Ttenofovir (Viread ®).
- Non-nucleoside reverse transcriptase inhibitbfdRTIs): nevirapine (NVP)(Viramune ®),
efavirenz (EFV)(Sustiva ®) and delavirdine (DLV)@eeptor ®)
- Protease inhibitors (PIs): amprenavir (APV)(Agarse ®), darunavir (Prezista ®) indinavir
(IDV)(Crixivan ®), lopinavir (LPV) + ritonavir (RTY (Kaletra ®), nelfinavir (NFV)
(Viracept ®), saquinavir (SQV)(Invirase ®, Fortoea®), atazanavir(ATV) (Reyataz ®),
tipranavir and ritonavir (Norvir ®).
- Fusion inhibitors (FIs): enfuvirtide (Fuzeon ®)
- Integrase strand transfer inhibitors (INSTIs)vitelgravir, dolutegravir (Tivicay ®) and

raltegravir (Isentress ®).

2.3 Sets of ARV commonly prescribed in HAART
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There are different kinds of therapeutic regimepesheling on the included ARV
[6,11]:

2.3.1 Based on NNRTIs

- Efavirenz + 3TC + (AZT or tenofovir or d4T), n@commended during pregnancy.
- Efavirenz + 3TC + ddl, not recommended duringgpency.
- Nevirapine + 3TC + (AZT or d4T or ddI).

These regimens have a well-documented virologet ianmune efficiency, avoid the
adverse side effects of Pls, and show less phatomcal interactions than these last ones.
They are easier to take, and facilitate the adlerari the patient. However, using these

regimens, the HIV have a higher probability to depedrug resistance.

2.3.2 Based on Pls

- Lopinavir + ritonavir + 3TC + (AZT or d4T)

- Amprenavir + ritonavir + 3TC + (AZT or d4T)
- Indinavir + 3TC + (AZT or d4T)

- Indinavir + ritonavir + 3TC + (AZT + d4T)

- Nelfinavir + 3TC + (AZT or d4T).

- Saquinavir + ritonavir + (AZT or d4T)

These regimens also hold a strong immune andogiolactivity. They act at two
levels of the replication cycle of HIV and requimere mutation of the virus to develop
resistance. The main disadvantage is the high nuwibtblets that the patient must take.
This complicates the compliance of the patient witle therapy. Besides, they show
important pharmacological interactions with all tleugs and compounds which are
metabolized by the cytochrome P 450.
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2.3.3 Triple regimen of NRTIs

-ABC + 3TC + AZT
-ABC + 3TC + d4T

These regimens have a weaker virologic efficiethey the others, and can be used as
initial therapy in naive patients, those have newjpusly received any treatment. They do
not show interactions with other drugs or compoureiag metabolized by the cytochrome P
450. These regimens involve the ingestion of atiblets, and are then easy to administrate,

facilitating the adherence of the patient to theraipy.

2.3.4 Not recommended ARV regimens

- Monotherapy, except AZT during the pregnancyeiuce the risk of vertical transmission.

- Double therapy, except in patients already follmythis therapy and show a good response.
- d4T + ddl, during pregnancy.

- EFV, during pregnancy.

- AZT + d4T, antagonist effect.

- ddC + (d4T or ddl), additive effect in the pemgpal neuropathy.

2.4 Directives for the prescription of the HAARGireens

In the early stages of the implementation of HAARMe ARV treatment was
prescribed using the strateghit' hard and early, that means to prescribe the HAART
regimen with stronger virologic activity as soonpmssible. Nowadays, the optimum grade
of disease progress initiates the therapy and tbet mdequate HAART regimens are
established by considering, aside from the abdgftthe ARV to prevent the replication of the
HIV, the influence in the quality of life and theedium- and long-term adverse effects
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caused by the treatment [12].

The Table 1.1 shows the guidelines for the stgrih HAART, based on the
symptoms, the strenghness of the immune systenmtifjad by the number of lymphocytes

T CD4, and progression of the HIV infection, measuas the viral load.

Table 1.1 Recommendations for the start of HAART in teemaged adult patients, with chronic infection of
HIV.

Clinical Number of CD4 Viral load Recommendation

Symptomatic (AIDS or Any Any Start treatment

serious symptoms)

Asymptomatic, AIDS < 200 min Any Start treatment
Asymptomatic 200 - 350 mim Any Consider starting treatment
Asymptomatic > 350 mi > 30 000 copies/mL Consider starting treatment
Asymptomatic > 350 m > 30 000 copies/mL Wait

We currently dispose of limited clinical data abthe treatment of the infection at the
acute phase of the disease (the six first monthis fihe seroconversion). The benefits of
HAART about the replication of the virus and themome system of the patient are not
enough to keep the disease in latency when thértesd is removed. Therefore, once the
initiated the HAART, this one should be indefingt@haintained.

The progression degree of the disease at whickt#meng of HAART would be more
effective must be taken considering the conseqseoican early or late prescription, and can
be different for each patient. Besides, a wrongsimt can provoke therapy failure. For these
reasons, it is recommended to individualize thetisthof HAART at the early stage of the
HIV infection [13].
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2.4.1 Consequences of an early start of HAART

Advantages:

- The suppression of the viral replication is eageachieve and maintain.

- To delay or even prevent the decay of the immays¢éem.

- The risk of drug resistance is diminished, if tb&al suppression of the replication of the
virus is accomplished.

- Reduction of the probability of transmission divH

Disadvantages:

- The quality of life of the patient is worsenecedo the treatment.

- The adverse effects increase.

- The virus easily develops drug resistance, ifvii@ replication is not totally prevented.

- To limit future alternative therapies.

2.4.2 Consequences of a late start of HAART

Advantages:

- To avoid the negative effects of the patienttmdquality of life of the patient.
- To prevent the adverse outcomes of the treatments

- To retard the appearance of drug resistance.

- To maintain more therapeutic options when thatinent starts

Disadvantages:
- It enables the irreversible deterioration of itnenune system.
- The suppression of the viral load is more diffi¢ca reach.

- The probability of HIV transmission is enhanced.
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2.5 Evaluation of the efficiency of HAART

Once the HAART has been started, the efficiencheftreatment and the response by
the patient is performed by monitoring the viradaon plasma. The therapy is considered as
effective, when it is able to diminish the virahtb(RNA-HIV) until the decimal logarithm of
the initial viral load at 4 - 8 weeks, and to urad¢éble levels (< 50 copies /mL) at 4 - 6
months. On the contrary, or if the viral load irages (except by an intercurrent infection), it
is considered a therapeutic failure, and the re;asoust be investigated (poor adherence,
inadequate bowel absorption, pharmacological iotemas, or appearance of drug resistance),
and/or propose a change of HAART regimen. If theARA treatment is interrupted, it is
important that the patient also stops the ingesticall the prescribed ARV, in order to avoid
the therapeutic failure [14]

The extensive use of HAART and the rapid replaratiof HIV stimulate the
development of viral mutations, and the formatidnstrains resistant to the taken ARV.
Therefore, the performing of resistance studiesswitine therapy failure has been detected,
can be useful to decide the alternative therapgnei/the interpretation of these studies is
complex. There are several situations in whichréststance studies are should be performed
before the initiation of the HAART regimen: for greant women with an acute HIV
infection, if they have not previously taken anotHAART regimen, and in the case of post-
exposure prophylaxis; in already treat patientsemwithe previous treatment has failed,
between the first and third failure. No resistasttedies should be performed if the viral load
is under 1000 copies/mL [15].

2.6 Compliance with the treatment

The current directives in the treatment of the Hifection provoke that many
patients, usually asymptomatic, receive HAART dgrihe rest of their life. The capacity of
the patient to correctly adhere to the therapyimlamental to its success, and to prevent the
development of strain virus resistant to the ARYeTherapeutic compliance rate for chronic
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diseases is variable, with an average value ofiyn&ar%, while the minimal rate considered
as acceptable is around 80 %. In the treatmentl\dfikfection, the adherence requirements
are higher, as the effectiveness of the HAART iximal if the compliance rate is over 95
%. Nevertheless, HAART has most factors which difi the adherence, such as excessive
of tablets per day, tedious dosage schedule, §idet€ large duratiorgtc. This represents a
challenge for the patient and the medical staftogéther, the surveillance of the correct
therapeutic compliance of the patients with HAARTai multidisciplinary task, in which the
primary health care has a relevant role, becausigeddirect and continuous relationship with
the patients [16].

The compliance level of the patient depends onctieacteristics of the treatment
and several psychological factors affecting theepad [17]. A high adherence is reached in
the following cases:

- The HAART regimen is easy to take, that meansdauced umber of tablets few times a
day.

- The therapeutic effects are noticed early.

- To enjoy emotional and practical support

- Adaptability of the dosage schedule with the gliah routine.

- To be clearly aware that an incomplete adhererare favor the development of drug
resistance.

- To be conscious about the importance of takihthaldosages.

- To be able to take the tablets in the presehother people.

A poor compliance of the patient with HAART can ¢sused by many reasons. The
main factors related to the adherence to the them be grouped in the following
categories:

- Related to the disease: the adherence to HAAREm#Nng on the occurrence of clinical
symptoms. It increases during the symptomatic phadethe treatment, and it decreases
when the patient does not advise the symptomsubkedae is not aware of the severity of his
situation.

- Related to the therapy: Several studies haveeprdkiat the adherence is reduced if the

number of tablets, the frequency of ingestion dreduration of the treatment is high. The
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incidence of adverse side effects can also proto&early interruption of the treatment. The
adherence is improved with the affordability of gtearmaceutical formulations.

- Related to the patient: mental disorders, sudmagety, depression (usually associated with
AIDS patients), and the consumption of toxic conpisi (abuse drugs or alcohol), can
jeopardize the adherence to the therapy. On ther dtand, the conviction of the patient
regarding on the efficacy of the therapy, the petioa of the seriousness of the diseases, the
ability to correctly follow the therapy and the Itkif the medical staff are important factors.
The adherence is improved is the patient is abiddntify the different ARV and has a basic
knowledge about the activity of the ARV.

- Related to the social situation of the patiehe social or familiar discrimination, the
domestic violence, the family breakdown, the latkan assistance network, the prejudice
about some lifestyles popularly associated with 8latients and the absence of information
can also difficult the compliance with the therapy.

- Related to the care team: a good relationshipvdet the patient and the medical staff, in
terms of trust, confidentiality, availability, fléility and abidance are essential for reaching a

high degree of adherence.

2.7 Evaluation of the compliance with the therapy

The most important methodologies to measure theptante with HAART are [18]:
- Quantification of the ARV in biological fluids,specially plasma. The moment of the
sampling within the dosage schedule must be opéichemd maintained through the whole
therapy. However, the concentration of the ARV barmodified by unusual interactions and
malabsorption, thus providing low ARV amounts eweth a high adherence.
- Interview with the patient: in a context of fulbnfidence, the medical staff has a higher
probability to detect the impediments to corredtiylow the therapy and together try to
overcome them and find the adequate motivation.s Timethodology can be easily
implemented by the primary health care.
- Structured questionnaire: the patient is askddlfill a quizz about whether he has ingested

the correct dosage at the correct time. The questice is structured to detect false answers.
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- Control the attendance to the scheduled appomsrie receive the ARV pharmaceutical
formulations, and with the doctor: the non atterogato these meetings is an indication of a
low adherence.

- Clinical evolution and the analytical data: thgiye an idea about the compliance with
HAART. However, this criterion is not applicable patients undergoing unusual clinical
effects.

- Count of the remaining tablets: it must be perfed at the Hospital and at the patient's
home. The date of starting of the therapy, the geszhedule and the number of dispensed
tablets must be known to apply this methodologye Tompliance rate can be calculated as:
(number of dispensed tablets minus number of remgitablets)/number of expected
ingested tablets, considering a total adherence.

- Electronic monitoring.

As seen, no methodology has a total reliabilithe3e methodologies should be
combined to obtain data about the real situationa@surately as possible. A complete
strategy to measure of the compliance must holseticbaracteristics [19
- It must evaluate the accomplishment of the ewstiadtl dosage schedule, both numbers of
tablets and ingestion frequency.

- The achievements of the proposed objectives cespein terms of viral load.

- It must be expressed as a global adherence eatg fpercentage of intake dosages,
proportion of days with the correct number of desagatio of doses taken at the correct
time). The quantification of the compliance is vemportant. The patient attaining an
adherence rate over 95 % is considered as "truiiwiomvhereas an adherence rate < 95 % is

a "partial trustworthy" patient.

2.8 Administration and pharmacological characteadstof the main ARV

The information about the administration (form, amt and schedule), special
attention to avoid negative interactions with otbewgs or meals, and the pharmacological

characteristics of the main ARV used in HAART amesummarized in Tables 1.2; 1.3 and

20




Chapter 1. Introduction

1.4 [11].
Table 1.2 Administration and pharmacological propertiesh&f main NRTIs
Drug AZT ddl ddC 3TC daT ABC
Dosage form Capsule Enteric capsule Tablet Tablet aps@e Tablet
Amount of
drug per 100 or 250 mg 250 0r400 mg 0.75 md50 mg 30 or 40 mg 300 mg
dosage piece
. 500-600 mgin2or  1time, 2 times,
Diary dosage 3 intakes. depending on the depending on th
and number of _ _ patient's weight; 0-75 mg, 150 mg, patient's weight: 300 mg,
intakes Combined with 3times 2 times 1 time
3TC (combivir®), > 60 Kg: 400 mg =1 : > 60 Kg: 40 mg i
1 piece, twice a day g0 Kg: 250 mg < 60 Kg. 30 mg
Take 0.5 hefore No need to
or 1 h after the Ng need No need No need to consider the
Influence of No need to meal. to to consider the meals.
food consider the mealgf combined with consider consider meals Alcohol increase:
tenofovir, then the mealsthe meals up to 41 % the
take during meals ABC amount
Oral
. S 60 % 30-40 % 85 % 86 % 86 % 83 %
bioavailability
Metabolized to 70 % Non- 82 % - renal
o .~ 50% -renal modified 50 % - renal .
Elimination | ATZ-glucoronide; . renal . excretion of the
. excretion X renal excretion )
renal excretion excretion excretion metabolites
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Table 1.3 Administration and pharmacological propertieshaf main NNRTIs

Drug Nevirapine Efavirenz Delavirdine

Dosage form Tablet Capsule Tablet

Amount of drug

per dosage piect 200 mg 600 mg 200 mg

D

Diary dosage o
and number of | 200 mg in 1 intake for 14
intakes days, and thereafter, 200 600 mg 400 mg, 3 times

mg, twice

Avoid meals with a high

Influence of No need to consider the content of fats, they entail No need to consider the
food meals an increase of 50 % of the meals
EFV levels
, Or_al . >90 % No data available 85 %
bioavailability
Metabolized by the Metabolized by the Metabolized by the

cytochrome P 450; 80 % - cytochrome P 450; 14-34 % cytochrome P450; 51 % -
renal excretion and 10 % - - renal excretion and 61 % - renal excretion and 44 % -
fecal excretion fecal excretion fecal excretion

Elimination
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Table 1.4 Administration and pharmacological propertieshaf main Pl

Drug Indinavir Ritonavir Nelfinavir Saquinavir  Amgmavir
- Capsule - Capsules of
Dosage form Capsule pSule Tablet hard or soft Tablets
- Oral solution .
gelatine
Amount of drug
400 mg 100 mg 250 mg 200 mg 150 mg

per dosage piece

Dosage and

number of intakes

Influence of food

Storage

Oral
bioavailability

Metabolization

Gradual dosage: 1600 mg/day:

800 mg/8 h: 1 h in 3 intakes for
before or after the 300 mg/ 12 h and750 mg/day in hard aelat
intake of ddl. increase to 3 intakes or 0 gelatine .
600/12 hfor 14 1250 mg/day C2PSUIES: O 1200 mg in

The dose and fast gays by steps of in wo intakes in 2 intakes for 2 ingestions

depends onthe 100 ma/12 h. _
coadministration of g soft gelfi\tlne
other PlIs. Take 1 h before capsules
or after ddl

Hard gelatine

capsules: no  High-fat
Food can provoke ianL?ence iit e foods must
an amount of the Food increases The level of taken with be avoided,
drug level up to 77 the drug can as they entail
%. the drug level a . RTV) ;
increase 2 or 3 a reduction
15 %. . . o
Take Lhor2h times. Soft gelatine of 21 % of
after the meal. Take _W|th meals, Take with a capsules: the the drug level
to improve snack or a drug levels can It can be
It can be taken tolerance meal 6-times i or
together with low- increase, take without other
fat food. with a main
foods
meal
Hard gelatine
capsules: in a
Capsule in a fridge
fridge. R Soft gelatine R
. oom capsules: in a oom
Room temperaturéora| solution at  temperature fridge or at temperature
room
room
temperature
temperature
(max. 3
months)
65 % Not determined 20-80 % Erratic or not Not

determined determined

Cytochrome
Cytochrome P Cytochrome P P 450

Cytochrome P 450; 450; strong R R
inhibits the 3A4  inhibition of the 45@’8 'gﬂg'ts 45t?1'e'ngZ'ts inhibits the
3A4 3A4

Cytochrome P
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2.9 Side effects of the main ARV

The currently prescribed HAART regimens doubthes$slld toxicity risks, as well as
side and adverse effects. Their occurrence is blariand depends on the physical and
psychological condition of the patient, the dosag®unt and schedule, and the stage of the
treatment. The side effects can appear at the stalye of the therapy, but they usually
develop over the time. The occurrence of advereetsfin patients must be controlled, in
order to correct them and/or propose a modificatibtine treatment [6,20]. Some of the side
effects of the main ARV are below indicated:

- Zidovudine: anemia and/or neutropenia. It carseagastrointestinal intolerance, headache,
insomnia, asthenia and lactic acidosis with hep#atosis.

- Didanosine: pancreatitis, peripheral neuropatiayisea and stomatisis. It can provoke lactic
acidosis with hepatic steatosis.

- Zalcitabine: peripheral neuropathy and stomatisisan cause lactic acidosis with hepatic
steatosis.

- Stavudine: peripheral neuropathy. It can caustclacidosis with hepatic steatosis.

- Lamivudine: minimal toxicity. Possibility of praking lactic acidosis with hepatic
steatosis.

- Abacavir: it can provoke a hypersensibility réaict which can be highly serious. The
symptoms are fever, rash, nausea, vomit, malasmgue and loss of hunger. It can also
cause lactic acidosis with hepatic steatosis.

- Nevirapine: rash, increment of the levels of hep@ansaminases, hepatitis.

- Delavirdine: rash, augmentation of the levelbgpatic transaminases, headache.

- Efavirenz: rash, symptoms of the central nerveystem, increase of the levels of hepatic
transaminases, false positive in the detectioranhabis derivatives.

- Indinavir: Nefrolithiasis, gastrointestinal ingwance, increment of the indirect bilirrubin,
headache, asthenia, blurred vision, dizziness,tegara, metallic taste, thrombocytopenia,
hyperglycemia, lipodystrophy and lipid alteratioR®ssible rising of bleeding in hemophilia
patients.

- Ritonavir: gastrointestinal intolerance, paresthe@round the throat and on the extremities,
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hepatitis, asthenia, taste alterations, increasintgiglycerides over 200 %, transaminases,
creatine kinase and acid uric, hyperglycemia, hstebphy and lipid alterations. Possible
increase of bleeding in hemophilia patients.

- Nelfinavir: hyperglycemia, lipodystrophy and lipialterations. Possible increment of
bleeding in hemophilia patients.

- Saquinavir: gastrinal intolerance, headache, rfe the hepatic transaminases,
hyperglycemia, lipodystrophy and lipid alterationBossible increment of bleeding in
hemophilia patients.

- Amprenavir: gastrointestinal intolerance, rasharegthesia in mouth, liver damage,
hyperglycemia, lipodystrophy and lipid alteratio®ossible augmentation of bleeding in
hemophilia patients.

2.10 Parmacological interactions of the ARV

The ARV can establish pharmacokinetic interactiaitt other drugs or compounds
commonly taken, which can negatively interfere WHAART, by reducing its therapeutic
activity or enhancing its adverse effects. Thederierences are especially serious in HIV
patients, because they become vulnerable to oppstittiinfections, due to the weakening of
the immune system induced by AIDS. The most usisdades associated with AIDS are
tuberculosis and hepatic disorders [4]. These negatteractions can eventually obstruct the
treatment of the adverse effects of the ARV. Besideme ARV also influence the activity
of other ARV.

Most ARV are inhibitors or inductors of the cytosime P 450, which is formed by
many families and subfamilies of isoenzymes. ThePGA4 is the one that metabolizes a
higher number of drugs. The drugs and other comg®which interact with the cytochrome
P 450 can increase or decrease the plasmatic doaib@m of the ARV metabolized by this
same enzyme [21].

The topic of pharmacological interactions of thR\Ais quite complex and constrain

the adjustment of the dosage of the ARV and thea@mitant drugs. In some cases, the
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coadministration of specific pairs other drugs/ARXe contraindicated and even banned.
Therefore, the medical staff must be aware whetimepatient is taking a medication to treat
other diseases to prescribe the most adequate HAARdVvice versa[6]. The following

situations can be highlighted:

- Rifampicin and rifabutine are potent inductorstioé cytochrome P 450. Therefore, their

dosage must be modified, if they are coadministenéd other ARV.

- Methadone shows important pharmacological intevas with the ARV (and also with the
tuberculostatic ones). Thus, its dose must be tatjua HIV patients also taking methadone,
to avoid withdrawal and to prevent the toxic effedtor instance, the methadone dose must

be increased if nevirapine, delavirdine, efavirenztonavir are administered [R2

- Several natural products also have pharmacolbgnteractions with the ARV. Orange
juice is an inhibitor andHypericumis a potent inductor of the cytochrome P 450. €hes

compounds can be found in different pharmaceutiratulations and natural products.

- Some trendy drugs, such as sildenafil (Viagrah®@ye strong interactions with the Pls.
Therefore, the patient should not take more thamg®ach 48 h to avoid its adverse effects.

Several associations of other drugs with ARV, \whéce contraindicated because of

these pharmacological interactions, are shown biera.5 and 1.6.

The patient must be aware about the consequericesm® of the pharmacokinetic
interactions on his health. A practical way to de#h this topic at the primary health care is
to ask the patient to indicate the mediations heursently taken or he has been recently
taken. With this information, the patient and thedmcal staff can together evaluate the
needing of dosage readjustment, as well as tolestamme potentially dangerous situations

which must be avoided [6].
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Table 1.5 Incompatibilities of the main NNRTIs with otherudis

Drug category

Nevirapine Delavirdine

Efavirenz

Hypolipemiant

Antimycobacterial

Antihistamine

Gastrointestinal

Psychotropic

Ergotamine alkaloid

Others

Simvastatin

Lovastatin

Rifampicin
Rifapentine Rifabunitin
Rifapentine
Astemizole

Terfenadine

Cisapride
Antihistamines H2
Inhibitors of the proton pump

Alprazolam
Midazolam

Triazolam

Dihydroergotamine

Ergotamine

Carbamazepine
Phenytoin
Phenobarbital

Oral contraceptives
Saquinavir

Ketoconazole
Ketoconazole

Rifapentine

Astemizole
Terfenadine

Cisapride

Midazolam

Triazolam

Dihydroergotamine

Ergotamine

Oral contraceptives
Clarithromycin

Saquinavir
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Table 1.6 Incompatibilities of the main Pls with other dsug

Drug category

Indinavir

Ritonavir

Saquinavir NeHinr Amprenavir
Calcium agonist Beripril Beripril
Amiodarone
) Flecainide
Cardiac
Propafenone
Quinidine
Hypolipemiant Simvastatin and Lovastatin (for aitPls)
) o Rifampicin ) o _ o
] ] Rifampicin ) ) . ) Rifampicin  Rifampicin
Antimycobacterial _ ) Rifapentine Rifabutine _ ) ) )
Rifapentine . ] Rifapentine  Rifapentine
Rifapentine
o ] Astemizole Astemizole Astemizole Astemizole  Astemizole
Antihistamine

Gastrointestinal

Neuroleptic

Psychotropic

Ergotamine alkaloid

Others

Terfenadine
Cisapride

Pimozide

Midazolam

Triazolam

Hypericum

Terfenadine
Cisapride
Pimozide
Midazolam
Triazolam
Diazepam

Clozapina

Zolpidem

Clorazepate

Oral contraceptives

Bupropion

Dextropropoxyphene
Disulfiram
Piroxicam

Methamphetamine

Hypericum

Ecstasy

Terfenadine
Cisapride

Pimozide

Midazolam

Triazolam

Carbamazepine

Phenytoin

Phenobarbital

Dexamethasonecontraceptivescontraceptives

Efavirenz

Nevirapine

Hypericum

Terfenadine

Gise

Pimozide

Midazolam

Triazolam

Dihydroergotamine and Ergotantior all the PIs)

Oral

Hypericum

Terfenadine
Cisapride

dithe

Midazolam

Triazolam

Oral

Hypericum
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2.11 Considerations about HAART in HIV infectedypiant women

The objectives and the dosage schedule of HAARTvamen at childbearing age are
the same as for young and adult patients. Wheningealith a pregnant women, a new
therapeutic aim is added: to avoid the transmiseiotie HIV infection to the future baby,
and to avoid him any damage potentially causedheytteatment. The HAART regimens
must include AZT, in order to reduce the transmissf the infection to the fetus [23].

The current ARV therapies are recommended in preggn@amen, considering the
virological, immunological and clinical state. Theteria to prescribe HAART are the same
as for other patients, and it is even advisabthaefviral load is > 1000 copies/mL. It is also
recommended for pregnant women without a previoRY Areatment and with a viral load <
1000 copies/mL [24].

3. Micellar liquid chromatography

In 1976, Knox and Laird [25] developed ion-pairamatography (IPC) by adding a
small amount of ionic surfactant to the polar hydrganic mobile phase in RPLC. In these
conditions, the surfactant is adsorbed on theastaty phase and is able to associate with
ionic solutes bearing an opposite charge. At IRE&ntion factors (k) are proportional to the
amount of counter-ion adsorbed on the stationaags@hThe stationary phase, the nature and
concentration of the ionic surfactant and orgawivent, the ionic strength and pH are the
main factors that affect the retention behaviouethMnol, propanol and acetonitrile are the
most commonly used organic solvents in mixturesywiiter. lonic surfactants with alkyl
chains ranging from 6 (hexyl) to 16 (hexadecyl) my&tne units are usual. The adsorbed
amount of ionic surfactant increases with its coti@ion in the mobile phase and carbon
number in the alkyl-chain. However, it decreasgsdig with the organic solvent contents,
owing to the increased elution strength of the nigaich mobile phase and desorption of
surfactant from the stationary phase.
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In IPC, the adsorption of surfactant makes columpnldration a critical step, which
may give rise to non-reproducible results. Alsaecshould be taken to avoid exceeding the
critical micellar concentration (CMC), since theéer@ion behaviour changesastically when
micelles start to form. Not surprisingly, peoplerking with IPC were not the developers of
micellar liquid chromatography (MLC). This technegwas proposed by researchers studying
the use of surfactant solutions as new and origmalhile phases with particular properties
[26]. The relationships between both technique€ (#hd MLC) should not, however, be

overlooked.

MLC is a reversed-phase liquid chromatographic (BPinode with a mobile phase
consisting of an aqueous solution of surfactanvabts CMC [27,28]. The idea of using pure
micellar solutions as mobile phases in RPLC is \atgactive owing to the lower cost and
toxicity, and the reduced environmental impactpiactice, however, the addition of a small
amount of organic solvent to the micellar solutismeeded to achieve retention in practical

time windows, and improve peak efficiency and resoh.

Micellar mobile phases have been used with diffeleonded stationary phases
(mostly C8, C18 and cyanopropyl). The most commarfastants are the anionic sodium
dodecyl sulfate (SDS), cationic cetyltrimethylamnmuwn bromide (CTAB), and non-ionic
Brij-35. Several organic solvents have been usedh@difiers, short/medium chain alcohols
and acetonitrile being the most suitable. The presef micelles contributes to keep these
organic solvents in solution at concentrations ablbve their solubility in water. Also, the

risk of evaporation is diminished.

Above the CMC, an increment of the surfactant cotre¢ion originates an increase
in the concentration of micelles in the solutionheneas the number of monomers of
surfactant in the mobile phase remains constansofAdion of an approximately fixed
amount of surfactant monomers on the stationargehs also produced, giving rise to a

stable modified column and regular retention betai
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3.1 Stationary phase and mobile phase nature in MLC

MLC shares the basic components of RPLC systenas,isha non-polar stationary
phase and a polar agueous mobile phase. Howeveiro-foyganic mobile phases in
conventional RPLC are homogeneous, whereas micsldutions are microscopically
heterogeneous, being composed of two distinct medeamphiphilic micellar aggregates
(micellar pseudophase) and the surrounding bulkewat hydro-organic mixture that
contains surfactant monomers in a concentratiomoxppately equal to the CMC. On the
other hand, the stationary phase is modified by dtsorption of surfactant monomers,

creating a structure similar to an open micelle.

In conventional hydro-organic RPLC, the surface position of the bonded silica is
more relevant to chromatographic processes tham &iica, since solute retention results
from interaction with the outer few nanometers lbé tbonded silica [29]. This can be
extended to the surfactant-coated RPLC modes. Wathionic surfactants, only the polarity
of the stationary phase changes, whereas with ismitactants, a net charge (positive or
negative) appears on its surface, with major inaplons. Also, the adsorption of surfactant

monomers on the stationary phase reduces silamoptigractions.

Surfactant adsorption on the porous RPLC packindecef drastically
chromatographic retention, owing to the changeiwdrde surface properties of the stationary
phase (e.g. polarity, structure, pore volume antheea area). Surfactant molecules coat the
stationary phase pores, reducing appreciably thelume In RPLC, organic solvents
associate to the bonded phase, changing its steuatd properties. The alkyl chains of 1-
propanol and longer n-alcohols have been foundchterpenetrate the alkyl chains of the
bonded phase to form a single monolayer, adoptisiyueture similar to that found with the
surfactant monomers in MLC, with the hydroxyl gromented towards the aqueous phase
[30].

Organic solvents are added to micellar mobile phésémprove peak efficiencies and
reduce retention times, giving rise to the so-chlleybrid micellar mobile phases.

Competition between alcohols and surfactant moésctdr adsorption sites on the stationary
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phase explains the linear reduction in the amodradsorbed surfactant with increasing
concentration of alcohol in the mobile phase. Malphases rich in organic solvent can
sweep completely the adsorbed surfactant moletudesthe bonded phase.

The surface of porous silica is covered with silagmups (Si—OH), which are
ionized in slightly acidic and basic media [31]jnzeresponsible for the polarity of silica.
Less polar packings are obtained by derivatisatbrihe silanol groups, although some
remain underivatised. The ionic interaction of pigely charged species with free silanols is
the main reason of the reduced efficiency and peding in the separation of basic
compounds with conventional C8 and C18 columnss €ffect can be prevented by reducing

the pH of the mobile phase to suppress silanokairan.

Silanols seem to play a less important role witbet@r mobile phases of the anionic
SDS, due to screening by the adsorbed surfactasitively charged basic drugs interact
with the negatively charged surfactant layer (fasicess), without penetrating too much the
alkyl-bonded layer to interact with the buried sdé (slow process). This results in
improved efficiencies and peak tailing suppressj8g]. MLC with conventional C18
columns and SDS has been reported to yield goorpgnce in the analysis of several
groups of basic drugs, such ablockers [33], phenethylamines [34], tetracyclifigs], and
tricyclic antidepressants [36].

Note that cationic surfactants, such as CTAB, wadt be effective in the analysis of
basic drugs. Although a significant fraction of aomium groups of CTAB is buried inside
the C18 layer, the stationary phase is positivebrged, and would repel the protonated basic

drugs.

Micelles provide hydrophobic and electrostatic (flmnic surfactants) sites of
interaction. In the micelles, three sites of sdishtion can be identified: the core
(hydrophobic), the surface (hydrophilic) and thdigaale layer (the region between the
surfactant head groups and the core). Solutes iagsthcto micelles experience a
microenvironment that is different from that of budolvent. This is reflected by micelle-
induced perturbations in the solute physicochemigalperties, including changes in
solubility, acidity, photophysical properties, améction rates [37].
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Hybrid micellar mobile phases contain micelles fattant monomers, molecules of
organic solvent (free or associated to the sunfdjtaand water. The organic solvent
decreases the polarity of the aqueous solutionatteds the micelle structure. Although the
separation mode is still predominantly micellarnature, the micelle is perturbed by the
organic solvent. This can change micellar parammgteuch as the CMC and surfactant
aggregation number. A high percentage of organioesd can disrupt the micelle structure,
the maximal allowable concentration depending enaitfganic solvent and surfactant nature.

Organic solvents partition to the micellar aggregatand the degree of association
increases with their hydrophobicity. The same dstas, organic solvent molecules can be
located outside the micelles, entry into the pdisaor into the micelle core. The first two
effects might favour the formation of micelles, wées the latter can substantially increase

the amount of organic solvent inside the micellé produce a microemulsion [37].

Short-chain alcohols added to an ionic micellarbiteophase show an interesting
range of behaviours [38]. Methanol, with the shetrtarbon chain, is more polar and soluble
than the other alcohols. It can solvate surfactanhomers more easily, which hinders
micelle formation, and consequently, a greater arhof surfactant is required to form the
micellar assemblies. As a result, the CMC increasits added methanol. The effect of
ethanol and propanol is opposed to methanol. Tlaésghols remain mainly outside the
micelles, dissolved in the bulk liquid, but theytaract with the micelle surface, reducing
repulsion among the ionic heads of the surfactasiamers. This favours the formation of
micelles and reduces the CMC. Finally, butanol pedtanol are inserted into the micellar
assembly, owing to their particular structure tbambines a polar group with a non-polar
chain, similarly to surfactant molecules. Theselafits align with the surfactant molecules in
the micelle palisade, the polar hydroxyl grouple alcohol oriented towards the Stern layer
and the alkyl chain located in the non-polar mealbre. This gives rise to swollen mixed
micelles. Finally, it should be noted that the efffef acetonitrile on the CMC is similar to

methanol, in spite of the different polarities atdictures.
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3.2 Solute—micelle and solute—stationary phaseacteons

The unique capabilities of micellar mobile phases attributed to the ability of
micelles to selectively compartmentalize and organize selua¢ the molecular level.
However, the association of the surfactant mononterdhe bonded phase has deep
implications with regard to retention and seletyiviThe chromatographic behaviour in an
RPLC system of a solute eluted with a mobile plwsdaining a surfactant above the CMC
can be explained by considering three phasesostaiy phase, bulk solvent and micellar
pseudophase. Solutes are separated on the baisesradifferential partitioning between bulk
solvent and micelles in the mobile phase or suafgtetoated stationary phase. For water-
insoluble species, partitioning can also occur digect transfer of solutes between the
micellar pseudophase and the modified stationaas@hThe partitioning equilibria in MLC
can be described by three coefficients: PWS (pamtibbetween aqueous solvent and
stationary phase), PWM (between aqueous solventacelles), and PMS (between micelles
and stationary phase). The coefficients PWS and PAgdbunt for the solute affinity to the
stationary phase and micelles, respectively, ané lopposite effects on solute retention: as
PWS increases the retention increases, whereasVds iRcreases the retention is reduced

due to the stronger association to micelles.

The retention behaviour depends on the interactsteblished by the solute with the
surfactant-modified stationary phase and miceMe=utral solutes eluted with non-ionic and
ionic surfactants, and charged solutes eluted matirionic surfactants will only be affected
by non-polar, dipole—dipole and proton donor—acmephteractions [39]. Besides these
interactions, charged solutes will interact elestmtcally with ionic surfactants.¢. with the
charged surfactant layer on the stationary phadettas charged outer layer of micelles). In

any case, the steric factor can also be important.

With ionic surfactants, two situations are poss#teording to the charges of solute
and surfactant: repulsion or attraction (by bothfasitant-modified stationary phase and
micelles). In the case of electrostatic repulsicmarged solutes cannot be retained by the
stationary phase and elute at the dead volumessisignificant hydrophobic interaction with

the modified bonded layer exists. In contrast, comth electrostatic attraction and

34




Chapter 1. Introduction

hydrophobic interactions with the modified statignphase may give rise to strong retention
in MLC. Mixtures of polar and non-polar solutes dam resolved, provided an appropriate

surfactant is chosen.

3.3 Direct injection

MLC appears as a useful technique for the dirgetction of physiological samples.
The compatibility with conventional RPLC column gBgs is particularly attractive.
Surfactant monomers and micelles tend to bind preteompetitively [40], thereby releasing
protein-bound drugs, which are free to partitiotoithe stationary phase. Meanwhile, the
proteins rather than precipitating on the colunme, solubilized and swept harmlessly away
eluting with or shortly after the solvent front. kover, surfactants are non-toxic, non-
flammable, biodegradable with low pollution impaend inexpensive in comparison to
aqueous-organic solvents. The use of surfactardsent injection is also much less complex
than column-switching procedures which require ool instrumentation (precolumns,
switching valves and HPLC pumps), and accuratepaadse timing of valve switching for a

successful separation.

In MLC, untreated physiological fluids directlyj@écted into the HPLC system have
been reported to be simple, allowing repetitivaasenjections with no increase in system
pressure, no noticeable clogging of the injectiatve or analytical column, no changes in
retention factors, or system contamination evideiotvever, the analytical column should be
protected with a guard precolumn to saturate theitar mobile phase with silica. Control of
the precipitation of proteinaceous material in tdumn can be made by monitoring the
pressure of the system, and by the daily injectbra probe solute to check for possible

changes in retention.
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L’objectiu principal de la investigacio ha estatdesenvolupament de una serie de
meétodes analitics senzills, rapids, fiables i lsarbasats en MLC, per a la identificacio i
quantificacié de antirretrovirals i antivirals, lnsos en HAART, en plasma i serum, extrets
de malats de SIDA. En primer lloc, es considerdesienvolupament de un metode de cribat
per a la deteccio dels 13 farmacs més utilitzatsretocols hospitalaris en el tractament de la
SIDA. Es podra aplicar en pacients on no es cowegsa tinguen dubtes dels medicaments
gue prenen. Posteriorment, es proposaran meétodes lpemonitoritzaciéo de la mescla de
farmacs (tres o quatre) inclosos als cinc tractasnébAART més prescrits. Aquestos
metodes es podran emprar per a fer el seguimergadeents als que s'ha prescrit un
determinat conjunt HAART. En aquestos casos, noisat el métode de cribat, ja que només
es poden trovar els antirretrovitals de un tractantdAART especific. La informacio
proporcionada pels metodes té una gran importamced ambit de la salud clinica, ja que pot
ser utilitzada pels professionals medics per arab@r aspectes importants del tractament i

estudiar el seu desenvolupament en pacients eisgecif

Els metodes han de ser aplicables a l'analisiatitde aquestes mostres en laboratoris
hospitalaris. Es a dir, han de ser capacos de gmpceIccessivament una gran quantitat de
mostres de plasma i serum en poc de temps, amitaunetgvat de automatitzacio. Tambeé
resulta interesant minimitzar la quantitat de neactoxics utilitats, per a incrementar la
seguretat al laboratori i reduir I'impacte mediaankal dels analisis. Tanmateix, s'ha d'incidir
en la disminucié del cost de cada analisi, ja @meaquestos temps de crisi economica, €s
important que els hospitals puguen reduir el sesgupost sense que la qualitat dels serveis
es veja afectada. Per altra banda, la sensithbitate ser suficient per a quantificar els analits
a les concentracions en la que es poden trobatasma i serum extret de malats de SIDA

que prenguen aquestos farmacs.

La caracteristica de 'MLC més util per a I'asiadie mostres de plasma és la capacitat
dels monomers de SDS i de les miieslde desnaturalitzar les proteines, portant-lasaua
estructura primaria, i la solubilitzaci6 de comjpashidrofobs. Aixi doncs, la matriu es pot
injectar directament, després de una simple dildaid@issolucié micdlar i filtracio, al
sistema cromatografic, sense el risc de precidtasi la columna. A més a més, la

possibilitat de resoluci6 de mescles complexes entpfases mobils circulant en mode
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isocratic és molt interessant. Aquestes caradtprest es poden considerar com a les que més
avantatges aporten enfront d’altres técniques adess a la bibliografia, que, per les seues
caracteristiques, necessiten instrumentacio més kargs procediments previs d'extraccio i
Us de gradients. Aixo provoca un increment del t&emgressari per a l'analisi, de la quantitat
de reactius contaminants usats, i exigeix una nudagp mes extensa de reactius i mostres
part del personal de laboratori. Tot aix0 provdocalient un increment en el preu final de
I'analisi, i introdueix més fonts de varianga, dismmnt la reproduibilitat i la exactitut.

Un altre dels objectius ha estat la validacio aeétodes seguint els criteris definits
per les guies oficials de validacio. Aquesta etapalau en el desenvolupament del métode,
ja que és una proba de la fiabilitat de les comaeitns de antirretrovirals i antivirals
mesurats, i ens indica el rang de la concentralgidmastriu a la que es pot aplicar. Per tant,
és imprescintible per a autoritzar el seu Us entne®seals, considerant el cost economic i
I'efecte de les decissions preses pels metgesramfde aquestes mesures a la salut del

pacient.

Per a assolir aquestos objectius generals, es s@optes seguents objectius
especifics, que son comuns a tots els treballs:
- Estudi dels parametres fisico-quimics dels am§tiKa, hidrofobicitat, solubilitat, propietats
espectrofotométriques).
- Establir les condicions cromatografiques geneffdse estacionaria, volum d'injeccié,
cabdal...)
- Optimitzacié la composicio de la fase mobil (cemicacié de tensioactiu, modificador
organic i pH) per a resoldre la mescla d'analdsiiar que es solapen amb compostos de la
matriu, en el minim temps d'analisi i circulantreade isocratic.
- Optimitzacié de les condicions de dectecci6 (iy d'ona maximes de absorciéo en medi
micellar).
- Optimitzaci6 de la diluci6 inicial optima de leostra amb el medi midéir.
- Seleccié de la guia de validacié adequada: Igsllaeions de la US Food and Drug
Administration (FDA), i de la International Confe® on Harmonization (ICH) Guideline,
especialment dedicades a l'analisi de farmacs.

- Determinacio dels parametres de validacio: seleatt sensibilitat (limit de detecci6 i de
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guantificacid), linealitat, intérval de calibratg@recissio i exactitut intra- e intedia,
recuperacio, robustessa i estabilitat. Les guidgjiren cdm es determina cada parametre,
aixi com els valors que han de tindre per a corasigle aptes. A més a més, el métode ha de
ser capac de detectar les concentracions minimastuoleetrovirals i antivirals que es puguen
trobar al plasma i que siguen d'interés per algeset

- Aplicar el métode a mostres de plasma extret édatsn de SIDA que prenen algun
tractament HAART. Agquestes mostres estaran propoacies per el Hospital La Plana de

Vil la-real, amb el consentiment de pacients i metges.
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Chapter 3

Screening and monitoring
antiretroviral and antiviral
In the serum of acquired
Immunodeficiency syndrome
patients by micellar liquid
chromatography
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Thirteen different antiretroviral are commonly dseén hospital protocols for
suppressing the activity of the human immunoddficye virus (HIV) and associated
opportunistic diseases in patients with acquirechimodeficiency syndrome (AIDS). In this
work, three micellar mobile phases are recommeridedcreening these substances, using
UV detection, and the process can be performedss than 18 min. The first mobile phase
(sodium dodecyl sulfate or SDS 50 mM) is used fog group consisting of acyclovir,
didanosine, ganciclovir, stavudine and zidovudiibe second mobile phase (SDS 120
mM/4.5% 1-propanol) is used for the group contgnabacavir, lamivudine, nevirapine,
valaciclovir and zalcitabine, whereas the third ifreophase (SDS 150mM/5% 1-pentanol) is
used for efavirenz, indinavir and ritonavir. The ws$ micellar liquid chromatography (MLC)
as an analytical tool allows serum samples to Jeeted directly. The method was validated
over the range of 0—1fig mL™™. The limits of detection (signal-to-noise ratio 3)f which
ranged from 6 to 30 ng mt, were adequate for monitoring these substancés- land
interday relative standard deviations of the assaye below 3% for all compounds. The
recoveries in spiked serum samples were in the—-8944% range. The method can be
applied to the screening, monitoring and contrgbatients’ treatment with antiretroviral and

antiviral.

1. Introduction

49




Chapter 3. Determination of antiretroviral and antiviral in serum of AIDS patients by MLC

Twenty-six years ago, reports were published dal feases of rare opportunistic
infections. The disease, which was caused by thaieed immunodeficiency virus 1 (HIV-
1), then became known as acquired immunodeficiegynydrome (AIDS) [1-4]. Various
attempts have been undertaken since then to findra for the disease, but with limited
success. In 1996, highly active antiretroviral #pyr (HAART) was introduced, with
impressive clinical results [5-8]. Generally speakiHAART regimens (Fig. 3.1) contain
two nucleoside reverse transcriptase inhibitors TNR such as abacavir, didanosine,
emtricitabine, lamivudine, stavudine, tenofovir,Ictabine and zidovudine, one non-
nucleoside reverse transcriptase inhibitor (NNRB)ch as nevirapine and efavirenz, or
protease inhibitors (PI), such as amprenavir, atazag fosamprenavir, indinavir, lopinavir,
nelfinavir, ritonavir, saquinavir and tipranavif[®n the other hand, due to the fact that viral
infection with cytomegalovirus is one of the mostigus problem for patients with AIDS,
the drugs acyclovir, ganciclovir and valaciclovie aalso coadministered to these patients
[10].

Therapeutic drug monitoring (TDM) involves takiagblood sample to measure the
amount of a particular Pl and/or NNRTI. Most expéditlieve that measuring the levels of
NRTIs will be of little value, as they block HIV side the cell. Drug levels found in blood
might not necessarily compare to those inside .c8IBM may be particularly useful for
protease inhibitors, as their levels in blood canywgreatly from one individual to another
because there are differences in howpeople break dmetabolize) these drugs. Ensuring
that people stay within a “therapeutic range” magagly improve the likelihood of a lasting
anti-HIV response. TDM may also help determine gheper dose of a drug for a particular
person [11].Moreover, studies have proved the emc#t of a series of relations between
plasmatic levels of drug and (a) significantly iased levels of fasting triglyceride and
cholesterol by the continued use of lopinavir/rdgem; (b) renal disorders in the case of
indinavir; and (c) liver toxicity for nevirapine.dNsuch relationships were established with
other conditions, such as exanthem in the caséN&t'Ns or hyperlipidemia [12-14].
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Fig. 3.1 Chemical structures of the investigated drugs.

On the other hand, the lack of compliance to HAARThe first cause of therapeutic
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failure. The virological characteristics of the H&ve such that when there are subtherapeutic
levels of antiretroviral drugs, the virus can mulitiand develop resistance, which is why a
level of treatment compliance above 95% is necgq4ar17]. In addition, poor compliance

is associated with a poor immunological respon8¢ ghd a greater risk of mortality [15,19].

Specific and sensitive analytical methods are eeddr simultaneously determining
serum concentrations of as many HIV medicationp@ssible. A clinician can use such
methods to provide valuable information about savaspects of patient treatment, including
malabsorption, drug interactions, fulfilment of ethtreatment and individual drug

pharmacokinetics, as well as therapeutic drug Iewatitoring [20-22].

Therefore, an analytical method for their detemtion in serum on a routine basis
could constitute a useful clinical tool. In thiggeed, analytical methods have already been
described to quantify single [23,24] and combin2d-22,25-27hnti-HIV agents in human
serum. Furthermore, each method (individual or #emeous) involves a previous sample
preparation procedure: liquid-liquif22,23] or solid—liquid extraction [20,21,26,27] or
deproteinisation [24,25]. Such methods increasediffeeculty, in both time and costs, of
guantifying all the drugs taken by one single HiWeicted patient undergoing multiple
therapy with drugs from different therapeutic céssdn addition, many methods use HPLC
instruments together with either column-switchimghniques [26] or mass spectroscopy

[28,29], which are not commonly available in convemal hospital laboratories.

Micellar liquid chromatography (MLC) is an altetiveé to these methods [30] for
drug determination in physiological fluids. The wdesurfactants in direct injection is much
less complex. The sodium dodecyl sulfate (SDS) heed¢end to bind proteins competitively,
thereby releasing protein-bound drugs. Therefdre,drugs are free in the stationary phase,
whereas the proteins, rather than precipitatinpéncolumn, are solubilised and elute with or
shortly after the solvent front. MLC has recentipyed itself to be a useful technique in the
control of diverse groups of substances in seruth direct injection of the samples, such as
vitamins [31], antiepileptic drugs [32], benzodipirees [33], barbiturates [34] and stimulants
[35]. Finally, compared to other eluents, the niaelmobile phases [36,37] are less

flammable, inexpensive, non-toxic, biodegradablel aan co-solubilise hydrophobic and
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hydrophilic analytes in complex matrices like serum

This paper describes the studies carried out v@ldp and validate a fast, simple
method for monitoring 13 antiretroviral and antaliused in the treatment of patients with
AIDS, using three mobile phases that containeduwodiodecyl sulfate alone or with 1-

propanol, 1-butanol or 1-pentanol and with diregection of human serum.

2. Experimental

2.1 Chemicals and reagents

The antiviral studied were: abacavir sulfate, ealavir hydrochloride (Glaxo Smith
Kline, Brentford, UK), acyclovir sodium, ganciclevsodium (Roche Farma, Barcelona,
Spain), didanosine, efavirenz, indinavir sulfatggmivudine, nevirapine anhydrous,
zalcitabine and zidovudine (Filaxis, Cérdoba, Ati®a), ritonavir (Abbot Laboratories,
North Chicago, IL, USA) and stavudine (Bristol-Mge8quibb, New York, NY, USA). SDS,
1-propanol, 1-butanol, 1-pentanol, disodium hydrogehosphate (N&IPQO;), sodium
dihydrogen phosphate monohydrate (Ma&,.H,O), hydrochloric acid (HCIl) and sodium
hydroxide (NaOH) were obtained from Merck (Darmsta@ermany). Stock solutions and
mobile phases were prepared in ultrapure water @&ty UV, Millipore Molsheim,

France).

The blood samples used for spiking were taken ffima healthy volunteers; these
samples were centrifuged at 3000 rpm for 10 minserdm was finally separated and either
used immediately or frozen and stored at —20 °G adhtiviral, the antiretroviral and the
blood samples were provided by the La Plana Hdspit&ilareal and the General Hospital
in Castello, after consent had been obtained fioenBthical Committee and from patients.
Serum solutions were injected into the chromatdgyagystem with no treatment other than

filtration. The solutions and the mobile phases ewdéitered through 0.45um nylon
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membranes (Micron Separations, Westboro, MA, USA).

2.2 Instrumentation

The chromatographic system used for the optimomaprocedure and for method
validation was an Agilent Technologies Model 118@l¢ Alto, CA, USA). It was equipped
with a quaternary pump, an autosampler with 2miswvitted with a Rheodyne valve (Fitatu,
CA, USA) and a diode array detector (range 190-10Q. A Kromasil 100 C18 column (5
pm particle size, 250 mm x 4.6 mm 1.D.) from Schar{Barcelona, Spain) thermostated at
25-C was used in the separations. The flow rate ajedtion volume were 1mL mih and
20 pL, respectively. The detection wavelengths were 860 for acyclovir, didanosine,
ganciclovir, stavudine and zidovudine (group A) aadacavir, lamivudine, nevirapine,
valaciclovir and zalcitabine (group B), and 214 ifwon efavirenz, indinavir and ritonavir
(group C). The signal was acquired by a personalpcter connected to the chromatograph
by means of a Hewlett-Packard Chemstation. Whemibigile phase changed, a period of 30

min was required to reequilibrate the column andittain a stable baseline.

A GLP 22 potentiometer (Crison, Barcelona, Spaquipped with a combined
Ag/AgCl/glass electrode was used to measure pHegallihe balance used was a Mettler-
Toledo AX105 Delta-Range (Greifensee, Switzerland).

2.3 Preparation of solutions, samples and mobilaseis

For optimization studies, stock solutions of eamttiretroviral or antiviral were
prepared in methanol-water 5:95 (v/v). Working sohs were prepared by diluting these
stock solutions in the mobile phase. All stock awmfking solutions stored at +4 °C were
stable for at least 3 months, which was confirmgdaneasuring the chromatographic signal.

For preparation of the serum sample, 0.5 mL of memas diluted with an appropriate
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amount (0.01-1 mL) of the stock solutions and neolpihase (final volume of 5 mL) and

injected into the chromatograph with no pretreatnoginer than filtration.

The micellar mobile phase was prepared using SBifch was buffered with
disodium hydrogen phosphate/sodium dihydrogen pghaispl0 mM at pH 7, and lastly 1-

propanol, 1-butanol or 1-pentanol was added toea€hihe desired concentration.

Solutions of potential interfering drugs were el from clear filtered extracts of
the pharmaceutical formulations. These solutioneweepared in methanol-water 5:95 (v/v)
and diluted with mobile phase before injection itite MLC system at concentrations gi@

mL™%.

3. Results and discussion

3.1 Optimization strategy and mobile phase selactio

In order to find the best mobile phase composititat allows the 13 antiretroviral
and antiviral considered in this study to be aradysimultaneously, each of them was
injected in mobile phases at pH 7 containing SDSIJfmodifier (%): SDS/1-pentanol (50/1;
50/5; 75/3; 100/3; 125/3; 150/1; 150/5); SDS/1-hota(50/1, 50/7, 75/4.5, 100/4, 125/4.5,
150/1, 150/7); SDS/1-propanol (50/2.5, 50/12.57%/100/7.5, 125/7.5, 150/2.5, 150/12.5)
and finally, SDS (mM) pure micellar phase (50, 1280, 125 and 150). The peaks obtained
in these mobile phases allowed us to obtain meamnts of the chromatographic parameters
for each antiretroviral and antiviral: retentiomé (), capacity factor (k), efficiency (N) and
asymmetry factor (B/A). These data were used t@gethth a mathematical model and an
interpretative optimization procedure to predict ttehaviour of the peaks corresponding to
the antiretroviral and antiviral [38]. For all tseudied antiretroviral, the behaviour observed
was: retention factors and efficiencies decreaskesnwhe concentration of the surfactant

increases, but when the concentration of modifierdase, the retention factor decrease but
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the efficiency increase.

When attempting to establish an optimization oote the possibility of using the
same mobile phase to determine the 13 antiretdoaird antiviral is impossible because of
the overlapping that occurs between some of thepoomds: abacavir and stavudine, and
zidovudine or indinavir with valaciclovir. Since maof the drugs share certain structural
characteristics and have very similar physicochahpcoperties, a good resolution was not
obtained between all of them and thus the decigias taken to form groups under the

criteria of maximum resolution and efficiency anthimum analysis time.

In liquid chromatography, interpretive optimizatistrategies are more efficient and
reliable than sequential approaches. The methogdtpwed by chromatographers can be
mimicked by these strategies, which can be assksgecbmputer simulation, thus reducing
the amount of time and effort required. MLC is dalpaof predicting the retention of
compounds using simple equations. Different mathigadanodels can be used to describe
the retention of analytes. The model employed imwork was the following Eq. (3.1) [36]:

1
| G —
Bl1+Kpe
L+Kpo
* AM
1+K,90

1 [M]

(3.1)

where M] and¢ are the concentrations of surfactant and modiKgg Kam, Kvp, Ksp, and
Kap correspond to the equilibria between the soléeirt the stationary phasé&)( micelle
(M), or bulk water (D). This equation was non-lingditted according to the Powell method
[37] using the retention data from injections=8) of the drug solutions in several mobile
phases. To avoid inconsistent results, the expeatmhdesign should have at least one mobile
phase more than there are parameters in the equatidhis case, it consisted of seven
mobile phases as described earlier. The predicamacity of the mathematical model was
evaluated as the differences between the experainantl predicted capacity factors for the
antiaretroviral, expressed as the relative globabre[38]. Using Eq. (3.1)and the
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mathematical treatment described here, the relgtofeal error in the prediction of retention
factors was below 2% for the 13 substances studidgusting the coefficients that were
calculated to Eq. (3.1jor each substance allows the mobile phase conmgosib be
predicted for any desired retention time and alsavigdes a simple way to optimize the
separation of mixtures. It must be noted that,he &nalysis of physiological fluids, the
retention time of the endogenous compounds andptbéein band at the head of the
chromatogram should be considered when selectengthbile phase.

The optimization procedure, which maximized theotetion in the separation of the
drugs, was used to select the most suitable mpbdses. The mobile phases allowing for the
separation and quantification of the componentsaich group in an acceptable analysis time

will be useful to analyze the serum samples.

The resolution diagram data (results unshown)oétained by the optiokvaluate
grid in the Michrom program [36—38]. This option caldek the resolution matrix. This
matrix may contain one, two or three experimentitdrs. In the present case, two
experimental factors (surfactant and modifier) waetedied and thus two-dimensional
matrices were obtained. The maximal resolution dund is given during the calculation
process, together with the composition of the spoeding mobile phase. Once the
calculation of the matrix has finished, the actmebile phase for the simulations and other
calculations will be the optimal phase that wasnthuThe grid, thus calculated, has the
extension GRD and contains all the information a@bthe series needed to build the
diagrams. The grids could be exported to allowieead by other programs such Ssirfer

(RockWare Europe, Cureglia, Switzerland).

After this mathematical treatment of the datadibthe substances, the mobile phases
chosen were: SDS 50mM for acyclovir, didanosineycgdovir, stavudine and zidovudine;
SDS 120 mM/4.5% 1-propanol for abacavir, lamivudimzvirapine, valaciclovir and
zalcitabine, and SDS 150mM/5% 1-pentanol for etaw indinavir and ritonavir. Using
these mobiles phases and under the criteria ofrmanxiresolution and efficiency—minimum
analysis time, the values of the parameters fan eativiral are summarized in Table 3.1. All

the asymmetry factors are around 0.75 and mogsteoéfficiency values are above 6000, the
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maximum efficiency being 11 127 for zidovudine.

3.2 Method validation

3.2.1 Linearity, limit of detection (LOD) and qudication (LOQ)

The standard curves for all compounds were satfity described by unweighted
least-square linear regression. Calibration cumwese constructed using the areas of the
chromatographic peaks (triplicate injections) afdi at eight different concentrations, in the
0-10 pg mL™ range for all the compounds, in the line of reamnples. This interval is
adequate for these drugs, in which peak-valley entmations are in the 0.5 mL ™ range.
The detection limit (LOD) of a method, is the lowestiretroviral concentration in serum,
that produces a response that is detectable aheveoise level of the system, typically taken
as being three times the noise level (8riserion). The quantification limit (LOQ) of a
method, is the lowest antiretroviral concentrationserum, that can be identified and
guantitatively measured, typically taken as beifgtiines the noise level (1G@siterion).
Table 3.2shows the slopes, intercepts and regression ciseffic (2 > 0.999) of the
calibration curves, the LODs (using the Zr#erion) and LOQs (with the 1O0sriterion)
determined after measurements in 20 injections séram blank. The results of LOD and
LOQ were based on the standard deviation of thporese, and on the slope of a specific
calibration curve containing the substance. The L&1d LOQ of each antiretroviral and
antiviral ranged from 6.0 to 30.2 ng ftland 20.1 to 100.5 ng mt, respectively, and were
therefore comparable to (or were even better thgggrted methods. These values were good

enough to monitor the compounds under study innsenatrices.

Table 3.1 Mean values (n = 3) for retention time, capadagtor, efficiency and asymmetry of the studied
drugs.
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Compound s K N B/A
Abacavir 4.1 1.75 5200 0.73
Acyclovir 2.8 1.09 8 800 0.73
Didanosine 6.4 3.8 10 900 0.85
Efavirenz 1.7 1.06 6 350 0.81
Ganciclovir 24 0.74 8 700 0.77
Indinavir 8.8 5.0 5 350 0.77
Lamivudine 2.8 0.83 9 500 0.71
Nevirapine 7.1 3.7 6 500 0.76
Ritonavir 9.9 6.4 3400 0.78
Stavudine 4.1 2.0 8 700 0.76
Valaciclovir 8.2 4.4 9 300 0.76
Zalcitabine 2.5 0.62 8 800 0.71
Zidovudine 7.8 55 11 150 0.75

Table 3.2 Calibration with 6 pointsn(= 6) and each point is the mean of three injectigrs 3): slope,
intercept, regression coefficient?) limit of detection (LOD, 3s criterion) and qudication (LOQ, 10s
criterion) for the antiretroviral and antiviral thaere studied.

Compound Slope Y-intercept r? (ngl;_(r)nllj_'l) (ngl;_(r)n?_'l)
Abacavir 35405 3.3x21 0.9993 150 450
Acyclovir 66.2+0.7 8345 0.9995 60 180
Didanosine 38.2+0.2 22+0.2 0.9998 100 300
Efavirenz 55.3+0.4 -94+22 0.9995 80 240

Ganciclovir 64.6 + 0.5 3.7+5.1 0.9995 55 150
Indinavir 29.1+04 -3.3+5.8 0.9995 165 480

Lamivudine 355+0.1 7.1+1.8 0.9999 90 280
Nevirapine 30.2+0.1 -5.6+5.5 0.9997 120 360
Ritonavir 425+0.5 12.2+0.5 0.9995 75 210
Stavudine 51.1+0.3 -4.4+10.2 0.9995 65 200

Valaciclovir 48.1 +0.3 52+33 0.9996 68 200
Zalcitabine 459+04 -45+1.1 0.9999 70 210
Zidovudine 42.2+0.2 -6.4+9.2 0.9997 72 220

3.2.2 Precision
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Precision, defined as the relative standard denatwas determined by intra- and
inter-day assays. These were determined at lowjumednd high concentrations, according
to the calibration curve ranges (Table 3.2). Theaiday variability of the assay was tested
on 20 samples (n = 20) over three different correéions for each compound for 20 separate
days over a 4-months period; inter-day variabigs tested using the same procedure. The
method proved to be precise and the intra-day tesahged from 0.17 to 1.89% and inter-
day values ranged from 0.21 to 2.98%.

3.2.3 Selectivity

An interfering drug is defined as a molecule whesthibits a retention time close to
0.3 min with the substances studied here. The dtiigs are most commonly prescribed
together with the antiretroviral and antiviral arecebutolol, acetylprocainamide,
acetaminophen, acetylsalycilic acid, amiodarone, oxaailin, ampicillin, atenolol,
azithromycin, bromazepam, caffeine, captopril, aarbzepine, ciprofloxacin, clonazepam,
chloramphenicol, cocaine, codeine, corticosteratesjpramine, dexamethasone, diazepam,
diltiazem, doxycycline, ephedrine, flunitrazepamryoSemide, gentamicin, hydrocortisone,
imipramine, levofloxacine, lidocaine, loratadine,edazepam, methotrexate, nicotine,
nifedipine, norfloxacin, oxazepam, phenylefrinepgmanolol, quinidine, sulphametoxazole,
sulphathiazole, tetracycline, theophylline and x@ilp acid. In our laboratory, a solution
containing 1 pg mL™* of these substances was injected in the three lengiiiases
recommended for monitoring and quantifying antoeitral and antiviral. In these studies and
under the criteria previously defined, none of ¢hegbstances were seen to interfere with the
determination of the antiretroviral and antivireldied in this work using the recommended
micellar liquid chromatography conditions. Finalgfter injection of real serum samples in
the three mobile phases recommended in this wamll, @mparison with blank serum

samples and spiked serum samples (containing #melatd solutions of the 13 drugs), no
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metabolites or impurities of the drugs could beedietd in the chromatograms.

3.2.4 Analysis of spiked and real serum samples

The recoveries of all drugs were estimated by @ing peak areas in extracted
spiked drug-free serum with those of standard smiat MLC is a reliable way to eliminate
material from serum, with satisfactory recoveresafrange from 92.2 to 104.4%), except for
the relatively low recovery for indinavir (rangein 84.5 to 94.1%). Table 3stimmarizes
the recoveries from serum samples at two differspiking levels. Fig. 3.2 shows
chromatograms of spiked serum corresponding tdhifee groups of substances. In the first
case, an endogenous peak & af less than 2 min (Fig. 3.2A) does not interferghvihe
peaks of the antiretroviral and antiviral. In thezend group, in addition to this peak, there
are other small peaks eluting between lamivuding abacavir (Fig. 3.2B) that do not
interfere with these compounds. Finally, in thedhlgroup, we can observe peaks in/with the
solvent front, which do not interfere with theirtelenination either. Some of the changes
observed in Fig. 3.2 A-C are due to the fact timabughout the chromatograms some

changes in wavelength are included in the chrommapdgc method.

Table 3.3 Recovery = SD (%, n = 5) in spiked serum samptesand ¢ were 1 and Sug mL™ for all
substances except for efavirenz, indinavir andhatar (2 and 4ug mL™).

Compound [% C Compound c G
Abacavir 97.9+0.40 96.7+1.1 Nevirapine 97.4.30 100.5+0.40
Acyclovir 94.0+4.1 98.6 £ 0.10 Ritonavir 99.2 24 104.4 £ 0.30
Didanosine 102.4+1.6 101.2 £ 0.4( Stavudine 1810075 100.2 £ 0.45
Efavirenz 101.4 £0.40 100.0 £ 0.8§ Valaciclovir 9%1.1 96.3 +0.85
Ganciclovir 104.1 £ 0.65 104.0+£1.5 Zalcitabine D6 1.2 92.2+0.10
Indinavir 84.5+28.1 94.1+3.9 Zidovudine 95.6.40 96.5 +0.10
Lamivudine 101.7 £0.85 97.4 +0.50
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Fig. 3.2 Chromatograms showing spiked serum samples (&n@)a serum blank (D). In (A) the mobile phase
was SDS 50 mM and substances are (1) gancicl@jiadyclovir, (3) stavudine, (4) didanosine, (5aiudine

at 2pg mL™* for each antiretroviral or antiviral drugs; retenttimes: 2.3, 2.8, 4.1, 6.4 and 7.9, respectiviely

(B) the mobile phase was SDS 120mM/4.5% 1-propamal,the substances: (6) zalcitabine, (7) lamiveidi8)
abacavir, (9) nevirapine, (10) valaciclovir ai@ mL™* for each antiretroviral or antiviral drugs, reienttimes:

2.4, 2.8, 4.1, 7.1 and 8.2, respectively. In (& thobile phase was SDS 150mM/5% 1-pentanol, and the
substances (11) indinavir, (12) ritonavir, (13)viflanz at 4pug mL™ for each antiretroviral drug, retention
times: 8.8, 9.9 and 17.0, respectively.

Finally, the assay was used for the determinabiothese substances in HIV serum

patients and results are shown in Table 3.4 and3r3g
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Fig. 3.3 Chromatograms showing the screening of real sesamples for two patients of AIDS—first patient
chromatograms (a), (b) and (c) show the separatfastavudine (3), lamivudine (7) and efavirenz (1Bijth
mobiles phases A, B and C, respectively. For ticerse patient, chromatograms (d) and (e) show tharaéion

of zidovudine (5), and ritonavir (12), with mobjdases A and C, respectively.
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Table 3.4 Determination (n = 3) of antiviral and antireti@V in the serum of HIV patients.

Patient Compound MLC (ng mt) HPLC?(ng mL™

Zidovudine 708 + 11 690 + 18

! Ritonavir 627 +9 620 + 12
Zidovudine 581 + 15 565 + 25

? Ritonavir 455 5 441 + 10
Efavirenz 347 +11 325+10

3 Lamivudine 1007 £5 998 + 8
Stavudine 871+8 860 = 15

Efavirenz 462 7 448 + 16

4 Lamivudine 8738 869 +9
Stavudine 794 + 18 7818

@ Lamivudine and stavudine were determined usingrtethod proposed in [21]; zidovudine, ritonavir and
efavirenz were determined with the method describga7].

4. Conclusions

The MLC assay described here offers an accuraéeige and highly reproducible
procedure for the direct monitoring of 13 antirgtral and antiviral drugs from different
therapeutic groups in serum. Thanks to the absehiceerferences, the methods are specific
and reliable. This method does not require complecedures such as sample extraction
and/or sample cleaning. Chromatographic analysgsreeonly 9, 9 and 18 min for the three
recommended mobile phases, respectively. In additihis method needs only simple
chromatographic apparatus that is available in lawgpital laboratory. Such monitoring is
very important and useful to verify that correctsdges have been established, and also
because patients’ responses due to subtherapedtio@c concentrations are similar. These
conditions make this method suitable for rapid rmwmg and quantifying of antiretroviral

and antiviral.
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Abstract

A methodology based on MLC to monitor five arttiogiral drugs (lamivudine,
stavudine, tenofovir, zidovudine and efavirenz) wegposed. Antiretroviral were studied in
sets of three, corresponding to each highly aciviretroviral therapy (HAART) regimen,
prescribed to acquired immunodeficiency syndrom®@-infected patients. Four aqueous
micellar mobile phases buffered at pH 7 were o#dito separate these compounds, using
sodium dodecyl sulfate as the tensioactive, antbpgnol or 1-pentanol as organic modifier.
The composition of each mobile phase was optimifpedgach antiretroviral. The common
separation conditions were: C18 apolar column (22466 mm, 5Sum particle size)UV
detection set at 214 nm, and mobile phase running mL min® without controlling the
temperature. The finally suggested method was awdl for five analysed antiretroviral
drugs following the US FDA guidelines in terms lifiearity between 0.5 and 5@/mL (>
0.9995), sensitivity (LOD lower than 0.2/mL), intra- and inter-day precision (<7.1 and
<5.2%, respectively) and accuracy (recovery 88.5:3% and 93.5-101.3%, respectively),
as well as robustness (<6.5%). The proposed methas] used to monitor the level of
antiretroviral in the serum of AIDS patients. Theggested methodology was found to be

useful in the routine analysis of antiretrovirakerum samples.
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1. Introduction

Acquired immunodeficiency syndrome (AIDS) is a dise provoked by the human
immunodeficiency virus 1 (HIV-1), which stronglyfaéts the human immunological system
[1]. Currently, HIV/AIDS is the fourth greatest caiof death worldwide. It is estimated that
40 million people are infected with HIV and 22 naft have died of the disease [2]. HIV-1 is
spread between by blood contact and sexual refdtips [3] and through blood, amniotic
fluid and/or breast milk from a mother to her cHdd A definitive cure has not been found,
but in 1996, the highly active antiretroviral theyg HAART) was proposed, with impressive
clinical results in suppressing the activity of H[¥]. HAART involves different kinds of
antiretroviral drugs, such as: nucleoside reverapstriptase inhibitors (NRTIS): abacavir,
didanosine, emtricitabine, lamivudine, stavudiesofovir, zalcitabine and zidovudine; non-
nucleoside reverse transcriptase inhibitors (NNRTdslavirdine, nevirapine and efavirenz;
and protease inhibitors (PIs): amprenavir, atazianaarunavir, fosamprenavir, indinavir,

lopinavir, nelfinavir, ritonavir, saquinavir angbtanavir [6,7].

HAART regimens contain three or four drugs, twoTN&Rand one or two NNRTIs, or
one or two PlIs. The hydrophobicity is assessedbytiotient of the solubility in octanol and
in water (Po/w). A high value of Po/w indicates ighhhydrophobicity [8]. The mixtures
more administrated are: (a) lamivudine (log Po/wi1=4), zidovudine (log Po/w = 0.05) and
efavirenz (log Po/w = 4.46); (b) lamivudine, staned(log Po/w = - 0.8) and efavirenz; and
(c) lamivudine, tenofovir (log Po/w = - 1.6) ancheifenz. For each patient, one HAART set

of antiretrovirals is prescribed [6,9].

Therapeutic drug monitoring (TDM) consists of thetermination of the amount of a
drug in the blood. This information can be usedhsyclinician to establish many aspects of
patient treatment, such as malabsorption, drugaatens, individual drug pharmacokinetics
and the way each person metabolizes the drug [i3] dan explain the different effects of
the drug depending on the patient and the possdiendary effects. On the other hand, the
presence of sub-therapeutic levels of antiretrbwdrags in the blood may provoke the virus
to develop resistance [11]. This can help to detenthe proper dose to be taken for a

particular person [6] However, as each patientdakdy one of the HAART regimens, the
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screening of a wide amount of antiretrovirals igyéa Clinics need analytical methods to
guantify the three antiretrovirals belonging to ttm@responding HAART. The be able to
optimize the methodology for a low number of anadyinstead of a high number will allow
the development of a methodology with a lower asialytime and more selectivity,

sensitivity and resolution [12].

We have previously developed a methodology based noicellar liquid
chromatography for the screening of 13 antiretawilrugs by the use of only three mobile
phases [6]. The use of micellar solvents is espigaigeful in samples with serum matrices,
because serum contains hydrophobic compounds velneeharmful for the chromatographic
system [13-15]. Micellar media denaturalize andulsidize hydrophobic substances,
releasing possible interferent-analyte adducts amlding precipitation into the columns
[8,16]. After a simple dilution and filtration, sahes are able to be directly injected,
expediting the experimental procedure [17]. Ounvjangsly developed analytical method [6]
can be adapted by the modification of the mobilasgis in order to analyze three determined
antiretrovirals. This way, this modified methodojogill keep the benefits of micellar liquid

chromatography, including the use of a low amodiptadiutant chemicals [18].

The aim of this work is to develop an analyticathodology to determine each of the
most used sets of three antiretroviral drugs usgdAART in serum. The selected HAART
sets of antiretrovirals were: lamivudine + zidownalt efavirenz, lamivudine + stavudine +
efavirenz and lamivudine + tenofovir + efavirenheTmethodology must be validated in
terms of linear interval, sensitivity, selectivityimits of detection and quantification,
precision, accuracy and robustness, following thieajines of the FDA [19]. The developed

analytical method was used to quantify the analytégiman serum from AIDS patients.

2. Experimental procedure
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2.1 Chemicals and reagents

Sodium dodecyl sulfate (SDS, 99% purity) was oladifirom Merck (Darmstadt,
Germany). NakbPO,.H,O and HCI were ordered from Panreac (BarcelonaingpdaOH
came from Scharlab (Barcelona, Spain). Methanol beagght from J.T. Baker (Deventeer,
The Netherlands) and 1-propanol and 1l-pentanol daome Scharlab. An ultrapure water
device (Millipore S.A.S., Molsheim, France) was dise prepare the aqueous solutions and

mobile phases.

The antiretroviral studied were: efavirenz (E), tamdine (L), zidovudine (Z) (purity
>99.9%, Filaxis, Cérdoba, Argentina), tenofovir (Bjavudine (S) (purity >99.9% Bristol
Myers Squibb, New York, NY, USA). The antiretroVinaere studied grouped in sets as

follows: mixture 1 =L+ Z+ E; mixture 2 =L + SE; and mixture3=L+ T + E.

2.2Equipment and chromatographic conditions

A Metter-Toledo analytical balance (Greifensee, t3grland) was used to weigh the
analyte. The pH was measured with a Crison potewier (Barcelona, Spain) equipped with
a combined Ag/AgCl/glass electrode. An ultrasorathbwas used to dissolve the standards

(model Ultrasons-H, Selecta, Abrera, Spain).

Chromatographic separations were performed usméglent Technologies Series
1100 system (Palo Alto, CA, USA) equipped with a@ocratic pump, a degasser, an
autosampler and an absorbance diode array det@Ad@). The stationary phase was in a
Kromasil C18 column with the following characteigst pore size 100 A, length 15 cm,
internal diameter 4.6 mm, particle sizgu®. Several mobile phases were tested by varying
the SDS concentration, the amount of 1-propanol lapéntanol, and the pH. The optimal
mobile phase composition for each antiretroviradl @s corresponding retention time are

shown in Table 4.1. In all cases, the pH was fiked using 0.01 M phosphate buffer.
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Mobile phases run under the isocratic mode at 1 mib’ without controlling the
temperature. The injection volume was BD and detection were set at 214 nm. The
solutions and the mobile phases were filtered tino0.45um nylon membranes (Micron
Separations, Westboro, MA, USA). Special care \a&ert for the chromatographic system,

due to the use of micellar solutions [8].

2.3 Blood collection

The blood samples used for spiking were taken fraalthy, AIDS-infected and
heroin addict AIDS-infected volunteers. These samplere collected with DB SST Tubes
(BD Vacutainer Systems, Plymouth, UK), centrifuggd000 rpm for 10 min and the serum
was finally separated and either used immediatelyrazen and stored at - 20°C. Blood
samples were provided by the La Plana Hospital ilarkéal and the General Hospital in
Castelld, Spain, after consent had been obtaineoh fthe Ethical Committee and from

patients.

2.4 Solution and sample preparation

Mobile phases were prepared by dissolving the apm@mi® amount of SDS and
NaH,PO,.H,O in ultrapure water. Then the pH was adjusted tgirey drops of HCI or
NaOH solutions to reach the desired value. Furtbeznthe appropriate volume of organic
solvent (1-propanol or 1-pentanol) was added aedstilution was adjusted to the desired

volume with ultrapure water, ultrasonicated angbfed.

Stock solutions of each antiretroviral were pregare methanol-water 5 : 95 (v/v).
Working solutions were prepared by diluting thesmcls solutions in ultrapure water. All

stock and working solutions stored at +4 °C weablstfor at least 3 months [6].

For optimization and validation studies, spikedusersamples were prepared by

adding the appropriate volume of stock or worki¢uson to 0.5 mL of serum and then
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adjusting the final volume to 5 mL with a 0.05 M Sdqueous solution buffered at pH 7.
The sample was vigorously shaken to favor homogdioiz and stored for one day in the
fridge at 5 °C to favor the contact between analyed the sample, and also solvent

evaporation [20,21]. Then the serum was 1/10 dilute

2.5 Statistical treatment of the data

In order to perform the optimization, the selectbdomatographic parameters were
studied: retention timegittime at maximal value of absorbance signal; mafficiency (N;
number of theoretical plates); asymmetry (B/A; Bistance betweer and the time at 0.1 x
signal height at the end of the peak; A = distabegveen g and the time at 0.1 x signal
height at the beginning of the peak). These parmmeatere calculated for each peak from

chromatograms using Michrom software [22].

A chromatographic peak is considered as satisfadtahe retention time is low, but
higher than 2 min (far enough from dead time), éffeciency is high and the asymmetry is
close to 1. Optimization was made by the criterioh obtaining more satisfactory

chromatographic peaks (see above) without ovenhapjd].

3. Results and discussion

3.1. Optimization of the separation conditions

The separation conditions were changed from thosposed in ref. [6] in order to
improve the chromatographic parameters (efficiermgymmetry and retention time) by
focusing the study in the three compounds of eaSARIT mixture potentially administrated
to a patient, instead of a wide number of indepenéatiretroviral. The study was limited to
isocratic running mobile phases, because no stabdn time is required between two

injections, increasing the robustness and the numbeanalyzed samples per day. The
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optimization was performed using standards 1/10tell in 0.05 M SDS at pH 7.

The stationary phase, the pH of the mobile phasktla® detection wavelength were
set as C18, 7 and 214 nm, respectively, becausastproven in [6] that these conditions
provide an adequate separation and sensitivity.ebhar, the selected pH is inside the
working pH of the column (1.5-9.5). The improvemehtthe chromatographic parameters

was made by varying the mobile phase compositi@5(&nd organic modifier amount).

Lamivudine, zidovudine, stavudine and tenofovir agmite polar compounds,
according to their low log Po/w. That means thangist C18 column and pure mobile phase
would provide adequate resolution and retentiore tirhowever, a short chain alcohol (as 1-
propanol) can be added in order to improve the maatographic parameters. On the other
hand, efavirenz has a high log Po/w, indicating ths more hydrophobic, and would show
a high retention time. In this case, an organic iffrexd(1-butanol or 1-pentanol) should be
added to the SDS aqueous mobile phase to obtafal wbgomatographic parameters. Then
optimization of mobile phases was performed byinigsa pure SDS agueous mobile phase
and adding 1-propanol, 1-butanol and 1-pentanol.

In order to find the most adequate mobile phaseposition, each antiretroviral (20
png/mL standard) was analyzed the following mobileges, containing SDS mM/modifier
%: 0.05/0; 0.10/0; 0.15/0; 0.05/1-propanol 2.5;5M6propanol 12.5; 0.1/1-propanol 7.5;
0.15/1-propanol 2.5; 0.15/1-propanol 12.5; 0.054fahol 1; 0.05/1-butanol 7; 0.1/1-butanol
4; 0.15/1-butanol 1; 0.15/1-butanol 7; 0.05/1-peata2; 0.05/1-pentanol 6; 0.1/1-pentanol
4;0.15/1-pentanol 2 and 0.15/1-pentanol 6. Theionbdtachromatographic peaks were used

for optimization as indicated in Section 2.5.

The optimized mobile phases are indicated in Table and the chromatograms
obtained by the analysis of the standards undesdhlexted chromatographic conditions are
shown in Fig. 4.1.

Table 4.1 Composition of the optimum mobile phase and clatographic parameters to separate the
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antiretroviral belonging to each HAART set

Mixture Antiretroviral &2, min [SDS], M Alcohol (amount, %) N B/A
Lamivudine 2.05+ 0.06 2046 1.286
0.05 1-propanol (2.5%)

1 Zidovudine 2.58+ 0.05 2694 1.178
Efavirenz 14.20+ 0.15 0.05 1-pentanol (6%) 2569 1.062
Stavudine 2.65+ 0.07 2462 1.202

0.05 -
2 Lamivudine 4.96+ 0.09 2172 1.287
Efavirenz 14.20+ 0.15 0.05 1-pentanol (6%) 2569 1.062
Lamivudine 2.69+ 0.05 0.15 -- 2009 1.103
3 Tenofovir 4.01+ 0.04 2060 1.172
0.05 1-pentanol (6%)
Efavirenz 14.20+ 0.15 2569 1.062
h=5

3.1.1 Separation conditions for lamivudine and etz

As these two compounds are in the three mixtuhes;, tesults are firstly discussed.

phases providing a retention time lower than 2.00 were not considered. In this case, it

Lamivudine shows a low retention time in all cagacording to its polarity). Mobile

elutes too close to the dead time, and the prababii overlapping with matrix compounds

is high. Only a pure aqueous mobile phase, 0.0928/%-propanol 2.5% and 0.05 M SDS/1-

butanol 1% were able to elute lamivudine with @m&bn time of more than 2 min.

polarity). Mobile phases eluting the analyte withetention time of more than 20 min were
not considered. Indeed, a greater retention timeldMower the efficiency and is not suitable
for routine analysis, where a high amount of saspleould usually be analyzed. Following
this criterion, only 0.15 M/1-propanol 12.5%, 0.¥31-butanol 7%, 0.05 M SDS/1-pentanol
6%, 0.1 M SDS/1-pentanol 4% and 0.15 M SDS/1-paité® were considered.
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Figure 4.1 Chromatograms obtained by analysis of antiretebgtandard (2Qug/mL) using for each one its
optimized mobile phase: (A) 0.05 M SDS/2.5% 1-pragdor lamivudine and zidovudine in mixture 1; (B)
0.05 M SDS/6% 1-pentanol for tenofovir (in mixt@eand efavirenz (in all mixtures); (C) 0.05 M Six®
stavudine and lamivudine in mixture 2, and (D) OM.SDS for lamivudine in mixture 3.

As seen, the resolution of a mixture of lamivudamel efavirenz is not possible in a
pure mobile phase, because of the strong differehtgdrophobicities. Therefore, for each
mixture two mobile phases would be needed. The Be&ction of the optimum mobile
phase was made separately for each HAART mixtuepending on the chromatographic
parameters of the third compound (zidovudine, gt and tenofovir). The
chromatographic parameters for each analyte iroptaimized mobile phase are shown in
Table 4.1.
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3.1.2 Mixture 1: lamivudine + zidovudine + efavien

In all tested mobile phases, lamivudine and zidowidre eluted at similar retention
times. In fact, they overlap in all mobile phasgsept in 0.15 M SDS and 0.05 M SDS/1-
propanol 2.5%, where an adequate separation isw@userinally, 0.05 M SDS/1-propanol
2.5% was selected as it provides a lower retenitoeand maximum separation between the
analytes.

Efavirenz was analyzed using other mobile phaseogrthose indicated in Section
3.1.1, 0.05 M SDS/1-pentanol 6% was consideredpéimal because it shows the maximal
efficiency (N = 2569) and asymmetry (B/A = 1.062).

3.1.3 Mixture 2: lamivudine + stavudine + efavirenz

Lamivudine and stavudine show a similar behaviauthe studied mobile phases; in
fact, they are resolved only in aqueous mobile ghamnd they co-elute when an organic
modifier is added. The mobile phase 0.05 M SDS eassidered as optimal as it provides
the maximal separation between the two analytegjtaiaing a low retention time (less than

5 min). For efavirenz, the same mobile phase &t in Section 3.1.1 was taken.

3.1.4 Mixture 3: lamivudine + tenofovir + efavirenz

Tenofovir cannot be eluted using aqueous mobilases, as it shows too high a
retention time. Lamivudine and tenofovir can belyred together only in 0.05 M/1-propanol
2.5%. However, the retention time was found to igé = 12.46 min) and the efficiency was
N = 1889. Finally, tenofovir was analyzed using thaimal mobile phase deduced in
Sections 3.1.1 and 3.1.2 for efavirenz (0.05 M SB&/ntanol 6%), where it provides a more
useful retention time<(4.01 min) and higher efficiency (N = 2060). Tharstmobile phase
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was taken as optimal for the quantification of feno and efavirenz.

In this case, lamivudine was identified under ottleromatographic conditions. The
selected mobile phase was aqueous 0.15 M SDS witoorganic modifier, providing the
elution of the analyte at a low time £.69 min) but with enough separation from the dead

time and with adequate efficiency (N = 2009).

3.1.5 Separation of standard and matrix compounds

Blank serum samples (free of antiretroviral) weteded in order to assess if the
analytes overlap with other compounds of the matnorder to ensure that the tested blank
serum samples do not contain any antiretroviraseéhsamples were taken from ten healthy
volunteers (five males and five females) who haegen taken any of the studied drugs.
Results (not shown) were found to be similar fotta blanks. Despite the complexity of the
serum matrices, no peaks were detected with atretetime of > 2.00 min, but the front of
the chromatograms showed a very high absorbands. CBm be explained by the use of
micellar media. Serum hydrophobic compounds arebdlated by their introduction into the
micelles (hydrophobic environment). When the bladcum/micellar dilution sample is
injected into the chromatographic system, theseractions remain in the micellar mobile
phase, strongly decreasing the interaction betileese compounds and the stationary phase,
and then shortening the elution time. These redudige already been found in previous
studies on the analysis of serum samples usingllaricaobile phases [13—-15]. Therefore,
there are no compounds that could overlap with ghelied antiretroviral because their
retention times were higher than 2.00 min, far gimofrom the front of the chromatogram.
Then in the spiked samples, the chromatographi&spearresponding to the antiretroviral
may be observed as sufficiently separated betweem tand the other peaks, thus avoiding

overlapping. This proves the selectivity of the Inoet
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3.2.Method validation

Validation was carried out following the guidelef the FDA [19]. The evaluated
parameters were: linearity, limits of detection @©Oand quantification (LOQ), precision,
accuracy and robustness. As lamivudine is resolusthg three different separation
conditions depending on the HAART mixture, andv#didation was performed for each
mobile phase. The whole calibration was performsidgia spiked sample serum (initially
free of antiretroviral) from a healthy volunteen. &ll cases, the preparation of the spiked

serum samples has been performed as explainecdiinise.4.

3.2.1 Linearity and sensitivity

For calibration purposes, a blank serum sample spdlsed at nine concentration
levels between 0.5 and 5@g/mL. The calibration was performed separately éacch

antiretroviral.

The slope, y-intercept and determination coeffitie®) of the calibration curves were
obtained by linear correlation between the aredeethromatographic peaks of each analyte
vs.the concentration by unweighted least-square diregression. Each calibration level was
repeated six times. Calibration was repeated fireeg (preparing the samples on each
occasion) on different days over a period of twonthe. The regression curve of each
analyte, taken as the average of the five measuntsnseshown in Table 4.2. The considered

absorbance was in arbitrary units and concentratesinug/mL.

The LOD is defined as the lowest concentrationthia serum which provides a
significant signal above the baseline noise. taken as 3 times the standard deviation of the
blank (LOD, 3s criterion). The LOQ is defined as fbwer amount of antiretroviral which
can be reliably quantified and is set as the loveesicentration reached in the calibration
curve [19]. The LOD value calculated for each atealg shown in Table 4.2. The LOQ was

0.5pg/mL for the studied antiretroviral.
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Table 4.2 Regression curve parameters (slope, y-interagpidatermination coefficient) and sensitivity vaue
(LOD and LOQ) calculated for each studied antingtad (Concentration iug/mL).

Mixture Compound Slope Y-intercept r? LOD
1 Lamivudine 37.5£0.2 5.1+ 1.9 0.9999 0.18
1 Zidovudine 43.5+ 0.3 -5+ 8 0.9998 0.15
1/2/3 Efavirenz 58.3+ 0.4 -3t4 0.9997 0.10
2 Stavudine 52.7+0.3 -5+ 9 0.9995 0.15
2 Lamivudine 35.7+0.3 4+ 2 0.9999 0.21
3 Lamivudine 36.5+ 0.2 4+ 3 0.9996 0.20
3 Tenofovir 44.8+ 0.3 2+ 3 0.9997 0.25

3.2.2 Precision and accuracy

The intra- and inter-day precision and accuracyhef proposed methodology were
calculated for each antiretroviral and HAART sélte$e parameters were determined at 0.5,

5 and 2Qug/mL using spiked serum samples.

The precision was determined as the standard dmviaf the provided signal (RSD,
%), whereas the accuracy was calculated as theegga.e. the ratio between the detected
and the added concentration. The intra-day analyas determined by injecting aliquots of
these samples six times on the same day, whilantee-day analyses correspond to the
average of five measurements of the intra-day sataken over a two-month period. The
results are shown in Table 4.3. For the quantificatf the five studied antiretrovirals, intra-
and inter-day precision were <7.1% and <5.2%, rspmdy, whereas intra- and inter-day
accuracy were between 88.5 and 105.3% and betw&8&rafid 101.3%, respectively. These
values are within the limits proposed by the FDAdglines, which accepts a maximal RSD

of 15% for precision and a recovery of between @ H0% [19].
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Table 4.3. Intra- and inter-day precision and accuracy fa ttetection of each studied antiretroviral and
HAART set obtained by applying the analytical methlmgy (Concentration ipg/mL).

Intraday Interday
Mixture  Antiretroviral congg;l;?;jtion Accuracy (%)  Precision (%) Accuracy (%)Precision (%)
0.5 105.3 4.4 99.1 29
1 Lamivudine 5.0 102.3 3.3 101.2 3.0
20 95.5 25 99.8 15
0.5 89.8 5.2 95.2 4.0
1 Zidovudine 5.0 95.5 4.8 94.7 3.5
20 99.1 11 97.0 3.0
0.5 92.1 6.1 97.5 4.2
1/2/3 Efavirenz 5.0 98.5 5.2 95.5 1.8
20 4.8 97.5 97.5 2.2
0.5 89.5 6.2 96.5 5.2
2 Stavudine 5.0 92.5 4.2 98.5 35
20 98.2 3.1 97.5 2.4
0.5 103.3 4.9 97.1 1.9
2 Lamivudine 5.0 101.3 1.7 98.2 2.0
20 97.5 35 99.8 0.9
0.5 102.5 35 98.5 3.8
3 Lamivudine 5.0 101.3 1.9 99.5 0.5
20 98.5 25 97.5 1.2
0.5 88.5 7.1 93.5 4.2
3 Tenofovir 5.0 92.5 4.2 95.6 2.8
20 98.5 2.8 99.6 1.2
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3.2.3 Robustness

The robustness of the method was performed byyzingl serum samples (n = 3)
spiked with 20pug/mL of each studied antiretroviral, by making ktigchanges to the
following chromatographic conditions (with the athe@emaining constant each time): SDS
amount (average value0.05 M), quantity of organic modifier (averageuat 0.1 %), pH
(6.9 - 7.1) and flow rate (0.95 - 1.05 mL m)n The variation of the retention time and the
peak area were studied. The robustness was exanfbnedach antiretroviral and each
optimized mobile phase. Insignificant differences peak areas and less variability in
retention time were observed (see Table 4.4). Resuicate that the selected factors remain

unaffected by small variations in these parametbesRSD was below 6.5%.

3.3 Analysis of real samples

The proposed method was applied to determineaebeld of antiretroviral in serum
samples from several AIDS patients from a local pitak Only one kind of HAART
regimen has been prescribed to each patient. Fdidentiality reasons, no more information
about this can be provided. Results have been meghndepending on the set of
antiretrovirals that they take, as can be seen ablel 4.5. Results have been shown
considering the 1/10-dilution performed in the expental procedure (Section 2.4). In the
case of the measured amount of an antiretrovirpeupo 50ug/mL, an extra 1/10-dilution
was carried out. Fig. 4.2 shows the chromatograna gfatient to whom the mixture 1
HAART (lamivudine, zidovudine and efavirenz) hasberescribed. Antiretrovirals were
detected and quantified without interferences. Adic to the results, the patient effectively
takes the medication.
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Table 4.4.Evaluation of the robustness of the micellar ligcidomatography method (all data n = 6).

Retention time, Area (arbitrary unit)

Mixture Antiretroviral Parameter min (RSD, %) (RSD, %)

[SDS] 2.11+0.10 (4.7) 77& 23 (3.0)
o pH 2.06+ 0.09 (4.4) 762 25 (3.3)

1 Lamivudine
1-propanol amount  2.04+ 0.11 (5.4) 75& 30 (4.0)
Flow rate 2.05+ 0.13 (6.3) 75& 17 (2.3)
[SDS] 2.60+ 0.09 (3.5) 87@& 19 (2.2)
pH 2.55+ 0.11 (4.3) 86k 21 (2.4)

1 Zidovudine
1-propanol amount 2.61+ 0.12 (4.6) 88& 30 (3.4)
Flow rate 2.52+ 0.10 (4.0) 85k 14 (1.6)
[SDS] 14.4+ 0.5 (3.5) 120& 50 (4.2)
. pH 14.1+ 0.4 (2.8) 113@& 30 (2.7)

1/2/3 Efavirenz
1-pentanol amount  14.5+ 0.5 (3.4) 115@ 40 (3.5)
Flow rate 14.2+ 0.6 (4.2) 119& 30 (2.5)
[SDS] 2.60+ 0.17 (6.5) 107@ 40 (3.7)
2 Stavudine pH 2.68+ 0.1 (4.1) 105& 20 (1.9)
Flow rate 2.62+ 0.23 (5.0) 103@ 30 (2.9)
[SDS] 5.01+ 0.22 (4.4) 724 24 (3.3)
2 Lamivudine pH 4,92+ 0.15 (3.0) 72& 15 (2.1)
Flow rate 4,98+ 0.19 (3.8) 71@& 20 (2.8)
[SDS] 2.72+0.11 (4.0) 75& 24 (3.2)
3 Lamivudine pH 2.67+ 0.08 (3.0) 73% 19 (2.6)
Flow rate 2.70+ 0.09 (3.3) 742 16 (2.2)
[SDS] 4.06+0.13 (3.2) 87@ 30 (3.4)
. pH 4.04+0.09 (2.2) 91@ 19 (2.1)

3 Tenofovir

1-pentanol amount  3.95+ 0.13 (3.0) 89 24 (2.7)
Flow rate 4.00+ 0.17 (4.3) 90& 15 (1.7)

88




Chapter 4. Monitoring of HAART regimen antiretroviral in serum of AIDS patients by MLC

Table 4.5.Amount of antiretroviral foundug/mL) in AIDS patient serum samples (n = 5).

HAART regimen prescribed = mixture 1

Patient Lamivudine Zidovudine Efavirenz
576704 5.6+0.4 27+ 1.1 125+ 8
505933 13.7+ 0.9 36+ 3 233
519824 179.5+1.5 12.8£ 1.8 Under LOD
521320 53+15 32.8: 0.8 393+ 9
520287 12+ 4 29.0+ 0.3 84+ 6
516064 7.0£0.9 454+ 1.8 Under LOD
505459 1048 89+ 5 122+ 7
HAART regimen prescribed = mixture 2
Patient Lamivudine Stavudine Efavirenz
521787 35+4 130+ 15 510+ 40
521321 3145 72+ 9 183+ 22
HAART regimen prescribed = mixture 3
Patient Lamivudine Tenofovir Efavirenz
532374 16.6£ 1.6 Under LOD 91+6
532378 34.3+1.6 Under LOD 305+ 13
579254 26.7£ 0.6 Under LOD 1010+ 50
579253 14.2+ 0.6 Under LOD 660+ 40
519821 349+ 1.0 Under LOD 38+ 4
516060 20.6£2.1 Under LOD 365+ 21
505948 49+ 3 Under LOD 150+ 12
514486 30.7x1.2 Under LOD 24+3
505050 29.3+2.0 Under LOD 13.1+ 0.4
505045 413+14 Under LOD 160+ 7
520289 24+ 3 Under LOD 159+ 9
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Fig. 4.2 Chromatograms obtained by the analysis of a ssample of the AIDS patienf.r605459, who takes
the HAART regimen composed of lamivudine, zidovedand efavirenz (see Table 4.5 for quantitativees).

4. Conclusions

MLC has been proven as a valuable technique to torothe antiretroviral drugs
belonging to the three HAART regimens mainly présat by doctors for AIDS patients.
Analysis was performed without long and tediougsastions and/or sample cleaning, by the
direct injection of the sample after a simple ddot and filtration of the matrix. The
suggested methodology allows the separation ofatma@ytes in less than 15 min, with
adequate efficiency and asymmetry. Moreover, vabdawas performed according to FDA
guidelines with satisfactory results in selectiyltgearity, sensitivity, precision, accuracy and
robustness. As low amount of organic solvent amtidgradable salts were used, and the
method can be considered as environmentally frienBlesides, the instrumentation is
relatively inexpensive and a high amount of samphes be successively analyzed using an
autosampler, making it more attractive for rou@malysis in a clinical laboratory.
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Abstract

An analytical methodology based on MLC has beereldped to quantify abacavir,
lamivudine and raltegravir in plasma. These thmg@&etroviral drugs are prescribed as a set
in HAART for AIDS patients. The experimental prooeel consists in the dilution of the
sample in micellar media, followed by filtrationdgrwithout cleanup step. The analytes were
resolved in less than 30 min using a mobile ph&<e0b M SDS at pH 7, running at 1 mL
min~* under isocratic mode at room temperature throughi&column (125 x 4.6 mm,&n
particle size). The UV detection wavelength wasas&60 nm. The method was successfully
validated following the requirements of ICH guiahels in terms of: linear range (0.25-A¢%
mL™Y), linearity ¢ > 0.990), intra- and interday precision (<6.8%) awturacy (92.3—
104.2%), and robustness (<7.1%). To the extenuokaowledge, this is the first published
method to quantify these three drugs in plasmaei&&wlood samples from AIDS patients
taking this HAART set provided by a local hospitadre analyzed with satisfactory results.
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1. Introduction

Since its discovery in 1981, acquired immunodeficiesyndrome (AIDS) has caused
nearly 30 million deaths and approximately 34 millipeople are globally infected with
human immunodeficiency virus 1 (HIV-1) [1-3]. Difent attempts have been undertaken to
find a cure for the disease, but with limited swscdn 1996, HAART was introduced, with
impressive clinical results in suppressing thevagtiof HIV. Generally, HAART regimen
combines three or four different antiretroviral (%R which acts together against HIV. But
this therapy is complex, has many unwanted effestdjfficult to adhere to and has to be

lifelong because it does not get rid of HIV [4].

Recently, a new HAART combination (Table 5.1) [Bfntaining abacavir (Ziagen
®), lamivudine (Epivir ®) and raltegravir (Isentee®), has been introduced in the Spanish
market, for patients in which fails the normal treant with other mixtures [6]. Abacavir and
lamivudine are reverse transcriptase inhibitorsictvhnteracts with an HIV viral enzyme,
used to generate new virus. Inhibition of this eneyprevents the virus completes this
reproductive cycle [7]. Raltegravir is an integrasabitor. It inhibits the integrating the viral

genetic material into human chromosomes [8].

Therapeutic drug monitoring (TDM) consists in theanqtification of drugs in
physiologic matrices at several times after thesoamption of the formulation. This
information can be used to establish its pharmaaikis and explain the therapeutic and
adverse effects of the drug. This information canubed to determine the proper dose of a
drug for a specific patient. This is important hesmthe presence of subtherapeutic levels of
antiretroviral will result in the appearance of glrcesistance mutations that can endanger
drug treatment options [9]. On the other hand,ldlck& of compliance to HAART is the first
cause of therapeutic failure and should be evaluaietreatment compliance level above
95% is necessary [10]. In order to optimize thepoese of the patient to this new HAART
regimen, clinicians need analytical methods to ¢fiaabacavir, lamivudine and raltegravir

in plasma.

Table 5.1 Structure, pKa and log Po/w.
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Prominent among the techniques used for TDM, chtogmaphic methods such a thin
layer chromatography (TLC), gas chromatography (@@J HPLC are widely used to
analyze antiretroviral [11]. Abacavir, lamivudine@daraltegravir have been analyzed in
several ways, such as HPLC-UV [12,13] and LC-MS/i&-16]. However, to the best of
our knowledge, a method to simultaneously analliesd three drugs in plasma has not been
previously issued. Mass spectrometry is an eagptdaminate instrumentation and quite
expensive. Besides, chromatographic methods ustedjyire tedious and time-consuming

extraction and cleanup steps prior to the chromrafmgc resolution.

Authors have proven that plasma samples can beedtaboiding these problems
using MLC [17]. Previously published papers haveaitied the development of MLC-based
methodologies, using SDS as surfactant, for theesing of thirteen ARV [4] and the
quantification of 3 HAART mixtures by the use oflprihree mobile phases [3]. These
methods can be adapted to the analysis of abadawiryudine and raltegravir, to maintain

the benefits of MLC, as direct injection (afterutibn and filtration), use of isocratic mobile
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phases, versatility and the use of low amount diutamt chemicals, reducing the analysis

time and cost [18].

The aim of this work was to develop a sensitive seidble MLC-based method to
determine three ARV included in a new HAART combioi abacavir, lamivudine and
raltegravir, in plasma samples of AIDS patientse Thethod must be simple, inexpensive,
environmentally-friendly and with a reduced expemntal protocol. The developed method
was validated according the ICH Guidelines [19]temms of linear interval, calibration
parameters, sensitivity expressed as limits of afiete (LOD) and quantification (LOQ),
precision, accuracy and robustness. Finally, theeldped analytical method was used to
guantify the ARV in human plasma from AIDS patien&amples were supplied by the
Hospital La Plana of Vila-real.

2. Materials and Methods

2.1Reagents and instrumentation

The following ARV standards (purity > 99.5%) weekén for the analysis: abacavir,
lamivudine (GlaxoSmithKline, Brentford, UK) and tegravir (Merck, MSD, Darmstadt,
Germany).

Selected surfactant was SDS (purity > 99%, Merchkrnistadt, Germany). HCI,
NaOH and NakPO,.H,O (reagent quality) were purchased from Scharlabrd®ona,
Spain). Ultrapure water was prepared by purificatidd deionized water using an ultrapure
water generator device (Millipore S.A.S., Molsheifrance) and used for preparing all
mobile phases and solutions.

The instrumentation used in the study and thertreat of the data is described in [3].
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2.2 Solutions and mobile phases

Mobile phases and solution of ARV were prepared stoded as reported in [3]. The
concentrations of the stock solutions 3@mL™ for abacavir and lamivudine, and 266

mL™* for raltegravir.

2.3 Sample treatment

The blood collection and extraction of plasma wasfggmed as reported in [3].
Afterwards, plasma samples were frozen and stare@@ °C until its analysis, it was then

thawed just before use. The samples were obtaitedcansent from the patients.

For validation and analysis purpose, 1 mL volum@laéma samples was introduced
into a vial and the volume was adjusted to 5 mLlhvait05 M SDS at pH 7 (1/5 dilution). In
the case of spiked samples, the appropriate anwiuhe ARV standard solution was added
before filling. The diluted sample was vigoroushaken to favor homogenization and stored
for one day in the fridge at 5 °C to favor the emhtbetween antiretroviral and the sample
[20]. These samples were filtered using O4B-nylon membranes (Micron Separations,

Westboro, MA, USA) and injected in the chromatodpasystem.

2.4 Chromatographic conditions

Several mobile phases were tested in order to she&lghromatographic behavior or

the analytes by varying SDS amount in the 0.05-MIange.

The analysis were performed using an 0.05 M SDSYphkhobile phase running
through a Kromasil C18 (Scharlab) column (150 xmr8; particle size Sum: pore size 100
A, working pH range 1.5-7.5) under isocratic motlé anL miri* at room temperature. The

injection volume was 2@L and detection absorbance wavelength was set@ng6 The
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special care needed when using with micellar medha liquid chromatography
instrumentation is described in [21]. Under thesadttions, the column was a lifespan of
nearly 1000 injections.

3. Results and Discussion

3.1 Optimization of the chromatographic conditions

The main chromatographic conditions (stationarysphaurfactant, pH, wavelength
detection) were taken from a published paper. Pnévious issue shows the analysis of,
among others, lamivudine and abacavir in serum T#E dilution ratio was taken from a
paper about the analysis of other drugs in plasiveas proven that a 1/5 value is enough to
protect stationary phase from harmful compoundshefmatrix, without strongly reducing

the sensitivity [17].

The composition of the mobile phase was optimizecl$ing on the simultaneous

analysis of the three studied ARV: abacavir, lardiae and raltegravir.

3.1.1 Selection of the absorbance wavelength detect

The maximum absorbance wavelength for lamivudirteabacavir solved in micellar
solution was 260 nm [4]. The UV-Vis spectrum oftegtavir was obtained in a micellar
environment, by analyzing a5y mL ™ solution using the optimal mobile phase. A strong
absorbance was found at 260 nm, therefore this lelagth was chosen for the analysis.

Thus, the chromatograms were registered withoutgihg the wavelength detection.
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3.1.2 Optimization of the micellar mobile phase position

Lamivudine is already eluted very early (before ih)nm a pure SDS micellar mobile
phase. If an organic modifier is added, lamivudiwerlaps with the protein band [3]. Thus,
the study was restricted to pure agueous miceltdrile phase.

The optimal mobile phase was selected followingrtfaimum resolution-minimum

analysis time criteria, using an interpretativeimptation strategy using Michrom [22] as
described in [23].

The optimum mobile phase selected for the analgSiabacavir, lamivudine and
raltegravir, was 0.05 M SDS-pH 7. Fig. 5.1 shows ¢hromatogram obtained by analysis of
a 2.5ug mL™* mixture of each ARV. Under these conditions, thebal resolution was
0.9997. The individual values of the chromatogragbarameters were: abacavig<t28.2
min; N = 2567; B/A = 1.31); lamivudinegft 3.9; N = 7529; B/A = 1.45) and raltegravig=t

21.4; N = 1585; B/A = 1.14). Errors <3.1% were ated for the prediction of retention
times.
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Fig. 5.1 Chromatogram by analysis of a
\L | k; blank plasma spiked with 25 mL™ of
o abacavir (A), lamivudine (L) and

I v 1 . 1 v I v 1 1 - T o T v T -
000 400 800 1200 1600 2000 2400 2800 3200 raltegravir (R) analyzed through the
t(min) developed method.
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3.2Method validation

The optimized method was validated following thédIGuidelines [19]. The whole
validation was performed using a spiked blank psample. The numerical values refer to

the concentration of antiretroviral in the origipddsma sample, not in injected aliquot.

To assess the selectivity of the method, free-ARA6ma samples were analyzed,
blank and spiked with 2.ig mL™ of each antiretroviral. The protein band appearthe
dead time and is totally eluted in <2 min. No ealere eluted near the retention times of
the studied ARV, and then no interferon was dete(feg. 5.1). Thus, the three analytes can

unambiguously be identified and quantified withouérlapping.

Calibration curves were constructed using the aofabe chromatographic peaks,
after triplicate injections, obtained at sevenatiét concentrations, in the 0.25+2% mL ™
range. The slope, y-intercept and determinatiorfficant (r>> 0.990) were obtained by
least-square linear regression. The presentedratdib parameters were calculated from five
intraday calibration curves constructed over a 3win® period. Results are shown in Table
5.2.

Table 5.2.Calibration parameters and sensitivity (concerarain pg mL ™).

Compound Slope Y-intercept r? LOD LOQ
Abacavir 64.8 £ 0.6 4+6 0.9998 0.090 0.250
Lamivudine 56 +1.8 915 0.9979 0.070 0.200
Raltegravir 42+3 -5+4 0.9902 0.090 0.250
n=>5

The detection limit (LOD) of a method, is the low@dkV concentration in plasma,
that produces a response that is detectable abevedise level of the system, whereas the
guantification limit (LOQ) of a method, is the logteantiretroviral concentration in plasma
that can be reliably measured. LOD and LOQ wereutaied using the 3.3s and 10s
criterion, respectively [19], and are shown in Bal.2. These results indicate that the

developed method is sensitive enough to detectiite® ARV in plasma of patients taken
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these HAART regimens for clinical purposes.

The intra- and inter-day precision and accuracthefmethodology were measured as
indicated in [3] at three concentration levels {&&nd 15pg mL™). Recoveries were 92.3—
104.2% and signal variability RSD values were <6(8%ble 5.3). These results indicate that

the method is useful for the routine analyses atatir, lamivudine and raltegravir.

Table 5.3.Intra- and inter-day accuracy and precision

Intra-day Inter-day
ARV Concentrationy{g mL™)
Accuracy (%)  Precision (%)  Accuracy (%) Precisiéb) (

0.5 94.6 6.2 96.8 3.3
Abacavir 5 97.8 4.6 98.6 3.2
15 98.8 2.3 99.7 0.7
0.5 94.3 4.7 97.5 6.2
Lamivudine 5 98.6 4.8 101.3 2.6
15 98.2 2.3 96.8 1.7
0.5 92.3 6.8 104.2 5.2
Raltegravir 5 96.7 4.2 97.6 2.1
15 98.4 2.2 98.8 1.4

h=6"=5

The robustness of the method was examined by egelimjections (n = 3) of a
standard solution at ig mL™ with slight modifications to the following chronearaphic
parameters (range): SDS concentration (0.049-0M)5DPH (6.9-7.1), flow rate (0.95-1.05
mL minY), absorbance wavelength detection (255-265 nm)rgadtion volume (19.5-20.5
pL). Variations of the main chromatographic condidhad no significant effect on retention
time (<7.1%) and peak area (<6.2%), and then ththedecan be considered as enough

robust to be used in routine analysis.
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3.3 Analysis of plasma samples of HIV patients

Some plasma samples from patients being treated thiese substances were
analyzed. Results are shown in Table 5.4. Fig.sh@ws the chromatogram obtained by
analyzing the sample from patient P1. The three A®RMId be clearly quantified without
interferences, including the band of proteins wlates before 2 min. The chromatograms
obtained from the analysis of the other samplesvsimilar shape.

Table 5.4.Quantification of the ARV|{g mL™) in plasma of HIV patients (n = 3)

Patient Abacavir Lamivudine Raltegravir
P1 1.43+0.03 0.78 + 0.05 1.02+0.03
P2 1.10+0.08 1.06 +0.05 0.67 +0.04
P3 1.32+0.07 0.85 + 0.06 0.90 + 0.08
P4 1.64 £0.05 1.15+0.09 1.36 £ 0.05
P5 1.45+0.07 0.80+0.05 1.08 £0.04
P6 1.08 £0.09 0.90+0.08 1.24+£0.09
P7 0.85+0.07 0.68 + 0.04 0.85+0.08
P8 0.59 + 0.05 0.87 + 0.06 0.57 £0.07
P9 1.46 +£0.10 1.30+0.11 1.18+0.14
P10 0.79+0.12 0.96 + 0.07 0.96 +0.11

106




Chapter 5. MLC to quantify abacavir, lamivudine and raltegravir in plasma

30

[
[—]
1

Absorbance (a.u.)
i
)
1
!

Y | ‘ Y

: ! S 1
0.00 4.00 8.00 12.00 16.00 20.00 24,00 28.00 32.00

t(min)

Fig. 5.2. Chromatogram corresponding to P1, obtained udirgoptimum mobile phase (SDS 0.05 M-pH 7),
marks as in Fig. 5.1.

4. Conclusions

MLC has proved to be a suitable technique to amaltaacavir, lamivudine and
raltegravir in plasma samples of AIDS patients fésas we know, this is the first developed
method showing the simultaneous determination ese¢hdrugs in plasma. This method does
not require complex procedures, such as samplaaiin and/or sample cleaning because it
allows the direct injection of plasma sample in tfgomatographic system without any
pretreatment, except filtration. The time requifedthe determination of three antiretroviral
plasma samples was only 30 min. The chromatogrgpioicedure provides adequate results
for the determination of abacavir, lamivudine aatlegravir in plasma samples in terms of
selectivity, linearity, accuracy, robustness anasiwity at the ng mC* level. This method
has a low environmental impact as it uses a smahleount of toxic organic solvents. In
addition, it is relatively inexpensive and only dee simple chromatographic apparatus that

Is available in any hospital laboratory.
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Abstract

Danuravir, ritonavir, emtricitabine and tenofovireatogether prescribed against
AIDS, as a HAART regimen. Micellar liquid chromataghy has been applied to determine
these four antiretroviral drugs in plasma. The danppeparation is shortened to the dilution
of the sample in a micellar solution, filtrationdaimjection. Clean-up steps are avoided, due
to the solubilization of plasma matrix in micellaedia. The drugs were analyzed in < 20
min using a mobile phase of 0.06 M SDS - 2.5 % rtgo®ol - pH 7 running under isocratic
mode through a C18 column at 1 mL fhiat room temperature. Absorbance wavelength
detection was set at 214 nm. The method was suuligsgalidated following the ICH
Harmonized Tripartite Guideline in terms of: selty, limit of detection (0.080 - 0.11(g
mL™), limit of quantification (0.240 - 0.27g mL™), linearity between 0.25 and 2 mL*
(r? > 0.995), accuracy (89.3 - 103.2 %), precision.Z<®) and robustness (<7.5 %). Real
plasma sample from patients taking this therapyewamalyzed. This is the first paper
showing the simultaneous detection of these fougslr Therefore, the methodology was
proven useful for the routine analysis of these @amin a laboratory Hospital for clinical

purposes.
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1. Introduction

HAART (highly active antiretroviral therapy) wastiaduced in 1996 to treat patients
with acquired immunodeficiency syndrome (AIDS) witinong clinical results [1]. It consists
in the prescription of a set (hamed HAART regimehantiretroviral (ARV) which prevents
the activity of human immunodeficiency virus 1 (HLYy. Generally, a HAART regimen
combines three or four different ARV [2]. These AR\Ixtures reduce the amount of active
virus, even until it is undetectable by currentdaldesting techniques [3]. However, it does
not reach a definitive cure of the disease, so that treatment has to be lifelong,
complicating the compliance and favoring the apmeee of drug resistance mutations.
Moreover, the pharmacokinetics of the drugs is sones unpredictable, and they show
many side effects [4]. Continuously, clinicians pose new combinations looking for higher

therapeutic activity and less adverse effects fpexific patient than previous regimen [5].

Recently, a new HAART combination, containing dawin (Prezista ®), ritonavir
(Norvir ®), tenofovir and emtricitabine (Truvada ,&)as been introduced in the Spanish
market for naive-patients, those do not have pteslhyotaken other HAART regimen. The
structures and main physico-chemical charactesistan be seen in Table 6.1. The initially
prescribed dose, be taken one time per day, istabsiet of Prezista ® + Norvir ® (400 mg
darunavir + 100 mg ritonavir) and one tablet of veda ® (300 mg tenofivir + 200 mg
emtricitabine). Darunavir and ritonavir are proeeathibitors (PI). They act by blocking HIV
aspartyl protease which the virus needs to cleheeHIV polyprotein into its functional
fragments, preventing the completion of the repotislea cycle of the virus. Tenofovir and
emtricitabine are nucleotide and nucleoside revamescriptase inhibitor (NtRTIS/NRTIS),
respectively. These drugs work by inhibiting reeetsanscriptase, the enzyme that copies

HIV RNA into new viral DNA, and foiling the generah of new virus [6,7].

Table 6.1 Structure, pKa and log Po/w of the studied atrtirgral.
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The simultaneous quantification of darunavir, réein, emtricitabine and tenofovir in
blood from a patient treated with this HAART regmean be useful to study their biological
behavior and to explain therapeutic and adversectsff including failure [8]. This
information would be useful to personalize the priggion timeline of the HAART regimen
for each patient, improving the probability of sess [9]. The quantification of ARV can also
be performed to check the compliance level withttkatment, which must be above 95 %
[10], and to detect sub-therapeutic levels of ARVbiood, that may provoke the virus to
develop resistance [11]. However, at our knowledgeethod to simultaneously determine

these four drugs in blood has not been previosslyed.

Reverse-phase high performance liquid chromatogrd@P-HPLC), using mixtures
of organic solvent and water as mobile phaseshaspreferred technique for the analysis
antiretroviral in plasma [12]. HPLC coupled to maggctrometry (MS) has been used to
detect ritonavir, darunavir [13], tenofovir [13,1dhd emtricitabine [14,15]. However, LC-
MS has serious limitations, as high cost and expenmaintenance. Emtricitabine can be
analyzed using HPLC coupled with fluorescence detedHPLC-FLD) [16], but the other
studied drugs are not fluorescent. Several methaded on HPLC coupled with UV-Visible
absorbance (HPLC-UV) have been developed to meéiser@oncentration of darunavir [17],
ritonavir mixed with other ARV [18-20] and darundutonavir mixtures [21,22]. HPLC-UV
has been also applied to simultaneously determiR® Aixtures containing emtricitabine
[20] and tenofovir [23], and to quantify a combinat of emtricitabine and tenofovir [24].
These chromatographic methods involve tedious amé-tonsuming cleanup steps as
liquid/liquid [19,21,22] solid/liquid [17,20,23,24]extraction and deproteneization by
precipitation [18], to avoid the introduction ofrh&ul compounds in the chromatographic
system.

Micellar liquid chromatography using sodium dodesylfate (SDS) as surfactant is
an excellent choice as analytical method when degalith plasma analysis [25]. Proteins are
denatured and, together with other hydrophobic aamgds, solubilized in micellar media,
and eluted at the front of the chromatogram. Tloeegfplasma samples can be directly
injected, after simple dilution and filtration, nthe chromatographic system without risk of

precipitation [26]. SDS monomers modify the natafehe stationary phase, and the apolar
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inner core of the micelle can interact with anaytmtroducing a new environment in the

retention mechanism. A chemometric approach prevadsimulation of the chromatographic

behavior of the ARV from the data obtained in fewhihe phases following an experimental

design, expediting the optimization of the mobileage composition [27]. The use of MLC

also reduces the cost and the environmental ingdatbie analysis, as micellar mobile phases
usually contain non-pollutant inorganic reagents arganic solvents only up to 12.5 % [28].

MLC-based methods have been developed to analyeetesviral mixtures in plasma,

including ritonavir [29] and tenofovir [30].

The aim of the work was to develop an analyticalcpdure based on MLC using
SDS as surfactant for the simultaneous quantiboatof four antiretroviral forming a
HAART regimen (darunavir, ritonavir, emtricitabir@ed tenofovir) in plasma. The method
should be able to resolve the mixture of the forugd in low analysis time with high
sensitivity, reliable, simple, inexpensive and eowmentally-friendly. The method was
validated following the requirements a validationidg proposed by the International
Conference on Harmonization of Technical Requiregserfor Registration of
Pharmaceuticals for Human Use: ICH Harmonized Tiifga Guideline. The evaluated
parameters were: selectivity, linearity, limits ddtection (LOD) and quantification (LOQ),
precision, accuracy and robustness [31]. The mesulin be used to study the
pharmacokinetics of these drugs in AIDS patientsnta this regimen, and evaluate the

compliance with the treatment.

2. Materials and methods

2.1 Chemical and reagents

The drug standards (purity > 99.5 %) were: darun&Vanssen Pharmaceuticals
Titusville, NJ, USA), ritonavir (Abbot Laboratoriellorth Chicago, IL, USA), emtricitabine
(Gilead Sciences, Foster City, CA, USA) and tenof@Bristol Myers Squibb, New York,
NY, USA). The main physicochemical parameters (pldg; Po/w) of the studied ARV are:
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darunavir (2.1; 1.80), ritonavir (2.84; 3.90), eiitabine (2.65; -1.4) and tenofovir (3.75;

1.25). The structures can be found in [6].

SDS (purity > 99%) was purchased from Merck (DaadstGermany). HCI, NaOH,
NaH,PO,.H,O (reagent quality), methanol and 1-pentanol (HRit&de) were supplied by
Scharlab (Barcelona, Spain). An ultrapure waterae(Millipore S.A.S., Molsheim, France)
was used to generate ultrapure water from deioniagdr. Ultrapure water was used for all

aqueous solutions.

2.2 Instrumentation

Solids were weighted using a Mettler-Toledo anedlti balance (Greifensee,
Switerland). The pH measurements were performeagusiGLP 22 potentiometer (Crison,
Barcelona, Spain) equipped with a combined Ag/Agi@8s electrode. An ultrasonic bath
(model Ultrasons-H, Selecta, Abrera, Spain) usedligsolve the standards and mobile

phases.

The chromatographic system was an Agilent Techmeto&eries 1100 (Palo Alto,
CA, USA). It was equipped with an isocratic pumpgdegasser, an autosampler and UV-
Visible diode array detector (DAD). The signal wasquired by a personal computer
connected to the chromatograph by means of an rtgithemstation version B.01.01.
Chromatograms were treated using Michrom softwéar¢el Dekker, New York, NY,
USA) to extract the chromatographic parameterent&n time (%), retention factor (Kk),
dead time @), efficiency (N), asymmetry (B/A) and peak areg [20,32].

All solutions and mobile phases were filtered befmjection in the chromatographic
system, through 0.4f5m nylon membranes (Micron Separations, Westboro, M3A).
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2.3 Standard solutions and mobile phase preparation

Antiretroviral standard stock solutions were preplaby weighting the appropriate
amount to obtain 10Ag mL*, solving it in few mL of methanol and diluting Witvater up to
10 mL. Working solutions were prepared by dilutiohthe stock solution in water. The
standard solutions were kept at 4°C in amber fldk.degradation was detected after 3

months of use.

Mobile phases were prepared by dissolving the apm@mi® amount of SDS and
sodium dihydrogenphosphate in water. The pH wasséeljl to the desired value by adding
drops of HCI and NaOH solutions, and the suitalolewme of 1-pentanol was added. At last,

ultrapure water was added to reach the final volurtieasonicated and filtered.

2.4 Sample treatment

Blood samples were provided for Hospital La Plah¥i@-real (after consent by the
patients) and collected from AIDS patients takihg studied HAART regimen and healthy
volunteers, as control samples. The samples wellectad with DB SST tubes (SBD
Vacutainer Systems, Plymouth, UK), centrifuged @@@rpm for 10 min (3000 g) to obtain
the non-cellular fraction. Obtained plasma was droand stored at -20°C. Samples were

thawed one day before the analysis and kept at @@ ber flasks.

One mL of plasma was introduced in a vial anddillgp to 5 mL with a 0.05 M SDS
solution at pH 7 (1/5 dilution). Then, these sarapleere then injected into the

chromatographic system without another treatmeant fitration.

Optimization and validation of the method were perfed using spiked plasma blank
(drug-free) samples from healthy volunteers. Thiisg was performed by adding the
adequate volume of the antiretroviral working std solution prior to filling. ARV
concentration taken for calculations were thoseetipgvalent in the original plasma sample

(considering the dilution factor), instead of tlmcentration of the injected aliquot.
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2.5 Chromatographic conditions

The analysis were performed using a mobile phas®.@0 M SDS - 2.5 % 1-
pentanol fixed at pH 7 with 0.01 M phosphate byffanning at 1 mL mit under isocratic
mode through a Kromasil C18 (Scharlab) column (8506 mm; particle size bm: pore
size 100 A, working pH range 1.5 - 7.5) at room gierature. The injection volume was 20
ML and detection absorbance wavelength was set 4tngl The special care applied to
chromatographic instrumentation when dealing maceathobile phases are detailed in [33].
The needle was cleaned by injecting water betweenitjections. Under these conditions,

the column was a life span of nearly 1000 injection

3. Results and discussion

3.1 Optimization of the chromatographic conditions

Several chromatographic conditions (stationary ehasurfactant, pH, injection
volume, temperature) were taken from previouslylishbd papers [29,30]. The detection
conditions and the composition of the mobile phasee optimized for the analysis of a

mixture of darunavir, ritonavir, emtricitabine atahofovir in plasma.

3.1.1 Optimization of the absorbance wavelengtea®n

The optimum absorbance wavelength detection fonaiir [29] and tenofovir [30] in
micellar medium is 214 nm. Darunavir [17,21] andreitabine [20,24] show absorbance at
< 280 nm in hydroorganic solvents. However, the r@@anization of the analytes in
micellar media can provoke the shifting of the maaii absorption wavelength and the

change of the absorbance intensity. Thus, UV-\Vésggectra of darunavir and emtricitabine
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were taken by analyzing a plasma sample spiked il mL™ of these two drugs, using the
optimal micellar mobile phase. As a strong absarbamas found at 214 nm, this value was
selected for the analysis. Therefore, the wholeratogram was registered using the same

wavelength detection.
3.1.2 Optimization of the micellar mobile phase position

The composition of the mobile phase was optimizeai$ing on the separation of the
peaks corresponding to the four studied ARV. Riing29] and tenofovir [30] are strongly
retained on C18 columns, and need a mobile phasehigh elution ability. Thus, the study
was restricted to aqueous micellar mobile phaske $#pentanol.

The optimal SDS and 1-pentanol concentration wenellsaneously optimized using
an interpretative strategy. A mixture ofu§ mL* of darunavir, ritonavir, emtricitabine and
tenofovir were analyzed by five mobile phases aairig the following SDS (M)/1-pentanol
(%) values: 0.05/2; 0.05/6; 0.10/4; 0.15/2 and @15 all the tested mobile phase, the
protein band elutes at < 2.5 min and does not apes#iith any drug. Indicative parameters of
the chromatographic behavior, kstr; N; B/A and ¢, were measured for each ARV and

mobile phase using Michrom software [32].

These data were processed using a statistical nhadeld on chemometrics. It is able
to relate the chromatographic behavior of the amalyith the composition of the mobile
phase. Equation 6.1 provides the relationship batwetention factor and SDS/1-pentanol

concentration [34]:

B Kys/ (1 +Kapg)
1+ [M](Kam(1 +Kmpe) /(1 +Kap@)) 6.0)

’

where [M] is the SDS concentration (M) afds the amount of 1-pentanol (%). The

meaning of the constants can be found in [33].

The peak shape, which depends on N and B/A, is leddbrough the equation 6.2,
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which provides the predicted h(t) (absorbance sigravided by the detector) at each elution
time (t) [34]:
t_tR

o .
h(t) = Hoe S+s(t-R)+s( k) +.

(6.2)

s are constants depending &nN andB/A. They remain ideally invariant for each ARV and
mobile phaseH, (peak height) depends on the concentration of fR¥.A

The data obtained in the tested mobile phadsds éndB/A) are used by the Michrom
software as "calibration levels" to calculate tlmnstant parameters of the two equations.
Once known, the statistical model allows the praoiicof the chromatographic conditions of
the analytes and the drawing of simulated chronratog, at intermediate values of SDS/1-
pentanol. The global resolutioR)(is considered as the resolutian) (of the least resolved
peak pair, calculated by the valley-peak criterion.

The selected mobile phase was 0.060 M SDS - 2.5p¥nianol at pH 7. It provides
the maximal global resolutiolR(= 0.9998) in the minimum analysis time. A plasrample
spiked with a mixture of darunavir, ritonavir, efiiabine and tenofovir at ig mL™* was
analyzed using the optimal conditions (Figure 6.1Ble experimental chromatographic
parameterstg; N; B/A) were: darunavir (8.2 min; 3958 theoretical plat@®97), ritonavir
(18.4; 3201; 1.07), emtricitabine (3.6; 4682; 1.4ty tenofovir (5.5; 4501; 1.20). The errors
of the predicted retention times were <5 %.

The possibility to simultaneously analyze theser fdtugs using a mobile phase
running under isocratic mode is highly interestifignis reduces the total analysis time
because the stabilization time between two sucgessjections is not needed, facilitating the
analysis of a large amount of samples. Moreover ogptimized micellar mobile phase uses a

less amount of toxic organic solvent, than typicalinployed in hydroorganic mobile phases.
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Fig. 6.1.Chromatogram by analysis of a plasma sample: a)lIB) spiked with uig mL™ of darunavir (D),
ritonavir (R), emtricitabine (E) and tenofovir (&hd C) spiked at the LOQ level for each ARV.

3.2. Method validation
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The validation was performed following the requients of the ICH Harmonized
Tripartite Guideline, especially devoted to the lgsia of drugs in any kind of samples
worldwide [31]. The evaluated parameters were: ifipgg, calibration range, linearity,
sensitivity (LOD and LOQ), inter- and intraday amaty, repeatability, intermediate
precision and robustness. The method was validasaty spiked blank plasma samples,

collected from healthy volunteers and originallgefrof ARV.

3.2.1 Specificity

Ten different blank plasma samples (from five maled five females) were analyzed
using the optimized conditions (Figure 6.1A). Ih adses, the chromatograms only show a
high front and totally eluted at < 2.5 min, corresging to the protein band. No peaks were
detected at higher retention times. As the foudistll ARV elutes at > 2.5 min, there are no
potential interfering substances. The obtained rolatograms are clean, despite the
complexity of plasma and the absence of cleanupeoiare. The proteins and the
endogenous compounds of plasma strongly interaitkstihe micelles in the mobile phase,
provoking their fast elution. This result is habituvhen analyzing plasma with MLC,

expediting the analysis of drugs in plasma [30].

The blank plasma samples were spiked witlugs mL* of darunavir, ritonavir,
emtricitabine and tenofovir, and analyzed. Resarésshown in Figure 6.1B. The analytes are
eluted enough separate between them and the piodwich, and no coeluting endogenous
compounds were detected, thus avoiding overlappifigerefore, the ARV can be

unambiguously identified and their area measurehdowt error.

The possible interference of other drugs also ahteired to HAART patients was
studied by analyzing a 5g mL* solution of each one (log Po/w, [6]): acebutdhl71), N-
acetylprocainamide (0.99 [35]), acetaminophen (0.4@cetylsalycilic acid (1.19),
amiodarone (7.57), amoxicillin (0.87), ampicillih.85), atenolol (0.16), azithromycin (4.02),

bromazepam (2.54), caffeine (-0.07), captopril Z},.@arbamazepine (2.1), ciprofloxacin (-
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0.57), clonazepam (2.76), chloramphenicol (1.14@came (2.30), codeine (1.19),
corticosterone (1.99 [35]), desipramine (4.90), ategthasone (1.83), diazepam (2.82),
diltiazem (2.8), doxycycline (-0.72), ephedrined(), flunitrazepam (2.2), furosemide (2.03),
gentamicin (-1.6), hydrocortisone (1.79), imiprami(¥.80), levofloxacin (2.1), lidocaine
(2.44), loratadine (4.8), medazepam (4.43 [35])thoteexate (-1.85), nicotine (1.17),
nifedipine (2.49), norfloxacin (-0.47), oxazepamO@®, phenylephrine (-0.69), propranolol
(3.48), quinidine (3.44), sulphametoxazole (0.&jpfthiazole (0.88), tetracycline (-1.30),
theophylline (-0.02) and valproic acid (2.75) [29one of them eluted near the studied ARV

under the optimized conditions.

3.2.2 Carry over effect

In order to evaluate the carry over effect, a pesample spiked with 28y mL* of
darunavir, ritonavir, emtricitabine and tenofoviasvanalyzed under the optimal conditions.
There concentration is over the expected in plasati@nt. Immediately after, a blank plasma
sample was analyzed, and no peak was observedheestention time of the studied ARV.

Therefore, there is not significant carry over effat ARV concentrations under p§ mL™.

3.2.3 Calibration and sensitivity

Nine increasing concentrations ranging from 0.22%qg mL* for each ARV were
analyzed by triplicate to construct a calibratiamve. All the analyses were performed the
same day. The slope, y-intercept and determinatioefficient ¢°) were calculated by
correlating the chromatographic areas (averageevalu the three replicates) with the

corresponding concentration by least-square liregression.

The regression curve for each ARV was calculatethasaverage of five calibration
curves built over a 2-months period, by prepariigttee spiked samples each time. The
results are shown in Table 6.2.
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The limit of detection is the minimal ARV conceritoa producing a response
significantly different from the noise of the basel It is calculated by the 3.3s criteria: 3.3
times the standard deviation of the signal obtaimg@nalysis of blank samples, divided by
the sensitivity (slope of the calibration curvehellimit of quantification (LOQ) is the lowest
concentration of ARV that can be quantified witltgtable accuracy and precision, and was
taking following the 10s criteria. Results are prged in Table 6.2. A chromatogram of a
blank plasma sample spiked with the LOQ for eachvAR shown in Figure 6.1C. The

analytes can be detected enough above the noisle lev

Excellent linearity was found in the studied int@nand the sensitivity was enough to

detect the ARV in plasma from patients taking tW#SART for pharmacokinetics purposes.

Table 6.2.Calibration curve parameters and sensitivity ([ARVjig mL™)

Compound Slope Y-intercept r? LOD LOQ)
Darunavir 3.8+£0.2 04+0.8 0.9996 0.090 0.250
Ritonavir 4.6+0.3 -0.7+£09 0.9991 0.080 0.240

Entricitabine 2.41 +0.05 0.3 £0.5 0.998 0.110 270.

Tenofovir 2.88+0.03 -05+0.2 0.995 0.100 0.260

n=>5

3.2.4 Accuracy and precision

Intraday accuracy and repeatability was measured darunavir, ritonavir,
emtricitabine and tenofovir at 0.5; 2.5 angdmL™. The solutions were different that those
prepared for the calibration studies. The analysgse 6-fold performed within the same day.
The accuracy was the closeness between the aveageof ARV concentrations provided
by the method and the true spiked value (recoverijereas the repeatability was calculated
as the relative standard deviation (RSD) of theaaiginterday accuracy and intermediate

precision were determined as the average valu@gseointraday measurements taken over a
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3-months period. Results are shown in Table 6.3qddte recoveries (89.3 - 103.2 %) and
high precision (<8.2 %) of the signal were fourtths indicating the reliability of the ARV

concentrations in plasma obtained by the analytiegthod.

Table 6.3.Intra- and inter-day accuracy and precision.

Intra-day Inter-day

Antiretroviral [ARV] (ng mL?Y Accuracy (%)  Precision (%)  Accuracy (%) Precisiét) (

0.5 93.6 8.2 96.8 6.0

Darunavir 2.5 102.5 4.6 100.5 4.2
5 98.4 2.9 97.7 1.3

0.5 89.3 5.7 935 6.5

Ritonavir 2.5 94.6 33 97.4 5.0
5 103.2 4.0 99.4 35

0.5 92.4 7.0 91.2 6.3

Emtricitabine 2.5 96.2 6.2 95.6 5.2
5 97.5 4.0 98.4 2.4

0.25 101.1 7.2 98.9 5.0

Tenofovir 2.5 94.8 4.8 96.5 3.9
5 98.2 1.1 100.6 2.5

n=6; "n=5

3.2.5 Robustness

The variability of the elution strength and sengiyi was studied at slight variations
of the following chromatographic conditions (rang8PS concentration (0.055 - 0.065 M),
1-pentanol amount (2.4 - 2.6 %), pH (6.9 - 7.1) fiod rate (0.95 - 1.05 mL mif). Thus, a

plasma sample spiked with|& mL™* of each ARV was analyzed (n = 3), at three levels:
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minimum, optimum and maximum value for each cooditiThe relative standard deviation

of the three obtained values for retention time p@ak area was calculated.

As shown in Table 6.4, the possible experimentaillagons of the chromatographic

conditions would have a minimal effect in the réi@m time (<7.5 %) and peak area (<5.4
%).

Table 6.4.Evaluation of the robustness of the MLC method.

Compound Parameter (Studied range) Retention iRE®O( %) Peak area (RSD, %)
SDS (0.055 - 0.065 M) 35 2.6
) 1-pentanol (2.4 - 2.6 %) 4.8 3.0
Darunavir
pH (6.9-7.1) 2.3 1.9
Flow rate (0.95 - 1.05 mL mih 5.6 3.2
SDS 5.2 2.8
) ) 1-pentanol 6.2 5.4
Ritonavir
pH 4.5 3.1
Flow-rate 7.5 1.5
SDS 35 4.7
o 1-pentanol 6.2 1.8
Emtricitabine
pH 2.6 4.2
Flow-rate 5.9 2.5
SDS 4.8 3.4
1-pentanol 5.7 2.8
Tenofovir
pH 3.8 1.9
Flow rate 5.8 3.1
3.2.6 Stability
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For stability study purpose, a blank sample plasvaa spiked with 5ig mL™ of
each ARV and kept in a fridge (-20°C in absenckgbt). Each day, this sample was thawed,
analyzed and put another time in the fridge, duran@-months period. No significant
diminution of the peak area was detected for thalyées in this period. As the normal
storage time in hospitals is about ten days, ttedytinal method does not show degradation

problems.

3.3.Analysis of plasma samples of AIDS patients

Several plasma samples from AIDS patients whosaltimtors have prescribed this
HAART regimen were studied to measure the conceotraof darunavir, ritonavir,
emtricitabine and tenofovir. The samples were takéours after the ingestion of the tablets.

For confidentiality reasons, no more informatioatithis can be provided.

In order to assure the quality of the results, blsample plasma was analyzed at the
beginning of the analytical run and each 5 analySlee quality control samples (blank
sample spiked with 1 and &g mL* of ARV) were analyzed at the end of the run. The
acceptance criteria were: blank runs, no detedfohRV; and quality control (QC) samples,
a bias and variability < 15 %. Results are showable 6.5 and meet the acceptance
criteria. According to the obtained values, thagrdas effectively take their medications.

The chromatogram obtained by the analysis of taerph sample from the patient P1
can be seen in Figure 6.2. In all cases, the fdR¥ Avere clearly detected and quantified
without interferences. No other peaks were deteciedthe chromatogram. The

chromatograms obtained by the analysis of the qithtents showed similar shape.

Table 6.5.Quantification of the antiretrovirajig mL™) in plasma of HIV patients (n = 3)

Patient Darunavir Ritonavir Emtricitabine Tenofovir

P1 0.65+ 0.04 1.78:0.08 3.1+0.05 under LOD
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P2 1.05+ 0.09 0.85+ 0.04 5.1+ 0.4 0.45+ 0.05
P3 0.85+ 0.04 3.14-0.9 0.75+ 0.06 under LOD
P4 4.2+0.3 3.7+04 6.7£ 0.5 0.82£ 0.06
P5 3.4+0.2 2.8+04 0.95+ 0.08 under LOD
P6 3.8+0.3 3.0+£0.4 1.8+ 0.2 0.5t 0.04
P7 2.4+0.2 4.5+ 0.5 3.7£0.3 1.05£ 0.09
P8 5.1+0.3 1.7£ 0.3 4.2+ 0.7 under LOD
QC 1ug mL? 0.94+0.21 1.01+£0.10 0.95+0.09 0.98 +0.15
QC5ug mL? 4.8+0.2 4.7 +0.3 50%+0.3 48+04
40.0 — z
30.0 —
£
=
E.
£ 20.0
£
]
2
g 10.0 — R
> | D
| sn LT B [
0.0 — ~ P I
: [ { I | [ : [ ) [ : I ) [ : [ : [ J |
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

18.0 t (min) 20.0

Figure 6.2.Chromatogram corresponding to P1, obtained usiagptimal analysis conditions (Marks are as in
Fig. 6.1)

4. Concluding remarks
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MLC has been proven as a valuable methodology &dyae four ARV forming a
HAART regimen (darunavir, ritonavir, emtricitabirend tenofovir) in plasma of AIDS
patients. This is the first paper showing the debeation of these four antiretroviral in
plasma. The drug mixture is effectively resolvedhwgood peak shape using an isocratic-
running mobile phase in less than 20 min. The dsananterpretative strategy based on a
chemometric tool has allowed the optimization ofSSBnd 1-pentanol amount by testing

only five the mobile phase.

The main advantage of this technique is the shimgeand simplification of the
preparation of the sample, despite the complexith® matrix. The method was successfully
validated following the ICH Harmonized Tripartitaui@eline, assessing the reliability of the
guantitative data. The method can be consideretdoemental friendly, as it uses low
amounts of toxic organic solvents and biodegradegdgents. Moreover, the analysis can be
performed at a low cost, because it only needspeesive reagents and instrumentation, the
reduction of the global analysis time and the pmksi to successively analyze a high
amount of samples. All these characteristics makeghly attractive in routine analysis of

this HAART regimen in plasma from AIDS-patients fidinical purposes.
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En la present memoria es presenten diferentst&gitea analitiques basades en MLC
per a la determinacio de antirretrovirals i anéilsrusats en la terapia HAART (prescrita
contra la SIDA) en mostres de plasma i serum. Enerlloc, es proposa un métode general
capa¢ de detectar en serum els tretze farmacs mésudls en HAART: aciclovir,
didanosina, ganciclovir, estavudina, zidovudina,acalvir, lamivudina, nevirapina,
valaciclovir, zalcitabina, efavirenz, indinavir itanavir. Aixi doncs, es pot aplicar com a
meétode de cribat per a identificar els medicameuts ha ingerit un determinat pacient.
Posteriorment, es desenvoluparen cinc meétodestiasaléentrant-se en la quantificacié
simultanea dels tres o quatre antirretrovirals éprenen cada un dels cinc tractaments
HAART més prescrits: HAART1 (lamivudina + zidovudin+ efavirenz), HAART2
(estavudina + lamivudina + efavirenz), HAART3 (lamdlina + tenofovir + efavirenz) en
serum, HAART4 (abacavir + lamivudina + raltegraviflAART5 (darunavir + ritonavir +
emtricitabine + tenofovir), en plasma. En totsaglssos s'utilitzen columnes apolars C18 com
a fases estacionaries i dissolucions del tensidcibecil sulfat sodic (SDS) per damunt de la
concentracio micdhr critica, tamponades amb fosfat, i circulant reade isocratic a 1
mL/min, com a fase mobil. Tanmateix, a tots elssoasla deteccié es va realitzar per

absorcié UV-Visible.

La preparacié de la mostra es va simplificar a @algsla habilitat de les dissolucions
micellars de solubilitzar matrius complexes. Per a tdess metodologies, el protocol
experimental va consistir en la dilucié de la maste serum o plasma en una dissolucio 0.05
M SDS a pH 7, filtracid i injeccid. Per tant, Igliota va ser quantitativament injectada. El
ratio de dilucié es va optimitzar considerant lagssitat de evitar un bloqueix prematur del
filtre per a obtindre una aliquota representatiealal mostra en quantitat suficient, i de no
disminuir excessivament la sensitivitat. Finalmahtfactor de dilucio va ser de 1/10 per al
sérum i 1/5 per al plasma. Com que la fase mohib& és una dissolucié midaf, les
proteines i els altres compostos hidrofobs hi raquaren solubilitzats i no representaren un
perill per a la columna. Per tant, la introduciéed@pes de extraccid i neteja de la mostra no
foren necessaries, al contrari que en la HPLC agaoica, 6n es deu separar els analits de la
matriu i evitar la injeccié de aquestos compostotecialment precipitables als conductes
cromatografics. La menor manipulacio de la mosttals reactius i la disminucié del nombre

d'etapes d'analisi va permetre minimitzar la irdaoid0 del analista i un major grau
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d'automatitzaciod, reduint les fonts d'errors i lasgbilitat de la perdua de [analit,
incrementant la reproduibilitat dels métodes. Ec@diments experimentals resultants son

senzills, rapids, efectius i no requerixen l'Usetectius toxics o d'instrumentacio especifica.

La composicio de la fase mobil (SDS i alcoholyasoptimitzar fins a aconseguir la
elucié de cada analit sense interferéncies dedsafarmacs i dels compostos de la matriu, en
un temps raonablement breu. Com que el pH no vairirdignificativament en la retencié
dels analits, es va fixar a 7, per a obtindre uoreanmenys agressiu per a la columna. Es va
fer un estudi complet del comportament cromatogrdéls antirretrovirals i antivirals, i de
les matrius en fases mobils de SDS pur (0.05 - BIR0 fases mobils hibrides de SDS (0.05
- 0.15 M) amb 1-propanol (2.5 - 12.5 %); 1-butafiol 7 %) i 1-pentanol (2 - 6 %). Les
concentracions es seleccionaren seguint un disgmgrienental que inclou quatre punts amb
la combinacié dels valors maxims i minims tradialoment recomanats per a SDS i I'alcohol
a I'MLC, i un punt central, considerant els valwtermedis. Posteriorment, les dades obteses
es processaren estadisticament per a ajustar egeaviatematiques capaces de modelitzar
els parametres cromatografics dels analits (tenepsetncio, eficacia, asimetria) segons la
composicié de la fase mobil, gracies a forta eltabi reproduibilitat dels processos de
repartiment en I'MLC. Es poden usar per a predeliseu valor a concentracions intermedies
de SDS i alcohol. Combinant les dades de un grugulistancies, també es va modelitzar la
resolucié per parells i global, i inclis visualitzzls resultats mitjancant la construccié de
cromatogrames simulats. Aquesta eina matematicapemnetre usar una estratégia
interpretativa per a la optimitzacié simultanealaeconcentracio de SDS i alcohol, amb
I'estudi de només cinc fases mobils. Es va reduisferc necessari per a realitzar aquesta

etapa, al requerir Unicament I'analisi per cine$a®obils per cada alcohol.

El comportament de la matriu es va estudiar miganh¢analisi de mostres de plasma
i serum lliure de farmacs. En totes les fases m@studiades, les proteines, macromolecules
i altes compostos de la matriu foren eluits entr@ Inin, formant una intensa banda al front
del cromatograma. Els compostos de la matriu mantenteraccions preferents amb les
micelles i gairebé no es retenen a la columna. Per ¢éantescartar les fases mobils que
eluixen els analits a temps menors a 2 min, ewvamminar els problemes d'interferéncia de
la matriu, malgrat la gran diversitat de compogi@sents al plasma i al serum. Per tant, I'us

de MLC va ser clau per a facilitar la etapa d'ofiiacio de la fase mobil.
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En el cas del métode de cribat, a causa de la aag#éntre alguns farmacs, no es va
obtindre una fase mobil capac de resoldre elsdratmlits. Es va dividir en tres grups, i
cadascu es va analitzar amb una fase mobil opteharup A (acyclovir, didanosina,
ganciclovir, estavudina, zidovudina) es va eluirneanys de 10 min amb 0.05 M SDS; el
grup B (abacavir, lamivudina, nevirapina, valaciala zalcitabina) en < 10 min amb SDS
120 mM/4.5% 1-propanol, i el grup C (efavirenz,imavir i ritonavir) en < 18 min, a SDS
150 mM/5% 1-pentanol. No es va obtindre una fasbilntapac de resoldre adequadament
els tres farmacs inclosos a HAART1, HAART2 i HAART8Bcausa de la gran diferencia de
hidrofibicitat de lamivudina i efavirenz. Aixi dosicaquestos dos farmacs s'analitzaren usant
una fase mobil per a cada un d'ells, mentre quterekr antirretroviral es va analizar
conjuntament amb I'in o l'altre. Per a HAARTL, hkamdina i zidovudina s'eluiren amb 0.05
M/2.5 % 1-propanol en 4 min, i I'efavirenz en 1Gmmmb 0.05 M SDS/6 % 1-pentanol. En
HAART?2, lamivudina i estavudina foren detectats<e® min amb 0.05 M SDS i per a
I'efavirenz es va fer servir el la mateixa fase ingdee a HAART1. En HAARTS3, lamivudina
es va eluir amb 0.15 M SDS en 4 min, mentre quefteir i efavirenz foren eluits en 16 min
amb 0.05 M SDS/6 % 1-pentanol. Per a HAARTA4, la fasbil 6ptima ve ser de 0.05 M
(elucio en < 32 min). Finalment, I'analisi cromatdig de HAARTS es completa en 0.06 M
SDS - 2.5 % 1-pentanol en < 20 min. En tots elsagsels pics cromatografics presentraren
una forma aproximadament gaussiana, amb una elefiadaia (1585 - 11150 plats teorics) i
factors d'assimetria al voltant de 1 (0.71 - 1.45).

Aquestos resultats mostren que I'MLC és aplicabiéedeteccid dels antirretrovirals i
antivirals més prescrits, en temps breu, considéaasimilaritat de propietats i el ample rang
de hidrofobicitat. La elevada versatilitat de I'Mk€specte de la HPLC es deu a la varietat de
interaccions en la fase mobil (fase estaciondidae aquosa - entorn lipofilic a l'interior de la
micella - entorn polar i anionic a I'exterior de la nhilzg. L'addicié d'un alcohol de cadena
curta augmenta el poder eluent i la eficacia dada mobil. Les fases mobils mideis usen
només I'SDS i tampoé fosfat: reactius barats, bicatkaples i facils d'eliminar del sistema
cromatografic a causa de la seua baixa viscogitanés a meés, contenen una quantitat
reduida de dissolvent organic (fins a 12.5 %, neegtre a 'HPLC hidroorganica pot ser fins
a 100 %). Aquestes caracteristiques fan que I'Mliga snés segura (per la menor

inflamabilitat i toxicitat de les dissolucions), smdarata (usa reactius i instrumentacio
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senzilla) i tinga un menor impacte mediambientaldé un menor volum de reactius toxics).
El fet que les fases mobils circulen en mode idmgranit a la simplicitat del procediment
experimental, permeten el processament successitomatitzat de una gran quantitat de
mostres per dia, baixant el cost de I'analisi.

La deteccio es va realitzar per absorcié UV-Visi(@l detector més comu i barat), ja
gue tots els farmacs estudiats son cromogens.rgitl d'ona de deteccié de es va triar en
base a les longituts d'ona maximes de cada amahtesli micelar. Per a cada grup resolt
conjuntament, es va triar una longitud d'ona aual ¢ots els analits presentaren una forta
absortivitat, per a evitar canvis de longitud d'aliras de una carrera cromatografica. Aixi
doncs, el analits inclosos als grups A i B del metae cribat i els antirretrovirals del
tractament HAART4 es detectaren a 260 nm, mentedajtesta d'analits es detectaren a 214
nm. Sota aquestes condicions, per al métode dsamiis antirretrovirals i antivirals més
comuns s'obtingueren uns LOD de 55 a 165 ng/mLsi b@Q de 150-450 ng/mL, que
permeten realitzar un cribat de farmacs efica¢ estras de serum. Aplicant els métodes de
guantificacié dels antirretorivirals inclosos alectaments HAART més habituals, es va
arrivar a LODs de 70 - 250 ng/mL i LOQs de 200-5@0mL, suficients per a realizar estudis
de farmacocinetica, detectar quantitats anormafardeacs en sang i comprovar d'adheréncia
del pacient al tractament. Les condicions expertaier{dilucio i longitut d'ona de deteccid)
permitiren obtindre una sensibilitat suficient @emassolir els objectius prevists, ja que la
concentracio de aquestos farmacs sol mcentre 0.5 i ug/mL, sense la necessitat de una

etapa de preconcentracio.

Els metodes es validaren seguint les requerintentios Guies Oficials de Validacio.

Es va seleccionar I@uidance for Industry: Bioanalytical Method Validat de la US Food

and Drug Administration i |[dCH Harmonized Tripartite Guidelinegle la International

Conference of Harmonization of Technical Requireisiéor Registration of Pharmaceuticals
for Human Use, especialment proposades per aliegguidrmacs. La validacié es va fer en
matriu, per a donar meés rigorositat a l'estudi. dsametres de validacié i els resultats
obtesos per a tots els analits es descriuen ancaicid: selectivitat (tots els analits son
detectats sense interferéncies entre ells ni atnbsatompostos de la matriu), interval de
calibratge (del LOQ a 1Qg/L), linealitat ¢(* > 0.995), exactitut (84.5 - 105.3 %), precisi6

(<8.2 %), robustessa (< 7.5 %) i estabilitat (efmlils es mantenen sense degradacio
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significativa tres messos enmagatzemats en la f@ep0°C). Aquestos resultats estan dins
dels nivells acceptats per les guies de validagémostrant que les concentracions de
antirretrovirals i antivirals mesurades en mosteggs de plasma i serum estaran proximes al
valor correcte. Finalment, els métodes s'aplicamab exit a I'estudi de mostres extretes de
sang de pacients de SIDA tractats amb la terapiARMA procedents del Hospital La Plana
de Villa-real. Per tant, emprant aquestos meétodes, elgemeestaran correctament
assessorats per a extraure conclusions cliniqugsarér de les concentracions de

antirretrovirals i antivirals en plasma i serum.

Les principals caracteristiques dels métodes desgrats: senzillesa del procediment
experimental, millora de la seguretat al labora@tigrau d'automatitzacio, reduccio del preu
de l'analisi, baixa polucio, sensibilitat adecuafiahilitat del resultats i la possibilitat de
processar consecutivalement una gran cantitat ddresoper dia, els converteixen en una
eina molt atil en laboratoris dedicats a l'analliic que estudien mostres de plasma i séerum
de malats de SIDA tractats amb HAART.
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Annex 1. Aportacions originals

Els estudis descrits han sigut realitzats graaleBnancament rebut pel Ministeri
d’Educaci6 i Ciencia (CTQ 2007 764473/BQU), Funda€iaixa Castell6-Bancaixa (P1-
1B2006-12) i del Pla per a la Promocié de I'Invgatio de la Universitat Jaume |
(P1.1B2012-36), organismes que consideraren gseua importancia i la rellevancia social
de la recerca mereixia el seu suport. El treballiteat ha permés la publicacié de les

seglents aportacions originals en revistes i rasnigentifiques de primer nivell:

Articles en revistes de recerca cientifica

1. M.A. Raviolo, I. Casas Breva, J. Esteve-Rom8@eening and monitoring antiretrovirals
and antivirals in the serum of acquired immunodeficy syndrome patients by micellar
liquid chromatographyl. Chromatogr. AL216 (2009) 3546—3552

2. |. Casas-Breva, J. Peris-Vicente, M. Rambla-Ade&. Carda-Broch, J. Esteve-Romero,
Monitoring of HAART regime antiretrovirals in serumaf acquired immunodeficiency
syndrome patients by micellar liquid chromatograpgnalyst137 (2012) 4327-4334

3. J. Peris-Vicente, M. Villareal-Traver, |. Cag®va, S. Carda-Broch, J. Esteve-Romero,
A micellar liquid chromatography method for the gtification of abacavir, lamivudine and
raltegravir in plasmal. Pharm. Biomed. Ana®8 (2014) 351-355

4. J. Peris-Vicente, M. Villarreal-Traver, |. Cadgai®va, S. Carda-Broch, J. Esteve-Romero,
Use of micellar liquid chromatography to analyzeudavir, ritonavir, emtricitabine and
tenofovir in plasmal. Sep. Sci37 (2014) 2825-2832.
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Ponéncies en congressos internacionals de recefeatéica

31st International Symposium on High Performanocguld Phase Separation and Related
Techniques (HPLC 2007)7-22 de Junio de 2007; Ghent, Bélgica.

1) "Screening of antiviretrovirals in human serurfiP18-08) J. Esteve-Romero, M.A.
Raviolo, I. Casas Breva, M. Rambla-Alegre, S. Ca8dach, M.E. Capella-Peiro, J. Clausell-

Tormos

2) "Hospitalary drug monitorization by micellar ligl chromatography” (P18-111) J. Esteve-
Romero, A. Martinavarro-Dominguez, |I. Casas Breil, Bose, S. Carda-Broch, L.
Monferrer-Pons, L. Alvarez-Rodriguez, M.E. Capélleir6, M. Rambla-Alegre, M.L. Chin-
Chen

3) "Determination of tamoxifen in serum samples1§A12) J. Esteve-Romero, D. Bose,
Abhilasha Durgbanshi, Adria Martinavarro-DominguEz,Ochoa-Aranda, S. Carda-Broch,

L. Alvarez-Rodriguez, |. Casas Breva

32nd International Symposium on High Performanaguld Phase Separation and Related
Techniques (HPLC 2008)0-16 de Mayo de 2008; Baltimore, MD, USA

4) "Monitorization of acyclovir, didanosine, ganoigir, stavudine and zidovudine in serum
samples of HIV patients" (P-1809-W) J. Esteve-Ramér Casas-Breva, M.A. Raviolo, E.
Ochoa-Aranda, A. Martinavarro-Dominguez, M. Ramblegre, S. Carda-Broch

5) "Determination of tamoxifen and its metaboliteletamoxifen in serum samples of breast
cancer patients" (P-1810-Th) J. Esteve-Romero, dho@-Aranda, D. Bose, A. Durgbanshi,

A. Martinavarro-Dominguez, S. Carda-Broch, I. CaBesva

33nd International Symposium on High Performanaguld Phase Separation and Related
Techniques (HPLC 200929 de Junio y 2 de Julio de 2009; Dresden, Aleaan

6) "Chromatographic determination of disopyramiddgcaine and quinidine” (PAQ15-We)
J. Esteve-Romero, A. Martinavarro-Dominguez, M.Epéla-Peird, S. Carda-Broch, M.
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Rambla-Alegre, M.L. Chin-Chen, E. Ochoa-Arand&;dsas-Breva, D. Bose, A. Durgbanshi

36th International Symposium on High Performanocguid Phase Separations and Related
Techniques (HPLC 2011)9-23 de Junio de 2011; Budapest, Hungria

7) "Study of the spoilage of fish sauce by the ea@bn of biogenic amines amount using a
micellar liquid chromatography-based method afterivétization with 3,5-dinitrobenzoyl
chloride" (P2-G-627-WE) M.L. Chin-Chen, S. Cardasén, J. Peris-Vicente, M. Rambla-

Alegre, J. Esteve-Romero, B. Beltran-MartinavagBoMarco-Peiro, |. Casas-Breva

8) "Analysis of Antibiotics in Biological Fluids usy Surfactant Mediated Mobile Phases”
(P1-S-350-TU) M. Rambla-Alegre, J. Pafios-PéreRgeidis-Vicente, |. Casas-Breva, D. Bose,
N. Agrawal, J. Esteve-Romero, S. Carda-Broch

9) "Micellar liquid cromatography in bioanalytical chemistry" (P1-S-396-TU) ]. Esteve-
Romero, S. Carda-Broch, M. Rambla-Alegre, M.L. Chin-Chen, M.A. Raviolo, D. Bose, A.

Durgbanshi, I. Casas-Breva

38th International Symposium on High Performanocguid Phase Separations and Related
Techniques (HPLC 20)216-21 de Junio de 2012; Anaheim, CA, USA

10) “Development of A Micellar Liquid ChromatograpBased Methodology to Monitor
Antiretroviral Serum of Acquired inmunodeficiencyrélrome Patients” (P-330-Wed) I.

Casas-Breva, J. Peris-Vicente, S. Carda-Broch, Raviolo, J. Esteve-Romero

11) "Method Validation in Micellar Liquid Chromatmphy” (P-451-Tue) M. Rambla-
Alegre, B. Beltrdn-Martinavarro, S. Marco-Peir6Chsas-Breva, D. Bose, S. Carda-Broch, J.
Peris-Vicente, J. Esteve-Romero

12) "Analysis of Antibiotics in Fish, Egg and MillSamples by Micellar Liquid
Chromatography" (P-148-Tue) M. Rambla-Alegre, &tda-Broch, M.A. Raviolo, |. Casas-
Breva, J. Peris-Vicente, J.V. Gimeno-Adelantad&sleve-Romero
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39th International Symposium on High Performancguid Phase Separations and Related
Techniques (HPLC 2013)6-20 de Junio de 2013; Amsterdam, The Netherlands

13) "Hospitalary Monitorization in Blood of an High Active Antiretroviral Therapy
Regime" (BIOM25_MO) J. Peris-Vicente, |. Casas-Bre$%. Carda-Broch, M. Villarreal-
Traver, D. Fabregat-Safont, N. Fuentes-Navarr®dtis-Garcia, J. Esteve-Romero

40th International Symposium on High Performanocguid Phase Separations and Related
Techniques (HPLC 2013 - Hobarf)3-21 de Noviembre de 2013; Hobart, Australia

14) "Micellar liquid chromatographic determinatiah antiretroviral prescribed for naive-
aids-patients in human plasma" (140) J. Esteve-Ronde Peris-Vicente, |. Casas-Breva, M.
Villarreal-Traver, S. Carda-Broch, D. Fabregatefg M.A. Raviolo, E. Ochoa-Aranda
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Annex 2. Futures linees de recerca

El grup de Quimica Bioanalitica t¢ com a principéhia de recerca el
desenvolupament de meétodes rapids, simples, ecospmmegurs, fiables i aplicables al

analisi de farmacs i continuaré participant direqdesta linia.

En un futur tinc previst ampliar el estudi detallxt aguesta memoria a altres
antirretrovirals i antivirals, i a diferents fanedi de farmacs, com antibiotics, antitumorals,
antidepresants, antihistaminics i altres, segossnéxessitats dels Hospitals. Aixi doncs,
disposaré de una diEcci6 de nous metodes que es podran proposarara parseua
implantacio en analisi clinic. També participaré tezballs d'optimitzacio i validacié de
meétodes per a la deteccio de farmacs en altresusiatom a formulacions farmaceutiques,
per a aplicar a control de qualitat, i a altres tnessbiologiques, com orina, saliva, organs i

grasses corporals, els quals es podran emprar fper an estudi més complet de seua

farmacocinética e interaccié en el cos huma.

En un futur, treballaré en projectes de recerda @ngrup de Quimica Bioanalitica de
I'UJI, sempre que estiguen relacionats amb I'ameita salut i de I'analisi clinic.
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Annex 3. Acceptacid dels coautors de les publicao® que
integren la tesis, de que el doctorand presentakball com a tesi
| rendncia expressa d’aquests a presentar-ho compart d'una
altra tesi doctoral (segons Art. 23 de la NORMATIVADELS
ESTUDIS DE DOCTORAT, REGULATS PEL RD 99/2011, EN
LA UNIVERSITAT JAUME I, Aprovada pel Consell de Govern

nam. 19 de 26 de gener de 2012)

Josep Esteve Romero, director de la present tedarm que els coautors de les publicacions
que es presenten en aquesta tesi, i que pase @rmu®amuel Carda Broch, Juan Peris
Vicente, Maria Rambla Alegre, Modnica Ana RavioloModnica Villarreal Traver no
utilitzarem el material que aci es presenta paradr part d’'altres tesis. | per a que conste
on convinga, signe la present.

Josep Esteve Romero Juan Rarente

Samuel Carda Broch Ménica Villarreal Traver

Universitat Jaume |, 15 de Maig de 2015
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Annex 4. Abreviatures i acronims

antirretrovirals (ARV):
FI: Fusion inhibitor
ISTI: integrase strand transfer inhibitor
NRTI: Nucleoside reverse transcriptase inhibitor
3TC: lamivudine
ABC: abacavir
AZT: zidovudine
d4T:stavudine
ddC:zalcitabine
ddl: didanosine
FTC: emtricitabine
NtRTI: Nucleotide reverse transcriptase inhibitor
NNRTI: Non-nucleoside reverse transcriptase inhibitor
DLV: delavirdine
EFV: efavirenz
NVP: nevirapine
PI1: Protease inhibitor
APV: amprenavir
ATV: atazanavir
IDV: indinavir

LPV: lopinavir
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NFV: nelfinavir
RTV: ritonavir
SQV:saquinavir
Reactius de laboratori
NaHPOy.H,O: Dihidrogenfosfat de sodi monohidratat
NaHPOy: Hidrogenofosfat de disodi
NaOH: Hidroxid de sodi
HCI: Acid clorhidric
Tensioactius
Brij-35: polioxietile (23) lauril étergolyoxyethylene (23) lauryl ether
CTAB: bromur de cetiltrimetilamoniQetyl Trimethyl Ammonium Bromide)
SDS: dodecilsulfat sodiiSodium Dodecyl Sulfate)
Termes biologics:
CD4: cumul de diferenciacio 4l(ster of differentiation 4
DNA: Desoxirribonucleic acid
HAART: Highly active antiretrovial therapy
RNA: Ribonucleic acid

SIDA (AIDS): sindrome de inmunodeficiencia adquiridacquired immunodeficiency

syndromg
TDM: Monitoritzacio terapeutica de farmadsherapeutic drug monitoring

VIH (HIV): virus de inmunodeficiencia humartau(nan immunodeficiency vius

Tecniques analitiques

GC: cromatografia de gasdsds Chromatography
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HPLC, RPLC o RP-HPLC: cromatografia liquida en famersa High Performance Liquid
Chromatography- Reversed Phase)

HPLC-DAD: HPLC acoblada a un detector per matriu diedes Diode Array

Detection)
HPLC-FLD: HPLC acoblada un detector de fluores@(fduorescence Detectpr

HPLC-MS o LC/MS: HPLC acoblada a un espectromalee masses Mass
Spectrometry

HPLC-MS/MS o LC-MS-MS: HPLC acoblada a un espeuogtre de masses en

tandem
HPLC-UV: HPLC acoblada a un detector d'absorbad®avisible d'onda variable
IPC: cromatografia per parells d'iorler(-pair chromatography
MLC: cromatografia liquida micel-laMjcellar Liquid Chromatography
TLC: cromatografia en capa finakin layer chromatography

UV: ultraviolat

Associacions i Organismes

CDC: Centers for Disease Control and Prevention
FDA: Food and Drug Administration

FPU: Formacion del Profesorado Universitario

ICH: Conferéncia Internacional d'Armonitzaci6 Intérnacional Conference on

Harmonization
MEC: Ministerio de Educacién y Cultura
OCIT: Oficina de Cooperacio en Investigacié i Desgapament Tecnologic

UV: Universitat de Valéncia
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Parametres cromatografics

B/A: Factor d'asimetria

k: factor de retencié o factor de capacitat

N: nombre de plats teorics (eficiencia)

to: temps mort

tr: temps de retencio

Kas 0 PWS: Equilibri de repartiment del analit entaéglua pura i la fase estacionaria
Kauw 0 PWM: Equilibri de repartiment del analit ent@dua pura i la micéh

Kap: mesura la variacié de concentracié de analiteefase aquosa per l'introduccio del

dissolvent organic.

Kmp: mesura la variacio en la concentracié de l'amalita micela a causa de l'introduccio

del dissolvent organic.

PMS: Equilibri de repartiment del analit entre leelila i la fase estacionaria

Parametres quimics

CMC: concentracié micel-lar criticar{tical micellar concentration)

Ka: constant de desprotonacio d'un acid

Po/w: coeficient de repartiment octanol-aigiaatanol-water partition coefficient)

rpm: revol-lucions per minut

Parametres de validacio

QC: control de qualitatJuality contro)

LOD: limit de detecciél{imit of Detection

LOQ: limit de quantificaciol{imit of Quantitation)

r% coeficient de determinacidétermination coefficiejt
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RSD: desviacio estandard relatiRe{ative Standard Derivation)
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