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SUMMARY

In this study, the usefulness of biorelevantvitro data and of canine data in
forecasting early exposure after the administrataintwo phases of a BCS Class Il
compound, i.e., doxazosin base (DB) and its meswalt (DM) was evaluated. DB, DM, and
doxazosin hydrochloride (DH) were prepared andresttely characterized.

The solubility of prepared substances was testedtro in various media, including
human aspirates, using the shake flask methodoDigsn experiments were performed in
simple buffer media and biorelevant media simutatiastric and intestinal fluid in the fasted
and fed state. Pharmacokinetic (PK) studies wergeed in dogs with DB and DM tablets
in the fasted and fed state, while the results fooman PK study on DM tablets in the fasted
state were available from previous Pliva’s studpalftical method for determination of
doxazosin in canine plasma was developed and vetldasing canine samples collected in
the fed state in order to assure the suitabilitytttd method for measurement of low
concentrations of doxazosin in plasma and highifpigg of the method despite the number
of interfering compounds in fed state plasma sasiple
Solubilities of DB and DM in human gastric fluid meforecasted by data in the fasted state
simulating gastric fluid containing physiologicalmmponents (FaSSGF-V2) but not by data in
HClpn1e Unlike data in FaSSGF-V2, dissolution of DB anil Bablets in HCly1 6 is rapid.
Dissolution of DB tablet in FaSSGF-V2 is incomplated conversion to DH seems to occur.
Differences between DB and DM in dissolution in #meall intestine are overestimated in the
absence of physiological solubilizers. Using tinevitro data and previously described
modelling procedures, the cumulative doxazosinilgrah plasma was simulated and 0-2 h
profile was used for evaluating early exposureividdal cumulative doxazosin profiles in
plasma, after single DM tablet administrations t &dults in the fasting state were
constructed from corresponding actual plasma m®fiCompared witin vitro DM data in
aqueous buffers, DM data in biorelevant media @detter prediction of early exposure.
Based on intersubject variability in early exposafeer DM administration and simulated
profiles, the administered phase, DB or DM, doet heve a significant impact on early
exposure in fasting state. Early exposure in dayalgated based on partialUCs) was
significantly higher after administration of DM tings. Therefore, dog is not a good model
for predicting differences between DB or DM in flasted state, but it may be a good model

for predicting food effects and differences betwBé&hand DM in the fed state.



SAZETAK

Glavni ciljevi ovog rada bili su istraziti da li ptoje razlike u apsorpciji iznde
lipofilne slabe baze doksazosina (DB) i njegove ilatg soli (DM), procijeniti sposobnost
predvidanja tih razlika u ljudi temeljenm vitro podataka, ten vivo podataka dobivenih
farmakokinetskom studijom na psima. Obzirom da baweehidrokloridne soli mogu prelaziti
u hidrokloridne soli u kiselom mediju Zeluca, poi28 i DM pripremljena je, karakterizirana
I in vitro ispitana i hidrokloridna sol doksazosina (DH).

Topljivost pripremljenih supstancija ispitana ja vitro u razlgitim medijima
metodom zagene otopine. Brzina oslofanja ispitana je u jednostavnim vodenim puferima
kao i biorelevantnim medijima koji simuliraju Zéane i crijevne tektéine bez hrane i s
hranom. Farmakokingtke studije na psima napravljene su sa DB i DM 2taijetama, sa i
bez hrane, dok su rezultati studije na zdravim oedljcima nakon primjene 2 mg DM
tableta bez hrane bile raspolozive iz prijaSnjeviRdé studije. Analitka metoda za
odrefivanje doksazosina u psg plazmi razvijena je i validirana korisiepseu plazmu
prikupljenu u studiji s hranom, s obzirom da seom tslitaju aiekuju nize koncentracije
ljeka te veéi broj interferirajiih spojeva u plazmi koji bi mogli naruSavati speeibst
bioanalittke metode.

Rezultati in vitro ispitivanja pokazuju da je topljivost DB i DM u mmanom
Zelwanom soku mogie bolje predvidjeti koriste biorelevantni medij (FaSSGF-V2) nego
razrijedenu kiselinu HGJ1.e Takaier je pokazano da je brzina osldhaja doksazosina iz
DB i DM tableta puno brza u Hglienego u FaSSGF-V2. Nepotpuno oslddge aktivhe
supstancije iz DB tableta u FaSSGF-V2 ukazuje rdapak DB u DH. Rezultati taker
pokazuju da su u odsustvu fizioloskih solubilizataiazlike u brzini oslolianja doksazosina
iz DB i DM tableta u tankom crijevu precijenjene.

Moguce razlike u apsorpciji iznde DB i DM procijenjene su mjerenjem rane
izloZenosti, tj. brzine apsorpcije 0—2 h nakon peme lijeka. Direktna usporedba razlike u
brzini apsorpcije izméu DB i DM kod ljudi i pasa nije mogia radi nedostatka podataka za
DB na ljudima. Stoga je usporedba DB i DM kod ljpdipremljenain silico modeliranjem.
Kod pasa, s druge strane, nije mégumodeliranjem do do krivulja koje bi opisivale
postotak doksazosina u plazmi u ovisnosti 0 vremeadi nedostatka podataka nakon
intravenske primjene, pa je stoga razlika u raatyZenosti izméu DB i DM kod pasa

procijenjena korisi@ parcijalne povrsine ispod krivulja apsorpcifelC,).



Koristeti in vitro podatke, prosjmu bioraspolozivost nakon oralne primjene,
enterohepatku cirkulaciju doksazosina kod ljudi, te prethodrmavljene parametna silico
modeliranja, simuliran je kumulativni profil doksesina u plazmi za DB i DM. Pojeditwai
kumulativni profili doksazosina u plazmi nakon pjeme jedinénih 2 mg doza DM tableta u
24 zdrava dobrovoljca, konstruirani su iz pripaddyyprofila u plazmi.

Rezultati pokazuju da u slaju DM tabletajn vitro podaci u biorelevantnim medijima
bolje predviaju ranu izloZenost nego podaci u jednostavnimrpute

UzevsSi u obzir varijabilnost u ranoj izloZenostidagoojedincima nakon primjene DM
tableta te simulirane profile za DB i DM, dolazi de zakljika da vrsta administrirane
supstancije (DB ili DM) nema zfiajnog utjecaja na ranu izlozenost kod ljudi. S dratyane,
u studiji sa psima se pokazalo da je rana izloZekas mesilatne soli bila zgajno visa nego
kod baze Sto uguje na zakljgak da psi nisu prikladan model za procjenu raziikiarzini
apsorpcije izméu DB i DM kod primjene lijeka bez hrane, no moglbiti koristan model za
predvidanje utjecaja hrane kao i razlika izdneDB | DM nakon primjene lijeka s hranom.
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1. INTRODUCTION



New drug molecules resulting form high-throughperesning are mainly large (high
MW), lipophilic, low permeable and essentially lessg-like. These shifts have a significant
negative impact on aqueous solubility, which repns a great challenge to drug product
development due to affect on the bioavailabilityaafrug. The oral bioavailability of a drug is
mainly a function of its solubility characteristios gastrointestinal fluids, absorption into the
systemic circulation and metabolic stability.

Therefore, during drug development huge efforts iav@sted in improving drug's
solubility as well as finding appropriate environm vitro for the solubility and dissolution
evaluation, with the ultimate goal of increasingamcbes for successful clinical or
bioequivalence study, and consequently reducing &ind expenses of drug development.

There are numerous of ways for solubility enhancentewever, for ionisable drugs,
preparation of salts is the most common and effeathethod for increasing solubility and
dissolution rates. Changing a drug from its fresebar acid to a salt form, changes its
physicochemical properties, including solubility dardissolution rates, hygroscopicity,
stability, impurity profiles, and crystal form (Hakuhn etal., 2007).

Although pharmaceutical salts theoretically exhtogher dissolution rates, which is
well known to be driving force for absorption, iillsneeds be to confirmed if this indeed
affects absorption processasvivo, in which cases and up to which extent.

Interestingly, literature review revealed that hunt@oequivalence studies comparing
different salt forms of basic drugs with the freenfis have been rather limited and none of
them reported significant differences in bioavallgb between different salt forms due to
differences in their aqueous solubilities (Engedlgt2000).

Obviously, the assumption that salts vivo would exhibit higher dissolution and
absorption rates based onvitro data, should be taken cautiously. Such expectatiost be
based on thorough research regarding conditiongrentiorelevance ah vitro experiments
as well as physiological factors that influence br@availability of a drug.

If a dissolution test is used as a prognostic tooin vivo behaviour, then the attention
primarily has to be focused on the choice of digsmh medium. A need to develop
dissolution test that would better predict thevivo performance of drug was recognised long
ago by Dressman al. (1998). Since then, the compositions of biorelévaadia have been
improving by time, together with the awareness bygwological fluids compositions and
processes that affect bioavailability. Todasg, vitro data obtained with such thorough

approach can predigt vivo behaviour with much more accuracy than ever before



However, in order to obtain additional informaticabout in vivo absorption
characteristics, main absorption sites within thetr@ct or absorption mechanism for the
novel drug formulation, animals are still frequgntised for the assessment of thevivo
performance of orally administered products atpteelinical level.

Dogs are most commonly used for evaluation of drab absorption, although it is
recognized that there are many physiological dffees between humans and dogs. For
example, dogs have faster gastric emptying andhdiéss acidic fasting intragastric pH
compared with humans (De Zwartadt, 1999). Such differences may limit their usefskne
especially in the comparison of salt(s) with theefform of a base. In the literature, canine
data have not been assessed for their usefulndsseitasting potential differences in such
case.

Even without such absorption obstacles, predictaond evaluation ofin vivo
performance of week bases may be rather difficDlte to their ionization properties,
lipophilic bases dissolve easier in the acidic gasinvironment than in the almost neutral pH
of the upper small intestine but complete dissolutf the dose prior to reaching the small
intestine may not always be possible.

Improvement of drug dissolution during gastric desice with the use of salt of a base
is typically decided on the basis of dissolutiortadand/or equilibrium solubility data in
hydrochloric acid solutions (Serajuddin, 2007)haitgh the equilibrium solubility of weak
bases is not exclusively dependent on hydrochbmid concentration (Vertzoni at., 2007).

If dissolution is more completen vitro in simulated gastric fluid than in stomach, its
importance on plasma levels may (depending on dispo characteristics) be
underestimated and vice versa (Kortejarviakt 2007). Furthermore, if the dose is partly
dissolved during gastric residence, problematisaligion in the small intestine can lead to
low and/or variable oral bioavailability, espegyalh cases where intralumenal concentrations
control the overall absorption process.

Interestingly, the extent at which the environmenthe small intestine needs to be
simulated for evaluating differences in dissolutlmetween a free base and its salts has not
been addressed in the literature.

Therefore, a low soluble lipophilic week base dmsaz and its two salts, mesylate
and hydrochloride, were chosen as the model diargshe investigation of possibla vitro

andin vivo advantages of salts in comparison with the freseba



2. THEORETICAL PART



2.1. Physiological factors influencing drug absorption

In vivo, drug dissolution rate and consequently absor@rennfluenced by numerous
physicochemical factors as well as physiologicatdes. The most important physiological
factors are gastrointestinal (GI) pH and transietj and influence of content, volume and

hydrodynamics of Gl tract.

2.1.1. Gastrointestinal pH profile

The pH of gastrointestinal tract varies widely wltdtation. Typical values in the
fasted stomach are pH 1-2 while in the upper smtdktine the pH usually lies between 5
and 6.5 (Horter and Dressman, 1997).

2.1.1.1. Gastric pH

There are complex variations in pH between thedfed fasted state. Upon ingestion
of a meal, the gastric pH increases because okl effects of food components. In
response to food ingestion, however, gastric agidecreted, and by 3—4 h after the meal

intake, the fasted state pH is re-established (Ei@

pH

o il 1 1 1 [
-1 L] 1 2 3 i
Time (h)

Figure 1. Gastric pH in the fasted state and difted intake (6,458 calories and 400 ml total volime

in 10 healthy volunteers (Horter and Dressman, 1997

The data from healthy human volunteers collectedbahanzi etal., 2006, revealed
high variability of fasted stomach pH (range ofiundual pH values was 1.23-7.36). Median
pH value was 2.4 twenty minutes after administratsd water and stabilized to 1.7 at later

time points.



Thirty minutes after food administration (Ensured®) the median gastric pH was 6.4
and intersubject variability was low. This valuelese to the pH value of Ensure Pl¢§.6).

Although intersubject variability increased witmg#, median pH values gradually
decreased to reach 2.7 about 3 h and 30 min &igemeal was given. The time required to
restore the fasting pH levels depended mainly @ndbmposition and the quantity of the
meal.

Regarding weak bases, they will be less solublilénstomach if given immediately
after food intake because the gastric fluids ase bidic. This effect will however, be partly
offset by the longer gastric emptying time in tlkd ttate, which will afford more time for the
drug to go into solution. It is important to noteat the pH of the luminal fluids is also

dependent on other factors like age, pathophysicébgonditions such as achlorohydria etc.

2.1.1.2. pH in the small intestine

The small intestine pH at first decreases in respda a meal with the arrival of acidic
chyme from the stomach but later the fasted stdtes pe-established as a result of pancreatic

bicarbonate output (Figure 2).

Time (h)

Figure 2. Duodenal pH in the fasted state and dfted intake (6,458 calories and 400 ml total

volume) in 10 healthy volunteers (Horter and Dremsni997)

Kalanzi etal., 2006, found out that, as in the fasting stoma¢hyalues in the fasted
duodenum were also highly variable. The median @4 %.2, which was in correlation with
previously published data. In the fed state, dataewess variable than in the fasting state.
The median duodenal pH 30 min after meal administravas 6.6, somewhat higher than the

fasting state value, but it fell slowly to 5.2 dt?min after the administration of food (Ensure



Plus®). Although it was known earlier that in the fedtstthe pH decreases with time in the

upper small intestine, these data suggested thatitrs faster than in the previous study.

2.1.2. Gl transit time and hydrodynamics

Once a drug is given orally, the exact location angironment of the drug product
within the Gl tract is difficult to discern. Gl mibity tends to move the drug through the tract,
so that the drug does not stay at the absorptterfai long. Therefore, gastric emptying time
and intestinal transit time are very importantdoug release and absorption.

When given with liquid (water) or solid (with foodlfugs may have very different
gastric emptying times. It depends on the phasthefinterdigestive migrating myoelectric
complex (IMMC) and the amount of coadministeredexa200 ml of water generally caused
a faster gastric emptying than 50 ml (Lia¢t 2005).

In the fasted state, oral solution and solid dostgms empty from stomach via
pylorus to the intestine. Oral solutions follow sfir order kinetics and multiple unit
formulations zero order kinetics. Single unit fotations are emptied as a rapid bolus from
stomach to intestine as a result of "house-keepiage". Different authors reported the
following times for gastric emptying: for oral stilkin tspe, 12 min, single unit formulation in
one case;ggy, 32 min and in another 1 h, multiple unit formulatdsgy, 66 min andgoy, 102
min. Tsoy, tooyandtigoswere times when 50, 90 or 100 % of formulation wagtied from
the stomach (Kortejarvi etl., 2007).

Intestinal propulsive movements will determine gtitgal transit rate, and therefore the
residence time of a drug in the intestine. Smalkdtinal transit is independent of dosage

forms and it ranges from 3 to 4 hours (Laét 2005).

2.1.3. Gl content and volume

Properties of gastric and intestinal content hasenbwell characterized and reported
in the literature. Even in the fasted state in hosnahein vivo dissolution medium is a
complex and highly variable milieu consisting ofrieas bile salts, electrolytes, proteins,
cholesterol, and other lipids. The dominating ionthhe stomach is chloride ion, with an
average concentration of 102 mM, while the domirgaions in the jejunum are sodium and
chloride ions (Li eal., 2005).



Food influences absorption in many ways. Besides itsachn pH of gastric tract
and gastric emptying time, the intake of food hvas other main effects: first, food is a major
source of lipids, which can then be digested tdydayide and fatty acids; and second, food
stimulates the secretion of bile salts, biliaryidgpand pancreatic juice. All of these agents
may solubilise drugs, thus enhancing absorptiore(al., 2005).

Beside this, the drug absorption process can bectafi by many other factors,
including calorie content of meal, nutrient compiosi, volume and temperature of the meal
itself, fluid ingestion and interactions of the drwith food itself. Food can also increase
blood flow to the liver (splanchnic blood flow) arnderefore cause changes in first pass
extraction (Lentz, 2008).

The influence of enzymes in the gastrointestiradttis also significant. The primary
enzyme found in gastric juice is pepsin. Lipasesylases, and proteases are secreted from
the pancreas into the small intestine in respoosmdestion of food. These enzymes are
responsible for most nutrient digestion.

Bacteria, which are mainly localized within the aak region of the Gl tract, also
secrete enzymes that have been utilized when degiginugs or dosage forms to target the
colon (Aulton and Cooper, 1988).

The volume of GI fluids have to be taken into account whersidg of drug
substances orally because there could be a defitie volume available to dissolve a dose of
a poorly soluble substance. The volume of fluidsilable in the gastrointestinal tract for drug
dissolution is dependent upon the volume of coadhtared fluids, secretions and water flux
across the gut wall.

The fluid volume of the stomach in the fasted sisit@bout 20-50 ml. The secretions
of the paragastrointestinal organs (salivary gldindy, and pancreas) are received by the first
portion of the duodenum. Approximately 1.5 | of pagatic juice and 600 ml of bile are
secreted into the duodenum within 1 day. The suthe@fe secretions is about 5-6 l/day, and
they are essential for the digestion of food (Dmesms etal., 1998). In addition, the intestine
secretes about 1 | of water per day, mostly as@onent of mucose.

With respect to media volume, for the successfetlfgtion ofin vivo drug behaviour,
thein vitro setups should preferably be based on the physiplng the practical limitations
of the test apparatus also need to be considerskedBon the Jantratid and Dressman 2009,
the fluid volume in the stomach would initially beound 300 ml in the fasted state and 500
ml or more in the fed state, while in the smalksiine, volumes of 200 ml in the fasted and 1

| in the fed state appear to be reasonable.



2.2. Drug absorption after oral administration of immediate release

dosage forms

As described in Figure 3, upon administration, dobral dosage form first
disintegrates into small particles. The procesdisintegration does not imply complete
dissolution of the dosage form; instead dissolufpwacess occurs from the surface of all
solids that are in contact with dissolution mediunmcluding fine particles,
granules/aggregates as well as solid dosage fegti. it

Disintegration Deaggregation

Tablet > Granules . 4| Fine

or capsule or aggregates Particle
. . Dissolu-

Dissolution tion Dissolution

Drug

in solution
Absorption
v
Systemic

circulation

Figure 3. Dissolution process of orally administedeug

In order to have a chance to be adequately absodred needs to be rapidly
dissolved in the aqueous environment of the gagtsiinal tract. Only dissolved drug can be
absorbed across the intestinal walls and entepahtal vain.

This seemingly simple process is actually a sigaifi challenge to the development
of new oral drug candidates with undesirable biopiaeeutical properties.

As postulated by BCS classification, three majascpsses that are governing the
absorption from solid dosage forms are dissolutaie and solubility, which determine how
fast a drug reaches a maximum concentration inuhenal intestinal fluid, and intestinal
permeability, which relates to the rate at whicésdived drug will cross the intestinal wall to
reach the blood circulation.

Dissolved drugs are absorbed via a variety of talhdar and paracellular pathways
across the intestinal tract. The paracellular pathig defined as drug transport through the

junctions between the cells, whereas the trandaelpathway is defined as drug transport
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through both apical and basolateral cellular memésa as well as through the internal
aqueous environment of the cells themselves. Tedntar pathways also include both
passive diffusion and carrier-mediated transporhensas transport by the paracellular

pathway is mainly passive (Figure 4).

Membrane permeation

Intestinal epithelial cells

Transcellular
Passive diffusion pathways
— Paracellular
pathways

Disintegration
/Dissolution

Influx transporters Bioavailability

5 * Active transport

®e .
Drug Efflux transporters
Oral dosage molecules = ‘
forms
— First pass effect
Microsomes in the liver
—

First pass effect
in the intestine

Figure 4. Drug absorption through the intestinaimbeanes (Sakuma and Yamashita, 2010)

Drugs are absorbed primarily in the small intestimkere the absorption area is very
large (100 rhor an area equivalent to that of a tennis court)sakption in the colon is
generally limited, and can be highly variable besgaof the variability in undigested food,
bacteria, and water content (Liuadt, 2009).

After drugs are absorbed into the intestinal célisy may be subjected to first-pass
metabolism by a variety of intestinal enzymes. Bswa intestinal metabolism does not
guarantee bioavailability, however, since the dralgsorbed from the stomach and intestine
(large and small), may be subjected to additionadt-pass metabolism by the liver.
Metabolites formed in the intestinal cells can kereted back to the intestinal lumen, directly
or indirectly, after they are taken up by the liaalls, and are then excreted via the bile
("enterohepatic recirculation”) (Liu at., 2009).

To conclude, drug absorption following oral admiraton of a solid dosage form
should be distinguished from bioavailability becaubke latter can be decreased due the

following reasons:
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1) The drug is not delivered from its formulation owemn appropriate time frame in
solution form to those sites in the Gl tract whiere well absorbed,;

2) The drug is decomposed in Gl tract or forms an hsodbable complex;

3) The drug is not transported efficiently accrossghewall,

4) The drug is metabolized and/or eliminated on hiy wa the systemic circulation

(Dressman edl., 1998).

Only the first reason is a subject of this thelse reasons for drug not to be delivered
from formulation may lie in "deficiencies"” of forfation, and/or limitations of active
substance in terms of solubility and/or permeapilit

The lack of ability of a drug to go into solutionin some cases more important to its
overall rate of absorption than its ability to peate the intestinal mucosa: for many drugs
the onset of drug levels will be dictated by thedirequired for the dosage form to release its
contents, and for the drug to dissolve. For suclyslrit can be said that dissolution is rate
limiting step for absorption (Horter and DressmE9Q7).

2.2.1. Drug solubility

Due to dramatic changes in the techniques applegpharmaceutical discovery
programs over the past 20 years, the physicochémioperties of development candidates
have changed substantially.

Drug design based on combinatorial chemistry, higbughput screening and other
drug discovery innovations, has in general led trarlipophilic compounds exhibiting low
aqueous solubility (Lipinski, 2000). According tag author, approximately one-third of new
compounds synthesized in medicinal chemistry laboes have an agueous solubility less
than 10 pg/ml, another one-third have solubilignir 10 to 100 pug/ml, and the solubility of
the remaining third is > 100 pg/ml (Figure 5).

50 -
Practically Insoluble

40 1 M ]
- r/ \.
c
g 30 -
[]
o 20 -

10 -

<10pg/mL ‘ 10-100pg/mL >100pg/mL
Aqueous Solubility
Figure 5. Solubility characteristics of current d®ped drug compounds
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Such unfavourable biopharmaceutical properties eW ndrug candidates make
development of final drug products extremely diiftc

According to pharmacopoeial criteria, in US Pharopaeia substances are classified
as very slightly soluble when their nominal solitpilis 0.1-1 mg/ml, while all of the
substances having solubility below 0.1 mg/ml (1@finp) are categorized as insoluble or
practically insoluble substances.

If we calculate the volume of water necessary &salve for example 500 mg solid
dosage form containing drug substance with agusougility of 100, 10 or 1 pg/ml, we
reach the numbers as high as 5, 50 and 500 ldfevater!

2.2.2. BCS classification

A question that should be addressed here is: Htwbksothe drug substance should be
to be considered "enough soluble" not to presestachke forin vivodelivery of drug?

The answer depends mainly on the dose and perntgaifidrug. The classification
that takes all three parameters into account waedaced in pharmaceutical industry by
Amidon and co-workers in 1985, under the name opBarmaceutics Classification System
(BCS).

The authors categorized drugs into four classegerting on their solubility and
permeability characteristics:

Class I: high permeability, high solubility

Class II: high permeability, low solubility

Class llI: low permeability, high solubility

Class IV: low permeability, low solubility.

By definition, a drug is considered to be highlyjusbe if the highest single dose
administered as immediate release formulation isbé® in < 250 ml of water over a pH
range of 1-7.5 (FDA Guidance for Industry, Waiver lo Vivo Bioavailability and
Bioequivalence Studies for Immediate-Release S@idl Dosage Forms Based on a
Biopharmaceutics Classification System, 2000), lérrange from 1-6.8 (EMA Guideline on
the investigation of bioequivalence, 2010). Sinlese $olubility in pharmaceutical industry
should always be related to the administered dbgecriterion is often defined through dose-
solubility ratio (D/S) being 250 ml or less.
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Dose/solubility ratio indicates the volume of liquiin millilitres), that is required to
dissolve the entire dose of the drug.
High permeability is defined with the extent iof vivo oral absorption of 90 % or

greater according to FDA Guidance and greater 8% according to EMA Guideline.

2.2.3. Biowaiver

According to scientific principles of BCS, the vitro differences in drug dissolution
may be translated into the vivo differences in drug absorption. If tive vivo dissolution is
rapid in relation to gastric emptying, oral drugsatption is likely to be independent of
dissolution, and therefore additional vivo bioequivalence studies can, under well defined
conditions, be waived (Yang and Yu, 2009).

To be a biowaiverin vitro dissolution of BCS | drug product should be eitliery
rapid (> 85 % within 15 min) or similarly rapid (8& within 30 min) with the reference
product at three different pH at the range 1-68thfermore, BCS | drug should have wide
therapeutic window and liner pharmacokinetics. €keipients in formulation must be well
known. Biowaiver may also be applicable for drugducts containing BCS Class Il
substance but in that case dissolution of the dedtthe reference product should be very
rapid (> 85 % within 15 min). According to EMA Gulihe on the investigation of
bioequivalence, 2010the risks of an inappropriate biowaiver decisiorowdtd be more
critically reviewed (e.g. site-specific absorptigisk for transport protein interactions at the
absorption site, excipient composition and ther@ipetisks) for products containing BCS
class Il than for BCS class | drug substances.

Some publications suggest that also the acidic BGSs Il (Rinaki eal., 2004) and
Class Il drugs (Blume and Schug 1999, Ywalket2002, Cheng edl., 2004, Kortejarvi eal.,
2005) can be biowaivers.

Interestingly, Kortejarvi etal., 2007 systematically studied the influence of
formulation types, physiology of Gl tract and drpgpperties (dissolution, absorption and
elimination) against current biowaiver criteria. pharmacokinetic simulations the authors
compared cnax (Mmaximum concentration) andUC (area under the plasma or serum
concentration-time curve)f immediate release BCS I-IV drugs to oral solasiand found
out that all BCS Il drugs and slowly eliminatingCB | drugs are better biowaivers than BCS

| drugs with rapid elimination. This topic is stlsubject of a very extensive discussion.
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2.3. Invivo studies for evaluating drug absorption

2.3.1. Pharmacokinetic evaluation

Bioavailability is measured by assessing the rai@ the extent to which an active
drug is absorbed from the drug product and bec@waiable at the site of action.

The extent of absorption is well estimated by thiative measures cAUC, but
measures for rate of absorption in bioavailabildgd bioequivalence studies are more
problematic.

Currently, the rate of drug absorption is evaludtgdhe peak concentratiog.{, and
the time to peak tga) oObtained from plasma/serum concentration-timefilpg The
utilization of cmax andtmax as a measure of rate of absorption has beenizeificbecause they
contain minimal information about the absorptioterand absorption process for the drug
(Chen, 1992).

Cmax 1S only an indirect measure of the rate of drugoaption and it has several
drawbacks such as being influenced by the exteabsérption, insensitive to changes in rate
of absorption, depends on the sampling schedude(@hen eal., 2001).

However, others have argued tleatx is clinically relevant, as it reflects the highest
drug exposure (e.g. concentration) in the body @y relate to patient's risk for toxicity
and/or efficacy.

The use ofnhax as a measure of absorption rate has also beetedebéathematically,
tmax IS @ function of both absorption and eliminatiater constants. It is highly dependent on
the sampling scheme, and it is therefore diffitaluse it to detect differences between two
products, especially whetyax values are less than 2 hours. In contrast, fov-sédeasing
dosage forms, plasma concentrations are maintainaglateau for a long time ahbgy does
not reflect the rate of bioavailability.

Currently, the FDA guidance titled Bioavailabilignd Bioequivalence Studies for
Orally Administered Products-General ConsideratioB803, recognizes that traditional
measures (€.gGmax tmax Mean absorption time, mean residence time, @pdAUC) are
limited in their ability to assess the rate of apsion. The Guidance recommends a change in
focus from these direct and indirect measures coigdtion rate (€.9.Cmax tmax Ka) tO
measurements of systemic exposure, which includg egposure, peak exposui@ fx tmax),

and total exposureAUCy.: and AUGy.,). The new parameter, early exposure, would be
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assessed based on a parBAalC in which the AUC is truncated atn.x for the reference
compound.

The incremental area under the drug concentratine-turve representing 10 to 30 %
of the total AUC might be more sensitive than eith®&f.x Or tmax In detecting input rate
differences between formulations (Rosenbaual.ef1990).

To conclude, for orally administered immediate-@ske drug products, measures of
peak and total exposure may be sufficient. Howewesituations in which clinical safety
and/or efficacy trials or pharmacokinetic-pharmag@imic studies indicate that better control
of drug absorption into systemic circulation mayve&ranted and the assessment of early
exposure via the use of partllUCs may be indicated.

2.3.2. Development and validation of bioanalytical method

Bioanalysis, employed for the quantitative deteation of drugs and their
metabolites in biological fluids, plays a signifitaole in the evaluation and interpretation of
bioequivalence, pharmacokinetic (PK), and toxicekim studies. Selective and sensitive
analytical methods for quantitative evaluation aigs and their metabolites are critical for
the successful conduct of pre-clinical and/or berptaceutics and clinical pharmacology
studies (FDA Guidance for Industry, Bioanalytica¢tilod Validation, 2001).

A bioanalytical method consists of two main compusge sample preparation and

detection of the component.

2.3.2.1. Sample preparation

Sample preparation is a technique used to cleaa sgmple before analysis and/or to
concentrate a sample to improve its detection. 8fbeg, the main objectives of bioanalytical
sample preparation are to dissolve the analyte Buitable solvent, to remove as many
interfering compounds as possible and to pre-cdraten the sample (Singh el
http:/mwww.expresspharmaonline.com/20081231/re@a.shtml).

Some of routinely used sample preparation methgikdoare protein precipitation,

liquid-liquid extraction and solid phase extraction
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Protein precipitation (PP)

PP is the least time-consuming sample preparatidmique and has been widely used
in bioanalytical methods.

It involves denaturation (loss of tertiary and setary structures) of proteins present
in biomatrix by external stress (such as a strandylaase/heat or, most commonly, the use of
an organic solvent such as acetonitrile/methakoiglard and Seifter, 1990).

Organic solvents, such as methanol, acetonitriletome and ethanol, although having
a relatively low efficiency in removing plasma peiis, have been widely used in bioanalysis
because of their compatibility with high-performarimuid chromatography (HPLC) mobile
phases (Singh et., http://www.expresspharmaonline.com/20081231&e$®2.shtml).

Most of the bioanalytical methods employ additidnaominimum of three parts of
organic solvent to one part biomatrix, following byortexing and centrifugation.
Centrifugation leads to formation of protein pellahd supernatant is separated for
bioanalytical quantitation. As denaturation leadsattive change in protein structure, the
drug/metabolite/ biomarker bound to these protberomes freely soluble in the denaturation
solvent. Prior to quantitation it is usually ne@ysto concentrate the sample by evaporating
a supernatant to dryness and then reconstituaéifagyeoanalysis.

The whole process of PP, however, is time-consumihgn handled manually for a
large number of samples, especially drug discovelyanalysis/ clinical bioanalysis.
Considerable efforts have been made to make thiseps more efficient, less time-

consuming and automatable for high-throughput abens (Kole etl., 2011).

Liquid-liquid extraction (LLE)

The principle of two immiscible liquids for extrémh of analyte, commonly termed
LLE/solvent extraction is one of the most commoubed sample preparation techniques in
bioanalysis.

The analyte is isolated by partitioning between ¢hnganic phase and the aqueous
phase. The analyte should be preferentially disteith in the organic phase under the chosen
conditions. For effective LLE the analyte must b&uble in the extracting solvent, extracting
solvent should have low viscosity to facilitate mgx with the sample matrix, a low boiling
point to facilitate removal at the end of the esti@n and a large surface area to ensure rapid
equilibrium. This is achieved by thoroughly mixinging either mechanical or manual

shaking or vortexing. Generally, selectivity is imped by choosing the least polar solvent in
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which the analyte 5 soluble. (Singh et al,
http://www.expresspharmaonline.com/20081231/reé€&.shtml, Kole eal., 2011).

Some of the limitations of LLE are low/variable ogery, the need for a large sample
volume, poor selectivity and matrix effects in LCSNhethods (Zhou etl., 2005a, Capka and
Carter, 2007). Recently, efforts have been mad&éocome limitations associated with LLE.

Solid phase extraction (SPE)

In SPE the analyte is retained on the solid phasdéevihe sample passes through,
followed by elution of the analyte with an apprepe solvent. The SPE is typically carried
out using a five-step process: condition, equitibrdoad, wash and elute. The solid phase
sorbent is conditioned by passing a solvent, uguadithanol, through the sorbent to wet the
packing material and solvate the functional growbsthe sorbent. The sorbent is then
equilibrated with water or an aqueous buffer. Sasire diluted with agueous solvent prior
to loading to reduce viscosity and prevent the ertibed from becoming blocked. Aqueous
and/or organic washes are used to remove intedesen (Singh et al,
http:/www.expresspharmaonline.com/20081231/re@a.shtml).

Although conventional SPE offers several advantadss its own limitations such
as limited selectivity and/or sensitivity becausanynmatrix constituents can also be adsorbed
besides the target, leading to matrix effects insegutive LC-MS/MS analysis (Rodriguez-
Mozaz efal., 2007). In recent years many new approaches lbeae designed, developed and
validated to overcome various limitations or to mwe the performance of the SPE

technique.

2.3.2.2. Analvtical detection of the compound

In the last decade we have witnessed many techisaldgreakthroughs in analytical
methodology and instrumentation. Among these modanalytical techniques, liquid
chromatography coupled with mass spectrometry issidered to be the benchmark for
quantitative/qualitative bioanalysis, imparting sifieity, sensitivity and speed (Saunders et
al., 2009).

This analytical technique also suffers from limidas such as matrix effect,
compromised selectivity and a fall in sensitivitiytbe analyte of interest in the processed

biological matrix (Smeraglia etl., 2002).
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Regardless of which analytical detection was ch@sethe most appropriate for the
anayte in question, before implementation for mtuse, it must first be validated to

demonstrate that it is suitable for its intendetppse (Kole eal., 2011).

2.3.2.3. Bioanalytical method validation

Bioanalytical method validation includes the praoes that demonstrate that a
particular method used for quantitative measureroéanalytes in a given biological matrix,
such as blood, plasma, serum, or urine, is reliabtereproducible for the intended use. The
fundamental parameters for this validation incladeuracy, precision, selectivity, sensitivity,
reproducibility, and stability. Validation involvedocumenting, through the use of specific
laboratory investigations, that the performancerattaristics of the method are suitable and
reliable for the intended analytical applicatiorBhe acceptability of analytical data
corresponds directly to the criteria used to vaédae method (FDA Guidance for Industry,
Bioanalytical Method Validation, 2001).

Accuracy describes the closeness of the observea test results obtained with the
bioanalytical method to the true (i.e., actual) camtration of the analyte. The accuracy of a
particular method can be determined with repliGatalysis of samples containing known
amounts of the analyte.

Precision describes the closeness of the obsendididual measures of an analyte
when the method is applied repeatedly to multiplejuats of single homogeneous
determinations per concentration.

Selectivity is defined as the ability of an analgti method to differentiate and
guantify an analyte in the presence of other coraptsin the sample.

Substances in the biological matrix that may paoddigtinterfere with the results
include endogenous substances, metabolites, amdd#ggpn products.

Sensitivity refers to the ability of the bioanabgl method to measure and differentiate
an analyte in the presence of components that raagxpected to be present. For example,
these components may include metabolites, degradamd impurities. Reproducibility
compares the precision of the analytical methodweet two different laboratories.
Reproducibility can also represent the precisionthef method obtained under the same
operating conditions over a short period of time.

Typical method development and validation of a bagtical method such as a

chemical assay includes determinations of seldgtivaccuracy, precision, recovery,
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calibration curve and stability of an analyte ire tapiked samples (FDA Guidance for
Industry, Bioanalytical Method Validation, 2001).
The acceptance criteria should be clearly estadalish a validation plan, prior to the

initiation of the validation study.
2.4. Models for evaluating drug absorption of lipophilic compounds

Data obtained byin vitro dissolution testing can be combined with silico
physiologically based pharmacokinetic modelling,ings model-dependent or model-
independent approaches, for the predictionirofvivo dissolution and absorption and
development oin vivo in vitrocorrelations (IVIVCSs).

In model-dependent approaches the dissolutionlprofithe dissolution rate constant
can be used in absorption modelling using softwaleg simulate a complex system
dynamically (i.e. Stelfd or physiologically based models of the gastraitital tract (i.e.
GastroPlu8").

In model-independent approaches the amount distobleased over the time or the
in vitro dissolution/release rate are directly comparedi e amount absorbed over the time
or the in vivo absorption rate (as calculated from deconvolutmn the oral data-
pharmacokinetic softwares, i.e. WinNorfliiPrCDCONP)(Fotaki and Vertzoni, 2010).

In this thesis, model-dependent approach was eraglty predict the plasma profile
of orally administered lipophilic drugs, based ianvitro dissolution profiles in simple and
biorelevant media and two preconditions: that alisobioavailability of drug is known and
that its absorption is dissolution limited.

2.4.1. Invitro dissolution testing

2.4.1.1. Noyes-Whitney equation

According to the modified Noyes-Whitney equatiorhe t dissolution rate is

proportional to both solubility and surface area:

dC _DIA,.
E_ h (Cs Cb)

where:
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dC/dt = dissolution rate,

D = diffusion coefficient,

A = the surface area of drug exposed to the digeanlutedia (effective surface area),
h = the thickness of the diffusion layer at theddiljuid interface,

Cs = aqueous drug solubility at the surface of tresalving solid, saturated solubility
Cp = concentration of drug in the bulk aqueous phase.

Drug

Particle Diffusion Layer  Bulk Solution

/

N, Cb

Figure 6. Dissolution of drug particles accordiogliffusion layer model

Initially, when the concentration of drug molecuisdow in the solution, the number
of molecules leaving the drug surface is high. Ae $olvent bulk starts becoming saturated
with the drug molecules, the redeposition proceéadssto accelerate. Once sufficient drug
molecules have populated the solvent bulk, theobieolecules leaving becomes equal to the
rate of redeposition (dynamic equilibrium). The centration of the drug in the solvent at
which this equilibrium is reached is defined as thermodynamic solubility. The rate at
which the equilibrium is achieved is the dissolntrate (Figure 6).

Thus, solubility is an equilibrium concept, whilesgblution is a kinetic phenomenon.
Both are dependent on the experimental conditioegjding temperature (Rao &it, 2009).

The dissolution rate of a solute in a solvent rectly proportional to its solubility, as
well as surface area of drug exposed to the digsalumedium. This enables scientists to
increase drug dissolution rate by manipulating ¢hgo factors, which is possible in a
number of ways.

Solubility and surface area of pharmaceutical samsage forms are primarily
influenced by physicochemical properties of thegdrusuch as: particle size, wettability,
molecular size, charge, lipophilicity and crist&usture. Conditions in the gastrointestinal
tract, such as composition, volume and hydrodynamafcthe contents in the lumen, which
also influence drugs dissolution in Gl tract, halready been described.
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2.4.1.2. Dissolution methodology

Dissolution tesin vitro measures the rate and extent of dissolution ofithg in an
aqueous medium in the presence of excipients cadan the drug product.

The parameters of dissolution method depend on, kirilng substance and drug
product characteristics. The most critical partlefining dissolution method is definition of
dissolution medium, in terms of composition and phydrodynamics of medium is assured
by agitation apparatus (paddles or baskets) rgfatirb0—100 rpm. The volume of dissolution
medium usually varies between 500 and 900 ml. €hgerature of medium is set to 37 £ 0.5
°C.

For regulatory purposes, an IR drug product is ictemed rapidly dissolving when no
less than 85 % of the labeled amount of the driogtamce is dissolved within 30 minutes,
using baskets at 100 rpm or paddles at 50 rpm,violame of 900 ml or less in each of the
following media:

e 0.1M HCI or simulated gastric fluid without enzymes
e pH 4.5 buffer, and
* pH 6.8 buffer or simulated intestinal fluid withcernizymes.

Otherwise, the drug product is considered to be-slssolving product.

However, the simple aqueous buffer solutions do regresent all aspects of
physiological conditions in the gastrointestinalctrand usually offer, at best, posteriori
correlations within vivo data (Jantratid edl., 2008). If a dissolution test is to be used as a
prognostic tool forin vivo behaviour, then much more attention has to be paiarily

towards the choice of dissolution medium.

2.4.1.3. Biorelevant dissolution media

A need to develop dissolution test that would lgitedict than vivo performance of
drug was recognised more than 10 years ago by Dessgtal., 1998. The parameters that
were recognized as the most important for desigrpredictive dissolution tests were
composition, volume and hydrodynamics of the dissoh medium and the duration of the
test. According to the authors, the choice of diggmn test conditions should be based on
position of drug absorption in Gl tract and dosoognditions (fasting or fed). The simulation

of thein vivo hydrodinamics was recognized as the most problemat
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Although the problem of hydrodynamics simulationl semains a challenge, the
composition of biorelevant media is continuouslyngemproved as more physiological data
become available.

The early papers (Dressman at, 1998, Galia efal., 1999) suggested that the
composition offasted state simulated gastric fluid(FaSSGF) should include sodium lauryl
sulphate to reduce the surface tension to the plogscal values and that osmolality and
buffer capacity should be low since the gastricet&mns in the fasted state are at the baseline
and the primary determinant of the volume wouldfloed (water) coadministered with a
dosage form.

Vertzoni etal., 2005, proposed to add physiological amountsepsm in composition
of FaSSGF, and to change artificial surfactantwodiauryl suphate with low amounts of bile
salt sodium taurocholate and lecithin. The pH afhsmedium is 1.6, and surface tension is
42.6 mN/m. The composition of FaSSGF used in theeemental part of this thesis is

presented in Table 1.
Table 1. Composition and physicochemical propedfdsaSSGF (Vertzoni etl., 2005)

Composition
Sodium taurocholate (uM) 30
Lecithin (uM) 20
Pepsin (mg/ml) 0.1
Sodium chlonde (mM) 342
Hydrochloric acid gs pH 1.6
Deionized water gs ad 11
pH 1.6
Osmolality (mOsm kgfl) 120.7+2.5
Buffer capacity (mmol 1" ApH™) -

To make it more physiologically relevant, in terofssodium chloride concentration
(Lindahl etal., 1997) and osmolality (Kalantzi ei., 2006), FaSSGF used in this study
contains 68 mM NacCl (Vertzoni el., 2007) instead of 34 mM NaCl (Vertzoniat, 2005)
and will be referred to as FaSSGF-V2. The osmglalitsuch medium is 192 mOsm/kg.

For fed state simulated gastric fluid (FeSSGF}he luminal composition would be
highly dependent on the composition of meal ingkste homogenized form of meal used in
the clinical studies and coadministered water wdngddhe best starting point. However, due
to difficulties in drug analysis, long life milk dnEnsur® were considered also as an

appropriate medium since they both have physicoat@mroperties that are similar to those
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of the standard meal recommended by the FDA foetfexts of food in bioavailability (BA)
and bioequivalence (BE) studies (Kleiragt 2004).

In order to simulate composition changes of intsagaenvironment during digestion
and emptying processes, two approaches were engpluyéar: the first one with periodical
addition of aliquots of an acidic solution of pepsnto milk (Vertzoni etal., 2007), which
was employed in this thesis, and the second orte"sfitapshot” media, each corresponding to
a certain time frame after ingestion of meal. Fritrese "snapshot” media, general media
FeSSGF is recommended (Jantratidlgt2008).

For intestinal media the presence of bile and higt€ should be assured. Bile salts
and lecithin facilitate the wetting of solids anthance solubilization of lipophylic drugs into
mixed micelles (at concentrations above the ctitioacellar concentration). Sodium
taurocholate is chosen as a representative bitebsahuse cholic acid is one of the most
prevalent salts in human bile. Phosphate buffeused in thefasted state simulated
intestinal fluid (FaSSIF) as a substitute for the physiological bicarbortatéfer, to avoid
instability in pH value due to the reaction withygen (Galia eal., 1998, Dressman el.,
1998).

To update the simulation of fasted state conditionthe upper small intestine, minor
changes of FaSSIF were introduced by Jantratidl.et2008. The amount of lecithin was
decreased from 0.75 mM in FaSSIF to 0.2 mM in F&S&. The osmolality is somewhat
lower in FaSSIF-V2 than in FaSSIF, in accordancthwi vivo data. The pH of 6.5 was

maintained, with substitution of phosphate bufféghwnaleate buffer in FaSSIF-V2.

The fed state simulated intestinal fluid (FeSSIF)contains acetate buffer instead of
phosphate in order to achieve the higher buffeaciéyp and osmolality while maintaining the
lower pH value representative for fed state duodemaditions.

The taurocholate and lecithin are presented iniderably higher concentration in
this medium. Since fats and oils and their digespimducts are also present after ingestion of
food, they are often added in FeSSIF when testpaphilic compounds, since monooleins,
long chain fatty acids and/or triglycerids can nfpdhe ability of drug to interact with
micelles. Jantratid edl., 2008, presented "snapshoot” approach mediafaisbeSSIF, so
early, middle and late compositions were propoaead,new general medium FeSSIF-V2 was

recommended.

23



Even though the compositions of FaSSIF and FeSSlpraposed by Galia etl.,
1998, represent simplification of the luminal comsiion, they have been shown to predict
the in vivo dissolution processes and the absorption chaistater of poorly soluble,
lipophilic week acids, week bases and non-ionazabtapounds well, are they are widely
used in pharmaceutical industry to evaluate nevgslrand dosage forms (Vertzoni adt,
2004).

Vertzoni etal., 2004, challenged the type of buffers used indtea®nd FeSSIF (Galia
etal., 1998).

As mentioned previously, physiological buffer foaS$SIF would be bicarbonate
buffer. However, such media would require contirai@parging with carbon dioxide to
maintain the desired pH, buffer capacity, ioniesgth and osmolality and it has some other
practical obstacles for routine usage. For fedestitis difficult to define the appropriate
buffer system on a physiological basis, since at pil of 5 it is highly unlikely that
bicarbonate buffer alone could maintain the dedmeifler capacity. It is assumed that buffer
species generated by food ingestion (e.g. amindspcwould play important role in
maintaining the pH. So, in this case too, praciissiies led to use of non-physiological buffer
species (McNamara at., 2003, Vertzoni edl., 2004).

Therefore it was justified to test alternative lenf§pecies since theoretically the type
of buffer may affect the solubility of product, Biigty of the active compound and dissolution
behaviour.

Vertzoni etal., 2004, tested FaSSIF containing maleic anhyd(f®SSIF) and
FeSSIF containing citrates (FeSgIand found out that in the case of tested weekd)dke
influence of anion buffer species is important omlyen K, of the dissolving compound is
higher than about 5, because week bases WifHqwer than 5 are not ionized in FaSSIF and
FeSSIF, and also their solubility products aretnetdy low. Therefore, in such case it would
be wise to run additional dissolution tests in H&S8d FeSSIF containing alternative buffer
species.

The compositions of theese media are presentedbiteD.
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Table 2. Physicochemical characteristics and coitippgmM) of FaSSIF and FeSSIF and modified
solutions FaSSlFand FeSSIE respectively (Vertzoni etl., 2004)

Fasted state simulated intestinal fluids Fed state simulated intestinal fluids

pH 6.5 pH 5.0

Osmolality (mOsm kg h 27010 Osmolality (mOsmolkg h 635+ 10

Buffer capacity (mmol L ! 12 Buffer capacity (mmolL 2 76

ApH ) ApH ')

FaSSIF FaSSIFm FeSSIF FeSSIFc

Sodium taurocholate 3 Sodium taurocholate 3 Sodium taurocholate 15 Sodium taurocholate 15
Egg phosphatidylcholine 0.75  Egg phosphatidylcholine 0.75 Egg phosphatidylcholine 3.75 Egg phosphatidylcholine 3.75
Sodium dihydrogen 28.66 Maleic 25.01 Acetic acid 144 Citric acid 84
phosphate anhydride

Sodium hydroxide ~13.8 Sodium hydroxide ~45  Sodium hydroxide ~101 Sodium hydroxide ~200
Sodium chloride 106 Sodium chloride 109  Sodium chloride 173 Sodium chloride 206

In the present study 5 mM glycerol-monooleate (GNh@$ been added to FeSSIF to
simulate the presence of food lipids.

The incentive for further update of FeSSIF compasitwas publishing of study
results performed by Kalanzi al., 2006, revealing that the conditions in healtlwnhan
volunteers in fasting and fed state differ in soways from the compositions of the current
simulating media. The differences were in termafer amount of bile salt observedvivag
lipolisis products were found and the pH in the erpgmall intestine decreased slower than
expected after ingestion of food.

In the last review of biorelevant media, prepargd-btaki and Vertzoni 2010, tables
with the ultimate media compositions are presented,well as review of intraluminal
hydrodynamics simulation and methods used for dgweént ofin vivoin vitro correlations.

Recently, a new biorelevant medium for simulatidrfleids in the ascending colon
was introduced (Vertzoni el., 2010).

2.4.1.4. IVIVC and BCS

To establish IVIVC several factors have to be codesd.In vitro dissolution test can
only model the release and dissolution rates ofdtiug and it is only when these processes
are rate limiting in the overall absorption thatWWZ can be established.

For BCS class | drugs the complete dose will beal®&d already in the stomach, and
provided that the absorption in the stomach isigdxé, the gastric emptying will be rate
limiting, therefore ICIVC is not expected.

Class Il drugs are expected to have dissolutioftditnabsorption, and IVIVC can be
established using a well-designiedvitro dissolution test. But the IVIVC will not be likefpr

class Il drugs if absorption is limited by the sation solubility in the Gl tract, rather than by
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the dissolution rate. In this situation, the dregeentration in the gastrointestinal tract will be
close to the saturation solubility, and changethéndissolution rate will not affect the plasma
concentration profile or thia vivo BA.

The absorption of class Il drugs is limited by ithietestinal permeability, and no
IVIVC should be expected. However, when the drugsalution becomes slower than the
gastric emptying, a reduction of the extent of BAl Wwe found at slower dissolution rates,
since the time during which the drug is availalbe transport across the small intestinal
barrier will then be reduced. The class IV drugsspnt significant problems for effective oral
delivery. Very limited or no IVIVC is expected (Yamand Yu,2009).

IVIVC, when successfully developed, can serve amogate ofin vivo tests and may
assist in supporting biowaivers. It can also supaod validate the use of dissolution methods
and specifications.

There are four different levels of IVIVC, dependiog the degree of correlation
betweenin vivo andin vitro data (A, B, C and multiple C correlations), bugythwill not be

discussed in this thesis.

2.4.2. Animal models

Although it is recognized that there are many pbiggical differences between
humans and animals, animals are still frequentlydufr the assessment of thre vivo
performance of orally administered products atpteelinical level (e.g. Zhou ai., 2005).

Animal models are often used to obtain early phaokimetic knowledge of a pilot
product’sin vivo absorption characteristics, to identify the mawsaption site within the Gl
tract, and to document preliminary absorption mag@mas for the novel drug formulation. In
this way data collected from animals are often usedupport selection of an optimal
formulation, and guide the overall design of thmafiproduct’s dosage form.

However, while planning animal studies researchesd to select the appropriate
animal species that will yield optimal results aaldo to identify a reliable method of
extrapolating the animal data so that they can @atety predict the drug’s pharmacokinetic
behavior in humans (Zhou and Seitz, 2009).

Preclinical evaluation of a new drug’s pharmacotaseshould be conducted in an
animal species with anatomical and physiologicakrabteristics that are relevant to the
research objectives which can be challenging.
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It is assumed that anatomical and physiologicdedhces are the main factors that
cause discrepancy between humans and animalsesplect to the absorption of xenobiotics.
The extent to which the pharmacokinetics of a xétab is affected by interspecies
differences is depending on the physical/chemibalacteristics of the compound (De Zwart
etal., 1999). Animal models that are usually used fedtion of human GI absorption are
rats, rabbits, monkeys, pigs and dogs.

Although sometimes they are used due to their abidily and low cost, rats and
rabbits are not very suitable model due to the mlviphysical limitations of their diminutive
Gl tracts (Fotaki, 2009).

Pigs have also occasionally been used for oralMbitability studies, but with limited
overall success, although the morphology of thgdantestine is similar to humans (De
Zwart etal., 1999, Dressman and Yamada, 1991).

Monkeys may initially appear as most suitable fiandardin vivo pharmacokinetic
studies of solid oral dosage forms since they hgeeerally similar GI morphology and
adequate gut dimensions to that of humans. Theaddantages are differences in clearance
and metabolic activity in the small intestine, hegiect of food on the gastric pH, high costs,
and difficulties in their handling (Fotaki at., 2009).

24.2.1. Dogs as animal models for assessment of oral atsormf lipophilic

compounds
Dogs have probably been used more extensively dhgrother animal models fam

vivo evaluations of oral drug absorption.

Some physiological and anatomical characteristidhe Gl tract of dogs are similar to
those in humans. Typical gastric dimensions for gnehdogs weighing 15-25 kg are
particularly similar to those of humans, for examph addition, dogs have physiological
responses to feeding, and bile secretion profies are also generally similar to those of
humans (Dressman and Yamada, 1991).

On the other hand, other physiologic features unida the dog can affect
pharmacokinetics, making extrapolations betweeimearand humans unreliable.

Some key differences are shown as following (De Zwaal., 1999, Tibbitts, 2003,
Dressman edl., 1986, Kararli, 1995; Kalantzi at., 2006):

* Intestinal dimensions and Gl transit times varynfrdogs to humans. For example,

the length of a dog’s small intestine is only ablailf the length of a human’s, and a
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dog’s colon is also generally shorter than a huroalon. In a fasted state, for
example, transit time for dogs is approximatelyf kiz¢ time for humans. To account
for this relatively accelerated transit tiniie,vivo dog models have occasionally been
pretreated with drugs that can delay Gl motilityd asubsequently prolong intestinal
residence time of the investigational oral dosagmf(Yamakita eal., 1995);

* Dogs have less acidic fasting intragastric pH langer inter-individual variability in
gastric pH than humans;

» Fasted dogs have a slightly higher (1-2 pH unitglkintestinal pH than humans;

* Dogs may have lower osmolarity in the stomach agtidr bile salts concentrations
in the small intestine;

* The typical canine gastric emptying rate in a feadesis slower than that of humans;

* Dogs secrete bile salts at a higher rate in corspanvith humans;

* Some cytochromes P450 (CYP450) isozymes that acgieiior the dogs have been
identified (e.g., 2B11, 2C21, 2D15, 3A12, 3A26).

Such differences from the human luminal environmmaty limit the usefulness of
canine models especially in the comparison of faltfth the free form of a base for which
sufficient gastric acidity is prerequisite for adate dissolution and absorptiomvivo.

With respect to higher intragastric pH of dogs, eamthors reported pretreatment the
dogs with pentagastrin (Zhou a&it, 2005, Lui etal.,1986, Dressman eil., 1986, Knupp et
al., 1993) to acidify the gastric content or famate&lfor H2 blockade (Zhou at., 2005, Lin,
1995). In this way the pH dependent aspect of dalgbility and absorption was isolated and
better prediction for human studies was possible.

Fotaki etal., 2005, found that for compounds with dissolutiand permeability
problems, dogs provide a poor estimate for absmgbut seem to provide good predictions
for compounds without dissolution and permeabiptpblems housed in extended-release
formulations.

Dressman eal., 1986 and Kalantzi &dl., 2006 stated that for compounds on which
administration of food has a pronounced effect dosogption, the differences in Gl
physiology and composition of intestinal fluids bawe be taken into consideration.

In Khoo etal. study from 2001, dogs have been shown to be d guudel for the
prediction of absorption of lipophilic drugs thataabsorbed through the lymph, and in the
same year Paulsonat, 2001 observed that the food effect of celecovals threefold greater

in dogs than in humans.
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Chiou etal., 2000, found that the absorption data in dogsethaon 43 compounds
including bases, acids, zwitterions, and neutrahpounds, did not predict the human
absorption very well.

Regarding the canine studies of weak basic druigsy £tal., 2005 developed canine
absorption model for studying pH effect on bothsdlationin vitro and pharmacokinetiaa
vivo, using weak bases ketokonazole and dipyridamolaasel drugs. These drugs exhibit
pH dependent solubility profiles, and therefarevivo study results could be misleading due
to inconsistent gastric pH. Therefore the auth@sidkd to perform absorption studies with
dogs that have been pre-treated with pentagasfaistric pH 2—3), famotidine (gastric pH 4—
7.5) and one group which has not pre-treated. Bselts showed marked differences in
systemic exposure: for both drugdJCs were much higher in pentagastrin group, while
famotidine group didn't show statistically signémt difference compared to control group,
which may be due to large variability in the cohtymup.

To conclude, the pharmacokinetic/absorption resalitained from the canine studies

should be interpreted with caution.

2.5. Salts for enhancing intraluminal dissolution

There are many ways for solubility and dissolutemhancement in pharmaceutical
industry. Some of the approaches are:

* Physical modifications: particle size reductiong(emicronization, nanosuspensions),
modification of crystal habit, drug dispersion iargers (e.g. solid dispersions),
complexation, solubilization by surfactants (e.gcnaemulsions);

* Chemical modifications: salt formation;

e Other methods: cocrystalisation, cosolvency, sele@dsorption on insoluble carrier,
functional polymer technology, nanotechnology apphes, etc.

Of all the mentioned approaches, preparation ofs sal the most common and
effective method of increasing solubility and disson rates of ionazable drugs
(Mohanachandran al., 2010, Rajesh Babu aL, 2010).
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2.5.1. Pharmaceutical salts

Changing a drug from its free base or acid to &fsah is commonly done to improve
its physicochemical properties, including solulgiliand dissolution rates, hygroscopicity,
stability, impurity profiles and crystal habit (Rekuhn, 2007). This is because the solubility
of an organic molecule is frequently enhanced niyr@n ionized functional group than by
any other single mean (Neau, 2000).

The modification of physicochemical properties, mhaisolubility and dissolution
rate, may lead to changes in biological effects hsuws pharmacodynamics and
pharmacokinetics, including bioavailability and itwty profile (Verbeeck etal., 2006).
Therefore, an appropriate choice of the most deleirgalt form is a critical step in the
development process.

Over the last decades the process for salt seteltie been well established resulting
in a significant number of salts being registered anarketed. According to FDA Orange
Book database, till the end of 2006, the 1356 challyi well-defined APIs (active
pharmaceutical substances) comprised 659 (48.6Pt9 kv nonsalt forms, 523 (38.6 %) salts
formed from basic compounds and 174 (12.8 %) $atteed from acidic molecules. Also,
37.9 % of APIs approved in the U.S.A. after 198d doal administration were salts formed
from basic molecules (Paulekuhnakt 2007).

Many examples can be found in the scientific lil@ra showing that the water
solubilitiy of alternative salts forms of the samaetive moiety can be quite different
(Verbeeck etl., 2006).

The explanation for this lies in the process thattimls dissolution; therefore, some
basic theoretical considerations will be reviewedemafter. Week bases and their salts will

be discussed in more details, since they are msfof this thesis.

25.1.1. Aqueous solubility of weak bases and their salts

The solubility profile of a weakly basic compoumda range of agueous solutions at
different pH values looks similar to the one shawrkigure 7 (and the profile for a weakly

acidic compound would be its mirror image).
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Figure 7. pH-solubility profile for a compound withsingle, basickK, value of 5 (Bhattachar et.,
2006)

The pH-solubility relationship of ionizable compalsnis based on the Henderson-
Hasselbach relationship, which relates the solyhbili the completely ‘unionized’ compound
(S, intrinsic solubility) to both the solubility mea®d at a given pH(S) and th&jof the
compound. The Henderson-Hasselbach equation téigbsysdifferent forms for acidic and

basic compounds, which can be written as:

S= Soll+10(pKa_pH)J for a monobasic compound

S= Soll+10(pH_pKa)J for a monoacidic compound

Thus, it can be seen that the solubility of an awtdeases with pH at pH values higher
than the K, For basic drugs, the solubility value increaseh wligécreasing pH at pH values

lower than [K,.

2.5.1.2. pH-dependent regions of solubility

It is clear from the above equations that pH hasrarmous effect on the solubility of
ionisable compounds. In general, the pH-solubpitgfile can be divided into four different
regions according to the physical interactions timahinate (Figure 7):

1. The intrinsic solubility region (pH > 7 in Figui7). This region is defined as the pH
range in which the compound is completely unionizedsolution and has the lowest

solubility.
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2. The ionizing portion of the curve and the regadrthe steepest slope. This region
begins around thei value (pH 4-5.5 in Figure 7). At th&p there are equal concentrations
of ionized and unionized forms of the compoundadluton. Every pH unit change on either
side of the K, will give a tenfold change in the amount of iomizdrug in solution.
Precipitate formed in this pH range can be in eithe free form or the salt form, depending
on the strength of the solid state interactiong-igure 7the pH-solubility profile for a base
with a single Kais shown. The ionized portion of the curve is mooenplex for compounds
with multiple ionization sites.

3. pHnax This region corresponds to the pH that yields imaxn solubility of the
compound (pH 4 in Figure 7), where the ionizingtjor of the curve meets the salt plateau
on the pH-solubility profile. At this point, the @itjbrium solid state will be a salt: that is,
completely ionized drug associated with an opplsdkarged counterion through coulombic
interactions.

4. The salt plateau (pH < 4 in Figure 7). In thid @nge, the salt solubility of the
compound prevails. The solubility of the compousi@lmost constant: its value is dependent
on the strength of solid-state interactions with dounterion forming the salt and it is given
by the solubility products, which is defined as the product of the conceiunatof ion and

counterion in solution:

dissolution . .
Drug-salt «— drug ion + salt counterion

Ksp= [drug ion][salt counterion]
S={Kg

The Kspvalue for a given salt of a compound is a constahie. Therefore, the drug
concentration in saturated solutions is a functdrthe counterion concentration. As the
counterion concentration in solution increases,dissolved drug concentration decreases to
maintain theKs, This is an important concept, especially for lngtloride salts of poorly
soluble compounds, because the active drug coratemirthat can be achieved is a function
of the chloride concentration in the solvent or gastrointestinal tract after an oral dosing
(Bhattachar eal., 2006).

The essential characteristic of salts that makemtbBo attractive in pharmaceutical
applications is that the coulombic attraction betwehe drug molecule and counterion

changes the potential energy landscape of the stdi® and leads to stronger interactions
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between the charged drug substance and polar agjsetuents. This can result in enhanced
dissolution rates and higher apparent solubility mmysiologically relevant timescales,
resulting in more effective drug deliveiryvivo (Bhattachar edl., 2006).

The advantage of salts in terms of solubility andigher dissolution rate can be
interpreted through Noyes-Whitney equation toogceithe salts have strong self-buffering
capability at the diffusion layer, which increaglbe apparent solubility of the parent drug in
that layer.

This is illustrated in Figure 8 where the hydroctile salt dissolved faster at higher
pH values, presumably due to the lower diffusioretgoH. A practical method of estimating
pH at the surface of a dissolving solid is by measuthe pH of a saturated solution of the

drug substance in the particular aqueous medium.

1.0}

IDR [mg/m?/min]

PHpulk

Figure 8. Intrinsic dissolution rate of a weak haaed its HCI salt, as a function of pH of the

dissolution medium (Tong, 2009)
2.5.2. Advantages of saltsn vivo?

Although pharmaceutical salts theoretically exhtugher dissolution rate, which is
well known to be driving force for absorption, tillsneeds be to confirmed if this indeed
affects absorption procesdasvivo, in which cases and up to which extent.

Interestingly, literature review revealed that hunt@oequivalence studies comparing
salt forms of basic drugs have been rather limdad none of them reported significant
differences in bioavailability between differenttdarms due to differences in their aqueous
solubilities (Engel eal., 2000).

Lin etal., 1972, for example, reported no enhancementaavaiilability when salts of
a basic antihypertensive agent, 1-(2,3-dihydro-haneybenzo[b]furan-2-ylmethyl)-4-(o-
methoxyphenyl) piperazine, having significantly felient intrinsic dissolution rates, were
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compared. The intrinsic dissolution rates of mortsbghloride, dihydrochloride and
disulphate salts and the free base were studiedir Tiypotensive activity was studied in
anesthetized dogs. The results of dog study inglictttat hypotensive potencies of the three
salts did not differ from each other although therimsic dissolution rates of the
dihydrochloride and disulphate salts were 54 andid2s greater, respectively, than that
observed with the monohydrochloride salt. The foese failed to produce a significant
hypotensive effecin vivo but this was attributed and correlated to the faet in vitro
dissolution rate of the free base was much lowen the rate of its salts.

Walmsley etal., 1986, also indicated that they did not obsendifi@rence in the
extent of bioavailability between oxalate and ¢érsalts of naftidrofuryl, while Jamuludin et
al., 1988, saw no significant differences GRax tmax OF AUC of quinine following oral

administration of the hydrochloride, sulphate atitylearbonate salts to healthy volunteers.

For salts of weak acids there are somevivo data published half a century ago
indicating their potential superiority over the dreacid in regard to the absorption
characteristics.

For example, Furesz, 1958 and Nelsonakt 1962, demonstrated pronounced
differences observed in rates and extents of abeargor novobiocin and tolbutamide,
respectively, when compared to their sodium salts.

Lee etal., 1958, confirmed better absorption of potassiwait sf penicillin V in
comparison with free acid in experiments with dogs.

Holmdahl etal., 1959, in human study showed significantly im@awbsorption of

sodium salt of iopanoic acid in comparison with fitee acid.

The literature review reveals that correlation lesnin vitro andin vivo behaviour of
drugs is far from obvious. Although vitro salts exhibit higher dissolution rates, expectetio
that the same would happemnvivo must be based on thorough research regarding tcomli
and the biorelevance o ivitro experiments as well as physiological factors théiience
bioavailability of drug.

2.5.3. Chalenges for dissolution of salts in Gl fluids

Due to their ionization properties, lipophilic posoluble weak bases administered in

the fasted state are expected to be primarily tiedoduring residence in stomach because
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their solubility is expected to be higher in thetiag stomach than elsewhere in the Gl tract
(Fotaki and Vertzoni, 2010).

However, due to limited gastric residence timesthie fasted state, complete
dissolution of the dose prior to reaching the snmidistine may not be possible.

According to Wilson etl., 2010, retention times of formulations in the saom are
dependent on the size of the formulation and whiethenot the formulation is taken with a
meal. Incomplete dissolution of the dose of apipibic base in the fasted stomach is likely in
cases where the subject is hypochlorohydric, tleage form disintegrates slowly, and/or the
compound is highly dosed.

Improvement of dissolution of the dose during gastsidence with the use of salt of
a base is typically decided on the basis of digewiudata and/or equilibrium solubility data
in hydrochloric acid solutions (Serajuddin, 2007).

However, equilibrium solubility of weak bases istnexclusively dependent on
hydrochloric acid concentration (Vertzoni &t, 2007). Study with three lipophilic bases,
performed by Vertzoni &l., 2007, showed that although combination of dat&aSSGF and
HClyH1.6 Seemed to be the most efficient way to estimat@gastric solubility, its accurate
estimation remains problematic, due to difficultieslesign of appropriate medium.

If dissolution is more completea vitro thanin vivo, its importance on plasma levels
may (depending on disposition characteristics) heetestimated andce versa(Kortejarvi
etal. 2007).

Further on, the solubility of a salt decrease®ifimon ions, such as Tand Na’, are
present, and since the dissolution rate is propaatito the solubility in the diffusion layer at
the surface of the solid, any impact of a commam am solubility would also influence
dissolution rate (Serajuddin, 2007).

Supersaturation in the intestinal fluid is an intpat property that can play a
significant role in drug absorption. For compounsigh poor intrinsic solubility in the
intestinal fluid, solubility is often a limiting @or for absorption. For many of these
compounds it may not be possible to enhance theagan solubility to the extent required
such that the whole dose is dissolved in the GHflin this case, creating or maintaining
supersaturation in the intestinal fluid can be Hiactive way to enhance absorption of these
compounds. Depending on the properties of theasaltits corresponding base, the fate of the

salt in the Gl tract may vary significantly (Torgf)09).
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Figure 9. Dissolution processes of the salt of sidodrug in the gastric and intestinal fluids (Tpng
2009)

As illustrated in Figure 9, when the salt of thesibadrug gets in the Gl tract it may
dissolve in the stomach and either remain in smhutr precipitate out as the free base when
it gets emptied into the intestine. It may also vah to the hydrochloride salt if the
hydrochloride salt is less soluble, especially viita influence of the common ion effect. In
this case, the dissolution in the intestine is abfuthe dissolution of the precipitated
hydrochloride salt. To further complicate the ditoia when salt conversion happensvivo,
the material can precipitate out as either crys@lbr amorphous forms with different particle
sizes.

Furthermore, if the dose is only partly dissolvenlig gastric residence, problematic
dissolution in the small intestine can lead to lawd/or variable oral bioavailability,

especially in cases where intralumenal concentratomntrol the overall absorption process.

2.5.3.1. Effect of chloride ion on dissolution of free bas@sl their salts

There is an abundance of chloride ion in the gag#stinal tract, in the gastric fluid
as well as in the intestinal fluid. Lindahl el., 1997, reported that the chloride ion
concentration in the intestine could be even highan that in the stomach; values of 0.10
and 0.13 M in gastric and jejunal fluids, respeddiryin the fasted state have been reported.

The question of influence of chloride ions on disgon rate of free bases and their

hydrochloride salts has often been addressed ahdieseribed in literature. Serajuddin and
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Jarowski 1985, presented review of literature eglato this topic. In reported papers the
apparent dissolution rates and the solubilitieghef bases in diluted HCI at pH 1-2 were
higher than those of their respective hydrochlosdés. The dissolution rates of the bases
increased with a decrease of pH and a correspondorgase in chloride concentration
whereas the reverse was true for the hydrochlasalts. Basically, the common ion effect
presents the shift in equilibrium that occurs wlanion already present in the equilibrium
reaction is added (Le Chatelier's Principle).

The behavior of nonhydrochloride salts in the pneseof chloride ions, and possible
conversion of non HCI salt to HCI salt, has beewlistd more thoroughly in the last decade.

Lin etal., 1972, postulated that even if a non-HCI saliged, it could convert into a
HCl-salt in presence of chloride ion in the gasttestinal fluid, and thus dissolution rates and
bioavailability of hydrochloride and nonhydrochhieisalts could be similar.

This finding was also described by Li &k, 2005, who confirmed conversion of
haloperidol mesylate and phosphate salt to hydooicid salt during dissolution test by FTIR.
The common-ion effect, however, depended on thetiis of the conversion of non-HCI
salts to the HCI salt form. Although intrinsic diigtion rates of haloperidol mesylate and
phosphate decreased in the presence Of tbey were still higher than that of the
hydrochloride salt. The role of the non-HCI to H&@llt conversion kinetics was particularly
evident during powder dissolution. Because of hsginface area, powders of haloperidol
mesylate dissolved completely in 5 min at pH 2 I0M HCI containing 0.1 M NacCl) before
its dissolution rate could be affected by the cosiom to the HCI salt form. It can be
concluded that, if a nonhydrochloride salt form tsasficient aqueous solubility and a
favorable apparent solubility product value, it icbdissolve in dissolution medium before its
complete conversion to the hydrochloride salt foomcurs, and that the use of non
hydrochloride salt could still be favourable.

In the paper from 2007, Serajuddin stated that Bses where besylate
(benzenesulfonate) and bisulfate (hydrogen sulttk$ were used, he did not experience salt
conversion to the hydrochloride forms during théedmination of solubility and dissolution
rate in 0.1 M NacCl.

It is interesting to point out here that there ba®gn strong historical trend in the
pharmaceutical industry to market hydrochloriddssaf amines, due to their low molecular
weight and low toxicity (Engel etl., 2000).
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However, several authors called for precaution se of hydrochloride salts in
pharmaceutical preparations, due to possible deereftheir solubility as a result of chloride
ion common ion effect in the stomach (Miyazakakt 1981, Thomas and Rubino, 1996).

Engel etal., 2000, reported that lately mesylate salts are fhé@wp more common on
the market; their portion in the FDA commerciallarketed salts was just about 2 % in 1977,
while in the last few years nearly 20 % of new cluainentities approved by FDA that had

associated anionic salts were mesylate salts.

2.5.3.2. Precipitation in the small intestine

As mentioned previously, there is a possibilitypoécipitation of poorly soluble week
bases as the drug moves from the favourable pH itimmsl of the stomach to a less
favourable pH environment of the small intestine.tAe pH nears or even exceeds tkgqf
the base, its solubility undergoes a sharp decr@szefore, after administration of the weak
bases in the fasted state contents of the uppdl siestine may be supersaturated with the
base and the flux across the intestinal mucosabweayigher than expected from equilibrium
solubility considerations (Psachouliasaét 2011).

Kostewicz efal., 2004 addressed the question whether the dryg stasupersaturated
solution or it precipitates and becomes no longailable for absorption. To answer the
question the authors simulated the transfer framath into the intestine by using a transfer
model in which a solution of the drug in simulaggstric fluid is continuously pumped into a
simulated intestinal fluid and drug precipitationthe acceptor medium was examined. Three
poorly soluble weakly basic drugs were investigatadd for all three, extensive
supersaturation was achieved in the acceptor medlinma precipitation of drugs occurred
only under simulated fasted state conditions, wimnléed state simulated conditions the bile
components and the lower pH inhibited precipitation

Psachoulias l., 2011, evaluated the precipitation and the saperation of contents
of the upper small intestine after administratidntwo lipophilic, highly permeable weak
bases to healthy fasted adults. Precipitated tmastof the tested bases were not substantial,
and estimating intestinal supersaturation in regarilee base was found to be inadequate as
other phases may also precipitate.
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2.5.3.3. The ion exchange interactions

The effect of ion exchange between ionized weeledasd sodium ions from acidic
disintegrants such as croscarmellose sodium (CG80 un drug formulation, have been
reported by several authors (Franséal 2008, Hollenbeck, 1988, Narangadt 2010).

The interaction exists vitro under conditions where the cationic form of thegdr
exists and can exchange with sodium ions associatgd the insoluble dispersed
croscarmellose (cross-linked sodium carboxymetbijutose).

Frensen eal., 2008, tested three week bases having differeshtopyilicity and found
out that all three were binded to CSS to the saepgre® suggesting that the mechanism
behind the binding was purely ion exchange.

Such interaction results in incomplete drug release function of pH. Dissolution
was not affected by ionic strength changes. At jhggical salt concentrations the
interactions did not appear to be strong so thieassitconcluded that such interactions should

not influence thén vivo bioavailability of the drugs.

2.5.4. Regulatory aspects of changes in salt form

According to EMA Guideline on the investigationtmbequivalence, 2010, medicinal
products with different salts are pharmaceutic&@rahtives, meaning that they are considered
to be the same active substance, unless they diffeificantly in properties with regard to
safety and/or efficacy.

When the test product contains a different salh tthee reference medicinal product,
their bioequivalence should be demonstratad wvo bioequivalence studies.

However, biowaiver (an exemption form bioequivakestudy) may also be applicable
even if test and reference medicinal product cond#fferent salts provided that both belong
to BCS-class | (high solubility and complete absiorp, and fulfil other criteria necessary for

biowaiver request, as has been described previously
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2.6. Doxazosin as model drug

The only registered and marketed form of doxaz@ssdoxazosin mesylate. The brand
name is Cardufj Pfizer.

Doxazosin mesylate is used in men to treat the symg of an enlarged prostate
(benign prostatic hyperplasia or BPH), which indudifficulty urinating, painful urination,
and urinary frequency and urgency. It is also uakxhe or in combination with other
medications to treat high blood pressure.

Doxazosin mesylate is a long acting, selectivehalp antagonist. It reduces total
peripheral resistance by selective postsynaptibaalp blockade, without reducing cardiac
output and consequently relieves the symptoms &f BfPrelaxing the muscles of the bladder
and prostate and lowers blood pressure by relakiadplood vessels.

Doxazosin mesylate appears to maintain this angitigpsive effect over a 24-hour
dosing interval. As well as other alpha-1 adrentmemntagonists, doxazosin also has
favourable effects on the plasma lipid profile ermis of decreasing total cholesterol and
triglycerides, and increasing high-density lipopint (HDL) cholesterol as well as the
HDL/total ratio. Pharmacokinetic profile of doxaross characterized by rapid absorption
and long estimated elimination half-life.

After oral administration of therapeutic doses, kpgdasma levels of doxazosin
mesylate tablets occur at about 2—3 hours. Bioab#illy is approximately 65 %, reflecting
first pass metabolism of doxazosin by the liver.

The effect of food on the pharmacokinetics of dasaiz mesylate tablets was
examined in a crossover study with twelve hypertensubjects. The presence of food
delayed absorption by about 1 hour. Reductions &f% in mean maximum plasma
concentration and 12 % in the area under the cdrat@m-time curve occurred when
doxazosin mesylate tablets was administered witdd.fo\either of these differences was
statistically or clinically significant.

Plasma elimination of doxazosin is biphasic, witteaminal elimination half-life of
about 22 hours. Steady-state studies in hypertensatients given doxazosin doses of 2—16
mg once daily showed linear kinetics and dose ptapwlity. Enterohepatic recycling is
suggested by secondary peak of plasma doxazosoectrations.

It is extensively metabolized, with majority of achistered dose excreted in faeces.
Plasma concentrations are increased in a linea-degendent manner. (Product monograph
Cardur&, Pfizer, Babamoto and Hirokawa, 1992, Ellioakt1987, Carlson &il., 1986).
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The empirical formulas for doxazosin base, doxazasiesylate and doxazosin
hydrochloride are &H2sNs05 Co3H2sNsO5 © CH,O3S and GsH2sNsOs « HCI, respectively.
Their molecular weights are 451.48 (DB), 547.6 (Davigl 487.94 (DH).

Structures of doxazosin base, doxazosin mesylatelaxazosin hydrochloride are presented

in Figure 10.
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Figure 10. Structures of doxazosin base (a), desiazoesylate (b) and doxazosin hydrochloride (c)

Doxazosin is a highly permeable compound, withkg of 6.93 at 25°C (Product
monograph  Cardufa Pfizer)y and a log P between 21 and 2.8
(http://www.drugbank.ca/drugs/DB00590; http://6912&B.154/services/bcs/results.cfm,
accessed 27 December 2010).

Doxazosin  mesylate is freely soluble in dimethyisxide, soluble in
dimethylformamide, slightly soluble in methanolhabol, and water (0.8 % at 25 °C), and

very slightly soluble in acetone and methylene gt
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3.

GOALS OF THESIS
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Although it is well known that pharmaceutical sal®ially exhibit higher dissolution
ratein vitro, surprisingly, for week bases and their salts thisot supported by results of
human or animal bioequivalence studies in litee(angel eal., 2000).

On the other hand, for salts of week acids, theretbeen some published data from half a
century ago, which indicate their potential supgyoover the free acids in regard to the
absorption characteristics.

Since weak bases are most frequently administeyadles, the primary motivation for
the present thesis was to investigate potentiarsonity of salts of weak bases over their free
form. In order to investigate this) vitro studies as well as pharmacokinetic studies on dogs
in fasted and fed state have been performed.

Two salts of doxazosin were chosen for investigatinesylate and hydrochloride salt.
Mesylate salt was chosen because it is the onlketed salt of doxazosin, and because
pharmacokinetién vivo data on humans were already available. The hythodb salt was
chosen to be tested onlyvitro, and collected data would be used to support ¢inelasions
brought for base and mesylate. Specifically, hydiaric salt of doxazosin was studiéa
vitro to evaluate potential conversion of bases andéor-HICl salts to their HCI salts in
stomach (Serajuddin at., 2007).

In general, three main goals of the thesis had bstblished.

The first goal was to perfornm vitro solubility and dissolution characterization in
media with different pH and compositions, in ortierevaluate the importance of simulating
the lumenal composition for predicting differeneesearly exposure between a salt and the
free form of dipophilic weak base doxazosin in the fasting state
The examples from the literature indicated thatrompment of dissolution of the dose during
gastric residence with the use of salt of a basgpisally decided on the basis of dissolution
data and/or equilibrium solubility data in hydromtit acid solutions (Serajuddin, 2007).
However, equilibrium solubility of weak bases i eaclusively dependent on hydrochloric
acid concentration (Vertzoni @i., 2007). If dissolution is more compleie vitro thanin
vivo, its importance on plasma levels may (dependingdisposition characteristics) be
underestimated and vice versa (Kortejarviakt 2007). Furthermore, if the dose is partly
dissolved during gastric residence, problematisaligion in the small intestine can lead to
low and/or variable oral bioavailability, espegyalh cases where intralumenal concentrations
control the overall absorption process. The extnwvhich the environment in the small
intestine needs to be simulated for evaluatingediffices in dissolution between a free base

and its salts has not been addressed in the litetat
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The second goal was to evaluate the usefulnesseotdnine model in forecasting
differences in early exposure between the free famoha salt of a base in the fasting state.
As explained earlier, dogs have faster gastric gimgtand often less acidic fasting
intragastric pH compared with humans (De Zwaralet 1999). Also, they may have lower
osmolarity in the stomach and higher bile saltsceotrations in the small intestine (Kalantzi
et al., 2006). Such differences from the human luminatienment may limit their
usefulness in the comparison of salt(s) with tlee fiorm of a base.
So far, canine studies have not been reportedarature to address the potential differences
between bases and their salts.

The third objective of this study was to evaludie tood effect in order to determine
the influence on doxazosin absorption, to roughiggate the usefulness of the canine model
for prediction of food effect, based on human faftéct data for DM and to evaluate the
usefulness of biorelevant data in predicting fotidats in humans.

Therefore additional experiments would be perfornreded state simulating conditions
vitro and also in fed study on dogs.

If the existing bioanalytical methods would be fdumappropriate for the canine study
samples (due to lower concentration in canine sesppinsatisfying selectivity, lower plasma
volume available for sample preparation, lower vecy etc.), the new specific and sensitive

bioanalytical method should also be developed.

This and other specific goals will be numbered imexfeer.
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3.1. Specific goals
The specific goals of this thesis were the follagvin

* To prepare DB, DM and DH drug substances and toackerize them in order to
confirm their identity and physicochemical propesti

* To prepare DB, DM and DH tablets, each containimgg2of doxazosin calculated on
the free base;

* To evaluate solubility of drug substances and dis®m behaviour of drug products
in different media, which would later on enable gep evaluation of results of
pharmacokinetic studies and bringing conclusiormiathe relevance of each media,

« To evaluate potential conversion of DB and/or DMDtd in acidic conditions;

* To performin vivo pharmacokinetic study on dogs, in the fasted addstate, using
DB and DM tablets;

« To develop sensitive analytical method for deteation of low concentrations of
doxazosin in canine plasma;

« To use already existing results of pharmacokingticly in humans with DM tablets
and compare them with results of DM tablets in dagdasted state. In this way the
usefulness of canine data for evaluating differennesarly exposures of DM over the
free DB would be assessed. For this purpose, ictdib@mparison would be employed.
Using absorption simulation modelling based on ity and dissolution data in
gastric and intestinal media (simple vs. biorelévamedia), cumulative % of
doxazosin in plasma for DB and DM would be simuaé®d compared to individual
cumulative % of doxazosin in plasma for DM in humstudy. The degree of
correlation with the individual values for DM in iimans would enable conclusions on

o advantage of salt vs. the free base,

o the usefulness of canine data for evaluating adgmst of salts in terms of
early exposure,

0 advantage of using the biorelevant mediaiwaitro experiments in comparison
with the simple hydrochloric and buffer media;

* To evaluate the food effect on doxazosin absorptimn roughly evaluate the
usefulness of the canine model for prediction afdfeffect, based on human food
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effect data for DM and to evaluate the usefulndsbiarelevant data in predicting
food effects in humans.
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4.

MATERIALS AND METHODS
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4.1. Materials

Sodium taurocholate, min 95 % pure (lot no. 033KH38nd 99.5 % pure (lot no.
2003040161) were purchased from Sigma-Aldrich CleeBmbH (Steinheim, Germany) and
Prodotti Chimici e Alimentary S.p.a. (Basaluzzo, alyjj, respectively. Egg-
phosphatidylcholine min. 98 % pure (lot no. 10501929 and 105026-1/62) was donated by
Lipoid GmbH, (Ludwigshafen, Germany). Potassium ydiogen phosphate, sodium
hydroxide, potassium chloride, sodium chloride, ggtwric acid, hydrochloric acid and
trichloromethane, all analytical grade, were pusegthfrom Panreac Quimica SA (Barcelona,
Spain). Maleic anhydride was purchased from Sigritai¢h (Steinheim, Germany). Acetic
acid (glacial) and dimethyl sulfoxide (DMSO) of &ytecal grade and ammonium acetate,
ethanol, acetonitrile and methanol, all HPLC gradere purchased from E. Merck
(Darmstadt, Germany).

Prazosin hydrochloride (purity > 99 %) was usedn#srnal standard in LC-MS/MS
method and it was purchased from Sigma (Sigma éidiChemie, GmbH, Germany).
Tetramethylsilane was used as internal standardHdYMR analyses and it was purchased
from Fluka Chemie GmbH (Buchs, Switzerland),

Pepsin from porcine stomach mucosa (Cat.No. P-7If?2511K1242, 66 units/mg
solid, 1.031 units/mg prot.) was purchased frormBigAldrich Chemie GmbH (Steinheim,
Germany), and distilled monoglyceride (95 % monoghdes, 4 % diglycerides, 89 % oleic
acid, lot no 173403-2202/76, Rylo MG 19, Pharmags wbtained from Danisco (Denmark).
Maleic anhydride, min 99 % pure, purchased fromk&luChemie GmbH (Buchs,
Switzerland), and citric acid monohydrate, p.a.n.n®9.5-101 % pure, purchased from
Riedel-de Haen (Seelze, Germany).

The source of the long life milk, 3.5 % fat, wasntdasgenossenschaft Ennstal
Molkereibetriebe (Steinach, Austria).

The water of HPLC grade was obtained from a LabgOneater pro ps. System
(Kansas City, Missouri/lUSA) or from Q-system (Midire, Milford, MA). Syringe filters
were regenerated cellulose 0.4 (Titar’, Scientific resources INC, Eatown, NJ/USA) or
0.2 um Gelman acrodisc CR PTFE syringe filters if@@el Science, Ann Arbor, MI).

Syringes for sampling procedure were Fortuna Optimayringe (Fischer
Labortechnik, Frankfurt/Main, Germany).
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4.2. Methods

4.2.1. Preparation and characterization of DB, DM and DH

Doxazosin base (DB), doxazosin mesylate (DM) anxadosin hydrochloride (DH)
powders were prepared by Chemical department iVRLEagreb, Croatia). Briefly, DB
was prepared by the reaction of 2-chloro-6,7-dimmeylquinazolin-4-amine and (2,3-
dihydrobenzo[b]-[1,4]dioxin-2-yl)(piperazin-1-yl)rtteanone, according to established
procedures (Campbell at., 1987; Chou eal., 2001). DM was prepared by the reaction of
doxazosin base with methanesulphonic acid. DH wapgsed by the reaction of doxazosin
base with HCI. The three phases were assayed fity py a validated HPLC method and the
results were 97.2 % for DB, 101.2 % for DM and 9% @or DH.

DB, DM and DH were characterized with nuclear maignesonanced NMR), X-
ray powder diffraction (XRPD), Fourier transformdrared spectroscopy (FTIR), dynamic
vapour sorption (DVS), differential scanning cateeiry (DSC), and scanning electronic
microscopy (SEM).

'H NMR spectra were recorded on Varian Gemini 308cspmeter in DMSO at
room temperature using tetramethylsilane as intetaadard.

The XRPD patterns were recorded using a Philligse®’ Pro powder diffractometer
at 40 mA, 45 kV and with monochromatised Qukadiation A = 1.54056 A). The samples
were scanned at room temperature in continuous scale over the range 3—-40° with step
size of 0.01671 @ Data were analyzed using software package Xpest Rersion 1.3e.

FTIR spectra were recorded using Perkin Elmer $pecGX (Perkin Elmer, UK).
The samples were prepared by the potassium brodigte method and scanned over the
range 4000—370 cth For each sample, 16 scans were collected ana 4resolution.

DVS data were recorded on DVS1 instrument (Surfdeasurement Systems, UK) in
10 steps (dm/dt 0.003) in relative humidity rang8® % at 25C.

DSC thermograms of DB, DM and DH were recorded erkiA EImer Pyris 1 (Perkin
Elmer, UK). The instrument was calibrated with undi and zinc prior to analyzing the
samples. Accurately weighed samples (2-5 mg) wikeed in sealed aluminium pans, and
scanned at the heating rate of 10 °C thover the temperature range 30-300 °C under dry
nitrogen (35 ml/min).
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SEM analysis was carried out using JSM 5800 (JEK@kyo, Japan) microscope. The
samples were previously gold sputtered using Edsv&@#50 sputter coater under argon
atmosphere to render them electrically conductlugages were analyzed using software
package Link ISIS, Series 300, Version 3.35.

4.2.2. Solubility measurements of DB, DM and DH

Equilibrium solubility of DB, DM and DH was measdren triplicate using the shake-
flask method in human gastric fluid (HGF), in canigastric fluid (CGF), in fasted state
simulating gastric fluid (FaSSGF-V2), in USP pH haffer solution (The United States
Pharmacopeia, 2011), in pH 1.8, 2.6, and 3.0 H@Gitem. The preparation of solubility
media will be described hereinafter.

Human gastric fluids (HGF) were collected from gtemach of fasted healthy adults,
after receiving appropriate approvals from the Stfie and the Executive Committee of the
Red Cross Hospital of Athens (AP 8203) as descrifrediously (Kalantzi etl., 2006a).
Individual human gastric fluids were kept frozen-@0 °C until used. Assuming that during a
bioavailability study the particles of an immediagtease dosage form will empty from the
stomach together with the co-administered wateriamder to aspirate fluids that reflect the
average gastric composition, fluids were aspirabedween 20 and 40 minutes post
administration of 250 ml of water. On the day ofubdity measurement, individual fluids
from 5 subjects were brought to room temperatuck@ooled so that from each individual a
total of two samples were obtained (one aspirateZl0Damin and one at 40 min) and each
sample had a volume of approximately 3 ml. Follayio centrifugation at a low speed to
remove possible solid particles, the pooled sartipl@0 ml, human gastric fluid, HGF) was
used immediately for the solubility measurementse pH of HGF was 1.8.

Canine gastric fluids (CGF) were collected fromrfoealthy female mongrel dogs (4-
years old, 28-32 kg) that were accommodated imana facility operating according to the
European Union regulations for the maintenance experimentation on animals and it has
been approved by the Veterinary Directorate ofNmicipality of Athens (EL 25 BIO 08).
Dogs were fasted from the afternoon prior to thegeexnental day. As in humans (Kalantzi et
al., 2006a), the objective was to collect canine gasdlmids at various times, after water
administration. Knowing that gastric emptying ratesfasted dogs state are faster than in
fasted humans (De Zwart ak, 2005), on the experimental day, each dog was radtered

400 ml of water using a sterile disposable tubevifLe#14). Assuming that during a
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bioavailability study the particles of an immediagtease dosage form will empty from the
stomach together with the co-administered wateriaratder to aspirate contents that reflect
the average gastric composition, 10 min. afteratministration of 400 ml water the tube was
again inserted into the dog’s stomach, and abomll&f gastric contents were aspirated from
each dog. No medication was given to the dogs gooor during the aspiration period.
Aspirates were kept at —?C. On the day of the solubility measurement, tisadhples were
brought to room temperature and pooled. The poséadple (140 ml, canine gastric fluid,
CGF), after centrifuging at a low speed, was useuneédiately for the solubility
measurements. The pH of CGF was 2.6.

FaSSGF-V2 was prepared as follows: 4.0 g sodiuraricld and 1.0606 g of pepsin
(70000 1U) are dissolved in about 900 ml of HCI@AM. The pH is then adjusted to 1.6 with
HCI conc. Sufficient HCI 20 mM is added in ordergomduce a final volume of 1000 mi
(blank FaSSGF). 450 ml of blank FaSSGF is used issotve 0.0430 g of sodium
taurocholate. 3.167 ml of 5 mg/ml lecithin in cldform solution is added. The chloroform is
then evaporated on a Rotavap under vacuum usingter Wwath adjusted to 40 °C. After
cooling to room temperature, the volume is adjusbetDO0 ml with blank FaSSGF. To make
it more physiologically relevant in terms of sodiwhloride concentration (Lindahl el.,
1997) and osmolality (Kalantzi el., 2006a), FaSSGF-V2 contains 68 mM sodium chloride
(Vertzoni etal., 2007), instead of 34 mM NaCl (FaSSGF, Vertzamile 2005).

USP pH 1.2 buffer contained 50 mM KCI (USP 33/NF, 2811), while agueous
media with different pHs (pH 1.8, 2.6 and 3.0) wemepared by diluting concentrated
hydrochloric acid in 2000 ml.

The solubility medium (5 or 10 ml) and the drug ghan excess (150 mg) were
transferred into Erlenmeyer flasks (ca. 25 ml)sk&awere covered with parafilm and put in a
shaking water bath (37 °C). All samples were pregan triplicate.

Based on the equilibration time measured in FaS8&F6 h was considered adequate
for the determination of equilibrium solubility ddPB, DM, and DH in all media. At
equilibrium, the pH in each flask was measured @athples were filtered through
regenerated cellulose 0.48n filters (Titart', Scientific resources INC, Eatown, NJ/USA),
discarding the first millilitre, and assayed by HPIldirectly or appropriately diluted with
FaSSGF-V2 or HCI solution. The parameters of thHedlased HPLC method used for assay
determination are described later on. Peak areas ealuated against standard curves that

were prepared on the experimental day.
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Differences between solubility data in two differemedia were evaluated with unpaireist
at the 0.05 level.

4.2.3. Preparation of DB, DM and DH tablets

Uncoated immediate release tablets of DB, DM and \idte prepared by using a
combination of commonly used excipients (lactosenomydrate, croscarmellose sodium,
sodium lauryl sulphate, colloidal anhydrous silisgarch, and magnesium stearate) and a
direct compression method. Each tablet containgg2frdoxazosin in a form of doxazosin
mesylate, hydrochloride or base.

After the compression of tablets, samples weredekir their average weight, weight

variation, hardness and disintegration.

4.2.4. Dissolution studies of DB, DM and DH tablets

Dissolution experiments were run in triplicate &3+ 0.5 °C using the USP Il
Apparatus (Distek dissolution tester, model 2100B, North Brunswilé, USA and Varian;
VanKel, model 7010, Cary, NC) with the paddle noigiat 100 rpm.

Experiments were performed in 500 ml of the follogvimedia: pH 1.6 and pH 2.6
HCI solution, FaSSGF-V2, pH 5.0 acetate buffer (@M acetates), pH 5.0 citrate buffer (84
mM citrates), pH 6.5 phosphate buffer (29 mM pheases), pH 6.5 maleate buffer (25 mM
maleates), FaSSIF, FaSSIF containing maleates (Fab8/ertzoni etal., 2004), FeSSIF
(Dressman edl., 2000, Galia eal., 1998), FeSSIF containing citrates (Kalantzalet 2006)
and milk digested with pepsin (Macheraskt 1987, Klein etl., 2004, Fotaki eal., 2005).
Dissolution media were prepared freshly on theafasach experiment.

Due to complexity of media preparation and expenitale procedure, dissolution
studies in digested milk will be described sepdyaae the end of this chapter. FaSSGF-V2
and diluted hydrochloric media with different pH neeprepared as described in Solubility
section.

Dissolution media used in dissolution experimengsenprepared as follows:
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Phosphate buffer pH 6.5

3.9 g KHPO, and 6.2 g NaCl was dissolved in cca 750 ml of wadEl was adjusted to 6.5
with cca 138 ml of 0.1 M NaOH (prepared by dissady# g in 1000 ml water). The solution
was made to volume of 1000 ml.

This buffer is used also in preparation of FaSSIF.

Maleate buffer pH 6.5

2.4512 g maleic anhydride and 6.3 g NaCl was dissbin cca 750 ml of water. pH was
adjusted to 6.5 with cca 225 ml of 0.2 M NaOH (e by dissolving 8 g in 1000 ml
water). The solution was made to volume of 1000 ml.

This buffer is used also in preparation of FagSIF

Acetate buffer pH 5.0

144 ml acetic acid and 10.1 g NaCl was dissolveccan 750 ml of water. pH was adjusted to
5.0 with cca 101 ml of 0.1 M NaOH (prepared by digmg 4 g in 1000 ml water). The
solution was made to volume of 1000 ml.

This buffer is used also in preparation of FeSSIF.

Citrate buffer pH 5.0

420 ml 0.2 M citric acid (prepared by dissolving2§ of citric acid monohydrate in 2000 ml
of water) and 12.07 g NaCl was dissolved in ccamb0f water. pH was adjusted to 5.0 with
cca 200 ml of 1 M NaOH (prepared by dissolving 4 4000 ml water). The solution was
made to volume of 1000 ml.

This buffer is used also in preparation of FeQSSIF

Fasted State Simulated Intestinal Fluid with ph@gpltbuffer (FaSSIF)

FaSSIF containing 3 mM sodium taurocholate and @kb egg lecithin, with a pH of 6.5
and an osmolality of about 270 mOsm/kg, is prepasetbllows:

3.9 g of KHPO, and 6.2 g of NaCl are added to approximately 766frwater, HPLC grade.
The pH is then adjusted to exactly pH 6.5 usingr@gmately 138.5 ml of NaOH 0.1 M.
Sufficient water HPLC grade is added in order todpice a final volume of one litre (blank
FaSSIF).

450 ml of blank FaSSIF is used to dissolve 1.65 ganlium taurocholate (> 97 % pure).
5.908 ml of 100 mg/ml lecithin in chloroform solomi are added. The chloroform is then
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evaporated on a Rotavap under vacuum using a Wwateradjusted to 40 °C. After cooling to
room temperature, the volume is adjusted to 100@ithl blank FaSSIF (Galia ai., 1998).

Fasted State Simulated Intestinal Fluid with maddatffer (FaSSIg)

FaSSIR, containing 3 mM sodium taurocholate and 0.75 mig kegithin, with a pH of 6.5
and an osmolality of about 270 mOsm/kg, is prepasetbllows:

2.45 g of GH,O3; (maleic anhydride) and 6.3 g of NaCl are addeajpjaroximately 750 ml of
water, HPLC grade.

The pH is then adjusted to exactly pH 6.5 using@yamately 225 ml of NaOH 0.2 M. Water
(HPLC grade) is added in order to produce a fimdime of one litre (blank FaSSIF).

450 ml of blank FaSSIF is used to dissolve 1.65 ganlium taurocholate (> 97 % pure).
5.908 ml of 100 mg/ml lecithin in chloroform soloi are added. The chloroform is then
evaporated on a Rotavap under vacuum using a Wwateradjusted to 40 °C. After cooling to
room temperature, the volume is adjusted to 100@ithl blank FaSSIf.

Fed State Simulated Intestinal Fluid with acetaiéfdr and glycerol-monooleate (FeSSIF)
FeSSIF containing 15 mM sodium taurocholate, 5 mieyol-monooleate, and 3.75 mM
egg lecithin, with a pH of 5.0 and an osmolality aifjout 635 mOsm/kg, is prepared as
follows:

144 ml CHCOOH and 10.1 g of NaCl are added to approximatély ml of water, HPLC
grade. The pH is then adjusted to exactly pH 5.0dgg approximately 101 ml of NaOH 0.1
M. Sufficient water HPLC grade is added in ordemptoduce a final volume of 1l (blank
FeSSIF).

450 ml of blank FeSSIF is used to dissolve 8.25 ganlium taurocholate (> 97 % pure).
29.54 ml of 100 mg/ml lecithin in chloroform solomi is added, as well as 10 ml of glycerol-
monooleate (GMO), prepared by dissolving 1.838% GBIO in 10 ml of chloroform. The
chloroform is then evaporated on a Rotavap undeuwa using a water bath adjusted to 40

°C. After cooling to room temperature, the volumadjusted to 1 | with blank FeSSIF.

Fed State Simulated Intestinal Fluid with citriadend glycerol-monooleate (FeS$SIF
FeSSIF containing 15 mM sodium taurocholate, 5 mieyol-monooleate, and 3.75 mM
egg lecithin, with a pH of 5.0 and an osmolality aifout 635 mOsm/kg, is prepared as

follows:
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420 ml of GHgO;-H0 (citric acid monohydrate) 0.2 M and 12.07 g ofQNare added to
approximately 750 ml of water, HPLC grade. The gHhen adjusted to exactly pH 5.0 by
using approximately 200 ml of NaOH 0.1 M. Suffidievater HPLC grade is added in order
to produce a final volume of 1l (blank FeSSIF).

450 ml of blank FeSSIF is used to dissolve 8.25 ganlium taurocholate (> 97 % pure).
29.54 ml of 100 mg/ml lecithin in chloroform soloi is added, as well as 10 ml of glycerol-
monooleate (GMO), prepared by dissolving 1.838Z G®IO in 10 ml of chloroform. The
chloroform is then evaporated on a Rotavap undeunwa using a water bath adjusted to 40

°C. After cooling to room temperature, the volumadjusted to 1 | with blank FeSSIF.

In all dissolution experiments samples were withdraising a 5 ml Fortuna Optima
syringe (Fischer Labortechnik, Frankfurt/Main, Gany) fitted with stainless tubing to
facilitate representative sampling with sample aepment. Samples were filtered through
Titan” membrane filters (regenerated cellulose, QA Scientific Resources INC, Eatown,
NJ/USA), discarding the first 1 ml. Absorption dfet active substance on the filters was

found to be negligible.

Standard curves were prepared every experimenyabdd consisted of five points.
Stock solution was prepared by dissolving DB, DMDi drug powder in methanol and
proper dilution with relevant dissolution mediaarder to cover a concentration range for
percentage of released drug from tablets.

The determination of assay in samples from disewiugtudies was performed using a
validated HPLC method.

Dissolution studies in milk digested with pepsin

The methodology for experiments in milk was adopbexin Fotaki etal., 2005.
Pepsin solution was prepared by dissolving 1.74# gepsin (66 IU/mg) in 100 ml of HCI
1.83 M. Prior to the performance of experimentsnitk digested with pepsin, the influence
of pepsin concentration to the partitioning of dheiween aqueous and lipid part of milk was
assessed by using various concentrations of pemsmesponding to values present in the
dissolution vessel during the test.

100 pg/ml stock solution of doxazosin (base, maésydalt or hydrochloride salt) was
prepared in methanol. 24.1, 23.9, 23.7, 23.5, 28d823.1 ml of milk (3.5 %) was transferred
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in six 25 ml Erlenmeyer flasks (ca. 25 ml). In eflelsk 500ul of stock solution of doxazosin
was added and flasks were placed into a shakirtgthatmostated at 37 °C. At the specific
time points after temperature equilibration, 20@fybepsin solution was added in each flask,

according to the scheme in Table 3.

Table 3. Schedule for addition of pepsin solutind eemoval of flasks from the shaking bath

Flask Time (min)
No. 0 15 30 45 60 75 90
1 + + — — — — —
2 + + + — — — —
3 + + + + — — —
4 + + + + + — —
5 + + + + + + —
6 + + + + + + +

A flask was removed from the shaking bath upon detigm of pepsin addition. After
vortexing, 5 ml were transferred into a test tubd aentrifuged (10 min, 4000 rpm, 5 °C).
500 ul of supernatant was then transferred into tubestatming 1000ul of acetonitrile,
vortexed and centrifuged again, under the sameitomsl Clear supernatant was injected
directly into the HPLC system.

Areas were evaluated against standard curves geeaery experimental day, which
consisted of six points, in concentration rangenf@25 to 4ug/ml.

Standard curves were prepared as described below.

23.538, 23.475, 23.350, 23.100, 22.850 and 22.608f milk (3.5 %) and 62.5, 125,
250, 500, 750 and 10Q0 of standard stock solution prepared in methah@Dug/ml), were
transferred in six 25 ml Erlenmeyer flasks, respebt. Flasks were placed into a shaking
bath thermostated at 37 °C.

At time points 0, 15, 30, 45, 60, 75 and 90 mir) gDof pepsin solution was added in
each flask. After 90 min, all flasks were taken aotl handled in the same way as described

previously.

The conditions of dissolution experiments in digdstnilk were the same as for other

media (experiments were run in triplicate at 37.0.5 °C using the USP Il Apparatus at 100
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rpm). However, sampling procedure for milk digestath pepsin was much more complex:
at sampling times 5, 10, 15, 20, 30, 60, 90, 130, 4nd 180 minutes, 4 ml of sample was
withdrawn and the volume was replaced with the saoh@me of blank dissolution medium.
The blank dissolution medium (milk 3.5 % fat inityd was kept in separate vessel at the
temperature 3% 0.5 °C with the paddle rotating at 100 rpm (exatite same period with the
actual dissolution vessel) and 4 ml of a pepsintsm (4600 IU of pepsin in 4 ml HCI 1.83
M) was added at times 0, 15, 30, 45, 60, 75 andn@tutes after the beginning of the
experiment. At sampling times 15, 30, 45, 60, 78 80 minutes the drawn sample from
dissolution vessel was replaced with 4 ml of pepsilution. With this procedure the volume
of the dissolution medium was constant at 500 mihguthe entire duration of experiment.

Samples were withdrawn using a 5 ml Fortuna Optimsyringe (Fischer
Labortechnik, Frankfurt/Main, Germany) fitted witlstainless tubing to facilitate
representative sampling with sample replacement.

After withdrawal from dissolution vessels, samplesre centrifuged at 4000 rpm at 5
°C for 10 minutes. 1004l of acetonitrile was added to 5@0 of supernatant and vortexed.
Sample was centrifuged at 4000 rpm at 5 °C for liutes, and a sample from the
supernatant was injected directly into HPLC system.

To quantify dissolution data at different time gsirof dissolution test, due to the
different extraction properties of the drug in wais concentrations of pepsin (please refer to
the sectiorResults and discussipit was decided to prepare six different calilatcurves,
with the concentrations of pepsin equivalent todh®unt present in the release experiments
at 10, 15, 30, 60, 75 and at 90 minutes for DB @htand at 30 and 75 min for DH.

In six Erlenmeyer flasks appropriate amount of milks transferred, so that volume of
milk, pepsin and standard solution made 25 ml.

Stock solution of doxazosin (1Q®/ml) was added in six different concentrations to
cover the range from 0.25 tougy/ml. Finally, pepsin solution was added in eaelsk] in the
following amount:

- 200yl to the flasks for calibration curve correspondiod0 min of dissolution testing
- 400yl to the flasks for calibration curve correspondiod5 min of dissolution testing
- 600yl to the flasks for calibration curve correspondio@0 min of dissolution testing
- 1000ul to the flasks for calibration curve correspondiadg0 min of dissolution testing
- 1200ul to the flasks for calibration curve correspondiag5 min of dissolution testing
- 1400ul to the flasks for calibration curve correspondia®0 min of dissolution testing
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Samples were thoroughly mixed and approx. 5 mlawhesample was transferred into test
tubes and centrifuged (10 min, 4000 rpm, 5 °C). plO6f supernatant was then transferred
into tubes containing 100 of acetonitrile, vortexed and centrifuged againder the same

conditions. Clear supernatant was injected dirently the HPLC system.

In dissolution experiments the difference factbraea Was used for testing the
difference of cumulative % dissolved vs. time pexfiaccording to a previously proposed
methodology (Vertzoni edl., 2003). Since the coefficient of variation of datnts was in
almost all cases less than 20 %, the mean datavee¢scompared. The limit for identifying
differences between the test and reference sedtafwlas set to, frea> 0.15 (Vertzoni etl.,
2003). In cases where more than 85 % of drug wssoblied in less than 15 minutes, the

profiles were considered similar without furthertheanatical evaluation.

4.2.5. HPLC method for determination of doxazosin assay isamples from solubility

studies and dissolution test

High performance liquid chromatography method (HPWas used for quantitative
determination of doxazosin in samples from soltjpgtudies and dissolution test.

The HPLC system consisted of a Spectra System pB@®0, a SpectraSystem
detector UV1000, a controller Spectra System SN4Q@D(Spectra System autosampler
AS3000 and the Chromquest software (ThermoQuest$am Joe, USA). Merck Superspher
100 RP-18 endcapped (250 x 4 mmur8) column with LiChrosph& 100 RP-18 (5um)
guard column was used.

The mobile phase consisted of methanol, acetaniinid 50 mM phosphate buffer pH
3.0 (40:15:45y/v/V) and the flow rate was 1 ml/min. The injectionwole was 1Qul, column
temperature was set to 40 °C and the retention dfrdoxazosin was about 7 minutes. The
detection wavelength was 246 nm.

The method was previously validated in Pliva anitdasion data are not shown in this
thesis. The results of validation experiments Satsrequired criteria regarding selectivity,

linearity, accuracy, precision, intermediate precissolution stability and robustness.
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4.2.6. Simulated data after administration of DB and DM teblets to adults

Simulated cumulative doxazosin in plasma vs. tintefiles after single-dose
administrations of DB and DM tablets were conseddStell& 9.0.2 software, isee systems,
Inc., USA) by using than vitro dissolution data and previously described procesiur
(Nicolaides etal., 2001, Rausl eal., 2006) after taking into account tive vitro solubility
data, the average bioavailability after oral adstiation of doxazosin (Vincent at., 1983),
and the enterohepatic circulation of doxazosin @Gaf, Summary of product
characteristics). Briefly, dissolution of the apprate phase in stomach (taking into account
the conversion of DB to DH) was assumed to occtit gastric contents are saturated or the
entire dose is dissolved, basedimwitro dissolution data. lin vitro dissolution under gastric
conditions was rapid, then a 250 ml solution witnaentration equal to the maximum
concentration observed im vitro experiments was assumed to have been administered.
Absorption by the gastric mucosa was assumed toelgégible, gastric emptying of solids
and liquid (250 ml at administration time) occurreith the same rate constant, 2.8, h
according to population values (Vertzoniagt 2005, Nicolaides «&tl., 2001), and absorption
from the small intestine occurred without any liaiibn. In all cases, dissolution was assumed
to occur according to a dissolution rate constiaat had been estimated from thevitro data
based on the Noyes-Whitney theory for dissolutigar{zoni etal., 2005; Nicolaides edl.,
2001). Characterization of the enterohepatic catwoih of doxazosin was possible by fitting a
previously described model (Rauslatt, 2006) to intravenous doxazosin data (Elliotalet
1987) and assuming that the gallbladder emptienitimt duodenum at 4, 10, and 24 h post-
dosing (according to the feeding schedule of thenteers in the actuah vivo study). The
cumulative doxazosin profile in plasma until 2 howfter administration was used for

evaluating early exposure.

4.2.7. Development and validation of new LC-MS/MS methoddr determination of

doxazosin assay in canine plasma

A LC-MS/MS method for determination of low doxazosioncentrations in plasma
after oral administration to dogs is describedriogg etal., 2010.

The liquid chromatograph (Agilent 1100; Agilent Tieologies, Inc., Palo Alto, CA)
was coupled to a mass spectrometer with a turbctregray ion source (Qtrap; Applied
Biosystems, Foster City, CA) and an electrosprayizetion (ESI) interface. An Analyst
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software 1.3.1 (Applied Biosystems) was used forNIS/MS control and signal acquisition.
LC system was equipped with Agilent 1100 gradieminp, Thermo autosampler, column
oven and diode array detector.

A Hettich centrifuge Universal 32R (Tuttlingen, Gemy) was utilized to centrifuge
plasma samples. Vacuum evaporator used in sampiacean procedure was Concentrator
Eppendorf 5301, (Eppendorf, Hamburg, Germany).

Separation was achieved on an XTerra MS C18 col(®@ mm x 2.1 mm, 3.5 um
particle size) equipped with a XTerra MS C18 gueotimn (20 mm x 2.1 mm, 3.5 pm
particle size), both from Waters (USA). The gratlienobile phase was composed of
acetonitrile: 2 mM ammonium acetate (100 as mobile phase A and acetonitril : 2 mM
ammonium acetate (90:Mv) as the mobile phase B. % mobile phase A at tines 8, 10
and 15 min was 90, 90, 30, 90, 90, respectivelye flow rate was 40Ql/min and the
injection volume was 100 pl. The column temperatwes maintained at 35 °C and the
autosampler cooler was maintained at 10 °C. Thioeltime for prazosin and doxazosin was
approximately 8 and 10 min, respectively. The HRiffluent was sprayed directly into the
mass spectrometer at 400 pl/min flow rate. The @HRnass spectrometer was operated
with turbo ion-spray interface in positive ion maateunit resolution. Doxazosin and prazosin
(IS) were detected by selected reaction monito(igM) in the multi reaction monitoring
mode using the following settings: transition&z 452.3>344.4 and 384:3247.2 with dwell
time 200 msec. lon source and other instrumentnpetexs were optimized for the transition
and the following settings were used: 30 psi cartas, 300 °C temperature, 30 psi nebuliser
gas, 60 psi heater gas, 4 eV nebulizer currenty Gfeclustering potential, 12 V entrance

potential, 40 eV collision energy, and collisiorl exit 4 eV.

For the isolation of doxazosin from plasma samplegein precipitation was applied
and optimized. Since liquid-liquid extraction igllsthe most widely used technique for
extraction of doxazosin from spiked plasma samplas,our study it was tested for
comparative purposes.

Various solvents (methanol, ethanol and combinatbmethanol and acetonitrile)
and conditions (4 °C and —20 °C) were evaluategbfotein precipitation.

Liquid-liquid extraction was performed with 5Q0 of plasma by alkalinization with
1M NaOH, followed by extraction with 30 % dichlorethane in hexane. The upper organic
layer was evaporated to dryness and the remaimingedidue was dissolved in mobile phase
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and injected into the LC-MS/MS system. Recovery wakkulated by comparing the peak
areas obtained from plasma samples with thoserdutaoy direct injection of the working
standard solutions of doxazosin. Extraction wadopered so that the entire volume of
supernatant was obtained and subsequently evagatatdryness. In both cases internal
standard was added into the solution. Method viidgprocedures were based on relevant
guidelines (Green etl., 1996, Shah «dl., 2000).

42.7.1. Calibration curves

Stock solutions of doxazosin base, doxazosin mesyad prazosin hydrochloride
(100 pug/ml) were prepared by dissolving 10 mg eheaompound in 100 ml of methanol. All
solutions were prepared freshly every day. Conaénotr of the working solution of IS was
60 ng/ml. All dilutions to volume were performedtivivater.

Usual doxazosin calibration curves in plasma wenestructed in the concentration
range of 1-20 ng/ml as follows: 100 pl of blank inenplasma were transferred in a
centrifuge tube containing 50 pl of doxazosin wogkisolutions (2.5-48 ng/ml in water).
After vortexing, 20 pl of working solution of IS @6ng/ml in water) was added. Further
preparation procedure was according to the samenenaas described in secti®ample
preparation procedure

Regression equations were obtained through unvwesigetist square linear regression
analysis with a regression equation y = ax + b,retyewas the peak area ratio of doxazosin

to IS and x was doxazosin concentration in ng/ml.

4.2.7.2. Precision, recovery and accuracy

Quality control (QC) standards for determinationamicuracy and precision of the
method were independently prepared at 2 ng/ml,/Bihgnd 10 ng/ml concentrations in the
same manner as the calibration standards. QC stEndapresent the matrix of the samples
with known amounts of the analyte, used for val@apurposes and to validate the test run.
For recovery, accuracy and intra-day precision @@dards were prepared and analyzed in

triplicate. Inter-day precision was also testeachg<€pC standards in triplicate.
4.2.7.3. Stability

To evaluate doxazosin stability in canine plasnraigdiree plasma samples were

spiked with analytes at 5 ng/ml and 10 ng/ml. Tst the short- and long-term stability of
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doxazosin, quality control standards of 5 ng/ml a8chg/ml were prepared in duplicate and
kept at ambient temperature (25 + 2 °C) and at°fbr 24 h and 60 days, respectively.

42.7.4. Limits of detection and quantification and carryoe&ects

For the determination of limits of detectioh D) and quantification LOQ)
calibration curves were prepared in the range 6+12 ng/ml. TheLOD and LOQ values

were defined as follows (Miller and Miller, 1984):

33s,,, 0s,),
LOD = LOQ=
b and b

whereb is the slope ang,is the residual standard deviation of the regreskne, calculated
using working standards. QC standard for deternanadf carry over was prepared at the

concentration of 20 ng/ml.

4.2.7.5. Sample preparation procedure

150 ul of plasma samples were transferred in arib@ge tube and 20 ul of working
solution of IS (60 ng/ml) were added. After vortexifor 30 s, 400 pl of precipitation solvent
(methanol: acetonitrile 50:5@/v) were added. The new mixture was vortexed for 2Md
stored for at least 12 hours in a freezer at —20TH@n, the samples were centrifuged for 15
minutes at 12000 rpm. The supernatant was filtesag 0.2 um Gelman acrodisc CR PTFE
syringe filters (Gelman Science, Ann Arbor, MI) aedaporated to dryness using vacuum
evaporator at 40 °C. Dry residue was then redigsbim 120 pul of mobile phase and the
solution was vortexed for 1 min. Finally, 100 plrevénjected into the LC-MS/MS system.

4.2.8. Data after administration of DM tablets to adults in the fasting state

After receiving all required approvals and folloginethical principles from
Declaration of Helsinki, actual plasma data follogito single administration of DM tablets
to 24 healthy adults were collected. Each voluniess administered one DM tablet with 240
ml of water after a 10-hour fast. Blood sampleseagnawn prior to dosing and at 0.5, 1, 1.5,
2,233, 267, 3,3.5,4,5, 6, 8,10, 12, 16,38},48, and 72 h post dosing. Plasma samples
were assayed for their doxazosin content using l@atad HPLC method that involved
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liquid-liquid extraction and fluorescence detectiimpublished, developed in house at
PLIVA). A two-compartment model with first-order sdirption was fitted to each individual
concentration vs. time profile (WinNonfirb.2, Pharsight Corporation, Mountain View, CA,
USA). The correlation coefficient for the linearragation between an observed individual
data set and the calculated by the best fitteddata set ranged from 0.93 to 0.997. Individual
cumulative doxazosin in plasma vs. time plots wiben constructed by using the estimated
apparent absorption rate constant and the aveinageailability coefficient of doxazosin in
the literature (0.65, Vincent al., 1983). These data were used for validating theulsited
cumulative doxazosin in plasma vs. time plot aftél administration and evaluating the
importance of using biorelevairt vitro data in such simulation. Profiles in plasma uith

after administration were used for evaluation afye@xposure.
4.2.9. Data after administration of DB and DM tablets to dbgs in the fasting state

Canine studies were performed in four healthy fenmabngrel dogs (4-years old, 28—
32 kg) that were accommodated in an animal facoigrating according to the European
Union regulations for the maintenance and experigiemn on animals and it has been
approved by the Veterinary Directorate of the Mipaflity of Athens (EL 25 BIO 08). After
16 h fasting from food but not water, each dog adsiinistered one DB tablet or one DM
tablet with 250 ml of water via an orogastric tuB&od samples were collected by means of
an indwelling catheter positioned in a suitablecfeg vein. Five to eight hours after drug
administration each dog consumed a standard méal glpellets and 250 ml tap water).
Twelve hours after dosing the catheter was remawetithe dog returned to her cage, where
she was allowed to eat and dria#t libitum Samples after 12 h were collected by individual
venipuncture. Blood samples were centrifuged amsma was stored at —20 °C in brown
glass vials. The LC-MS/MS analytical method thatswased for the determination of
doxazosin in plasma has been published recentlirbgg etl., 2010.

After each administration, total exposure was estith by the total area under the
plasma profile AUCy.o4 » Since canine plasma vs. time after intravenousidtration are
not available in literature and modelling of entexpatic circulation in dogs is problematic
due to inconsistent emptying of canine gallblad@¢alantzi et al., 2006), cumulative
doxazosin in plasma profiles could not be constdi@nd early exposure was estimated by
the partial area under the plasma profi®9C, pasd.€. fromt = 0 up to timef, at which the

first peak on plasma profile, after the administraiof DB to the specific dog, was observed.
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Areas were estimated with the trapezoidal rule atatistically significant differences
between DB and DM administrations were evaluated tine paired-test at the 0.05 level.

4.2.10Data after administration of DB and DM tablets to dogs in the fed state

In the fed state study, the same dogs and the pameedure was used as described
previously in the fasted state study, except fer diosing part. In this study, each dog was
fasted for 16 h from food but not water before audstration. After that each dog was
administered one DB tablet or DM tablet (both comiy 2 mg doxazosin) with 500 ml of
cow’s milk (3.5 % fat) via an orogastric tube. Bigiours after drug administration each dog
was offered a standard meal (150 g pellets andn@5@p water). Twelve hours after dosing
the catheter was removed and the dog returnedrtodge, where she was allowed to eat and
drink ad libitum

Pharmacokinetic parameters includitighy tmax and AUG, pase(partial area under the
plasma concentrations time curve from t = 0 up to the first peak of theofile after
administration of the base (Chen &, 2001)) were calculated using Prism Software
(GraphPad Prism 3.02. Software, Inc., San Diedy, C

Apparent terminal half life was calculated by lagelar regression of the terminal
segment of the plasma concentration-time curve 9@@) where Az is the apparent

elimination rate constant.
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5. RESULTS AND DISCUSSION
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5.1. Characterization of DB, DM, and DH

In order to confirm the structures and physicoclvaincharacteristics of the free base
and two salts, mesylate and hydrochloride, severahniques were employed. Nuclear
magnetic resonancéH NMR) and fourier transforms infrared spectroscqp¥IR) were
used to confirm the structures of the tested spaeinX-ray powder diffraction (XRPD) to
confirm polymorphic form, dynamic vapour sorptiddMS) to evaluate the hydroscopicity of
the substances, differential scanning calorimdd$¢) to show their thermal behaviour, and
scanning electronic microscopy (SEM) to evaluatiedinces in size and morphology of drug

particles.

Proton NMR {H NMR) is the application of nuclear magnetic remore in NMR
spectroscopy with respect & nuclei within the molecules of a substance, ideorto
determine the structure of its molecules. ProtonRN$fpectra of most organic compounds are
characterized by chemical shifts and by spin-spiapting between protons (Silverstein et.
al., 1991).

'H NMR spectrum of DB shows signals correspondingbtth quinazoline and
piperazine-benzodioxane moiety of moleculethNMR spectrum of DM, two additional
signals appear, corresponding to the protonatedaquline cation and methanesulphonyl
counter anion NMR spectrum of DH shows signal correspondingthie protonated

quinazoline amine, designating the substance ak.a s

Fourier Transform-Infrared Spectroscopy (FTIR) s analytical technique used to
identify organic materials, which measures the giigmn of infrared radiation of the sample
material versus wavelength. When a material isliated with infrared radiation, absorbed IR
radiation usually excites molecules into a highdaration state. The wavelength of light
absorbed by a particular molecule is a functionthef energy difference between the at-rest
and excited vibration states. The wavelengths thia@ absorbed by the sample are

characteristic of its molecular structure (MateriBvaluation and Engineering, Inc., 2010).

FTIR spectrum of DB shows sharp peaks at 3477, 28463248 ci, corresponding
to aromatic NH group. In FTIR spectrum of doxazosin mesylate,duime group appears as
broader bands at 3348 and 3182 tnin FTIR spectra of DB and DM, bands of amide
carbonyl groups appear at 1656 + 1 tnwhile bands at 1635 + 1 chmare in good
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accordance with conjugated C=N groups. Severdickirgs in the range of 1441-1593¢m
can be found in FTIR spectra of both compoundsiesponding to aromatic C-C and C=N
groups. A very sharp peak at 1043 ¢roan be seen only in FTIR spectrum of doxazosin

mesylate, which is in good accordance with its Rr$0Gunter anion.

X-ray powder diffraction is used for the analysis pmlymorphism in crystalline
solids. The general principle behind XRPD is thabaow beam of X-rays is passed through
the sample. The wavelength of the X-rays is on dhder of the distance between the
molecules in the crystal lattice, and the sampézettore acts like a diffraction grating. The
diffraction occurs at angles corresponding to tlagg equation (0= 2d sin®). This law
relates the wavelength of electromagnetic radiatmithe diffraction angle and the lattice
spacing in a crystalline sample. These diffractedays are then detected, processed and
counted.

The X-ray diffractograms of DB, DM and DH are shown Figure 11. X-ray
diffractograms of DB and DH could not be found iterature, while DM exists in a number
of different crystalline forms (Sohn and Lee 200%he X-ray diffractogram of DM is
identical to crystal form Ill standard referencdtgan (Grafe and Morsdorf, 1996) (Figure
11).
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Figure 11. X-ray powder diffraction pattern of DBM, standard DM and DH

Dynamic vapour sorption (DVS) is a gravimetric teicjue that measures sorption and
desorption of a solvent onto the sample. In a DW@peament this is accomplished by
exposing a sample to a series of step changedativeehumidity and monitoring the mass
change as a function of time. The sample mass ipesallowed to reach gravimetric
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equilibrium at each step change in humidity beforegressing to the next humidity level.
Then, the equilibrium mass values at each relatwmidity step are used to generate the
isotherm. Isotherms are typically divided into twomponents:sorption for increasing
humidity steps andiesorptionfor decreasing humidity steps. DVS data of thedhtested
substances, DB, DM and DH, show that all threenarehygroscopic, with similar adsorption
and desorption cycles.

Differential scanning calorimetry (DSC) is a theamalytical technique in which the
difference in the amount of heat required to insee#he temperature of a sample and
reference is measured as a function of temperaBoth the sample and the reference are
maintained at nearly the same temperature througieuexperiment. The basic principle
underlying this technique is that when the samplgengoes a physical transformation such as
phase transitions, it will need more or less hieah the reference to maintain both at the same
temperature, depending on whether the proces®tbennic or endothermic.

DSC thermograms of all three substances show alesisbarp endothermic peak

corresponding to the melting of each substancel€gb

Table 4. DSC data

Sample name Onset / °C AH /) ¢!
DB 255.8 121.3
DM 278.4 113.2
DH 288.1 201.2

The obtained DSC data indicate that DH is therm#lly most stable solid, while DB is
thermally the least stable.

Scanning electron microscopy (SEM) is a method High-resolution imaging of
surfaces. The SEM uses electrons for imaging, #mesas a light microscope uses visible
light. The advantages of SEM over light microscapglude much higher magnification
(>100 000 x) and greater depth of field up to 1fites that of light microscopy.

SEM pictures show that particles of DB and DM halete like regular shape, and size less
than 10 um, with DB particles being smaller than.DM

DH patrticles have also plate like regular shapetfeit size is about 50 pm.
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Figure 12. SEM micrograph (2000 x magnificatiorglecbar 20 um) of DB (a), DM (b) and DH (c)

powder

The physicochemical techniques used for charaetisiz of doxazosin base and its
salts, mesylate and hydrochloride, confirmed thantity and crystalline form. The water
uptake properties of all three substances were dfoian be rather similar, while some
differences in thermal behaviour were observe@xpgcted for different salts and base.

A certain differences were noticed also in termpanticle size and morphology of the
three substances, so that should be kept in miridglavaluation of properties and behaviour

of drug products, especially in pH environment vehigs solubility will be challenged.
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5.2. BCS classification of doxazosin

According to new EMA Guideline on the investigatiohbioequivalence, 2010, the
drug substance is considered highly soluble if kighest single dose administered as
immediate release formulation is completely dissdlin 250 ml of buffers within the range
of pH 1-6.8at 37 £ 1 °C.

According to the same Guideline, the complete alignr is considered to be
established where measured extent of absorption 8 %, and complete absorption is
generally related to high permeability.

Since there was no literature data available foSBfassification of doxazosin or it
salts that were based on 8 mg as the highest somge administered, BCS class was
determined experimentally by evaluating if a cort®l8 mg dose of DB, DM and DH,
respectively, was dissolved in 250 ml of pH 1.5, dnd 6.8 at 37 + 1 °C. By visual inspection
it was observed that the 8 mg of each of the dulgtances were completely dissolved in pH
1.2 and 4.5, but not in pH 6.8.

Since doxazosin was reported to be highly permeatnepound (Product monograph
Cardur&, Pfizer), it can be concluded that doxazosin bgda BCS Class |I.

5.3. Physical characterization of DB, DM and DH tablets

Uncoated immediate release tablets of DB, DM anddoHtaining 2 mg of DB per
tablet, were prepared as describetMaterials and methodsection. After the compression of
tablets, samples were tested for their averagehiydigqrdness and disintegration. The results

(average values) are presented in Table 5.

Table 5. Physical characteristics of DB, DM and Phhg tablets

Tablet Mass (g)| Hardness (kP) | Disintegration time (s)

DB 0.1219 5.81 140
DM 0.1199 6.53 117
DH 0.1198 6.24 147

There was no significant difference in the testachmeters.
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5.4. Solubility and dissolution studies in the fasted ste

Solubility and dissolution properties of DB, DM abtH are expected to be crucial for
in vitro behaviour as well as vivo performance of the drug product.

Doxazosin, as a lipophilic weak base, has betteibdiy in acidic pH environment
than in any other pH environment. Knowing that dpugduct was formulated as immediate
release tablets, and that it has relatively shgst (2—3 hours), it is expected that the drug
product is primarily dissolved during residencesiomach, especially after administration in
fasted state, when the pH is the lowest.

Equilibrium solubility and dissolution of weak basis usually determined in simple
hydrochloric acid solutions, although it is knowrat media composition, as well as pH may
both affect solubility of lipophilic weak bases. &gplained previously, the components of
biorelevant media may additionally solubilise tloéivee substance and increase its wettability,
so it is important to evaluate both, pH and mediagosition.

Solubility and dissolution data in acidic media asgected also to reveal whether a
drug's solubility and availability on the site disarption is further challenged with effects
such as common ion effect or conversion to hydamaie salt. Moreover, the influence of
ionic strength of media would also be evaluatedwall as the influence of buffer anion
component on solubility of drug.

All of these effects will be first evaluated in fed state, and then in fed state
environment too.

As poorly soluble week base moves from the favderpbl conditions in the stomach
to a less favourable pH environment in the smd#stine, its solubility undergoes a sharp
decrease. This may cause supersaturation and paé&oip of drug, which of course, makes it
unavailable for absorption. Kostewicz at, 2004, reported that the precipitation of studied
weakly basic drugs occurred only under simulatestieth state conditions, while in fed state
simulated conditions the bile components and thetq@H inhibited precipitation.

In case of doxazosin, it was decided to evaluassatiition behaviour in the
environment of the upper small intestine only foB @nd DM, since the solubility and
dissolution characteristics of DH were only studie@cidic environment in order to evaluate

potential conversion of DB and DM into DH and t@akate the common ion effect.
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The specific goals ah vitro solubility and dissolution studies were multiple:

* To study the solubility of DB, DM, and DH more obg in acidic pH range, in simple
buffer media as well as biorelevant media, sincthlibe pH and composition are
expected to be important for th@rvivo behaviour;

* To evaluate possible conversion of DB and DM to DOidsed on solubility and
dissolution data in acidic pH range;

* To check the influence of common ions on solubitifysalts, primarily the influence
of chloride ions on solubility of DH;

e To check the influence of ionic strength of solitiitlissolution media on solubility of
DB, DM and DH;

* To evaluate the influence of media composition @salution profiles of DB, DM
and DH in gastric environment (simple acidic mediaFaSSGF);

* To evaluate the influence of media composition @saution profiles of DB, DM
and DH in gastric environment in fasting and featest(simple buffers vs. FaSSGF/
FeSSGF);

* To evaluate the influence of media composition @saution profiles of DB, DM
and DH in upper small intestine environment inifagtand fed state (simple buffers
vs. FaSSIF/FeSSIF);

* To evaluate the influence of different buffer angpecies on dissolution of DB, DM

and DH in the upper small intestine environment.

5.4.1. Evaluation of DB, DM and DH in the gastric environment in the fasting state

Solubility of all three substances was determinednedia having different pH and
compositions. The goal was to compare the solybilisimple hydrochloric media with other
complex media, having the same or different pH, diitbrent properties such as buffer
capacity, osmolality and ionic strength.

Solubility of DH was determined in a reduced manneworder to check whether DB
or DM converts to DH in acidic media.

Concentrations in solubility measurements werewatell using standard curves prepared on
the experimental dayn(= 5, 0.5-4 pg/ml in FaSSGF and= 6, 1-10 pg/ml in hydrochloric
acid)

Analytical parameters for the standard curves arengn Table 6.
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Table 6. Analytical parameters for the standardesiof doxazosin base/salts in FaSSGF and
hydrochloric acid used in solubility experiments

Medium

HGF (pH 1.8)
FaSSGF-V2 (pH 1.6

Substance| r? Slope + SD Intercept + SD

Standard curves in FaSSGH{pR 1.6) were used
0.9996| 314977024 + 372448Pp —24226 + 9161

DB 0.9999| 326177390 + 2060796 —14943 + 5069
0.9991| 324430012 + 557069b —13102 + 1702
DM 0.9998| 298488829 + 2446608 —10807 + 6018

USP buffer (pH 1.2) DM 0.999P 116.0796 + 0.676176 0.0091 + 0.0078
HCI (pH 1.8) DB 0.9996 311116142 + 310861 —34933 + 1866
HCI (pH 2.6) DB 0.9990Q 317780137 + 5015720-129891 + 3441
HCI (pH 3.0) DB 0.9992 311336142 + 324391 —15933 + 2166

Solubility results are presented in Table 7.

Table 7.Mean+ SD ( = 3) solubility 1g/ml) of doxazosin base (DB), doxazosin mesylatelY@and

doxazosin hydrochloride (DH) in human gastric fliitlGF) and in various simulated gastric fluids*

Medium DB DM DH
HGF 0.256 + 0.049 0.200 + 0.014 N/A
pH 1.8 (PHeq 2.7) (PHeq 1.8)
CGF 0.247 £ 0.013 0.609 £ 0.006 N/A
pH 2.6 (PHeq 3.7) (pHeq 2.6)
FaSSGF-V2 0.235+0.016 0.141 +0.013 0.021 + 0.002
pH 1.6 (PHeq 2.3) (PHeq 1.6) (PHeq 1.6)
USP 0.535+0.013 0.254 £ 0.008 0.040 £ 0.008
pH 1.2 (PHeq 1.2) (PHeq 1.2) (PHeq 1.2)
HCI 2.763 £ 0.599 1.511 £0.419 0.099 +0.006
pH 1.8 (PHeq 2.6) (PHeq 1.8) (PHeq 1.8)
HCI 0.751 £0.014 3.364 £ 0.187 0.501 £ 0.018
pH 2.6 (PHeq 3.7) (PHeq 2.7) (PHeq 2.6)
HCI 0.521 + 0.054 N/A N/A
pH 3.0 (PHeq4.1)

* pHeqis pH at equilibrium; N/A means not available.
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Solubility of DB in HGF is significantly lower thasolubility in pH 1.8 HCI solution,
despite the fact that both initial and equilibriygH, pHeq, are similar (Table 7), due to the
much higher ionic strength of HGF (Vertzoniat, 2007, Lindahl etl., 1997). This may
further be confirmed by the fact that solubilitytalaof DB in FaSSGF-V2 are similar with
solubility data in HGF at approximately similar gitalues (Table 7). DB solubility in pH 1.2
USP buffer is significantly higher than the solitgibf DH (Table 7). This difference should
be attributed to common ion effects (e.g., Streng.e1984), especially if conversion of DB
to DH occurs (please see below).

The amount of DM in excess did not affectepMalues (Serajuddin, 2007), as in all
media pHeq was similar with the initial pH (Table 7

Solubility of DM is higher than DH in HCI solutiongvhich is in correlation with its
lower melting point and the lack of common ion effeDue to differences in ionic strength
between pH 1.8 HCI and FaSSGF-V2, solubility of DMFaSSGF-V2 is much closer to
solubility in HGF than solubility in pH 1.8 HCI (Bée 7).

Further on, dissolution experiments with DB, DM ddd were performed in HCI pH
1.6 and FaSSGF (pH 1.6) in order to distinguisiwbet the contribution of pH and other
components of biorelevant media on solubility ars$alution rate of the tested compounds.
Concentrations in dissolution experiments werew@atald using standard curves prepared on
the experimental dayn = 5, 0.5-4 pg/ml in both media)

Analytical parameters for the standard curves arengn Table 8.

Table 8. Analytical parameters for the standardesiof doxazosin base and salts in FaSSGF-V2

Medium | sypstance| r? Slope + SD Intercept + SD

DB 0.9996 134066463 + 162426 | —7661 + 343

FaSSGF-V2 DM 0.9997 130342402 + 177554 | —1975 + 342

DH 0.9997 138596401 + 1410851 —11488 + 468

HClpH 1.6 DM 0.9992 138126.8347 + 2256.7264 4.F@585

Dissolution profiles are presented in Figure 13.
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Figure 13. Mearx SD (n = 3) % dissolved DB tablets (a), DM tablets (bjl &H tablets (c), in pH 1.6

HCI solution and in FaSSGF-V2
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Dissolution of DM, DH, and with a less extent DBl&ts, is rapid in HGh1.6 (Figure

13). However, in contrast with equilibrium solubyldata (Table 7) dissolution of the dose is
slightly less than complete (Figure 13). As pregigwbserved with other ionized weak bases
(N. Fransén eal., 2008, Hollenbeck etl., 1988, Narang edl., 2010), the cationic form of
doxazosin could exchange with sodium ions assatiati¢h insoluble croscarmellose (the
disintegrant in the tablets). For all three phaskéssolution of the dose in FaSSGF-V2 was
slower than in HGh1e Which is in line with the lower solubility ressltof the phases in
FaSSGF-V2. In addition, dissolution was less cotepthan in HGJu16 Solution. Since the
increased ionic strength does not affect the iotema of protonated compounds with
croscarmellose sodium (N. Franséralet 2008, Hollenbeck etl., 1988, Narang etl., 2010),

an interaction between protonated doxazosin aneb¢holate with subsequent formation of
insoluble salt(s) can be postulated. Such intevadgtideed would have a significant impact on

% dissolution profile, due to the low dose of dosin.

The difference between the dissolution profilesdD& and DM tablets is significant
(f1,area= 0.22), mostly due to the more complete dissotutd DM tablets. For DB and DH
tablets, dissolution in FaSSGF-V2 is incomplete, ngkhains unaltered until completion of
the process, and dissolution profiles do not diegnificantly €1 aea= 0.11). Based on
solubility data of DB in pH 1.2 USP buffer and im$FSGF-V2 (please note that gbf
FaSSGF-V2 is significantly increased), solubilify@B in FaSSGF-V2 (pH 1.6) is expected
to be about ten times higher than solubility of DHFaSSGF-V2 (Table 7). The similar
dissolution profiles of DB and DH in FaSSGF-V2,réfere, suggest conversion of DB to DH
during dissolution of the dose. The slightly slovagssolution of DH tablets at early time

points is in agreement with its bigger particleeigigure 12).
Additionaly, dissolution under conditions simulafithe canine gastric pH (pH 2.6)

was performed (Figure 14) and the results showed ithis rapid for all three tested

compounds, as it was in Hfal 6 (Figure 13).
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Figure 14. Mearx SD (n = 3) % dissolved DB tablets (a), DM tablets (b)l &H tablets (c), in pH 2.6
HCI solution

5.4.2. Evaluation of DB and DM in the environment of theupper small intestine in the
fasting state

Dissolution studies of DB and DM were performed fassted and fed state
environment, in simple buffers having pH 6.5 and &nd in biorelevant media FaSSIF and
FeSSIF.

As said previously, regarding the choice of physyadal buffer in FaSSIF and
FeSSIF, practical issues led to use of non-phygicéd buffer species. Therefore alternative
buffer species were tested, since theoreticallytyipe of buffer may affect the solubility
product and stability of the active compound arsl dissolution behaviour. In case of
doxazosin, phosphate and maleate buffers weredtesté&-aSSIF, and acetate and citrate
buffers in FeSSIF. Analytical parameters for thendard curvesn(= 5, 0.5-4 ng/ml) in pH
6.5 and FaSSIF are given in Table 9.
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Table 9. Analytical parameters for the standardesiin pH 6.5 and FaSSIF

Medium | sypstance| r? Slope + SD Intercept + SD
pH 6.5 DM 0.9975| 129073 + 3721 10+2
PH 6.5, DM 0.9995| 138171 + 1814 —3+2

DB 0.9993| 120648280 + 181780 —14649 + 483

FaSSIF
DM 0.9995| 100235416 + 146892 —12232 + 371
DH 0.9997| 97593714 + 102438 —15382 + 251
0.9995| 86274500 + 163825

DM 0.9998| 93715939 +697875 —9034 = 1717

Dissolution profiles of DB and DM tablets in medimulating the environment in the

upper small intestine in fasting state are presemé&igure 15.
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Figure 15. Mearx SD (h = 3) % dissolved DB tablets (a) and DM tabletsifbiraSSIF, FaSS}E pH
6.5 phosphate buffer (pH 6.5), and pH 6.5 maleateeb(pH 6.5,)

Dissolution of DB tablets in media simulating thevieonment in the upper small
intestine in fasting state was not complete (Fidura).

Based on the plateau levels (last experimentaltpoimelevant curve in Figure 15a,
solubility of DB in phosphate and maleate buffedi®8 and 0.9.g/ml, respectively, whereas
in FaSSIF and FaSSIFm it is 1.6 and dg@ml, respectively. These data indicate that, @nlik
with other weakly alkaline compounds with simild€;p and in similar media prepared with
crude materials (Vertzoni al., 2004), the effect of the anion of the buffer syston
doxazosin solubility is minimal.

Dissolution of DM tablets was more complete andfi@téed by the presence of
solubilizing agents (Figure 15b). As a result, thigerence between DM and DB in FaSSIF
(frarea= 0.42) and in FaSSIF(f1 area= 0.36) is smaller than the difference between Did a
DB in phosphate buffeffyaea= 1.44) and in maleate§ frea= 1.10), i.e., accurate simulation
of the environment in the small intestine increasekibility with subsequently smaller
differences in dissolution profiles between DB &nd.

Based on the plateau level in pH 6.5 buffer (FiglBa), DB is according to BCS, low
solubile compound (the dose to solubility ratio2i336 ml). Similarly, DM is also a low
solubile compound (based on the plateau level ir6f@Houffer, dose to solubility ratio is 612
ml, Figure 15b), as indicated in literature (Yamtshnd Tachiki, 2009).
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5.5. Solubility and dissolution studies in the fed state

Solubility and dissolution studies in the fed state part of overall assessment of food
effect on absorption of doxazosin. Dissolution hetar of the tested substances will be

evaluated in the gastric and small intestinal emrinent in the fed state.
5.5.1. Evaluation of DB, DM and DH in the gastric environment in the fed state

Milk has been proposed to mimic gastric conditiafiesr meal intake since the ratio of
carbohydrates, proteins and fat is similar to tléta typical meal administered in
bioavailability study (Macheras and Reppas, 198&irketal., 2004).

As described inMaterials and methodshapter, the influence of pepsin to the
partitioning of doxazosin between aqueous and lgadt of milk was evaluated prior to
dissolution experiments in milk.

Analytical parameters for the standard curves arengn Table 10.

Table 10. Analytical parameters for the standargesiof doxazosin base and salts in milk digested

with pepsin

Medium | sypstance| r? Slope + SD Intercept + SD

DB 0.9960| 26630609 + 848755 1922 + 108§

Milk digested

with pepsin

DM 0.9995| 25622956 + 283650 787 £ 68

DH 0.9988| 29513866 + 504949 1036 + 135

The results of doxazosin partitioning are presemdelgure 16.
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Figure 16. The influence of pepsin concentratiorettraction rate of drug to aqueous part of milk
(supernatant)

The results indicated that the amount of doxazosithe supernatant increases with
the addition of pepsin solution into a whole milkdatherefore quantification in dissolution
experiment at different time points should be basedifferent standard curves.

In order to quantify dissolution data at differéimie points of dissolution test, it was
necessary to prepare six different calibration esyvwith the concentrations of pepsin
equivalent to the amount present in the releaserarpnts at 10, 15, 30, 60, 75 and at 90
minutes.

Preparation of standard curves was described inefidé&d and methods chapter.

Analytical parameters for the standard curves arengn Table 11.
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Table 11. Analytical parameters for the standardesiof doxazosin base/salts in milk with different

concentrations of pepsin

2

Standard curve for | Substance| r Slope £ SD Intercept £ SD
10 min DB 0.9996| 8857702 + 99129 237 £168
DM 0.9979| 8254828 + 188126 1922 + 423

15 min DB 0.9979| 10296351 + 2387715 —434 + 537

DM 0.9992| 10969746 * 152542 —212 + 343
DB 0.9971| 12143713 % 325050 —1700 + 731
DM 0.9971| 11326967 % 303946 —202 + 683
DH 0.9991| 11354767 = 173049 —660 + 389
60 min DB 0.9964| 17882183 * 5368551899 + 1207
DM 0.9970| 17934711 = 489785 —985 + 1101
DB 0.9998| 24729131 + 166584 —g28 + 374
DM 0.9983| 23112528 * 482356 —936 + 1084
DH 0.9988| 24019257 420993 50 + 946
90 min DB 0.9998| 27424373 + 169937 —710 + 382
DM 0.9987| 29086066 * 520814 —1273 + 1171

30 min

75 min

The slopes of standard curves at the same timdspare statistically evaluated by
usingt-test (Glantz S.A., Primer of biostatistics). Pkeasfer to Table 12.

Table 12. Estimatetivalues after the application ot-test for the comparison of slopes of standard
curves in milk digested with pepsin with variouscamts of pepsin. The critical valuetaor 8
degrees of freedom at the 99 % level is 3.36 (@I&W\., Primer of biostatistics)

Pepsin concentration Estimatedt values | Estimatedt values
corresponding to (DB vs. DM) (DB vs. DH)
10 min of dissolution testing 2.84 -
15 min of dissolution testing 2.38 -
30 min of dissolution testing 1.84 2.14
60 min of dissolution testing 0.07 —
75 min of dissolution testing 3.17 1.57
90 min of dissolution testing 3.03 -

Based on Table 12, at a given time of dissolutesting the slope of the standard

curve does not vary with the form of doxazosin @hagdrochloride-mesylate).
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Therefore, it was decided that on days of analysiandard curves at 30 and 75
minutes would be constructed, and % dissolved la¢rotime points would be calculated
according to the ratio of slopes between the staihclarves.

Analytical parameters for the standard curves pezhban every experimental day are
given in Table 13.

Table 13. Analytical parameters for the standargesiof doxazosin base/salts in milk at different

time points
Standard curve for .
_ Substance/Time| > Slope+SD Intercept + SD
samples at: (min)
DB/30 0.9996| 8857702 + 99129 237 £168
DB/75 0.9973| 24872621 + 74397 —3063 +1828
o DM/30 0.9993| 10152987 + 132810 —603 + 299
Milk digested
with pepsin
DM/75 0.9991| 19784573 +292694  -1656 + 658
DH/30 0.9991| 11354767 £ 173049 —660 + 389
DH/75 0.9988| 24019257 +420993  —20 + 946

Dissolution profiles of DB, DM and DH in milk digesl with pepsin are presented in
Figure 17.
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Figure 17. Meart SD (= 3) % dissolved DB tablets, DM tablets and DH e#bin milk with pepsin
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Dissolution of the dose is slightly less than costglin milk with pepsin. Since the
final pH in milk digested with pepsin is little moithan about 2 (Dressman at, 2007)
similar bahaviour in acidic media as previouslyaldg®d can be expected.

Interestingly, lipophilic components of milk do ngignificantly influence dissolution
profiles of DM and DH compared to FaSSGF-{Rigure 18). However, in case of DB,
dissolution rate in milk digested with pepsin igrsficantly lower than in FaSSGF-V2 in the
first hour, but after that reaches more complessalution. This might be due to the slower
diffusion of the micelle-bound drug to the bulk (dh&ras and Reppas, 1987).

Macheras etl. (1989) have demonstrated that chlorothiazidehgmlochlorothiazide
are well solubilized by casein micelles in milk, @vbas more lipophilic compounds, such as
indomethacin and diazepam, are additionally sakddl into the milk fat (Macheras at.,
1990).

The results in simple hydrochloric acid media (pl8) Ifor all three compounds are
significantly faster than in FaSSGF-¥2milk with pepsin (Figure 18).
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Figure 18. Meat SD (= 3) % dissolved DB tablets (a), DM tablets (bjl &H tablets (c), in pH 1.6

HCI solution, in FaSSGF-V2 and milk with pepsin

Regarding the expected food effect, basedronitro biorelevant data it could be
assumed that the differences in dissolution inefhsind fed stomach for neither DB nor DM

would be important due to a small dose and a loggstric residence time in the fed state.

5.5.2. Evaluation of DB and DM in the environment of the ypper small intestine in the

fed state

Analytical parameters for the standard curves g, 0.5-4 ng/ml) in pH 5.0 and FeSSIF are

given in Table 14.




Table 14. Analytical parameters for the standarde=uin pH 6.5 and FaSSIF

Medium Substance| r? Slope £ SD Intercept £ SD

pH 5.0 DM 0.9995 138825 + 1788 -3+4

pH 5.Q DM 0.9973 129983 + 3914 7+10

FeSSIF DB 0.9994| 114482037 + 1622048 2858 + 3990
DM 0.9983| 118560580 + 2822190 3257 + 6942
DH 0.9998| 125348732 £93261p -3175+2294

FeSSIR DB 0.9995| 123880061 + 1611398 705 + 3964
DM 0.9986| 296328500 + 6490439 13544 + 15964

Dissolution profiles of DB and DM tablets in medimulating the environment in the

upper small intestine is presented in Figure 19.

100

80

60 -

40 4

Doxazosin dissolved %

20 4

100 -

80 -

60

40

% Doxazosin dissolved

20 -

DB (a)
—A— FeSSIF —8— FeSSIFc
—A—pH5.0 —8—pH5.0c
0 20 40 60 80 100 120
Time (min)
DM (b)

—A— FeSSIF —B— FeSSIFc
—A—pH5.0 —&—pH5.0c
0 20 40 60 80 100
Time (min)

120

Figure 19. Meat SD (h = 3) % dissolved DB tablets (a) and DM tabletsifblreSSIF, FeSS{FpH
5.0 acetate buffer (pH 5.0), and pH 5.0 citratddsupH 5.Q)
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Dissolution of DB tablets in media simulating thevieonment in the upper small
intestine in the fed state was not complete (Figi9a).

Based on the plateau levels in dissolution expertm@resented in Figure 19, the
effect of the anion of the buffer system on doxazsslubility is minimal for DB, but it is
significant for DM (the difference between pH 5.@hwacetate and citrate buffer and FeSSIF
and FeSSIFc if area= 0.43 in both cases).

This could be attributed to the differences in bdity of the salts that exist in pH of
FeSSIF (Vertzoni edl., 2004).

Dissolution of DM tablets is complete only in FeB&(Figure 19b), probably due to
the same reasons as explained earlier. As in the afafasting state conditions dissolution of

DM tablets in the environment of the small intestia also more efficient than dissolution of
DB.

The comparison of dissolution behaviour of DB ard i the fed and in the fasted

state simulating intestinal media is given in thguiFe 20.
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Figure 20. Mearx SD (h = 3) % dissolved DB tablets (a) and DM tabletsi{bJaSSIF, FaSS}E

FeSSIF and FeSSIF

In biorelevant dissolution media representing ities fluid with and without food the
behaviour of DB and DM was different. DissolutidnDB was significantly higher in FeSSIF
than in FaSSIF, irrespectively of the buffer anused in experiments. For DM the results are
not so straight forward: the extent of dissolutisrsignificantly higher in FeSSIF prepared
with citrate buffer than in FaSSIF with either pplbate or maleate buffer. On the other hand,
the difference between FeSSIF and FaSSIF is nileis FeSSIF with acetate buffer is used.

The other two objectives that were supposed toviakiated in the fed state, the food
effect after absorption of doxazosin and the ewalnaf canine model for prediction for food

effects in humans, will be commented after the gm&stion of fed state vivoresults.

5.6. Assessment of early exposure after the administratn of DB and DM

tablets by usingin vitro data in the fasted state

The objective of this part of thesis was to evauidite usefulness of biorelevant
vitro data and of canine data in forecasting early exgosafter administration of DB and
DM.

Figure 21a shows the actual individual plasma cotnagon vs. time profiles, after
single administrations of DM tablets to 24 heal#lulplts. In all profiles secondary peaks were
observed, in agreement with the enterohepatic laitiom of doxazosin (CardufaSummary

of product characteristics). As with plasma conain profiles, individual cumulative
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doxazosin profiles in plasma after single admiaisdtns of DM tablets were highly variable
(Figure 21b).
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Figure 21. (a) Individual doxazosin concentratiompliasma vs. time profiles & 24), after single dose
administrations of DM tablets to healthy adults @artial (and complete, in insert) individual
cumulative % doxazosin in plasma vs. time profijes= 24, grey lines), simulated cumulative %
doxazosin in plasma vs. time profiles after adniiatfon of one DB tablet that were constructed by
using dissolution data in Hgh ¢and in phosphate buffer pH 6.8 (__ _ ) and by udisgolution data

in FaSSGF-V2 and FaSSIF (__ . ), and simulatedutative % doxazosin in plasma vs. time
profiles after administration of one DM tablet thaére constructed by using dissolution data in
HCl,16and in phosphate buffer pH 6.8 (.......... ) and by usidiggolution data in FaSSGF-V2 and
FaSSIF ( )
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Regardless of the type af vitro data used for generating the simulated cumulative
input profile of DM, the early phase, 0—0.5 h pdssing of DM tablets, is underestimated by
the simulated profiles (Figure 21b). This was fotmdbe related to the methodology applied
for estimating the kinetics of excretion into thieb

To specify, it was tested whether the underpremticof cumulative % doxazosin in
plasma vs. time during the first half hour aftemaaistration of DM is due to inaccurate
estimation of gastric emptying rates (gastric enmgfyrate constant in the fasted state has
been set to 2.8 so the simulated cumulative % doxazosin in plasmdime was also done

with gastric emptying rates of 3.5'fand 4 hY).
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Figure 22. Simulated cumulative in plasma doxaz@sofiles after DM administration by using in
vitro data in pure aqueous buffers, where (......... gastric emptying rate constant 281f . )

is gastric emptying rate constant 35 dnd ( ) gastric emptying rate constant'4 h

The results showed in Figure 22 that the possiblgerprediction of cumulative %
doxazosin in plasma vs. time during the first hedtir after administration of DM is not due

to underestimation of gastric emptying rates.

After that, the importance of enterohepatic cirtolaon the initial input phase was
evaluated. Based on the Figure 23 below, it cacobeluded that the inaccurate estimation of
the kinetics of excretion into bile is probably thmain reason for the underprediction of the

early input phase (0-0.5 h post dosing) after Dvhiadstration.
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Figure 23. Individual actual cumulative in plasnaxazosin profiles after DM administration (grey
lines) and simulated profiles without taking intonsideration the enterohepatic circulation of

doxazosin and by using in vitro data in pure aqadmuffers (.......... ) and data in biorelevant media

)

Simulation of enterohepatic circulation involvec thse of mean intravenous plasma
concentration vs. time data that were estimatesh faolimited number of individual profiles
(Elliott etal., 1987). Also, simulated profiles of DM at latené&s after administration (times >
3 h) seem to over predict the average actual préfisert of Figure 21b). This can be related
to variability of gallbladder emptying patterns.

Compared within vitro data collected in simple aqueous buffers, bioréin vitro
data led to better evaluation of the average ippotile of DM, during the 0.5-2 hours post-
dosing (Figure 21b).

The results showed that simulated cumulative %dasma vs. time profiles during the
first 2 h after administration constructed by usimgitro data in simple aqueous buffers or in
biorelevant media suggests that the administeremsgghDB or DM, does not have a

significant impact on early exposure (Figure 21b).
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5.7. Development and validation of new LC-MS/MS method dr

determination of doxazosin assay in canine plasma

For determination of doxazosin in human plasmars¢amalytical methods have been
reported, mainly chromatographic methods coupleth iluorescence (Cowlishaw and
Sharman, 1985, Fouda &t, 1988, Jackman eai., 1991, Sripalakit eal., 2005, Sripalakit et
al., 2006, Kim etl., 2006, Kwon eal., 2007) UV (Wei etl., 2007), MS (Ma eal., 2007) or
MS/MS detection (Al-Dirbashi eal., 2006, Ji etal., 2008). Sample treatment involves
primarily liquid-liquid extraction of doxazosin fre plasma (Fouda etl., 1988, Jackman et
al., 1991, Sripalakit eal., 2006, Kim etal., 2006, Kwon e#l., 2007, Ma efal., 2007, Al-
Dirbashi etal., 2006, Ji etal., 2008), although offline and online solid-phasdramtion
(Jackman etl., 1991, Wei etal., 2007) as well as protein precipitation (Sripatiadial.,
2005) have also been applied.

Most of the developed methods have been applidditoan pharmacokinetic studies,
after oral administrations of 4-10 mg doses of dosan tablets (Jackman &t, 1991, Kim et
al., 2006, Kwon eal., 2007, Wei etl., 2007, Ma eal., 2007, Ji eal., 2008).

The objective of this study was to develop a methioat would be suitable for
determination of low concentrations of doxazosin ¢anine plasma, i.e. after oral
administration of a 2 mg dose in the fed statehdugh literature data suggest that oral
bioavailability and maximum plasma concentratior.f) are not affected significantly by
dosing conditions in humans (Conwayakt 1993), the lower absorption rates in the fetesta
(as a consequence of the slower gastric emptyiteg)réP. Macheras al., 1995) frequently
lead to lower plasma concentrations during absampith the fed state. Also, the number of

interfering compounds in plasma samples is expdotbe bigger in the fed state.
5.7.1. Optimization of sample treatment

Several sample treatment procedures were testedidkiiquid extraction was not
adopted, primarily because it resulted in low rexg\wf analyte from plasma samples (Table
15).
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Table 15. Doxazosin (20 ng/ml) and of prazosinefimal standard, IS, 30 ng/ml) % recovery from

canine plasma using various sample treatment puoesd

Recovery Recovery

Sample treatment procedures Doxazosin IS

(%) (%)
Liquid-liquid extraction (with 30 % dichloromethamehexane after 43 37
alkalinization with 1M NaOH)
Double precipitation with methanol and storage & 4or 12 h 12 18
Double precipitation with ethanol and storage 3 4or 12 h 16 16
Double precipitation with methanol:acetonitrile (530, v/v) and storage - 38
at4°Cfor 12 h
Precipitation with methanol:acetonitrile (50:3@y) and storage —2{C o1 08
for 12 h

In addition, it required significantly larger vohes of plasma and increased time of
analysis.

A previously described precipitation method (Srabdt etal., 2005) which involved
the use of methanol was found not to be appropifiateremoval of proteins from our
samples. Supernatant of samples collected in ttiestiée was not clear and recoveries of
doxazosin and prazosin were low (Table 15).

In contrast, when plasma sample was diluted withixure of methanol/acetonitrile
(50:50, v/v), vortexed for 30 seconds, stored for 12 hoursaifreezer at —20 °C and
subsequently treated as described in the nextose@hnalysis of plasma samplegroteins
were efficiently precipitated, i.e. supernatant watear and suitable for further
chromatographic analysis, whereas recovery of gptkaxazosin and prazosin was higher
than 90 % (Table 15).

It should be noted that protein precipitation hecently been reported to be inefficient
for accurately measuring doxazosin in pharmacokinstudies (Sripalakit eal., 2006).
However, in the relevant study, although storingditions of the plasma samples drawn
from the PK study are mentioned, storing conditiarisblank plasma sample are not

specified.
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5.7.2. Method validation

5.7.2.1. Selectivity
Typical chromatograms of blank canine plasma amineaplasma samples from the

pharmacokinetic study are shown in Figure 24.
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Figure 24. Chromatograms of (A) canine plasma spikéh 10 ng/ml prazosin, (B) canine plasma
spiked with 2 ng/ml doxazosin and 10 ng/ml of I1®r(centration of doxazosin is the lowest above
LOQ), (C) canine plasma spiked with 10 ng/ml doxazeasid 10 ng/ml of IS and (D) plasma sample

collected 5 h after administration of one doxazosésylate tablet (2 mg doxazosin in tablet)

Prazosin and doxazosin were eluted at approxim&telyd 10 min, respectively, with
a total run time of 15 min, which is within rangeather published methods (Carlsonakt
1986, Cowlishaw eal., 1985, Fouda adl., 1988, Jackman etl., 1991, Sripalakit edl.,
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2005, Sripalakit eal., 2006, Kim e@al., 2006, Kwon eal., 2007, Wei eal., 2007, Ma edl.,
2007, Al-Dirbashi 2006 eal., Ji etal., 2008). Product ion mass spectra of doxazosin and
prazosin have already been published (ai.e2008, Erve eal., 2007).

A good separation of doxazosin and prazosin waaimdd whereas no interfering

peaks were found at the retention time of doxazasdaior prazosin (Figure 24).

5.7.2.2. Calibration curves

Linear calibration curves for doxazosin were olgdirthroughout the concentration
range studied (1-20 ng/ml) over the three conseswtays. The number of points in each
calibration curve was six. Linearity criteria imgaiscorrelation coefficient0.99. Regression
analysis was performed for the ratios of peak afedoxazosin to that of the 1§)(versus
doxazosin concentratiox)( The calibration curve (mean (SD)= 3) could be described by
the equation:

y=0.134 (+ 0.017x + 0.006 (+ 0.068)

In all three replications, intercept was not sigaiht.

5.7.2.3. Precision, accuracy, and recovery

In the last few years various authors have madetefs improve the existing methods
for determination of doxazosin in human plasma. tMafsthese methods were applied to
pharmacokinetic studies of 4-10 mg doses of doxazablets (Jackman at., 1991, Kim et
al., 2006, Kwon etl., 2007, Wei etl., 2007, Ma etl., 2007, Ji etal., 2008).

To our best knowledge Sripalakit al.,2006, were the only who administered single 2
mg dose of doxazosin tablets to humans in thedastege. In that study, 500 ul of sample was
used for extractiows. 150 pl used in the present study for achieving mamable accuracy,
precision, and recovery.

The precision of the proposed LC-MS/MS method wesmened in spiked canine
plasma samples. After preparing and measuring @tples of three different concentrations
of doxazosin, each in triplicate, values of intemd inter-day relative standard deviation
(RSD) were calculated. Results showed that intsatédative standard deviation was less
than 7 %, while the corresponding inter-day valwees Wess than 8 %. Even at concentration
level close to the limit of quantification, RSD uak were in accordance with the relevant
guidelines (Green, 1996, Shahaét 2000) where RSD for LOQ did not exceed 20 %.

Accuracy of the developed method was examined on <pghdards at three

concentration levels by comparing the measuredevalith the nominal values. These
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standards were quantified using calibration cuprepared in plasma matrix. The results are
summarized in Table 16 and are in agreement wéhdlevant guidelines (Greenadt, 1996,
Shah etl., 2000).

Table 16. Relative standard deviation of measurésnedd recovery and % accuracy of three

doxazosin concentrations spiked in canine plasmaidigg the method developed in the present

study*
Nominal Concentration RSD Mean relative Accuracy
(ng/ml) (%) recovery + SD (%) (%)
Intra-day
6.8 97.2+ 6.6 —2.8
5 6.1 101.0+ 6.1 1.0
10 5.2 99.7+ 5.2 —0.3
Inter-day
6.8 941+ 6.4 5.9
4.9 103.6+ 5.1 3.6
10 7.9 101.3+ 8.0 1.3
*Each standard was prepared and measured threg démihree different days

Recovery was calculated by comparing ratios ofgrgeed peak area of doxazosin to
internal standard from the quality control sampéethose from the standard solutions having
the same concentrations of doxazosin and intermahdard (direct injection of the
corresponding unextracted standard solutions).riiéan recovery of doxazosin from canine

plasma at the concentrations of 2 ng/ml, 5 ng/rdl Eh ng/ml was over 94.1 % (Table 16).

5.7.2.4. Stability

Doxazosin was found to be stable at room tempexdtur at least 24 h. Recoveries
were 91.0 % and 92.2 % for 5 ng/ml and 10 ng/mlas) respectively. Similarly, doxazosin
was stable at —20 °C for at least 60 days. Recewvati5 ng/ml and 10 ng/ml were 93.2 % and
91.3 %, respectively.

5.7.2.5. Limits of detection and quantification and carryoeffects

LOD andLOQ values for doxazosin were found equal to 0.4 a@dhgy/ml of plasma

sample, respectively.
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Most of the reported methods hav®D andLOQ values close to the values obtained
in our study. Only in one recently developed mettiad utilizes UPLC-MS/MS (Al-Dirbashi
2006)LOD andLOQ values are lower (0.02 ng/ml and 0.07 ng/ml, re8pely) than those of
the method developed in the present study.

Carry over was tested at the concentration of 3thhgnd it was determined to be equal or
less than 0.3 %.

A simple, rapid, and selective LC-MS/MS method tatermination of doxazosin
plasma concentrations after oral administration wiaseloped and validated. Specific
advantages over previously published methods iecthd low sample volume (150 pl), the
short retention times (of both doxazosin and IS) laigh sensitivity.

Developed and validated LC-MS/MS method was empulofe determination of
doxazosin assay in samples collected in pharmaetkistudies on dogs, in fasted and fed

State.

5.8. Assessment of early exposure after the administratn of DB and DM

tablets by using canine data in the fasted state

Canine plasma levels in fasted state were measdtedadministration in 4 mongrel
dogs.
Individual plasma profiles are shown in Figure 2%.every profile, a second peak was
observed at about 6 hours post dosing suggestiagy dbxazosin is enterohepatically

circulated in dogs as it has been observed in haman
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Figure 25. Individual doxazosin plasma profilegafiingle administration of one DB tablet) @and one DM tablew() to four dogs in the fasting state
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Total exposure after DB administration was not istigally different from that
measured after DM administratiop £ 0.171). The first peak of doxazosin concentratio
plasma after DB administration ranged 5.1-7.7 ngdmd was observed 2—4 h post dosing
(Figure 25). There are no human data in literaaifter administration of DB. The first peak
of doxazosin concentration in plasma after DM adstiation ranged 7.3—13.2 ng/ml and was
observed 2—4 h post-dosing (Figure 25), i.e. nathrdifferent from human data collected in
this (Figure 21a) and in previous studiés9(ng/ml, 2—3 h post-dosing, Elliott at, 1987).
Oral bioavailability of DM has been reported to dmmilar in dogs and humans (Kayeadt,
1986).

However, this study shows that early exposurer @& administration to dogs is
higher than after DB. SpecificallAUG,; pase ranged from 10.2 to 16.4 ng/ml/h after DB and
from 15.4 to 29.2 ng/ml/h after DM administrationdadifference is significantp(= 0.048).
The apparent discrepancy compared with the miniihany) difference in early exposure
after DB and DM administration in humans (Figuréd®&ould be attributed to species related
differences. Dissolution data in gastric pH of thegs (Figure 14) used in this study and
solubility data in their gastric aspirates sugdhat dissolution in the canine stomach occurs
similarly to that in the human stomach. Therefdhe reasons for the inappropriateness of
canine data may relate to the faster gastric emgtyates of dogs (Smeets-Peeterslet
1998, Reppas al., 1991) and different dissolution characteristicésDB and DM in the
upper small intestine of dogs; individual bile acidentity and concentrations in the contents
of the canine upper small intestine are differegtileen dogs and humans (Kalantziakt
2006)

5.9. Assessment of early exposure after the administratn of DB and DM

tablets by using canine data in the fed state

Individual doxazosin plasma concentration profigdger administration of DB and
DM 2 mg tablets to four dogs in fed state are shawfigure 26. Similar to fasting study, in
most cases, more than one peak has been obselvietl,ig/in agreement with literature data
indicating that doxazosin is enterohepatically wimted (Cardufy Summary of product

characteristics).
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Figure 26. Doxazosin plasma profiles after singlmiaistrations of one DB tabletY) and one DM tablet() to four dogs in the fed state
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As said previously, in men the peak plasma levepgroximately 9 ng/mé achieved
within 2 to 3 hours after a single oral dose in tasted state (Elliot edl., 1987). Taking
doxazosin with food delays its absorption by abduthour, but this does not alter
pharmacokinetic parameters significantly, makingadssible to take the drug in conjunction
with food (Conway eél., 1993).

In the canine fed study the maximum doxazosin péasoncentration of DBcfay ranged
from 4.9 to 8.1 ng/mhnd was achieved 4 to 10 hours post-ddsg)( DM achieved
maximum concentrations of 6.3 to 11.6 ngdntd 8 hours after administration.

Based omAUG, nasevalues, the use of mesylate salt seems to lealigtatly faster increase of
plasma concentrations in dogs in the fed statel€THD).

Table 17. IndividuaRUG, pasevalues (ng/ml/h) after the single dose (2 mg) adstriation of DB and

DM of doxazosin to four dogs in the fed state

DB DM
Dog #1 20.2 27.3
Dog #2 6.6 7.3
Dog #3 10.7 18.9
Dog #4 11.0 10.4

Again, the superiority of the mesylate salt in f@dte cannot be evaluated on a statistical

basis due to the small number of dogs available.
When fed state results are compared to the resulésting study, it is evident that the
presence of food delaya, and slightly decreasesnax (especially for DM), while the

AUG, pasddoes not change significantly (Table 18).

Table 18. ComparatiVeay tmax aNdAUG, pasdvalues in fasting and fed state in four dogs (range

Fasted state Fed state
DB DM DB DM
Crmax(Ng/ml) 5.1-7.7 7.313.2 4.98.1 6.3-11.6
tmax(h) 24 24 4-10 48
AUG, base 10.2-16.4 15.429.2 6.6-20.2 7.327.3
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Since gastric emptying of dogs in the fed statnslar with that of humans (De Zwart @i,
2009) and also terminal elimination half life iretbested dogs ranged from 4.0 to 15.1 h,
which was similar to that in humans, from 9 to 2Bhbamoto eél., 1992), it can be claimed
that the slightly lower plasma profiles in dogs atedayedtn.x are both due to the fed state
conditions.

It should be noted that the results of food effieatanine study for DM correlate well with the

literature data regarding the food effect in humans

Based on all the results presented in this chapterfollowing conclusions may be
brought:

* Regarding the importance of adequately simulatimgihal composition, it seems that,
regardless of the degree of simulation of lumirahposition, potential differences in
dissolution between DB and DM are not substantiahffect doxazosin absorption
rates; i.e. the differences in dissolution dataveenh DB and DM are small to have an
impact on early exposure;

* According to human data in fasted state, thereoisignificant difference in early
exposure between DB and DM tablets;

e In fasted state canine data overestimated therélifées in early exposure between DB
and DM;

* Regarding the evaluation of differences in earlpasures between DB and DM, in
fed state canine studies DM also appeared in plasariger that DB, which should be
taken with caution, as showed in fasted state study

» The presence of food resulted in delaggg in canine study which is in agreement
with the literature data for humans (for DM), whictdicates suitability of the canine
model for evaluation of food effects in case of arosin mesylate;

* Finally, regarding the usefulness iof vitro data for prediction of food effects in
humans, in case of DM similar dissolution charastes in fasted and fed stomach
and not clearly different dissolution profiles iasted and in the fed small intestine
suggest that any difference in absorption in tliedate should be attributed only to
the delayed gastric empting in the fed state (glewer apsorption should be
expected). This is in correlation with the vivo human data. In case of DB, the
differences in dissolution in fasted and fed stdmsiwould not be important due to the
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small dose and longer gastric residence time insfate stomach. However, it seems
that difference in dissolution between fasted aed fktate in small intestine
environment is bigger for DB. Therefore, there ipassibility for more significant

food effect after administration of DB.
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6. CONCLUSIONS
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Results of the present study revealed severakistiag findings.

1. Dosage form performance in the gastric media

a) Solubility of DB in FaSSGF-V2 (pH 1.6) is abaden times higher than solubility of
DH in the same medium. The similar dissolution pesfof DB and DH in FaSSGF-V2

suggest conversion of DB to DH during dissolutiéthe dose.

b) Solubilities of DB and DM in HGF were forecastég data in fasted state
simulating gastric fluid containing physiologicalmponents (FaSSGF-V2) but not by data in
CGForin HC;LH 1.6

c) Based on the data in FaSSGF-V2, and HGF, sdlplaf all three substances is
inversely proportional to the ionic strength of nued. Solubility data in CGF are in line with
this observation. Solubility of DH is much lowerath solubility of DM in all acidic media,

which can be attributed to its higher thermal siigland common ion effect.

d) In contrast to the solubility data, incompletssdlution of the dose in acidic media
was noticed, presumably due to ion exchange inierecwith either placebo components
from the tablet (e.g. croscarmellose sodium) ormpoments of biorelevant media (e.g. sodium

taurocholate) and formation of insoluble salt(sjhe dissolution medium.

e) In the fed state simulated gastric conditiopgghilic components of milk affected
dissolution profile of DB but not DM or DH. Due tbe longer gastric residence times in the
fed stomach, however, differences between disswudf DB and DM are not expected to be

important to the doxazosin absorption rates.

2. Dosage form performance in media simulating theomposition in the upper small

intestine

a) DM dissolves more efficiently than DB, but inqoletely, for potentially similar

reasons as in media simulating the gastric conditio
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b) In biorelevant media, differences between digsmh profiles of DB and DM are
decreased.

c) Regarding the effect of anion of the buffer eystit was generally minimal.

d) Dissolution of DB was significantly higher in E8IF than in FaSSIF. For DM the
advantage in the fed state simulating media isaatlear and it depends on the buffer used in

experiments.

3. Early exposure after DB and DM administration

a) Simulated cumulative % in plasma vs. time pesfiduring the first 2 h after
administration constructed by using data in simrgg@eous buffers or in biorelevant media,
gastric emptying rate in humans, the average bilzdoity and enterohepatic circulation led
to adequate prediction of early exposure after Qivhiaistration to humans. In addition, in
the fasted state, early exposure in humans shaildenaffected substantially by the form of
doxazosin that has been administered (base or aterylThis conclusion is reached
regardless of the type of dissolution data usedb{orelevant media or simple aqueous

buffers), at least for the period between 0.5 ahdafter administration.

b) Data in dogs indicate early exposure is higffiier &M administration in the fasted

state and therefore, canine model is not usefuhisrcomparison.

) In the fed statdnax after DM administration is delayed in dogs asai$ lheen found
previously in humans. In the fed statg,x after DB administration is also slower in dogs.

There are no data in humans but it expectedtthawvill also be delayed.

d) Would food effects be quantitatively differeratlveen DB and DM? Taking into
account the longer gastric residence times in ¢destate and thia vitro dissolution profiles
of DM and DB tablets in media simulating the fedtga conditions, DB should arrive in the
fed small intestine at similar dissolved percensagge DM. Then vitro dissolution profiles of
DM and DB tablets in media simulating the fed sataditions in the small intestine show
that dissolution of DM is more complete than disioh of DB tablets. Therefore, in the fed

state, absorption after DB administration is expécto be slower than after DM
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administration. This is in line with canine datallected in this study, suggesting that,
although the dog is not a good model for predictiferences between DB or DM in the
fasted state it may be a good model for predidtifiigrences between DB and DM in the fed
state.

e) It would be interesting to explore if conclussam early exposure are maintained at

higher strengths (doses) of tablets.
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LIST OF ABBREVIATIONS

AUC — Area under curve of the drug concentration foredile

AUG, — Partial area under curve of the drug conceotéatme profile

AUG, hase — The partial area under the plasma profilesficen t = O up to timet, at which
the first peak on plasma profile, after the adntiatson of DB to the specific dog
BA — Bioavailability

BCS - Biopharmaceutics Classification System

BE — Bioequivalence

BPH — Benign prostatic hyperplasia

CCS - Croscarmellose sodium

CGF — Canine gastric fluid

Cmax— Maximum concentration in plasma

D/S — Dose-solubility ratio

DB — Doxazosin base

DH — Doxazosin hydrochloride

DM — Doxazosin mesylate

DSC - Differential scanning calorimetry

DVS — Dynamic vapour sorption

FaSSGF — Fasted state simulated gastric fluid

FaSSGF-V2- Fasted state simulated gastric fluidatgal composition
FaSSIF — Fasted state simulated intestinal fluid

FaSSIk, — Fasted state simulated intestinal fluid contegmmaleic anhydride
FaSSIF-V2 — Fasted state simulated intestinal flupdlated composition
FeSSGF — Fed state simulated gastric fluid

FeSSIF — Fed state simulated intestinal fluid

FeSSIE— Fed state simulated intestinal fluid containirtgate buffer
FeSSIF-V2 — Fed state simulated intestinal fluptjated composition

FTIR — Fourier transforms infrared spectroscopy

Gl — Gastrointestinal

GMO - Glycerol-monooleate

'H NMR = Nuclear magnetic resonance

HGF — Human gastric fluid
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HPLC — High performance liquid chromatography

IMMC - Interdigestive migrating myoelectric complex

IS — Internal standard

IVIVC — In vivo in vitrocorrelations

Ksp— Solubility product constant

LC-MS or LC-MS/MS - Liquid chromatography couplediwmass spectrometry
LE or LLE — Liquid extraction or liquid-liquid exiction

LOD — Limit of detection

LOQ — Limit of quantification

MW — Molecular weight

pH — The negative logarithm of the hydrogen iofi)(ebncentration
PK — Pharmacokinetic

pKa — The negative logarithm of the acid dissociatonstantKa
PP — Protein precipitation

QC — Quality control

Rpm — Rotations per minute

SEM — Scanning electronic microscopy

SPE — Solid phase extraction

tmax— Time to reachmaximum concentration

XRPD - X-ray powder diffraction
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EFFECTS OF SALT FORMS ON THE ORAL ABSORPTION OF HIG HLY
PERMEABLE WEAK BASE DOXAZOSIN
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Summary

In this study, the usefulness of biorelevantitro data and of canine data in forecasting early axgoafter the
administration of two phases of a BCS Class Il conmgl, i.e., doxazosin base (DB) and its mesyldtgB#1)
was evaluated. DB, DM, and doxazosin hydrochlofidid) were prepared and extensively characterized.

The solubility of prepared substances was teistadgtro in various media, including human aspirates, usireg
shake flask method. Dissolution experiments wendopmed in simple buffer media and biorelevant raedi
simulating gastric and intestinal fluids in thetéabsand fed state. Pharmacokinetic (PK) studieg \werformed
in dogs with DB and DM tablets in the fasting aed ftate, while the results form human PK studyDdh
tablets in the fasted state were available fronvipts Pliva’s study. Analytical method for deteration of
doxazosin in canine plasma was developed and vetidssing canine samples collected in the fed #tabeder
to assure the suitability of the method for measr@t of low concentrations of doxazosin in plasmd high
specificity of the method despite the number aéiifering compounds in the fed state plasma samples.
Solubilities of DB and DM in human gastric fluid weeforecasted by data in fasted state simulatirstrigafiuid
containing physiological components (FaSSGF-V2) it by data in HGly 15 Unlike data in FaSSGF-V2,
dissolution of DB and DM tablets in HEl; ¢is rapid. Dissolution of DB tablet in FaSSGF-Varisomplete and
conversion to DH seems to occur. Differences betwieB and DM in dissolution in the small intestinee a
overestimated in the absence of physiological slitels. Using thein vitro data and previously described
modelling procedures, the cumulative doxazosinilerad plasma was simulated and the2th profile was used
for evaluating early exposure. Individual cumulatidoxazosin profiles in plasma, after single DMlaab
administrations to 24 adults in fasting state, weoastructed from corresponding actual plasma lesofi
Compared withn vitro DM data in aqueous buffers, DM data in biorelevawetdia led to better prediction of
early exposure. Based on intersubject variabilityearly exposure after DM administration and sinada
profiles, the administered phase, DB or DM, doeshave a significant impact on early exposure istifey
state. Early exposure in dogs (evaluated basedadrapAUCs) was significantly higher after administration of
DM to dogs. Therefore, dog is not a good modeldadicting differences between DB or DM in the daist
state, but it may be a good model for predictingdf@ffects and differences between DB and DM inféue
state.
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UTJECAJ RAZLI CITIH SOLI VISOKO PERMEABILNE SLABE BAZE
DOKSAZOSINA NA ORALNU APSORPCIJU
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Sazetak

Glavni ciljevi ovog rada bili su istraziti da li ptwje razlike u apsorpciji izrde lipofilne slabe baze doksazosina
(DB) i njegove mesilatne soli (DM), procijeniti spabnost preddianja tih razlika kod ljudi temljenm vitro
podataka, tein vivo podataka dobivenih farmakokinetskom studijom namps Obzirom da baze i ne-
hidrokloridne soli mogu prelaziti u hidrokloridnelsu kiselom mediju Zeluca, pored DB i DM priprgemia je,
karakterizirana iin vitro ispitana i hidrokloridna sol doksazosina (DH). Tjiepst pripremljenih supstancija
ispitana jein vitro u razlgitim medijima metodom za&ne otopine. Brzina oslothanja ispitana je u
jednostavnim vodenim puferima kao i biorelevantmmadijima koji simuliraju Zeltane i crijevne tekiine sa i
bez hrane.

Farmakokinetike studije na psima napravljene su sa DB i DM 2tafidetama, sa i bez hrane, dok su rezultati
studije na zdravim dobrovoljcima nakon primjene 8 DM tableta bez hrane bile raspoloZive iz prijasnj
Plivine studije. Analittka metoda za oddévanje doksazosina u pS# plazmi razvijena je i validirana korisie
pse&u plazmu prikupljenu u studiji s hranom, s obzirdense u tom sliaju atekuju nize koncentracije lijeka te
veci broj interferirajuih spojeva u plazmi koji bi mogli naruSavati spgeibst bioanalittke metode.

Rezultatiin vitro ispitivanja pokazuju da je topljivost DB i DM u manom Zelganom soku mogie bolje
predvidjeti koristéi biorelevantni medij (FaSSGF-V2) nego razatgeu kiselinu HGJ., s Takaler je pokazano
da je brzina oslofg#mnja doksazosina iz DB i DM tableta puno brza u 4Gl nego u FaSSGF-V2. Nepotpuno
oslobalanje aktivne supstancije iz DB tableta u FaSSGFRdk&zuje na prelazak DB u DH. Rezultati td&o
pokazuju da su u odsustvu fizioloSkih solubilizatorazlike u brzini oslokkanja doksazosina iz DB i DM
tableta u tankom crijevu precijenjene.

Moguée razlike u apsorpciji iznde DB i DM procijenjene su mjerenjem rane izloZendgt brzine apsorpcije
0—2 h nakon primjene lijeka. Koristein vitro podatke, prosjmu bioraspolozivost nakon oralne primjene,
enterohepatku cirkulaciju doksazosina kod ljudi, te prethodabjavljene parametrén silico modeliranja,
simuliran je kumulativni profil doksazosina u plazza DB i DM. Pojedinani kumulativni profili doksazosina u
plazmi nakon primjene jedignih 2 mg doza DM tableta u 24 zdrava dobrovoljkanstruirani su iz
pripadajiih profila u plazmi. Rezultati pokazuju da u &iju DM tableta,in vitro podaci u biorelevantnim
medijima bolje preddaju ranu izloZzenost nego podaci u jednostavnimrpute

UzevSsi u obzir varijabilnost u ranoj izloZenosti dnepojedincima nakon primjene DM tableta te simulga
profile za DB i DM, dolazi se do zakljika da vrsta administrirane supstancije (DB ili DNBma zn&ajnog
utjecaja na ranu izloZzenost kod ljudi. U studipsma se pokazalo da je rana izloZzenost kod DM zrikiajno
viSa nego kod DB Sto upuje na zakljgak da psi nisu prikladan model za procjenu razlikarzini apsorpcije
izmedu DB i DM kod primjene lijeka bez hrane, no mogiitditi koristan model za predi@nje utjecaja hrane
kao i razlika izméu DB i DM nakon primjene lijeka s hranom.
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