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INTRODUCTION

Oral administration is the most common route fargdadministration. It is estimated
that 40% or more of APIs identified through comlbanal screening programs are poorly
soluble in water. However, after oral administratidghe absorption may be erratic and
incomplete. Therefore it is a great challenge fier pharmaceutical technologists to formulate
suitable therapeutic effect disposed products fitbese materials. Recently it would be
advantageous if the pharmacokinetic propertiesrof ¢andidates could be predicted before
clinical phases.

Per os administered APIs should possess the faltpwiroperties: they should be
stable in gastrointestinal (Gl) fluids, they shobkve suitable solubility in water in order to
be able to dissolve in the Gl fluids, however tisapuld be somewhat lipophilic to be able to
get across the membranes.

One of the prerequisites for successful oral droagrapy is sufficient intestinal
absorption. The rate and extent of intestinal giismr are mainly dependent on the
dissolution rate of the drug in the gastrointestihads and the rate of transport across the
intestinal membrane. These two factors were thee lEfsthe BCS. There are several
possibilities to modify the APIs to reach betteygibo—chemical parameters, thereby better
BA (Fig. 1). The rate and extent of absorption td3S Il compounds is highly dependent on
the performance of the formulated product. Thesgsican be successfully formulated for
oral administration, but care needs to be takeh ¥atmulation design to ensure consistent
BA. In this thesis | investigated the possibilities solubility enhancement of a BCS 1l
compound, loratadine (LOR) with cyclodextrins (Casd polyvinylpyrrolidones (PVP). The
solubility of LOR highly depends on the pH, therefat is advisable to make the solubility
independent of the pH for suitable absorption,dieavailability (BA).
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Fig. 1 Formulation strategies of APIs belonging differelatsses of BCS to improve their BA



AIMS

During my work the following targets have been set:

to investigate the effect of different CD derivatvon solubility;

to prepare products with the above chosen CD derevay different methods;

to study the dissolution rate of the products; ital fout relationship between the
preparation methods and the dissolution rate (whpckparation method and
composition is the best);

to examine the pH-dependence solubility of the potst

to study the interaction between the API and CDRha products with direct (mass
spectrometry — ESI-MS) and indirect (thermoaneffitimeasurement — DSC, TG;
Fourier transform inrfrared spectroscopy — FT-IRffudion ordered'H-NMR —
DOSY) instrumental methods;

to test the products in vitro permeability model in order to predict the absanpti

to investigate the absorptionimvivo experiments and

to evaluate the results.

MATERIALS AND METHODS

Active ingredient:Loratadine (LOR)

Manufacturer: TEVA Hungary Zrt.

Chemical structure: see on Fig. 2.
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Fig. 2 Chemical structure of LOR

Molecular formula: GH23CIN,O,

M: 382.89

Melting range: 132 — 135 °C

Trade names: Clarinase®, Claritine®, Claritine & UErolin®, Flonidan®, Lorano®,

Loratadin Hexal®, Loratadiattopharm®, Roletra®



LOR is a tricyclic, piperidine derivative of ant#tamines. It belongs to the second
generation antihistamines, so it has non—sedatiogepties. H antihistamines are applied in
the treatment of allergies: they prevent symptooshsas itching, congestion, rhinorrhoea,
tearing and sneezing.

LOR belongs to Class Il of the BCS. Chemically L&Ra weak base, therefore its
solubility increases with decreasing pH. At lowef palues, LOR — which is a nitrogen base
— is protonated, and therefore becomes more solablgater. However according to the
modified Hendersson—Hasselbach equation, at ~ piHd7higher LOR is totally unionized,
which is the form able to absorb, so LOR will prblyaabsorb from the intestines, in which it
has poor solubility. Accordingly there is a needmprove the solubility of LOR in order to

achieve acceptable biological effect.

Excipients:
» 0o—CD, p—CD, y—CD, random methyp—CD (RAMEB), 2-hydroxypropyl3—CD
(HPBCD), methyl$—CD, hydroxy—butyl—CD and heptakis—(2,6—di—O—methy)}—
cyclodextrin (DIMEB); Cyclolab Ltd. (Budapest)

» p—CD-sulfobutyl—ether (Captisol); CyDex Pharmacesidnc. (Lenexa, USA)

* compound 48/80 (N-methyl-4-methoxy-phenethylamin&jgma-Aldrich Logistic
GmbH (Germany)

» other chemicals, e.g. methanol, ethanol were ofyioal grade purity (Spektrum 3D
Kft., Debrecen)

Methods

During the preliminary experiments the effectsha various CD derivatives on the solubility
of LOR were investigated. The best solubility emteament was achieved with DIMEB,

which resulted in a ~ 300—fold increase in soltjiland accordingly this derivative was used

in the further examinations.

Phase-solubility studies

The phase—solubility diagrams were recorded by Higuchi—Connors method. For this

purpose aqueous solutions of DIMEB of various cobtegions were prepared at a specific
pH value (7.5) An excess amount of LOR was addeithése solutions, and they were then
shaken at room temperature. After 72 h, the suspemsvere filtered through 0.4pbm

membrane filters. After dilution, their absorptimas measured by UV spectrophotometry.



Preparation of products

The DIMEB-containing products were prepared ine¢hmlar ratios (LOR:DIMEB =1:1, 1:2
and 1:3), while PVP-containing solid dispersiongemeroduced in four weight ratios (LOR:
PVP K25 =1:1, 1:2, 1:4, 1:6).

Physical mixtures (PM):.LOR was mixed carefully in a mortar with the cdétad amount of
DIMEB. Kneaded products (KP)Xhe physical mixtures were suspended with the saass

of 50% ethanol, and the solvent was evaporatectofbom temperature. After drying, the
products were groundlicrowave products (MWs)the preparation is the same with kneaded
products to the end of suspension step. Then tiagoeation of the solvent was carried out by
microwave power (150 W, 90 s, 8Q) and vacuum dryingspray—dried products (SDs}he
physical mixtures were dissolved in 50% ethanotl &8s were obtained by using a Bichi
Mini Spray Dryer B—191 (inlet temperature: 105 ¥©mpressed air flow: 800 L/h, nozzle
diameter: mm). All of the samples were sieved (L10® and stored at room temperature
under normal conditions.

Thesolid dispersionsof LOR in PVP K-25were prepared by the solventpewvation method
(SE9. LOR and PVP K-25 were dissolved in methanol #@mel solvent was removed by
vacuum dryer during 6 hours. All of the productsreveulverized in a mortar and sieved

through a 10@um sieve.

In vitro dissolution studies

200 mg samples of pure LOR or products containid@ g of LOR was examined in 100

mL of dissolution media (simulated gastric mediumsonulated intestinal medium). The

paddle was rotated at 100 rpm and sampling wa®peed up to 120 min (sample volume

5.0 mL). Aliquots were withdrawn at 5, 10, 15, 3W, 90 and 120 min and immediately
filtered. After filtration and dilution, the LOR otents of the samples were determined

spectrophotometrically.

Study the effect of pH on the solubility

Seven buffer solutions were prepared with differght values between 1.2 and 7.5. The
defined daily dose of LOR is 10 mg, so 10 mg of L@Rproduct containing 10 mg of LOR
was examined in 900 mL of dissolution media at @7 The paddle was rotated at 100 rpm.
After 2 h the removed samples were filtered and LR concentrations were measured

spectrophotometrically.



Investigation of complexation by instrumental methals

Thermoanalytical (DSC and TG), Fourier-transfornfrared spectroscopy (FT-IR), mass-
spectrometry (ESI-MS) and diffusion orderd#i-NMR (DOSY) measurements were
performed in order to characterize the products smgrove the complexation and to

determine the stoichiometry of the complexation.

In vitro membrane permeability assay (PAMPA)

PAMPA “sandwiches” were formed from an accepton@8l microtitre plate and a matching
filter plate with apparent porosity of 0.45 um, wmwhwith 5uL of 1 w/v% n-dodecane
solution of lecithin. The plate sandwich was allowe incubate at 25+1 °C for 16 hours
without stirring, in an atmosphere saturated in foityn Afterwards, sample concentrations in
both the acceptor and donor wells were determiyedPLC method. Effective permeability
coefficients, B were determined by taking into account the appafiéter porosity and
sample mass balance. The donos£¥50uL) and acceptor (¥=300uL) compartments were
both constituted of pH 7.4 buffer solutions.

The permeability rates were calculated using byetigation below:

dru
logP, =log{C- —|n(1-m)}
[drug] equilibrium

Ve V,)

C=( .
(Vp, +V,)Areae time

[drug]acceptor drug concentration in the acceptor phase
[drug]equilibium: €quilibrium concentration of the drug
Area: area of the PVDF membrane

Time: incubation time

In vivo experiments

150 £ 5 g of male Wistar rats were used to testdahewing materials: LOR, DIMEB, KP 1:1
and KP 1:2 (LOR:DIMEB). The test substances weremgiorlly in suspension in 0.25%
methylcellulose in a dose of 10 mg/kg. 1 h later tilstamine liberator compound 48/80 in
physiological solution (1Qg/0.1 mL) was administered subplantarly to elichet
inflammatory reaction. The intensity of the arisinfammatory reaction was measured after
30 min with the use of a plethysmometer. Then blsadthples were taken for plasma
concentration analysis (HPLC). Statistical analysese performed with Prism 4.0 software
by ANOVA method.



RESULTS AND DISCUSSION

The type of the phase solubility diagram is AL, efhimeans, that the solubility of the
drug raises with the increase of CD concentratoimear relationship.

According to that LOR has good solubility in acidieedium, the dissolution of
products was evaluated in alkaline medium. We Haued out that all DIMEB-containing
products improved the rate of dissolution, howeher extent was largely influenced by the
composition (molecular ratio) and the preparatioathad. The lowest enhancement of
dissolution rate was experienced by the 1:1 prajueithin these products the following
order has been arisen: PM<KP~MW<SD. For the 1:8.(8) and 1:3 compositions the whole
of the investigated samples dissolved in the fifsimin (except the PMs), which means that
the same good dissolution would be obtained aefteme pH values of the gastrointestinal
tract on the use of these DIMEB products. Accorlying the rate—limiting step of absorption
was not the dissolution, the permeability wouldulate the passage through the membrane.
As LOR has good permeability, the application ofR.@omplexed with DIMEB would lead
to a greater quantity of drug being absorbed, apnsatly better BA would be obtained.

——
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Fig. 3. Dissolution of LOR and 1:2 products in SIM

However LOR SEs did not give much better resulsimulated intestinal medium.
The dissolution did not change in SIM, where 1:8 4?2 ratios showed worse dissolution
compared to raw drug. In the case of 1:4 and lo@lymt the initial appearance of increased
dissolution rate can be explained that amorphoug dissolves faster than the crystalline
LOR, and after the rapid dissolution the API retallzes. As the SEs did not improve the

solubility and dissolution rate of LOR adequat¢hey were not tested in the further studies.



The solubility of LOR has been reported to decreask increasing pH. As can be
seen in Fig. 4 and 5, the applied dose of pure ldi@Rnot dissolve at the pH of intestines,
from where it is absorbed. In the acidic ranget@upH ~3) both the 1:1 and 1:2 compositions
can provide that the applied dose is dissolved. éd@win the case of 1:1 products with the
increasing pH, DIMEB is not able to dissolve theolehquantity, therefore the BA will not be
good enough. According to the dissolution resitd, shows worse dissolution, than KP and
SD. By the PM 1:2 product the result is similathe previous one. In contrast, virtually the
whole quantity of LOR dissolved from the KP and $2 products both in the acidic and
alkaline media, subsequently the solubility of L®Rcame independent of the pH. This
clearly suggests an opportunity to ensure smoaogkotiition for LOR, thereby achieving
better and more uniform BA. In case of the 1:3 piadsl it can be stated the same as by the 1:2

products.
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Fig. 4 pH-dependence of the solubility of LOR and 1:dduicts
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Based on the thermoanalytical studies the PMs didresult in total complexation,
which was also proved by FT-IR (data not shown).

For the KP, MW and SD samples total complexatiocuaed, which is confirmed by
the absence of the endotherm reflected the mabigt of LOR (Fig. 6) and the shift of the
characteristic carbonyl stretching in LOR on thelRTspectra (Fig. 7). These results lead us
to assume that the —COO group provides the comfdexing bonds to the outer surface of
DIMEB and that complex formation alters the hydnogeonded cyclic dimeric structure
involving the carboxyl group. A lipophilic part @OR will probably be attached to the inner
surface of DIMEB, like the aromatic rings, howeverthe FT—-IR spectrum of LOR, the
characteristic stretching frequencies of these atmmparts are masked by DIMEB,
accordingly these interactions can not be detestddthis method.

Aexo

Fig. 6: DSC curves of 1:2 products
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Fig. 7: FT-IR difference spectra of LOR and 1:2 products




For determining the stoichiometry of the complexsmapectrometry (ESI-MS) and
diffusion ordered'H-NMR were applied. As expected, the ESI-MS spea(ffig. 8 and 9)
essentially involved peaks due to singly charged iof pure LOR [at m/z 383 as (LORH
and pure DIMEB [at m/z 1331 as (DIMEB)HA new signal corresponding to the inclusion
complex as a singly charged ion (DIMEB+LOR)id observed at m/z 1730 independent from
the molar ratios (1:1 and 1:2), which suggests tih@tDIMEB inclusion complex in the gas
phase has a certain stoichiometry (1:1).

In the DOSY spectra (Fig. 10) of KP 1:1 and 1:2, bis the same for every chemical
shift, which is possible only when LOR is complexedIMEB, when they compose a unit.
If LOR is not complexed, it should diffuse more cjly due to its small molecular weight; it
should have a smaller D value. The D value meastoedhe LOR:DIMEB complexes

indicates that it is best formulated as the 1:1 gem
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Fig. 10 Representative DOSY spectra of KP 1:1 (grey)&RdL:2 (blue)
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The permeability results originated from PAMPA mbaan be summarized as
followings: There is an observable relationshipwssn the amount of DIMEB and the
calculated permeability. The higher the concerdratf DIMEB, the lower the permeability
is. This confirms the theory that the associati@saciation balance is shifted to association,
and the back-diffused LOR is recomplexed by frek1BB.

It was found that in thén vivo experiments DIMEB did not influence the extent of
oedema relative to the control group, and thusetfexts of the DIMEB-containing products
can only be due to the LOR in the products. Redtrgated with LOR, KP 1:1 and KP 1:2
significantly decreased the compound 48/80-indumedema (Fig. 11). It is evident that the
abilities of LOR, KP 1:1 and KP 1:2 to decreaseemed differ significantly; the complexation
of LOR with DIMEB resulted in better BA.

The results confirm that in the absorption procddsOR active transport mechanisms
play also an important role in addition to passili#usion (in the PAMPA method only
passive diffusion part of the absorption can bestgated). As DIMEB has surface activity,
therefore it can inhibit the P-glycoprotein (P-gphich inhibits the absorption of LOR.
Hence, one part of the DIMEB will affect P-gp, atlte other part remains for the
recomplexation. This can be another explanation thieye is a need for excess DIMEB to
achieve much better BA. These two mechanisms piphbalay a role in the enhanced
absorption, and therefore the greater BA.

1.2
n.s.

T Control (0.25% MC)
1.00 mL/150 g, p.o.

HH bimEB 70.2 mgikg, p.o.
B 0R 10 mg/kg, p.o.
([ KP 1:1 10 mg/kg, p.o.
KP 1:2 10 mg/kg, p.o.

o
(o]
1

n.s.: not significant
***: p<0.001

*kk

Oedema volume (mL)
o
(o]

0.4 A *kk
0.2 A 7/1-
. %,

Fig. 11 Oedema decreasing effect of LOR and selecteditKRgs
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SUMMARY

1.

From the available 9 CD derivatives DIMEB was chds&sed on preliminary
experiments, because it increased the solubility@R to the largest extent, to about
300—fold.

. Different mole ratios (LOR:DIMEB = 1:1, 1:2 and ).a8nd four methods (PMs —

physical mixtures, KPs — kneaded products, MWs erowave products and SDs —
spray dried products) were applied to form compdex@esides solid dispersions with
PVP K25 were also made in four different mass saf{ldOR:PVP K25 = 1:1, 1:2, 1:4,
1:6).

. The greatest dissolution was obtained by the higlveount of DIMEB containing

products (1:2 and 1:3 compositions). From the peapm methods only the physical
mixing and the solid dispersions with PVP K25 dat show much better results than
LOR only.

. With the application of DIMEB we achieved pH-indepgent solubility of LOR by

some of the compositions (KP, MW, SD: 1:2 and 1tBgrefore better and smoother

bioavailability can be expected.

. The extent of inclusion complexation has been midyeindirect (DSC, FT-IR, DOSY)

and direct (ESI-MS) methods. For PMs there is guasticular complexation, while in
case of KPs, MWs and SDs full complexation occurfBae stoichiometry of these
complexes is 1.1 based on the ESI-MS and DOSY tseswhich can be seen on the

phase solubility diagram, as well.

. The physical and chemical characteristic of KP @aA&/ are quite similar, the

thermoanalytical and FT-IR studies proved thatrtherowave power did not cause any
physical or chemical change in the molecule of LORerefore microwave power can

be safely applied as a drying method.

. By the in vitro membrane modelling (PAMPA) it haselm proven that the absorption of

LOR is not only affected by passive diffusion, lotiher mechanisms also play role in

this process.

. With in vivo experiments the KP 1:1 and 1:2 decreased the exfettie induced

oedema, i.e. improved the BA of LOR, because ofesdactors: products has better
dissolution, the dissolution of the products iseépendent of the gastrointestinal pH and
DIMEB inhibits the P-gp (which effluxes the absatbleOR, therefore the BA is low

and very variable). It has been proven that theeneed for excess amount of DIMEB

12



(1:2 composition) to achieve the best pharmacoldgitfect although the stoichiometry
of the complex is 1:1.

9. The obtained results are very useful in early diisgovery. Most of the new APIs are
very hydrophobic and some of them have an ionizdblection group, i.e. pH-
dependent solubility and in these cases DIMEB cam lgood choice to improve their
solubility, so they could become suitable for othewportant investigations, like
toxicological studies, effectiveness assays amhso
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