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Abstract

Microporous zeolite NaX-FAU has been systemicallgleated for the oral delivery
of the poorly water-soluble compound danazol. Fos purpose, danazol-loaded
zeolitic particles were prepared by the incipienetvess method and were
characterized by means of, Mhysisorption, X-ray diffraction (XRD), differeat
scanning calorimetry (DSC), thermogravimetric assyTGA) and high-resolution
transmission electron microscopy (HRTEM). The zeokormulation shows a high
drug payload and drug stability over a period afraionths under accelerated storage
conditions. The dissolution profile of danazol-leddzeolitic particles was assessed in
simulated gastric fluid (SGF) pH 1.2; fasted stteulated intestinal fluids (FaSSIF)
and fed state simulated intestinal fluid (FeSSIk)veing a gradual and increasing
drug dissolution in the different mediBx vivo studies using the everted gut sac
model show an increased drug transport acrossitedtinal epithelium when loaded
in the zeolitic particles. Our results suggest thatroporous Faujasite zeolite (NaX-
FAU) could be used as a drug delivery system toittte the oral delivery of poorly

water soluble compounds.

Keywords: oral delivery, NaX-FAU zeolite, danazol, simulatedestinal fluids,

intestinal absorption
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1. Introduction

Oral drug absorption encounters multiple restragasimonly originating from the
physicochemical properties of the active compourlace the majority of active
compounds suffer from poor aqueous solubility, aisson throughout the
gastrointestinal tract is insufficient, resulting poor drug permeability and low
bioavailability after oral administration [1].

The use of porous inorganic materials has emeggead formulation strategy to
increase the solubility of sparingly soluble compasi [2-3]. Drug encapsulation into
the porous matrices facilitates conversion of thestalline form of the drug into its
amorphous state of higher free energy, which in t@n increase its solubility [4-6].
Several inorganic materials have being exploreddagy carriers opening new
possibilities for biomedical applications [7]. Zees are among those materials that
have enticed considerable attention in drug defivelue to their innate unique
properties [8-26]. Furthermore, it is possible thablites provide protection for drugs
that are easily decomposed due to humidity, suctlegsadation [26]. Zeolites are
microporous aluminosilicate materials based on afinitely extending three-
dimensional framework of Siand AlQ, tetrahedra linked to each other by sharing
oxygens that results in a uniform network of chds@ed pores (pore size < 2 nm)
[27]. On the contrary, ordered mesoporous mateasamorphous silicate materials
with highly ordered hexagonal arrangements of p{rleannels or cages) with narrow
size distributions in the mesoscale range (2-50 [281)

The biological properties (non-toxicity and good dumpatibility) and stability in
biological environments have rendered zeolites @mpate for medical use, mainly as
drug delivery systems [29]. So far, zeolites hagerbsuccessfully used as detoxicants

and decontaminants, when added in animal nutrittmmwell as antibacterial and
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antidiarrheal agents. Although zeolites have besgdun veterinary medicine and
zootechnologyin vivo studies using zeolitic particles are relativelarse [30]. In a
study, the supplementation of the normal diet witho clinoptilolite dietary
supplements (Megamin and Lycopenomin) in immunocomgsed patients was
accompanied with absence of any side effects amphifisiant reduction of
lymphocytes

CD56+ and significant increase of CD4+, CD19+ and3€ lymphocytes [31].
Potgieter and co-researchers investigated the tefééc Absorbatox™ 2.4 D
clinoptilolite as a gastroprotective agent in pasewith endoscopically negative
gastroesophageal reflux disease (ENGORD) and o anti-inflammatory drug
induced gastritis [32]. A significant reduction reartburn, discomfort and pain was
reported in the patients receiving the clinoptilireatment [32].

In view of the promise of zeolites as carriersdoal drug administration, we loaded
NaX-FAU zeolite with danazol, a BCS class Il nonizable compound with low
aqueous solubility (0.4-0.@g/mL) [33 -34] and limited bioavailability after air
administration, and further characterized the fdaton by means of various
physicochemical techniques. Faujasite is a mingraup in the zeolite family of
silicate minerals. Its structure consists of truadaoctahedra interconnected through
double six-membered rings. The pores are defined l@-membered oxygen ring
with an aperture of 7.4 A and their interconneciieeds to the formation of the main
cavities of the zeolite. The silica to alumina gai$ the determinant factor of the
zeolite type (X or Y), with high aluminum contentssulting in high exchange
capacities that constitute zeolites useful in igob@nge and adsorption applications,
as well as molecular sieves in drug delivery agpions, enabling control over drug

loading and release kinetics based on the zeoltedwork [27]. In vitro release
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studies of the loaded particles were performedimukated gastric and intestinal
fluids, whereas theiex vivo performance was assessed using the everted sad-mod
Finally, these studies were complemented by stghists of the formulation under

accelerated storage conditions.

2. Materials and methods

Zeolite NaX-FAU (SiQ/Al,0Os: 1.2) was obtained from Sigma-Aldrich (St. Louis,
MO, USA). NaX-FAU belongs to the cubic system canitay supercages with ~ 13 A

that communicate through ~7.35 A windows [27]. Dantavas purchased from Alfa-

Aesar (Germany). SIF powder for preparing FaSSHFReSSIF was purchased from
Biorelevant.com. All chemicals and solvents werauédlytical grade. Distilled water

was used in all experimental procedures.

2.1 Preparation of release media

Phosphate buffered saline (PBS) pH 7.4, was prdpayedissolving NaCl (8.0 g),
KCI (0.20 g), NaHPOy (1.44 g) and KRHPOy (0.24 g) in 1 L of distilled water with
2% w/v sodium lauryl sulfate (SLS). Simulated gasftuid (SGF) pH 1.2 was
prepared by mixing 2 g of NaCl, 70 mL of 1M HCI a®80 mL of distilled water in
the presence of 2 % w/v sodium lauryl sulfate (SIE&sted state simulated intestinal
fluid (FaSSIF) [BS (sodium taurocholate) 3 mM; pbloslipid (lecithin) 0.3 mM;
Sodium dihydrogen phosphate (mM) 28.65; hydrochloric acid, sodium chloride
105.85 mM; Osmolarity (mOsmol/kg) 270; Buffer capacity (mEq/pH/I) ~12; pH 6.5]
and fed state simulated intestinal fluid (FeSSIBP [(sodium taurocholate) 15.75
mM; phospholipid (lecithin) 3.75 mM; acetic acid 144.05, hydrochloric acid, sodium

chloride 203.18 mM; Osmolarity (mOsmol/kg) 670; Buffer capacity
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(mEgpH/1) 72; pH 5.0] were prepared with simulated intestinal fluid (Sgiewder,
according to the manufacturer’s instructions (Biewant.com Ltd, Croydon, Surrey,
UK). FaSSIF and FeSSIF fluids were used to reflleetphysiological conditions in
human gastrointestinal tract [35]. Krebs Ringeusoh (pH 7.4) was used in thex
vivo studies and was prepared with 0.67 % w/v sodiutoricle, 0.034 % wi/v
potassium chloride, 0.059 % w/v magnesium sulptta@d,1 % w/v calcium chloride,
0.234 % wi/v sodium dihydrogen phosphate and 0.M¥%glucose in distilled water.

In all cases, media were used within 24 h aftepgration.

2.2 Preparation of the danazol loaded NaX-FAU formulations

The incipient wetness impregnation was the methddpted to achieve danazol
loading within the NaX-FAU zeolite. Oven-drying tie NaX-FAU zeolite was
performed at 126C prior to drug loading for 24 h to remove the alied moisture.
A methylene chloride solution of danazol was addader vigorous stirring in the
dried zeolite powder at a 1:2 weight ratio. Samplese then dried at 4%C for at
least 48 h to remove traces of the organic sohsrd were further stored in a

desiccator.

2.3 Determination of drug loading efficiency

2.3.1 Extraction method

Danazol content in the NaX-FAU formulations was mjifeed using the extraction
method described below. One milligram of each samyds dispersed in 10 mL of
PBS pH 7.4 (2 % w/v SLS) and was magnetically etirfor 24 h at 37C. The
dispersions were then centrifuged at 4500 rpm forndin, the supernatants were

filtered through a PTFE filter with 0.45n pore size and drug content was quantified
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with UV spectroscopy (UV mini-1240, SHIMADZU) at 2&m. Drug content was

calculated according to following equation:

Drug content (%) éveight of danazol in the particles x 100 (1)

weight of particles

2.3.2 Thermogravimetric analysis (TGA)

Danazol content in the NaX-FAU formulation was dadadially quantified with
thermogravimetric analysissing a TGA Q500 apparatus (TA instruments Ltd.).
Samples (danazol, NaX-FAU, danazol-NaX-FAU) weralgred in air atmosphere at
a heating rate of 10 °C/min and in the temperatarege from 40 °C to 800 °C.
Thermal equilibration of the samples was perfornaedtO °C prior to analysis to

remove the excess moisture.

2.4 Physicochemical characterization

24.1 (-potential measurements

The surface charge of the empty and danazol lo&ed-FAU formulations was
determined using a Zetasizer Nanoseries, Nano-afyzer (Malvern, UK) at 25C.
The samples were dispersed in distilled water @ita solid load of 1 % wt. and
briefly sonicated to enable homogenous dispersionthie medium prior to

measurements.

2.4.2 Differential scanning calorimetry (DSC)

The thermal properties of the samples were charaetewith differential scanning
calorimetry (DSC) using a DSC 204 F1 Phoenix apgparédNETZSCH). Samples
were sealed in perforated aluminum pans and scaainadeating rate of 1/min
under a nitrogen purge of 70 mL/min and at the &napire range from 3 to 250

°C.
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24.2 X-ray diffraction (XRD)

The solid-state properties of danazol in the NaXJFrmulation were evaluated
with

XRD analysis. Diffractograms were recorded on akBriD8-Advance diffractometer
(Bruker AXS GmbH, Karlsruhe, Germany) using Cu Kadiation § = 1.5421 A)
operated at a voltage and current of 40 kV and 40 respectively. Samples were

scanned over thedzange of 3-50° at a rate of 0.35 s/step with p size of 0.02

2.4.4 Physisorption studies

The textural properties of the samples were ingagtd with a Quantachrome Nova
2200E Surface Area and Pore Size Analyzer (Quardash Instruments, Boynton
Beach, Florida, USA) using the Brunauer-Emmettd@relBET) method. Prior to
analysis, samples were degassed afG@o ensure minimum water vapor in the
samples. N Adsorption/desorption isotherms were recordedl@6°C. The specific
surface area was calculated using experimentatgaina relative pressure of P&
0.02 - 0.04. The micropore area and external seirémea were assessed using the t-
plot method in the relative pressure range fromt0.D.4. The N isotherms were
analyzed using the Saito-Foley (SF) approximatmnciylindrical pore geometry to
obtain pore size distributions. The total pore waduwas calculated by measuring the

amount of N adsorbed at 0.995 R/P

2.4.5 Visualization of zeolitic particles using high resolution transmission electron

i Cr oscopy
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Samples suitable for transmission electron micrpganeasurements were prepared
by drop casting an ethanolic solution containinigtpre NaX-FAU particles on holey
carbon-coated copper grids using a Tecnai G2 electricroscope operated at 200

kV.

2.5 Stressing tests

Accelerated stability studies were conducted tessshanges in the crystalline state
of danazol in the NaX-FAU formulations. Samples avstored at 40 + 2C and 75 *

5 % RH in stability chambers for 6 months and tlsebjected to DSC and XRD

analysis.

2.5.1 Sability studiesin simulated intestinal fluids

The stability of NaX-FAU zeolite was assessed muated intestinal media under
fasted and fed state conditions. NaX-FAU (2 mg) wiéspersed in FaSSIF and
FeSSIF media for 2 h at 3. Samples suitable for transmission electron rs@spy
were prepared by drop casting the dispersion omyhoérbon-coated copper grids.
Low and high magnification TEM images and selecteda electron diffraction
(SAED) patterns were acquired using a Tecnai G2trele microscope operated at

200 kV.

2.6 In vitro drug release in simulated gastric fluid and simulated intestinal fluids
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In vitro drug release studies were performed in 20 mL ofliome (SGF in the

presence of 2 % w/v SLS, FaSSIF and FeSSIF) irakirsp water bath at 37 °C. The
drug loaded zeolitic formulation (equivalent to 20§ of danazol) was dispersed in
each medium and samples (0.1 mL) were withdrawn rapthced with an equal
volume of preheated medium to maintain a conselease volume. All experiments
were carried out in quadruplicates. The sample® ietther analyzed by HPLC as

described in section 2.8.

2.7 Determination of ex vivo intestinal permeability

Intestinal permeability studies were conducted gisive everted sac method to assess
the effect of zeolite on intestinal drug absorpti@d], [36]. Wistar rats fasted
overnight with access to water ad libitum were aotbed and the jejenum was
excised and rinsed with ice-cold Krebs-Ringer sotu{37]. Subsequently, the tissue
was gently everted using a glass rod and was cwegments (5 cm in length),
obviating intestinal regions containing Peyer’'schas. Each segment was tied at one
end with a cotton thread, filled with 0.5 mL KreBgger solution and then tied at the
other end. The sacs were placed in 20 mL cappess$ gials containing oxygenated
Krebs-Ringer solution and the zeolitic formulati¢corresponding to 1.5 mg of
danazol) in a shaking water bath at ®7 A dispersion of pure danazol (1.5 mg)
served as the control. The sacs were removed defgmnined time points, rinsed
with Krebs-Ringer solution and blotted dry. Afteeasuring their dimensions (width,
length) they were cut open and the serosal fluid wallected and centrifuged at
10,000 g for 15 min. Danazol was quantified in skipernatants with HPLC analysis
(n>4). Relative permeability was calculated as thewarhqug) of transported danazol

per intestinal mucosal surface area{caccording to Equation 2 [38 -39] :

10
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(Danazol concentration)serosai fiuia X (Volume)serosai fiuia

(2)

Relative permeability = (Surface area)mycosal

2.8 HPLC analysis

Prior to HPLC analysis, samples were centrifuged®000 g for 10 min and the
supernatants were filtered through a PTFE filtethv@.45um pore size. The drug
content was quantified using a High-PerformancailddChromatography instrument
(Shimadzu) equipped with two LC LC-20AD pumps, &-30AD auto-sampler and a
UV-diode array detector. The experimental conditimrere maintained at 25 °C with
the use of a Shimadzu column oven. The stationaase was an octadecyl (C18)
column (dimensions 150x4.6 mm an@rb particle size). The mobile phase consisted
of 50 % MeON:HO. The flow rate of the mobile phase was adjusted.8 mL/min
and the injection volume was 9@Q. UV detection was performed at 287 nm. The
chromatographic peaks were recorded and elabovated C Solution software. All
solvents were filtered through a 0.45-mm nylon memb and degassed prior to use.
The calibration curves for danazol were linedrXr0.999) in the range of 0.1 - 50

pug/mL for all tested media.

2.9 Statistical analysis
All data are presented as mean values and stamgaidtion (£ S.D.). Univariate
statistical analysis was performed using t-tesorigm (tail 2, type 3) in Microsoft

Excel. P < 0.05 was considered statistically sigaift.

3. Results and Discussion
The calculated danazol loading of the zeolitic ipla$ as determined by UV and

thermogravimetric analysis (Table 1) was in clogeeament with the theoretical drug

11
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payload (was 33.3 % w/w). The TGA curves of the N&U zeolite and danazol are
represented by a one stage weight loss (Figureattdiputed to the desorption of
physically adsorbed water and the thermal decortiposof the drug, respectively
[24]. The TGA curve of the drug-loaded formulatiosas characterized by a three-
stage weight loss. The second and third weightebsrrespond to the thermal
decomposition of danazol, located on the exterondiase area and within the pore
structure of the zeolites, respectively. Consisteith the presence of adsorbed
danazol onto the surface of zeolitic particles,hpotential of drug-loaded particles
(-32.7 £ 1.4 mV) was remarkably higher than thathef pristine zeolitic particles (-
55.1 £ 2.4 mV) (Table 1).

The drug crystallinity after the incipient wetnesethod was evaluated by thermal
(Figure 1B) and XRD (Figure 1C) analysis. In thelize thermograms, a weak and
broad endothermic peak was observed from°60to 160 °C attributed to the
evaporation of physically adsorbed water. Danazminahstrated a characteristic
melting peak at 224C [41]. After its incorporation into the micropo®ueolite, the
drug’s melting enthalpy decreased, due to the gdaatnorphization of danazol. The
diffraction pattern of pure danazol demonstrates tihhe drug is highly crystalline and
possesses multiple diffraction peaks in the 10°-&0fange, in accordance with the
literature [41]. The diffraction data of NaX-FAUeain perfect agreement with the
patterns of the respective reference materialsroflas framework topologies [42].
The crystallinity of NaX-FAU is retained after drimpding and the decrease in peak
intensity at 6.2° can be possibly attributed to ieesking effect of danazol deposited
onto the external surface of the zeolite. Howetee, x-ray diffractogram of NaX-

FAU loaded sample showed the presence of crystatimig at 13and 17 degrees,

12
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further corroborating the results obtained from DSCthe partial amorphization of
the API.

The textural properties of the zeolitic particlasop and post-drug loading were
evaluated by nitrogen sorption measurements andtsesre summarized in Table 2.
The N, sorption isotherms of both samples resemble Tyipetherms [4], indicating

the presence of micropore frameworks (Figure 2Aitragen sorption isotherms
retain their characteristic shape post-incipienttness method, indicating the
maintenance of the zeolite microporosity. The psige distribution of plain NaX-

FAU and danazol-loaded zeolitic particles is illagtd in Figure 2B. A significant

decrease in the micropore area, external surfae@ and total pore volume of the
NaX-FAU particles (Table 2) was observed after dahdoading, denoting the

presence of the drug at the carrier with drug déipasoccurring both on the external
surface area and within the micropores of the #edarrier.

Low and high magnification TEM images of pure NaXWF zeolitic particles are

illustrated at Figure 3. A low magnification TEM age of the pristine NaX-FAU

particles and the corresponding SAED pattern ofbiggest particle oriented along a
<110> zone axis is given as an inset in Figure B4ure 3B represents an HRTEM
image of a thin edge of the same particle, with toeresponding fast Fourier
transform (FFT) given as an inset.

The thermodynamic instability of amorphous drug poonds is a significant

challenge especially for amorphous drug compounaig storage, since they tend
to convert back to the stable crystalline stater avee. The state of danazol in the
zeolitic formulation was evaluated by DSC and XRialgsis. As shown in Figure 4
(A & B), the sample exhibits good physicochemictdbdity under accelerated

storage conditions of temperature and humidity £48°C and 75 + 5% RH) for 6

13
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months, without any changes been recorded in thenibgrams and diffractograms
over time.

Low and high magnification TEM images of the empiyd drug loaded zeolitic
particles were recorded in FaSSIF (Figures 5A ahaml FeSSIF (Figures 5C-F)
media. The zeolitic carrier retained its structurdégrity, since no alteration on the
morphology or the structure of the zeolitic padgkould be identified upon exposure
to both media.

The dissolutionof danazol-loaded NaX-FAU zeolitic particles andgurystalline
API were assessed in SGF pH 1.2 (in the presen@e?fSLS), FaSSIF pH 6.5 and
FeSSIF pH 5.0 media (Figure 6). Danazol dissoluiom NaX-FAU in SGF showed
a gradual increase over time reaching 70 % of ¢tal rug content within 2 h
(Figure 6A). At the same time-scale, crystallineazol showed a burst dissolution
(40 %) within 5 min followed by a plateau (50 %)tiuthe end of the study. Similar
dissolution profiles were also obtained for theepuarystalline drug and the drug-
loaded zeolitic particles in FeSSIF (Figure 6B)hgta. 50 % of the total drug content
dissolved at 2 h in both cases. However, it isem that gradual release was attained
from the zeolitic particles compared to the fastsdlution of the crystalline API,
enabling control over the rate of drug reled®viously, it has been suggested that
“poor sink conditions” can be introduced in an ¢ to discriminate between
formulations (mesoporous silica SBA-15) and crystalAPIs [49]. In this work, the
dissolution of the total drug content in the reeasedium leads to a concentration
that is about 20% of the drug’s solubility. Theheg drug dissolution from NaX-FAU
in SGF can be attributed to the acidic nature efrtfedium, with previous studies [43
- 44], showing the NaX-FAU zeolites are prone toudural dissolution of their

framework under acidic conditions. The dissolutiomechanism of Faujasite

14
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framework in acidic pH involves selective alumindepletion and has been reported
to solely depend on the framework compositions iBAlSatios between 1 and 3
[43],[45]. The dissolution profiles of danazol iIRESIF conditions are illustrated in
Figure 6C. Low dissolution rates were recordedbfath crystalline danazol and NaX-
FAU loaded danazol [46-47], while in both casesah®unt of drug dissolved at 2 h
was significantly lower compared to that dissoluedeSSIF at the same time-sale. It
has been previously reported [48] that the disswiubf danazol is dependent on the
composition of the medium, where an increase te bdlt / phospholipid content
results in enhanced dissolution rates, furtheratmrating the higher solubility of the
lipophilic and non-ionized danazol in FeSSIF.

The results show that in media with high solubti@a capacity [SGF 2% SLS,
FeSSIF] drug release occurs in a gradual manner fine porous carrier, compared to
the rapid dissolution of the pure API which is émled by a plateau indicating that
drug diffusion out of the porous network of the NBXU zeolite constitutes the rate-
limiting step for drug release.

Furthermore, the HRTEM results obtained from trebisity studies of the zeolitic
particles in simulated intestinal fluids suggesittthe dominant factor for danazol
dissolution from the zeolitic particles is solelyributed to the textural properties and
the encapsulation capacity (pore size) of the poarriers in both media, since the
zeolitic framework remains intact under both fastetl fed state conditions. In
addition, drug encapsulation within the NaX-FAU l#eoenabled better control over
danazol dissolution over time, as deducted from dghedual dissolution profiles
observed for danazol from the NaX-FAU zeolite ihna¢dia.

The effect of danazol loading within the NaX-FAUo#ige on drug permeation across

rat intestinal epithelium was determined usingelierted gut sac method (Figure 7).
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The permeated amount of danazol from the NaX-FAbliteeformulation increased
proportionally over time compared to the crystalidrug. A 2-fold higher relative
permeability of danazol from the NaX-FAU formulaticcompared to crystalline
danazol was recorded at 30 min (t-test, p < 0@Bgreas a significantly higher drug
transport (twice higher compared to the controést; p < 0.05) was observed at 120
min. The lower permeability of danazol in suspensionmfas attributed to its poor
aqueous solubility in the mucosal compartment. Theults indicate that the
properties of the carrier acting as permeation ecéra rather than its solubilization
capacity can increase the transport of the APIsscnatestinal epithelium. Previously,
we have shown that the transepithelial resistah€@a00-2 monolayers was decreased
in a reversible manner when incubated with the N&XJ zeolitic particles,

indicating an increase in the intestinal barrienpeability [4, 44].

4. Conclusion

NaX-FAU zeolite was co-formulated with the poorbluble drug danazol resulting in
increased drug amorphization. No alterations ingbléd-state properties of the drug
were observed even after storage under accelestriesbing conditions for 6 months.
The zeolitic formulation enabled a gradual andeasing drug dissolution in media
simulating the GIT transit, while at the same tiemhanced drug permeation across
intestinal epithelium. Overall results demonstrdte potential of NaX-FAU as a
promising platform for the oral delivery of the diphilic and poorly water-soluble
danazol.
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566  Table 1: Drug content (%) as calculated by UV analysis aGA and{-potential of

567  pristine and drug-loaded NaX-FAU zeolitic particles

Drug content (%) Drug content (%)

Carrier . . ¢-potential (mV)*
(TGA) (Uv)

NaxX (E) - - 551+24

NaX (L) 31.1+04 30.9+0.9 327+1.4

568  E: empty carrier, L: Danazol loade@y=2),” (n=3)
569
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Table 2: Textural properties of the empty and drug loaded{RAU particles.

Carti BET surfacearea Microporearea External surface Total pore
arrier

(m?g)* (m?/g) area (m?g) volume (cm?g)®
NaX (E) 715.24 693.55 21.69 0.28
NaX (L) 4.99 4.05 0.94 0.01

3 SBET (nf/g): BET surface ared.Vt (cnr/g): total pore volume calculated as the amountimbgen

adsorbed at a relative pressure of 0.995.

26



582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

FIGURE LEGENDS
FIGURE 1: (A) TGA, (B) DSC and C) XRD analysis of NaX-FAU zeolite,

crystalline danazol and the zeolitic formulation.

FIGURE 2: (A) N, adsorption-desorption isotherms alj pore size distribution of

the zeolite and the danazol-loaded zeolite fornmrat

FIGURE 3: (A) Low and B) high magnificationTEM images of pristine NaX-FAU
zeolitic particles. The SAED and FFT patterns arem as inset ifA) and (B),

respectively.

FIGURE 4. (A) DSC thermograms and) X-ray diffractograms of danazol-loaded

zeolite formulation after 6 months testing at aecaled storage conditions.

FIGURE 5: Low and high magnificatioMEM images of empty and drug loaded
NaX-FAU particles in(A-B) FaSSIF andC-F) FeSSIF media. No effect on the
morphology or the structure of the zeolitic padgkould be identified upon exposure

to these media.

FIGURE 6: In vitro dissolution profiles of crystalline danazol andghioaded NaX-
FAU in (A) simulated gastric fluid (SGF) pH 1.2 in the preseof 2 % SLS,R) fed
state simulated intestinal fluid (FeSSIF) pH 5.0d ) fasted state simulated

intestinal fluid (FaSSIF) pH 6.5 at 3C.
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FIGURE 7: Relative permeabilitypg/cnt) of crystalline danazol and danazol-loaded
NaX-FAU formulation at 30 min and 120 min using taeerted sac method. In each
box chart, the bottom (%) shows the minimum valoé marks the Oth percentile. The
bottom of the box marks the 25th percentile andttipeof the box marks the 75th

percentile. The square symbal) (n the box marks the mean value. The top (x) show

the maximum value and 100th percentile. Resultsherenean values of n =4 - 8.
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FIGURE 7
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