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Abstract

Background: Nitazoxanide (NTZ) is a broad spectrum antimicrobial agent with poor aqueous
solubility and low bioavailability. Thus, the generation of new solid forms of NTZ is relevant to
improve its unfavorable properties. The present study deals with the application of
mechanochemistry for the preparation of alternate solid forms of NTZ, using saccharine (SAC)
as coformer.

Methods: NTZ-SAC mixtures were prepared by neat and liquid-assisted grinding (LAG) and
characterized using differential scanning calorimetry (DSC), hot stage microscopy (HSM), X-ray
Powder Diffraction (XRPD), $3C Solid-state Nuclear Magnetic Resonance (SSNMR) and Diffuse
Reflectance Infrared Fourier Transform (DRIFT) spectroscopy. Powder dissolution (PD) profiles
were obtained with USP apparatus 2 in buffer phosphate pH 6.5 with 0.25% Tween® 80 - 0.25%
triethanolamine and in 0.25% sodium lauryl sulfate, at 37 °C + 0.5 °C and 75 rpm. Drug release
was characterized in terms of dissolution efficiency (DE).

Results: XRPD, SSNMR and DRIFT indicated that NTZ and SAC did not cocrystallize but DSC
and HSM revealed that they formed a binary eutectic mixture which melted near 176 °C, a
melting temperature lower than those of NTZ and SAC. PD data indicated that the 1:1 NTZ-SAC
sample obtained by LAG exhibited a slightly higher DE than pure NTZ in the two assayed
media.

Conclusion: NTZ and SAC formed a eutectic, the first reported for this drug, which improved
its dissolution rate and opened the pathway for studies searching for new eutectics with better

biopharmaceutical attributes than NTZ and the NTZ-SAC eutectic reported herein.
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Introduction

Nitazoxanide [2-(acetyloxy)-N-(5-nitro-2-thiazolyl)benzamide, NTZ] (Figure 1) is a
nitrothiazole derivative used in the treatment of diarrhea caused by Cryptosporidium parvum
and Giardia intestinalis in adults and children at least 12 months of age.!  NTZ is also active
against numerous other parasitic pathogens and viruses, including Trypanosoma cruzi (the
causative agent of American trypanosomiasis),®> Leishmania mexicana,® the ulcer-causing
pathogen Helicobacter pylori,> multidrug resistant strains of Mycobacterium tuberculosis,® as
well as respiratory viruses, rotavirus, norovirus, coronavirus, hepatitis B and C, dengue-2, yellow
fever, Japanese encephalitis, and human immunodeficiency viruses.* Moreover, NTZ has
shown anticancer activity,* and is a promising compound for the treatment of neuropathic pain,*
the Ebola virus disease* and is also under investigation for potential use in COVID-19
treatment.>

Although NTZ is an agent with diverse pharmacological activities and minimal toxicity, it
has unfavorable physicochemical and biopharmaceutical properties, in particular very poor
aqueous solubility® and low bioavailability,* and this provided the motivation for discovering
new solid forms which may improve its solubility, dissolution rate, and bioavailability, and thus
provide improved therapeutic options for patients. In fact, NTZ has been in the focus of
pharmaceutical research to discover and prepare alternative solid forms such as cyclodextrin
complexes,”® solid dispersions,® cocrystals'® and cocrystal alloys.!' Regarding NTZ cocrystals,
it was found that it cocrystallized with five organic acids [succinic,’® glutaric,*® 2,5-
dihydroxybenzoic,'® p-aminobenzoic and p-aminosalicylic*'], showing a common heterodimeric
synthon formed between the carboxyl group of the acid coformer and the carboxamidine group

of NTZ (Figure 1), namely the carboxyl-carboxamidine synthon.1%!



Pursuing our interest in discovering new solid forms of NTZ, the aim of this study was to
determine if NTZ can be partnered with a non-carboxylic acid coformer such as saccharine
(SAC, pKa = 2.2'?, Figure 1) which cannot form the above-mentioned carboxyl-carboxamidine
synthon with NTZ, but is able to generate N-H---O, S=0--H-N, O-H-O and N-H-N hydrogen
bonds with drugs possessing OH, NH or carbonyl groups*?*3 such as NTZ, leading to cocrystals,
salts or eutectics, with the last representing a whole new paradigm of noncovalent derivatives'*
and technology at par with other crystal engineering techniques in improving clinically
significant attributes of a drug!* such as solubility, stability, and bioavailability, as demonstrated

for curcurmin,®® hesperetin,** and leflunomide.®
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Figure 1. Schemes of the molecules of nitazoxanide (NTZ) and saccharine (SAC), and atom
numbering used in the SS *3C NMR study for NTZ and SAC.

In effect, depending upon various factors, during cocrystallization, an amalgamation of
two complementary interacting materials lead to the formation of a specific product which can
be any of the multicomponent organic adduct (solvate, molecular salt, eutectic or a cocrystal).*®
The formation of either cocrystal or eutectic during cocrystallization is mutually exclusive and a
win-win situation.'® According to Cherukuvada and Nangia,!” the materials with strong adhesive

(hetero) interactions between the unlike components will lead to cocrystals whereas those having
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stronger cohesive (homo/self) interactions will more often give rise to solid solutions (for similar
structures of components) and eutectics (for different structures of components). In case of a
eutectic, the adhesive (heteromolecular) interactions are relatively weaker as they are formed
between non-isomorphous materials (having size/shape mismatch between the components), the
structure lacks a unique lattice arrangement distinct from the individual components and retains
the cohesive interactions in its solid solutions.!” In comparison, a cocrystal is formed when the
adhesive interactions can overcome the size/shape mismatch features of the components, and the
resultant crystal packing is distinct from the parent components.’

This article deals with the experimental details in which attempts to form cocrystals of
NTZ with SAC by using mechanochemical grinding led to eutectic formation, thus revealing

NTZ-SAC to be a eutectic-forming system.

Materials and Methods

Chemicals

Nitazoxanide raw powder was isolated from Nixoran® suspension (Roemmers, Argentine) by
solvent extraction and purified by recrystallization from ethyl acetate. SAC was commercially
acquired and purified by crystallization from ethanol-water. Spectral grade KBr (Merck,
Argentina), filter paper (2.7 um, Whatman 542, UK) and nylon membranes (0.45 pm, Pall
Corporation, USA) were commercially acquired. Water was obtained from a Milli-Q water
purification system (Millipore, Bedford, MA, USA). o-Phosphoric acid (85% v/v) was purchased
from Cicarelli® Laboratorios (Reagents S.A., Argentina). All the other solvents used were of

analytical or HPLC grade and obtained from commercial suppliers.

Mechanochemical synthesis



The syntheses were performed using neat grinding (NG)*'° and liquid-assisted grinding
(LAG)*2 methods. Briefly, NTZ and SAC (both as powders) were mixed in 1:1, 1:2 and 2:1
stoichiometric ratios and manually ground in an agate mortar with a pestle for 20 min without
adding solvent (NG) or adding a few drops of acetone (LAG). In what follows, the samples
obtained by using NG and LAG will be coded as NTZ-SACnc and NTZ-SACag, respectively.

Binary mixtures (in ratios of 80/20, 60/40, 50/50, 40/60 and 20/80, w/w) were also
prepared by gently mixing accurately weighed amounts of NTZ and SAC (both as powders) in
an agate mortar with pestle for 3 min. The resulting samples were stored under vacuum (over
CaCly) until analyzed.

The preliminary characterization of the obtained samples was made by using hot-stage
microscopy, and their melting points and behavior on heating were compared with those of the
pure components. On the basis of the results obtained, selected samples were also characterized

using diffractometric, vibrational and thermal techniques.

X-ray Powder Diffraction

XRPD patterns were collected at 23-25 °C on a Philips X Pert PRO PANalytical powder
diffractometer (Philips, The Netherlands), fitted with a Copper tube (CuKo. = 1.54178 A) and a
Ni filter, with the X-ray generator being set at a voltage of 40 kV and a current of 30 mA.
Samples were analyzed with a step size of 0.05° 26 and a step time of 3 s from 3 to 35° 26, using

a 25 mm diameter Si single-crystal holder.

Diffuse reflectance infrared Fourier transform
DRIFT spectra were recorded on a Nicolet Avatar 360 FTIR spectrometer (Nicolet Instruments
Corp., Madison, WI), using a diffuse reflectance accessory and macro diffuse reflectance cups of

13 mm diameter (~400 mg capacity). For the preparation of the sample-KBr blend, dry KBr was



ground for 2 min before mixing with the sample (5 % w/w) in an agate mortar with only light
grinding performed. The blend was then placed in the cup, and excess material was removed by
placement of a microscope slide against the open cup in a rotary motion to achieve a level but
roughened surface, which was scanned immediately. KBr scans were used as background.
Spectra were acquired by accumulating 64 scans at 4 cm™! resolution. All spectra were processed

using the OMNIC E.S.P. 5.1 program (Nicolet Corp.).

Differential scanning calorimetry (DSC), hot-stage microscopy (HSM) and melting point

determination

DSC measurements were performed on a MDSC 2920 analyzer (TA Instruments Inc., USA) at a
heating rate of 10 °C/min under N2 (99.99% purity, flow rate 50 mL/min). The temperature axis
was calibrated with indium (99.99% purity, m.p. 156.6 °C). Non hermetically-closed aluminum
pans (40 uL) were used. Samples with a mass of 1-2 mg were employed. Empty aluminum pans
were used as references. Data were treated with the Universal Analysis 2000 software (TA
Instruments Inc.).

The physical and morphological changes that occurred during the process of heating of
solid samples were observed through a microscope fitted with a Kofler hot-stage (Leitz, Wetzlar,
Germany) at a constant rate of about 8 °C/min

Melting point (m.p.) determinations were also made on an 1A9100 Electrothermal digital

melting point apparatus (Cole-Parmer Ltd., United Kingdom).

NMR spectroscopy
13C SSNMR studies were performed using the ramp CPMAS sequence with proton decoupling
during acquisition, at 25 °C in a Bruker Avance Il 300 spectrometer (Bruker, Germany),

operating frequency for carbons 75 MHz, equipped with a 4 mm MAS probe. Spinning rate was
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8 kHz. The recycling time was 20 s, the contact time during CP was 2 ms, and 2048 scans were
recorded. TPPM15 sequence was used for decoupling during acquisition with a proton field Hin
satisfying ®win/2n = yu Hwnw/2n = 50.0 kHz. Chemical shifts were quoted with respect to
tetramethylsilane (TMS) and measured via replacement with adamantane (29.50 and 38.56 ppm).
Interrupted decoupled experiments were conducted using a 40 us delay before acquisition. The
signal assignments of the spectra were achieved by dipolar dephasing experiments [which yields
quaternary carbons only and the corresponding non-quaternary suppression (NQS) spectrum]

and by comparison with reported SS NMR data for NTZ?! and SAC.?2%

Powder dissolution study

Dissolution experiments were conducted under non-sink conditions on an USP paddle apparatus
(Apparatus 2), using a Sotax AT7 Smart semi-automated dissolution tester (Sotax Corp.
Horsham, Pennsylvania, USA), 500 mL of dissolution medium, 37 °C + 0.5 °C and 75 rpm.
The dissolution media were (a) buffer phosphate pH 6.5 with 0.25% (w/v) Tween® 80 and
0.25% (w/v) triethanolamine (named hereafter as Tween®-t), which is a simplified biorrelevant
medium for poorly water-soluble compounds that simulates small intestinal conditions,?* and (b)
0.25% (wi/v) sodium lauryl sulfate (SLS) in MilliQ water. Accurately weighed powdered
samples (sieved through a 100 mesh screen) containing 40 mg of pure NTZ or the equivalent of
40 mg of NTZ eutectic were rapidly tipped from aluminum boats onto the stirred dissolution
medium. The volume of media and sample masses used were selected taking into account the
level of quantitation of NTZ using the HPLC method of Malesuik et al.,?® which we described
below, and the solubility of NTZ in Tween®-t and SLS at 37 °C, which we found to be 26
pug/mL (Tween®-t) and 12 ug/mL (SLS). With 40 mg of NTZ and a test volume of 500 mL,
sink conditions did not prevail neither in Tween®-t nor in SLS since the tests volumes were not

at least greater than three times those required to form a saturated solution,?® but the tests
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volumes allowed quantification above the limit of quantitation of NTZ (0.4 pg/mL%). For all
experiments, samples (3 mL) were withdrawn at time intervals of 5, 10, 15, 30, and 45 min, and
immediately filtered (0.45 pm nylon membrane). In all cases, the first milliliter was discarded.
Filtered aliquots were then diluted with mobile phase and assayed by HPLC.

Chromatographic separations were achieved using an HPLC chromatograph (AGILENT®
S1100, 20 pL fixed loop injector [Agilent 1100 G-1313A] and variable UV-Visible detector
[Agilent G1365B]), using a previously reported validated method that uses an isocratic mode;
20-25 °C; o-phosphoric acid (0.1%, v/v, pH 6.0, adjusted by addition of triethylamine)-
acetonitrile (45:55, v/v), filtered (0.45 um) and degassed using vacuum; Synergi-4m-Fusion RP-
80 C18 (Phenomenex, 250mm x 4.6 mm, 4.5 pm) column and UV-visible detection at 240 nm.?
The amount of dissolved NTZ was calculated by reference to a standard calibration curve
constructed using five concentration levels of NTZ (r?= 0.9997). An accumulative correction
was made in order to compensate for previously removed samples. Peak areas were integrated
using the program Chemstation Rev. A.10.02 for Windows.

Dissolution profiles were represented as the cumulative percentages of the amount of drug
released at each sampling interval, with the profiles in Tween®-t and SLS being the average of
three and two individual powdered samples, respectively. Dissolution profiles were characterized
in terms of dissolution efficiency (DE). This model independent parameter is defined as the area
under the dissolution curve up to a certain time, t, expressed as a percentage of the area of the
rectangle described by 100% dissolution in the same time.?” DE was calculated from the area
under the curve (measured using the trapezoidal rule) at the last sample time point (45 min) and
expressed as a percentage of the area of the rectangle described by 100% dissolution at the same

time.



Results and discussion

XRPD, SSNMR, DRIFT and DSC data

NTZ was subjected to mechanochemical grinding with SAC, with and without solvent, in the
intent of obtaining multicomponent adducts. The resultant samples were white solids, like pure
NTZ and SAC (Figure S1), and were initially examined by means of HSM for morphology and
behavior on heating. According to HSM observations, all the obtained samples were
cryptocrystalline solids that exhibited similar behavior on heating, namely a fusion process at
about 175 °C, a gradual decomposition above 180 °C and the melting with decomposition of
remaining solid particles (excess starting compounds). The HSM images of the 1:1 NTZ-SAC
samples obtained by NG and LAG (taken as representative of NTZ-SAC products), together
with those of NTZ and SAC, are depicted in Figures S2-S5. Thus, taking into account that
XRPD is a diagnostic way of differentiating cocrystalline phases from physical
mixtures/eutectics,?® the XRPD patterns of the prepared samples were recorded. Figure 2
exhibits the powder patterns of NTZ, SAC, their 1:1 physical mixture (1:1 PM) and three NTZ-
SAC products. As shown in Figure 2, the XRPD patterns of the three NTZ-SAC products are the
superposition of those of NTZ and SAC, like their respective 1:1 PM, indicating that the three

samples represent physical mixtures or eutectics.
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Figure 2. X-ray powder diffraction patterns of (a) NTZ; (b) SAC; (c) 1:1 PM; (d) 1:1 NTZ-
SACLag; (e) 1:2 NTZ-SACvag, and (f) 2:1 NTZ-SACLiac.

In order to characterize further the NTZ-SAC products, SSNMR and DRIFT were used
since both techniques are powerful tools for characterizing materials and can confirm or discard
an interaction between molecules. The *C CP/MAS spectra of the 1:1 PM and two NTZ-SAC
products, together with those of their starting compounds, are depicted in Figure 3, while the
chemical shift values are listed in Table S1. The DRIFT spectra of NTZ, SAC and representative
NTZ-SAC products are shown in Figure S6.

As shown in Figure 3, the spectra of 1:1 NTZ-SACnc (Figure 3d) and 1:2 NTZ-SACrac

(Figure 3e) correspond to the sum of the spectra of the reagents (Figure 3a,b), like the 1:1 PM
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(Figure 3c), indicating the absence of phases with new molecular arrangement in the lattices.
Only the carbonyl carbon of pure SAC (C3’, Table S1) observed at 163.8 ppm was slightly
shifted to 162.9 (1:1 PM), 163.0 (1:1 NTZ-SACng) and 163.6 (1:2 NTZ-SACLac) ppm, but these

shifts were not significant.

0 50 100 150 200

Figure 3. *C CPMAS NMR spectra of (a) NTZ; (b) SAC; (c) 1:1 PM; (d) 1:1 NTZ-SACNG, and
(€) 1:2 NTZ-SACLAG.

The DRIFT spectra of the 1:1 NTZ-SACng, 1:1 NTZ-SAC_ac; 1:2 NTZ-SACnc and 1:2
NTZ-SACLac samples (Figure S6) were also the superposition of those of the respective starting
materials, like their 1:1 PM (Figure S6), indicating that all samples represent physical mixtures

or eutectics, in accordance with the XRPD and SSNMR evidence. Hence, since DSC works as a
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bench diagnostic technique for a eutectic and cocrystals,?®2° the behavior on heating of the
obtained samples was assessed by DSC.

The DSC curves of NTZ and SAC (Figure 4a,b) displayed, in the 25-250 °C temperature
range, sharp melting endotherms with extrapolated onset temperatures (Te) of 201.1 °C (NTZ,
Figure 4a) and 227.8 °C (SAC, Figure 4b). It should be noted that both compounds are stable
on heating as solids but as liquids are unstable to undergo thermal decomposition reactions,?*?3

and this precluded the determination of their binary solid—liquid phase diagram by classical

methods of melting of mixtures and their solidification.*
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Figure 4. DSC (non-hermetically sealed aluminum pans, £ =10 °C/min and N2 purge of 50
mL/min) of (a) NTZ; (b) SAC; (c) 1:1 PM; (d) 1:1 NTZ-SACng; (€) 1:2 NTZ-SACng; () 1:2
NTZ-SACiac, and (g) 2:1 NTZ-SACne.

The DSC scans of the 1:1 PM (Figure 4c) and those of three representative NTZ-SAC
samples (Figure 4d-f) exhibited, in the 25-200 °C temperature range, single endotherms near to

176 °C (Te). Interestingly, the Te of these endotherms was lower than those of NTZ (Figure 4a)
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and SAC (Figure 4b), supporting the interpretation that these peaks corresponded to eutectic
endotherms as for binary mixtures a lower DSC melting endotherm compared to the parent
materials is an indicator of eutectic formation.'>17?82%31  No distinctive depressed DSC melting
peaks of excess NTZ or SAC were visualized in Figure 4. However, the shapes of the eutectic
endotherms of Figure 4d,e,g looked as they comprised overlapping effects since endothermic
shoulders are distinguishable on the right sides of these endotherms (typical of the superposition
of two peaks into one peak), and this may be attributed to superposition of solidus (eutectic
melting) and liquidus (melting of the excess of starting material particles) events, as it was
observed for other eutectic mixtures,*>17:31

Given that the 1:1 PM exhibited a DSC eutectic peak (Figure 4c), other NTZ-SAC physical
mixtures (80:20, 60:40, 50:50, 40:60, and 20:80 % w/w) were analyzed, using a melting point
apparatus, in order to determine if they also exhibited a eutectic fusion, but we did not attempt to
determine the exact eutectic composition?® due to the thermal decomposition of NTZ and SAC.
Only a single invariant m.p. (near 176 °C) was observed in common for the five different
compositions prepared (Figure S7). Above the eutectic temperature, the molten phases
decomposed, as it was observed in the Kofler hot stage, and this favored the thermal degradation
of the remaining solid particles (excess NTZ or SAC). Thus, it is evident that NTZ and SAC are
eutectic-forming compounds, and that mechanically induced contact (neat grinding, LAG and
even gently mixing) caused eutectic behavior. According to Bi et al.,*? the criteria for eutectic
formation are that the eutectic-forming compounds are in intimate contact in solid state and are
mutually soluble in each other in the molten state. The intimate contact in the solid state
guarantees that eutectic-forming compounds will melt as if a single phase. This contact can be
obtained by melting and solidification (which is typically used to form eutectics and its function
is only to facilitate the intimate contact between the eutectic-forming compounds;3? mechanically
induced contact, namely compaction that can cause eutectic behavior equivalent to that observed

in eutectics formed by fusion,® and mechanochemical grinding, which can induce long range
14



order to give eutectic compositions stabilized by weak, short-range interactions.?® Evidently, this

last method is sufficient to induce the formation of a NTZ-SAC eutectic.

Powder dissolution study under non-sink conditions
The powder dissolution (PD) profiles of 1:1 NTZ-SACrLac and NTZ (both as dispersed powders

sieved through a 100 mesh) obtained in Tween®-t and SLS are shown in Figure 5. The

calculated DE values are listed in Table 1.
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Figure 5. Powder dissolution profiles (USP apparatus 2, 37 °C + 0.5 °C and 75 rpm) of NTZ
(filled rhombus) and 1:1 NTZ-SAC.ac (filled squares) in (a) phosphate buffer pH 6.5 with
0.25% Tween® 80 and 0.25 % triethanolamine (n =3, error bars indicate the standard
deviation), and (b) 0.25% SLS in MilliQ water (n =2).

As shown in Figure 5, the dissolution profiles of the 1:1 NTZ-SAC_ac sample were not
superimposable to those of pure NTZ neither in Tween®-t nor in SLS, revealing differences in
dissolution performance. The DE values for 1:1 NTZ-SAC_ac were slightly higher than those

of pure NTZ in the two assayed media (Table 1), indicating that its dissolution process was

15



more efficient than that of pure NTZ, and the DE advantage (DEntz-sac/DEntz) for the NTZ-
SAC eutectic was of 1.23 (Tween®-t) and 1.68 (SLS) (Table 1). The small improvement in the
dissolution performance of the NTZ-SAC eutectic in comparison to pure NTZ is not surprising
when taking into account that SAC is a coformer sparingly soluble in water, which generally
enhances the aqueous solubility of drugs when salts (saccharinates) are formed,* and small
particles of a near-uniform size distribution for NTZ-SAC eutectic were not obtained, namely the
samples were sieved only with a standard 100 mesh (150 um). PD measurements using NTZ-
SAC samples with small and narrow particle size distribution (PSD) is a future undertaken given
that PD is sensitive to PSD as drug particles are directly exposed to the agqueous solvent and

eutectics with small particles and narrow PSC exhibited higher solubility.*®

Table 1. Dissolution efficiency (DE) for nitazoxanide (NTZ) and 1:1 NTZ-SAC eutectic.

DE?2 DE-eutectic/ DENTZ
Medium
NTZ 1:1 NTZ-SACLac
Tween® 80-t P 19.0 23.4 1.24
SLS® 13.2 22.3 1.68

& Average values. ° Phosphate buffer pH 6.5 with 0.25% Tween® 80 and 0.25 %
triethanolamine. ©0.25% SLS in MilliQ water.

Conclusion

We investigated the capability of NTZ of forming non-covalent interactions with a non-
carboxylic acid coformer such as SAC, which cannot form the carboxyl-carboxamidine synthon
that has been afforded NTZ cocrystals.'®* The screening approach used did not afford cocrystals
or salts, as no new unique diffraction lines and signature SSNMR and DRIFT peaks were
observed for NTZ-SAC products. However, DSC and HSM revealed that all the NTZ-SAC

samples obtained melted at approximately the same temperature (near 176 °C), which represents
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the eutectic reaction of solid NTZ with solid SAC, and demonstrated that NTZ and SAC formed
a binary eutectic. Powder dissolution measurements indicated that the NTZ-SAC eutectic (1:1
NTZ-SACpac) slightly improved the dissolution performance of NTZ in the two media
assayed, and this is an important finding taking into account that SAC is sparingly soluble in
water and the NTZ-SAC eutectic did not have a small and near-uniform particle size distribution.
Although NTZ did not cocrystallize with SAC, the lack of formation of cocrystals was not a
failure of crystal engineering process reactions,**® since it was demonstrated for the first time
that NTZ is able to form an eutectic binary mixture with SAC using mechanochemical
approaches. Thus, this study enabled to enrich the knowledge about the supramolecular solid-
form space of NTZ. Also, this report opens the possibility of preparing new eutectics that might
show better dissolution properties than the NTZ-SAC eutectic reported herein, using coformers

soluble in water and a green chemistry procedure such as mechanochemistry.
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NTZ SAC

Figure 1. Schemes of the molecules of nitazoxanide (NTZ) and saccharine (SAC), and atom numbering
used in the SS 13C NMR study for NTZ and SAC.
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Figure 2. X-ray powder diffraction pattemns of {ajl NTZ; (b) SAC: (g) 1:1 PM; (d) 1:1 NTZ-5ACLAG: (e}
1:2 NTZ-SACLAG, and (f) 2:1 NTZ-SACLAG
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Figure 3. 13C CPMAS NMR spectra of (a) NTZ; {b) SAC: (¢} 1:1 PM: (d} 1:1 NTZ-SACNG, and (g) 1:2
NTZ-SACLAG.

24



37 K g

32 175.61°C \/

273 \\ f 134.9Jig  "177.87°C

. R
29 175.59°C
99.80J/g f177.67°C

17 \_e e

12 176.25°C Y '
g .1 \ o 158798 {478 42°¢
z 2 176.14°C
i ] 149.8Jlg  {q7g.07°C
P -

8 177.29°C’ 0.2 4‘:(—:——*"7

3] ]\_h 52.60J/g .

— - [

187 22784°C| 77—

234 a 1 ??.2."9

28 201251/ | 220.11°C

] 148.6Jig
A 202.81°C
50 100 150 200 250 300
Exo Up Temperature (°C) Universal W3 94 TA Instruments

Figure 4. DSC (non-hermetically sealed aluminum pans, p = 10 °C/min and N2 purge of 50 mL/min) of
(a) NTZ; (b) SAC; (c) 1:1 PM; (d) 1:1 NTZ-SACNG; ( e) 1:2 NTZ-SACNG; (f) 1:2 NTZ-SACLAG, and

(g) 2:1 NTZ-SACNG.

35

Dissolved, %

Figure 5. Powder dissolution profiles (USP apparatus 2, 37 °C [J 0.5 °C and 75 rpm) of NTZ
(filled rhombus) and 1:1 NTZ-SACLAG (filled squares) in (a) phosphate buffer pH 6.5 with
0.25% Tween[J 80 and 0.25 % triethanolamine (n =3, error bars indicate the standard
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deviation), and (b) 0.25% SLS in MilliQ water (n =2).
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