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Supplementary Video S1. Powder flow of raw NPX, neat NPX microparticles, and co-

processed E100-NPX 0.25 microparticles in glass vials.

1. Residual solvent analysis in E100-NPX microparticles
The amount of residual solvent (moisture and DCM) is critical for the long-term stability of
the API in the formulation. Additionally, DCM could have potential toxicity risks as it belongs

to FDA’s class 2 of solvent classification.’


mailto:saifkhan@nus.edu.sg
mailto:pdoyle@mit.edu

Residual moisture content was analysed using TGA and a plot of change in mass fraction
against temperature change was obtained (Figure S1a). Based on the mass loss observed until
100 °C, the residual moisture content in E100-NPX 0.25 microparticles was found to be 2.5%
(w/w). Residual DCM was quantified for dried E100-NPX 0.25 microparticles using benchtop
proton NMR and the data was analyzed using Spectrus Processor 2021.1.2 from ACD/Labs.
Typically, the proton NMR peak for pure DCM emerges around 5.3 ppm (Figure S1b). Spectra
for E100-NPX 0.25 microparticles, however, did not show any DCM peak (Figure S1c) and
the amount of residual DCM was found to be lower than the limit of detection of the equipment
which is 50 uM or ~3.2 ug. For ~10 mg of E100-NPX 0.25 microparticles used, 80% NPX
content amounts to 8 mg of the total drug, relative to which residual DCM is 0.04% wi/w.
Considering NPX dosage as 1000 mg/day (typical) to 1500 mg/day (maximum)?, residual

DCM amount in E100-NPX 0.25 microparticles was found to be 0.4- 0.6 mg/day.
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Figure S1. Residual solvent characterization (a) TGA curve of E100-NPX 0.25 microparticles showing
residual moisture, and proton NMR spectra of (b) pure DCM and (¢) E100-NPX 0.25 microparticles
with the zoomed-in inset showing an absence of peak for DCM at 5.3 ppm.

2. Gordon-Taylor equation
The Gordon-Taylor equation (1) is used to predict the glass transition temperature of

amorphous drug-polymer mixtures to understand the composition-dependent miscibility:®

W1 Tg,+ kw,T, p1T,
Tg — 91 g2 , — 91 (1)
wq+kw, pzng

where, p,, Ty, wy and py, Typ, w, are density, glass transition temperature, and weight
fraction of Eudragit E100 and amorphous NPX, respectively. Density of E100 was taken as
1.09 g/cm?®, as reported earlier.* > Density and glass transition temperature of NPX was taken
as 1.27 glcm® and 6 °C, respectively, as reported earlier.® 7 Ty values calculated from the

Gordon-Taylor equation for E100-NPX microparticles were found to be higher than those



obtained experimentally from the second heat cycle of DSC as presented in Figure S2. This
positive deviation from the ideal mixing of the components suggested that the interactions
between drug-polymer are greater compared to the interaction between the individual

components that were inferred to be ionic in nature based on the ATR-FTIR findings.?
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Figure S2. Experimental (based on second heat scan of DSC) and predicted (using Gordon-Taylor
equation) glass transition temperatures (Tgs) plotted against different concentration ratios of E100-NPX
microparticles.



3. Size distribution (bright-field microscopy images) and spatial drug distribution
(Raman mapping)

b2 AN - SRR T

%

Figure S3. Bright-field microscopy images of (a) raw NPX, (b) neat NPX, (c) E100-NPX 0.125, (d)
E100-NPX 0.25, and (e) E100-NPX 0.35 microparticles.
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Figure S4. Spatial drug distribution in E100-NPX 0.25 microparticles (a) Raman spectra with specific
peaks for E100 at 600 cm (pink asterisk) and for NPX at 742 cm (blue asterisk) in neat E100, neat
NPX, and surface and at a confocal depth of ~100 pm for E100-NPX 0.25 microparticles (b) Confocal
Raman maps for the peak intensity ratio of 742 cm™ (NPX)/600 cm™* (E100) showing uniform drug
distribution on the surface and optical cross-section of E100-NPX 0.25 microparticles.



4. Primary particles size distribution and porosity of neat NPX and E100-NPX 0.25

microparticles
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Figure S5. Size and size distribution of primary particles for (a) neat NPX and (b) E100-NPX 0.25
microparticles, and bright field images of primary particles in solution for (c) neat NPX, and (d) E100-
NPX 0.25 microparticles. Images (e) and (f) are zoomed-in versions of selected areas from images (c)
and (d), respectively.
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Figure S6. Nitrogen (N2) adsorption and desorption isotherms for neat NPX (blue curves) and E100-
NPX 0.25 (green curves) microparticles. The inset schematic illustrates the BET setup.

5. Drug loading and drug release

Table S1. Drug loading and entrapment efficiency for co-processed E100-NPX microparticles. Data
presented are averaged across triplicates for each group.

E100-NPX Theoretical Experimental  Entrapment
crystalline formulations drug loading drug loading efficiency
E100-NPX 0.125 89% 89.9+1.5% 101£1.7%
E100-NPX 0.25 80% 81.1+2% 101.3£2.5%
E100-NPX 0.35 74% 73.5£0.9% 99.321.3%
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Figure S7. Surface FESEM images and PXRD spectra of E100-NPX 0.125 (top panel), 0.25 (middle
panel), and 0.35 (bottom panel) remnant microparticles recovered after release in pH 7.4.

For further clarity, the release profiles of E100-NPX microparticles were compared with neat
NPX using FDA recommended difference (f1) and similarity (f2) factors for release data at

both the pH values using the equations (2) and (3) below®'%,

f1={Z&1|Re — Tell/[Xf=1 Re]} x 100 (2)
£2 =50 logy, {[1 + (%) n (R, — Tt)z]_o'5 x 100} 3)

where, R; and T; represent percent drug release from neat NPX and E100-NPX microparticles,
respectively at time t, and n is the total number of release time points. While f1 measures the
percentage difference between the two release profiles, f2 measures the similarity and is a

logarithmic reciprocal square root transformation of the sum of squared errors of differences.



For similarity, the two release profiles being compared should have 0< f1<15 and 50<
£2<100.81° The values of f1 and f2 are summarized in Table S2. For pH 7.4, similar release
was observed from E100-NPX 0.125 (f1, 3; f2, 72) and 0.25 (f1, 7; f2, 63) microparticles
compared to that of neat NPX. However, a significantly higher f1 (27) and lower f2 (34)
values for E100-NPX 0.35 indicated differences in release profiles which was attributed to the
delayed release from these microparticles owing to the higher concentration of polymer which
is insoluble at this pH. On the other hand, for pH 1.2, the higher f1 and lower f2 values for all
the co-processed E100-NPX microparticles indicated difference in release profiles compared
to the neat NPX microparticles. The total number of release time points for calculating the
difference/similarity factors was 3 for pH 7.4 (5, 10, and 15 minutes) and 8 for pH 1.2 (from

15 minutes to 4 hours).

Table S2. Drug release kinetics, and difference (f1) and similarity (f2) factors for neat NPX in
comparison to E100-NPX 0.125, 0.25, and 0.35 microparticles in release media with pH 7.4 (PBS,
neutral) and pH 1.2 (SGF, acidic).

pH 7.4 (PBS) pH 1.2 (SGF)
Formulations Releaserate f1 f2 Releaserate f1 f2
constant factor factor constant factor factor
(x10-3) (min-') (x10-3) (min-')
Neat NPX 0.19 3.8
E100-NPX 0.125 0.17 3 72 6 33 47
E100-NPX 0.25 0.14 7 63 6 29 50
E100-NPX 0.35 0.08 27 34 6 36 46

To understand the release behavior at non-sink conditions, microparticles with and without
excipients (neat NPX and E100-NPX 0.25) were weighed such that the final concentration of
NPX for both the samples was ~20 pg/mL in 80 mL of SGF (pH 1.2). The study was conducted
on an orbital shaker (PSU-10i, Biosan) at 200 rpm at room temperature. For both the samples,

1 mL of release media was carefully pipetted out at predetermined time intervals to measure



the apparent free drug release using Cary 60 UV-visible spectrophotometer, and 1 mL of fresh
media was added to maintain the constant release volume. In contrast to the release at sink
conditions, both E100-NPX 0.25 and neat NPX microparticles were intact even after 24 hours.
However, release from E100-NPX 0.25 microparticles was still faster than that of neat NPX.
This highlights the potential impact of E100 in enhancing the release from the co-processed

microparticles at lower release volume at pH 1.2.

(o)}
o

—e— E100-NPX 0.25
—e— Neat NPX

)

n
(@]
1

NPX released (%

—
o
1

0 200 400 600 800 1000 1200 1400
Time (mins)

Figure S8. Release profiles of neat NPX and E100-NPX 0.25 at pH 1.2, room temperature, under non-
sink conditions (error bars correspond to standard deviations for triplicates for each group).
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