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S.1. Methods
S.1.1. Disulfiram-loaded TPGS nanomicelles
S.1.1.1. Experimental Design

A two factor, three level Face Centred Central
Composite Design (FCCCD) was generated
by Minitab® statistical software (V15, Minitab
Inc., PA, USA) for statistical optimization of the
Disulfiram-loaded TPGS nanomicelles. The input
factors generated 13 experimental runs (Table S1).
In the design the stirring time (1-5 hours) and the

Formulation | TPGS amount | Stirring Time
Number (mg) (hours)
1 750 3
2 500 1
3 500 5
4 750 1
5 1000 3
6 750 3
7 500 3
8 1000 1
9 750 3
10 750 3
11 1000 5
12 750 3
13 750 5

Table S1. Formulations generated using a Face
Centred Central Composite statistical design for the
optimization of disulfiram-loaded nanomicelles.
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amount of polymer used (500-1000mg) were taken
as the independent variables whilst drug loading
(%), entrapment efficiency (%) and drug release
(%) were taken as the dependent parameters. The
FCCCD optimization output indicated utilization
of 500mg TPGS with a stirring time of 1 hour in
order to generate optimized nanomicelles.

S.1.1.2. Drug entrapment efficiency and drug
loading capacity

A ratio of Simulated Body Fluid (SBF; pH 7.4)
to acetone was utilized as both a disulfiram
extraction medium and a disulfiram-absorbance
detector for all UV analyses and was prepared
to adequately simulate intramuscular conditions
according to the method by Marques and
co-workers [1]. The acetone-buffer solution (ABS)
was made of acetone to SBF buffer in a ratio of
1:18. Disulfiram-loaded nanomicelles were added
to 10mL of SBF and stirred for 48 hours at 37°C
using a magnetic stirrer. Chloroform (10mL) was
thereafter added to the mixture and the formulation
was vigorously shaken to completely extract the
disulfiram. The emulsion was allowed to separate,
the chloroform layer was syringed out, and left to
dry to allow for evaporation of the chloroform.
The remaining solid, containing the drug, was
reconstituted with 40mL of the extraction medium
(i.e. ABS) with the absorbance tested at 262nm
(e = 110.0857) using UV spectroscopy (Implen
NanophotometerTM, Implen GmbH, Miinchen,
Germany). The entrapment efficiency (EE%)
and drug loading (DL%) of the formulations was
subsequently determined.



Nanofabrication (2022) 7

S.1.1.3. Differential Scanning Calorimetry

The DSC curves were generated with a Differential
Scanning Calorimeter (Mettler Toledo) fitted with
Stare software (Mettler Toledo, Switzerland).
The thermal transitions of native TPGS and
disulfiram were compared to the TPGS-disulfiram
nanomicelle mixture. Accurately weighed
samples (x10mg) were placed into standard
40pL aluminum crucibles. The crucibles were
perforated and hermetically sealed. Samples
were then heated at a heating rate of 10°C/minute
between a temperature range of 0-300°C under a
constant purge of inert nitrogen.

S.1.1.4. X-Ray Diffraction analysis

The crystalline or amorphous disposition of the
individual components as well as nanomicelles
were determined using X-Ray diffraction patterns.
The diffractograms were obtained using a
Benchtop X-Ray Diffractometer (Rigaku Miniflex
600, Rigaku Corporation, Matsubara-cho,
Akishima-shi, Tokyo, Japan). The measurement
parameters were a 10mm Incident Height Slit
(IHS), 1.25° Divergence Slit (DS), 13mm Solar
Slit (SS) and 13mm Receiving Slit (RS). The
diffractometer was operated using the Rigaku
MiniFlex Guidance software, version 1.2.0.0. All
experimental procedures were conducted over a
diffraction angle range of 0°-90° 20. Integrated
X-ray powder diffraction software (PDXL 2.1,
Rigaku Corporation, Matsubara-cho, Akishima-shi,
Tokyo, Japan) was used for data acquisition and
analysis. The experimental temperature was
maintained at 19°C.

S.1.2. UPLC conditions analysis

UPLC analysis of the blood was accomplished
by using a Waters Acquity® UPLC system
(Waters, Milford, MA, USA) coupled with a
photoiodide array detector (PDA) and Empower®
Pro Software (Waters, Milford, MA, USA).
The UPLC was fitted with an Acquity® UPLC
BEH C18 column, with a particle size of 1.7um
and a pore size of 130A. The chromatographic
conditions implemented were derived from
methods outlined by Zhang and co-workers [2]
and Spivak and co-workers [3]. The mobile phase
consisted of 0.1% formic acid in double deionised
water and 0.1% formic acid in methanol (50:50).
Drug detection was carried out at a temperature
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of 40°C. An isocratic method was employed for
the separation, identification and quantification of
drug with a flow rate of 0.5mL/min, an injection
volume of 10uL and a run time of 6 minutes. The
PDA detector was set at a wavelength of 262nm
for the detection of disulfiram. Diclofenac was
selected as the internal standard (IS).

S.2. Results and Discussion
S.2.1. Disulfiram-loaded TPGS nanomicelles
8.2.1.1. Drug loading and drug entrapment

The drug loading percentage of the formulations
ranged from 14.41-33.41 (SD < 23.22, n = 3 in
all cases). The percentage drug loading for each
formulation of the FCCD is displayed in Fig. S.1.

At medium-low TPGS amounts the drug loading
percentage and entrapment efficiency percentage
decreased with an increased stirring time. The
entrapment percentage of disulfiram into nanomicelles
ranged from 24.92-58.46% (SD < 14.12, n =3
in all cases). The entrapment efficiency for each
formulation is displayed in Fig. S.2.

8.2.1.2. In vitro drug release profiles

The percentage cumulative release over 28 days
for the 13 design formulations is displayed in
Fig. S.3 (SD < 22.88 in all cases, n = 3). The
fastest release was from DF1 followed by DF9
and DF3. The slowest release was seen in DF7.
An initial burst release on the first day was seen
in all formulations. This may be due to the poorly
entrapped drug that is adsorbed to the surface of
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Figure S.1. Drug loading % for each formula-
tion of the FCCD.

129



Mia et al. (2022), 128-137

the micelles [4]. A general trend that was present
was that at low drug loading and entrapment
efficiency percentages, the faster the release
and the higher the entrapment efficiency and
drug loading the slower the release. This can be
attributed to the fact that in those formulations with
higher entrapment efficiency and drug loading a
greater amount of drug was well encapsulated in
the micelle core thus requiring a longer time to be
released from the micelle and into the dissolution
medium. Those with less drug need less time to
release the drug that is contained in the micelle
thus the faster release rate.
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Figure S.2. Entrapment efficiency % for each
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S.2.1.3. Particle size

Particle size analysis was conducted on the 13
design formulations in order to confirm that
the micelles fabricated fell into the correct size
range for nanomicelle viz. 10-100nm [5]. The
micelle sizes and Poly Dispersity Index (PDI)
are recorded in Table S.2. Examination of
the results showed that sizes ranged from

Design Formulation | Particle Size (nm) | PDI
Number
1 23.36 0.26
2 25.09 0.25
3 31.2 0.42
4 18.09 0.21
5 19.96 0.35
6 17.05 0.26
7 22.95 0.35
8 24.14 0.36
9 15.26 0.25
10 17.55 0.26
11 17.25 0.22
12 15.56 0.19
13 16.44 0.24

formulation of the FCCD. Table S.2. Particle sizes and PDI values.
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Figure S.3.
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15.26nm - 31.20nm (SD < 3.77, n=3). Thus all
formulations are within the acceptable range for
polymeric nanomicelles. There was no noticeable
trend in particle size change due to change in
polymer amount or stirring time. This was also
observed by Muthu et al. [6]. The PDI’s ranged
from 0.19-0.42 (SD < 0.094, n=3) which indicates
narrow size distribution. Sizes obtained were in
accordance with those previously reported [7,8]

8.2.1.4. Thermal profile analysis of the
nanomicelles

The native TPGS  thermogram  displays
two phenomena (Fig. S.4). The first is an
endothermic peak at 38°C, representative of the
melting point (Tm) of TPGS. This Tm value
indicates the crystalline nature of TPGS [9].
The second thermal event has an onset at 215.6°C,
denoting the thermal non-oxidative degradation
temperature of TPGS. These findings are in
agreement with reported thermal behavior for
TPGS [10]. The high degradation temperature of
TPGS implies that it is a fitting choice of polymer
as it is thermally stable under standard processing
temperatures utilized in pharmaceutical application
[11]. The blank nanomicelle thermogram shares
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Figure S.4. Thermograms of a) TPGS, b) drug-
free nanomicelles, ¢) disulfiram-loaded nanomi-
celles and d) pure disulfiram.
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similarity to the native TPGS curve. The one major
difference is the absence of the degradation peak.
The Tm peak of the blank nanomicelles is present
at the same temperature (38°C) as that of pure
TPGS. There is no change in the peaks nor are
there any new peaks. This emergence of the TPGS
peak without any change in the peak or new peaks
indicates that the TPGS structure is maintained and
is present intact in the drug-free nanomicelles [12].
The disulfiram thermogram displays an endothermic
peak at 209.6°C, indicating the decomposition of
disulfiram. The disulfiram-loaded nanomicelles also
display the same event indicating that disulfiram is
present in the nanomicelle.

S8.2.1.5. XRD analysis

The XRD diffractogram of TPGS displays two sharp
peaks at 19° and 23° (Fig. S.5), indicative of the
crystal nature of TPGS [13]. These peaks correspond
to the semi-crystalline polyethylene glycol chains
of TPGS. Drug-free nanomicelles displayed the
defining peaks of pure TPGS. The decrease
in intensity is representative of a slight decrease in
crystallinity. The overall profile is not significantly
different to that of native TPGS. The disulfiram
diffractogram displays a large number of sharp, high
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Figure S.5. Diffractograms of a) TPGS, b) disul-
firam, c¢) disulfiram-loaded nanomicelles and
d) drug free nanomicelles.
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intensity diffraction peaks symbolizing the highly
crystalline nature of disulfiram. The diffractogram for
disulfiram-loaded nanomicelles displays the peaks
of both disulfiram and TPGS. Both components
have retained their crystallinity with the very sharp
peaks being attributed to disulfiram and those that
are slightly broader being attributed to TPGS. It is
evident from the diffractograms that nanomicelles
prepared using the solvent casting method has
had no effect on the physical state of the active as
well as the polymer. Whilst both still maintain a
predominantly crystal state the decrease in intensity
is synonymous with a decrease in crystallinity. This
could be due to the method of preparation by which
both components were dissolved in chloroform and
in doing so both were maintained in the dissolved
state upon chloroform extraction [14].

S.2.2. Macroscopic examination of the gel

At low temperatures (A) the formulation is
more liquid-like and at room temperature (B)
the formulation is less liquid-like (Fig. S.6).
At body temperature (C) the formulation has
solidified into a gel (no movement upon tilting
of the vial). The gel is opaque as is expected due
to the inclusion of HAGG. Gels are homogenous
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in appearance without the presence of any lumps
or air bubbles which is an important aspect to
consider in parenteral delivery systems.

S.2.3. NEGC System

8.2.3.1. Fourier Transform Infrared
spectroscopy analysis of the NEGC

FTIR was conducted to ascertain that the
structural properties of the optimized system were
preserved during the formulation of the NEGC.
In the HAGG gel, the band at 3295cm™ (peak 1)
signifies H-bonded O-H stretch vibrations of
hydroxyl groups. At 2888cm! (peak 2) for LA and
2930cm™ (peak 6) for HA there are C-H stretching
bands of CH and CH, present. Bands of 1600cm’!
(peak 3) HAGG can be attributed to asymmetric
carboxylate anion stretching. The 1019cm
band (peak 10) in HAGG denote C-O stretching
vibrations. A prominent HAGG additional peak
that is not present in LAGG is 1724cm™ (peak 7),
which can be attributed to a carbonyl group
indicating C=0. HAGG displays aband at 1380cm!
(peak 8) which signifies methyl C-H bonding and
1280cm! (peak 9) which signifies C-O-C vibrations
(Fig. S.7).
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Figure S.7. FTIR spectra of HAGG.
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Fig. S.8 displays the FTIR spectra of all the
components as well as the various combinations.
PF127 displays a band at 2878cm™' (peak 1) which
can be attributed to C-H stretching vibrations.
1466¢m™ (peak 2) signifies CH, and CH; bending.
O-H in plane bending is represented by 1341cm!
(peak 3). The peak at 1095cm™ (peak 4) can be
ascribed to R-O stretching. Minimal changes are
present confirming that structural integrity was
not compromised during the formation of the
NEGC and the other composites. The spectra at
10°C were not included as they were identical to
those at 36.5°C.

8.2.3.2. Thermal profile analysis

A thermal description of HAGG, PF127-GG gel
and combinations of the gel with pure disulfiram
and nanomicelles (drug-free nanomicelles and
disulfiram-loaded nanomicelles) was obtained
through DSC. Both forms of GG display an
endothermic peak and a pronounced exothermic
peak. The endothermic peak is present at 106.3°C
HAGG and the exothermic peak is at 250°C. The
endothermic event signifies a dehydration process
whereby loss of absorbed moisture occurs [15].
The exothermic occurrence represents degradation
whereby decomposition without melting occurs.
This is confirmed by the amorphous structure
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of GG and amorphous materials lack a distinct
melting point. This thermal degradation occurs
as a result of disintegration of molecular chains.
HAGG has an additional endothermic peak at
182.2°C (Fig. S.9a). PF127 has a characteristic
endothermic peak at 56.3°C [16]. This peak is
the T, of PF127 proving that PF127 has a
crystalline structure (Fig. S.9b).

Similarities in the DSC thermograms indicate the
absence of chemical. Combination formulations
maintained chemical integrity as is evident by
the similar DSC profile of each compared
to the native constituents. Furthermore, change
from the liquid state to solid state did not a
have a profound effect as thermograms for both
temperatures (i.e. 10°C and 36.5°C are identical
(Fig. S.10).

8.2.3.3. XRD Analysis

The HAGG diffractogram displays crystalline
peaks at 9° and 20° (Fig. S.11a). The intensity
of the HAGG peaks are low, side-by-side
association and crystallization is sterically
inhibited by acylation. This reduces the extent
of the gel’s crystallinity leading to decreased
brittleness and increased elasticity. Packing of the
helices is prevented by the bulky L-glycerate ester
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groups in the unit cell. PF127 also possesses two
distinctdiffractionpeaksat 19°and23° (Fig.S.11b).
These are due to the presence of PEO groups in
the polymer [16]. These peaks illustrate the crystal
structure of PF127. As can be seen from the

134

various combined formulations at different
temperatures  similarities exist across all
(Fig. S.11c). Peaks that are identically positioned in
the mixture indicate that there was no interference
of the drug with lattice spacing of the polymer.
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