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Disulfiram (DS) has an excellent anti-viral activity, however, its low water-
solubility and first-pass metabolism are limiting its clinical applications.
Cyclodextrins (CDs) have been used as solubility enhancers and carriers of DS
proposed for inhalation to treat SARS-CoV-19. Two types of CDs (hydroxypropyl
B-cyclodextrin and sulfobutyl ether p-cyclodextrin) were used to form inclusion
complexes with DS, and drug solubility was assessed using spectrophotometric
analytical method. Formulations were freeze-dried and characterized using DSC,
TGA and FTIR. Nebulization technique was used to assess the potential for
generating aerosols. Both CDs improved DS solubility and demonstrated a strong
DS-CD interaction. All inclusion complexes were proved to be suitable for
inhalation, therefore, potentially effective therapy for further investigation against
SARS-CoV-19 is shown.
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INTRODUCTION

MATERIALS AND METHODS

Despite the vaccinations are already available for
COVID-19, the cases incidence is still of concern and
long-term immunization hasn’t been acquired.
Disulfiram (DS), an anti-alcoholism drug, has a
potent anti-viral activity (Ou et al. 2021). However, it
is poorly soluble in water, rapidly metabolised, and
highly instable in acidic gastric environments (Ou et
al.  2021). (CDs), in particular,
hydroxypropyl p-cyclodextrin (HP-p-CD) and
sulfobutyl ether p-cyclodextrin (SBE- B-CD), are
chemically and physically stable biocompatible

Cyclodextrins

carriers that are widely used to improve the
solubility of drugs (Suliman et al. 2021). The aim of
this study is to enhance the water-solubility of DS by
HP and SBE p-CDs and assess the nebulization
properties of resulting inclusion complexes.
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Solubility studies were carried as reported before by
(2021), and analysed by UV
spectrophotometry at 262 nm (DS 296.51 g/mol, was
purchased from Acros Organics, USA; HP 1555
g/mol, and SBE 2242.05 g/mol, from Glentham Life
Sciences, UK; HPLC grade-water and ethanol 70%,
Scientific, UK). Samples of the
previously  prepared HP20% and SBE20%
formulations were then left for 2h at -20°C, 24h at -
80°C, and freeze-dried for 3 days using Lyotrap LTE
freeze dryer. Powders were characterized using DSC,
TGA and FTIR. Lastly, nebulization analysis was
performed using Malvern’s Spraytec laser diffraction
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from Fisher

size analyser and Pari LC Sprint air-jet nebulizer.
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RESULTS AND DISCUSSION

For both CDs, the higher the CD concentration, the
higher the DS final concentration (Figure 1). Hence,
both CDs significantly enhanced the drug solubility.
DS had a polynomial relationship with the increase
of HP-B-CD (Na type phase solubility), and a linear
function with the increase of SBE- B-CD (AL type
phase solubility) (Nicol, Matubayasi, and Shimizu
2016).
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Fig. 1. Phase solubility diagrams of DS and CD.

Characterization of freeze-dried CD-DS inclusion
complexes using differential scanning calorimetry
(DSC), thermogravimetric analysis (TGA), and
Fourier transform infrared spectroscopy (FTIR),
reported an amorphous state of DS included in both
CDs. This indicated the formation of stable CD-DS
inclusion complexes. All loaded CDs demonstrated a
relatively high aerosol output (Figure 2), and mean
droplet sizes suitable for inhalation (Table 1).
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Fig. 2. Aerosol output and Fine particle Fraction (FPF) of
each empty and loaded CD.

A small size distribution (span) is required to
prevent droplet deposition on the upper respiratory
tract. Table 1 shows that all loaded CDs had a
smaller span than the empty CDs, hence being
delivered to the lower respiratory tract. Additionally,
all formulations had high FPF (Figure 2), indicating
that the constitution of the formulations does not
influence liquid breakdown, due to nebulization high
conductivity (Lehmann et al. 2021).
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Table 1. VMD, Span and %<5.4 um of the empty and loaded
CDs.

Parameter Formulation Empty Loaded
CD CD
HP 10% 1.8+1.0 25%0.6
HP 15% 1.5+0.7 34+08
VMD (pm)
SBE 10% 1.7+1.2 3010
SBE 15% 1.6+1.0 3.0+08
HP 10% 50+3.6 1402
HP 15% 53+£29 21+0.2
Span
SBE 10% 37%0.5 23+04
SBE 15% 65142 25+03
HP 10% 82222 93.0+8.0
HP 15% 84122 76.3 £10.9
%<5.4 pm
SBE 10% 90.2+1.0 79.4£8.0
SBE 15% 80.5+6.4 77.0£10.6
CONCLUSIONS

Both inclusion complexes successfully enhanced the
solubility of DS, showing a strong interaction
between DS and both CDs. In addition, the high
output and FPF of both inclusion complexes, as well
as the small droplet sizes and low polydispersity,
suggest that all formulations might have a great
potential for pulmonary delivery by nebulization.
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