Development of inhalable carriers for in-situ production
of short-lived natural antibiotics
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Introduction

Garlic (Allium sativum) is well-known for its antibacterial, antiviral, and antifungal properties, makingit one of the most extensively researched plants.

Today, a wide variety of garlic-based products are available that claim to offer numerous health benefits, such as lowering the risk of cardiovascular disease,
reducing blood pressure, and combating multidrug-resistant bacteria. However, the effectiveness of these products is often debated, primarily because the
most active compound, allicin, is highly unstable and unsuitable for long-term storage.
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o .Thus, the next logical step is to emulate the internal architecture of garlic cells and keep the precursors- that is, alliin and the enzyme alliinase- separated

. until highly effective allicin is needed. With this in mind, we aim to present some of the strategies we have developed over the years that focus on the
o ..—\' Aa encapsulation of stabilised alliinase and alliin. Our work has resulted in a diverse range of materials suitable for inhalation or topical application,
\\\"’I/ including planar films[1], microparticles[2,3], and three-dimensional printed porous hydrogels. Both the antibacterial potential and cytotoxicity of
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Enzyme - E (Alliinase)
e presented in exceptionally highamounts

e more than 10% of all soluble proteins

e extraction from crude extract by fractional precipitation

The main concept

Substrate - S (Alliin) »

o stable, crystalline substance -3

e synthesis by two-step oxidation from
L-cysteine and allyl chloride
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7~ Antibacterial activity and cytotoxicity -

with E. coli A549 - adenocarcinomic human alveolar basal epithelial cells
paper disk —
140 Viability of A549 cells after exposure to in situ-formed
1h (MS + ME) I allicin generated from spray-dried powders prepared
e 120 - using either atwo-phase or a three-phase nozzle.
T M 4h (MS + ME) , , _ _
" The powders were dissolved in culture medium and applied
100 1 ™ 1h (MSE) at estimated allicin concentrations ranging from 0.78 to 100
Mg/mL.
agar plate = M 4h (MSE)
garp X 80 - Exposure times were either 1 hour or 4 hours, followed by
> incubation until 24 hours from sample addition.

i '-‘l; 60 - Yellow and red bars represent the two-phase nozzle samples
permeable holder cap i S (MS + ME) after 1 hour and 4 hours of exposure, respectively.
membraﬂgi 40 - Blue and green bars represent the three-phase nozzle

g i samples (MSE) after 1 hour and 4 hours of exposure,
respectively.
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The x-axis shows the estimated allicin concentration,

A — Contactless assay using vapours of allicin. 1:1, 1:3, 1:7 stand for ratios of alliinase and alliin particles placed in the holder; CTRL indicates the holder 0 I calculated assuming complete enzymatic conversion of alliin.
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with 10 ul of the standard solution of kanamycin (50 mg/ml) used as a negative control; STD stands for the standard solution of kanamycin used as a , L
positive control. 100.00 50.00 25.00 12.50 6.25 313 1.56 0.78 The y-axis represents cell viability, expressed as a
B - Diffusion assay using allicin in the liquid phase. 1:50, 1:10, and 1:1 stand for ratios of alliinase and alliin particles dissolved in the solution applied on percentage of the untrgatgd control. Data are prgsented as
retaining particles  thedisk; STD indicates the standard solution of kanamycin (50 mg/ml) used as a positive control. Mass concentration of sample (ug/mL) mean + standard deviation based on six replicates per
ring (press-fit) (S + E) C — Diffusion assay using allicin in the liquid phase. With various amounts of alliin particles: 20, 40, and 80 mg, maintaining the ratio of 1:10 of alliinase condition.

and alliin particles; STD indicates the standard solution of kanamycin (50 mg/ml) used as a positive control.
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