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Abstract: As a physiological nitric oxide donor, S-nitrosoglutathione (GSNO) is a promising 
candidate for several diseases (e.g., stroke and atherosclerosis). However, its clinical application has 
been limited by its low stability. In order to protect GSNO suitable for oral route administration and 
to achieve sustained release, 3 different particles from nano-size to micro-size were obtained by a 
water-in-oil-in-water (W/O/W) or solid-in-oil-in-water (S/O/W) double emulsion/solvent 
evaporation method. The 3 different particles tuned out to have similar encapsulation efficiency 
while the microparticles showed longer release time. Finally, the 3 formulations have been 
successfully lyophilized for long term stability. 
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1. Introduction 

Nitric oxide (NO) is a gaseous radical, which plays important roles in different physiological 
activity of human beings [1,2]. The imbalance of NO may result in several disfunction and diseases 
(e.g., stroke and atherosclerosis). S-nitrosoglutathione (GSNO) is a promising candidate as a 
physiologic NO donor [3,4]. However, with a short half-time GSNO needs to be protected especially 
for oral administration. In a previous study, an oral delivery system made of nanoparticles (NP) has 
been found to protect and provide a sustained release of GSNO [5]. NP are then embedded into an 
alginate/chitosan matrix to form GSNO-nanocomposite particles (GSNO-acNCP). The GSNO-acNCP 
showed high encapsulation efficiency, a sustained release effect and led to the formation of a NO 
store in the aorta wall after a single oral administration to rat [6]. However, this formulation has 
several limitations (1) insufficient batch-to-batch reproducibility (due to the complex structure); (2) 
multi-step and time-consuming preparation; (3) immediate use only (no stability as suspensions). 
Our previous work also showed that S-nitrosothiols intestinal permeability (in vitro model) is passive 
and follows paracellular pathway [7]. So, by increasing the amount of GSNO brought to the intestine 
and by opening intestinal cells tight junctions, the GSNO-acNCP is perfectly adapted. The 
formulation protocol needs modification to get a higher reproducibility, longer stability during 
storage and a higher encapsulation efficiency (EE) with sustained release. 

2. Materials and Methods 

Two different GSNO loaded microparticles (GSNO-MPs) types were prepared by a water-in-oil-
in-water (MP-W) or a solid-in-oil-in-water (MP-S) double emulsion solvent evaporation method and 
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compared to the previously developed GSNO-NP. These particles were characterized as regards to 
their size (dynamic light scattering/laser diffraction and scanning electron microscopy), zeta 
potential, GSNO EE, in vitro release kinetic, cytocompatibility and intestinal permeability using 
Caco-2 cells monolayers [7]. Moreover, the three formulations (GSNO-NP, GSNO-MP-W and GSNO-
MP-S) were obtained as dried powders by optimized lyophilization using sucrose as cryoprotectant. 
These lyophilized particles were also characterized. 

3. Results and Discussion 

Through the modification of nanoparticles (NP) preparation, two types of GSNO-MPs were 
obtained in micro-size (GSNO-MP-W: 80.2 ± 10.2 μm, n = 9; GSNO-MP-S: 118.3 ± 16.4 μm, n = 7) with 
similar GSNO EE. However, these two GSNO-MPs exhibited a longer release time and a slower 
release profile during the 2 first hours compared with GSNO-NP or free GSNO. The freeze-dried 
powders had similar EE, size and zeta potential to fresh preparations. Freeze-dried particles maintain 
all their physico-chemical characteristics for more than 1 month (3 months for NP, 4–6 weeks for the 
two MP) of storage at 4 °C under inert atmosphere. 

All formulations were cytocompatible with Caco-2 cells for up to 8.5 mg/mL of freeze-dried 
powder (corresponding to 2.8 mg/mL of polymer and 0.017 mg/mL of GSNO, i.e., 50 μM of GSNO) 
after 24 h. The apparent permeability coefficient (in vitro intestinal barrier model) of NOx species 
released from the particles was higher than for free GSNO meaning that these GSNO delivery 
systems are enhancing GSNO intestinal permeability. 

In summary, two different GSNO-MP were obtained through the modification of nanoparticles 
preparation process. All three GSNO loaded particles were successfully converted into dried and 
stable powders through the freeze-drying method, which facilitated their storage and mode of 
application. Among these particles, the S/O/W microparticles is an attractive avenue as it’s EE and 
release kinetics may be improved by reducing the size of GSNO powder (currently 40 μm). This 
challenging procedure is in progress using supercritical fluid technology. 
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