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Cyclic nigerosyl-nigerose (CNN) is an interesting and innovative nanocarrier for anti-cancer drug delivery in the
cross-linked forms previously shown. The major advantage of CNN is that its natural structure is a reservoir for
oxygen. CNN is a non-reducing cyclic tetrasaccharide with an unusual structure, consisting of four d-
glucopyranosyl molecules connected by alternate a-(1-3) and a-(1-6) glycosidic bonds.

cyclic nigerosyl nigerose oxygen delivery myocardial infarction ischemia reperfusion

| 1. Introduction

The nanocarriers were studied for tissue-specific targeted delivery, triggered release, and co-delivery of synergistic

drug combinations to develop new efficient therapeutics L,

As a result of the high aerobic metabolism, the myocardium already exhibits a high extraction of oxygen in resting
conditions compared to other muscle tissues. The heart is an organ with elevated consumption of oxygen in its
basal condition, and under several different conditions, e.g., anemia, high altitude exposure, or vessel stenosis,
cardiac oxygenation may become critical, leading to tissue hypoxia. In particular, during acute coronary occlusion,
cardiac cell death occurs. This is the first phase of acute myocardial infarction (AMI) [2],

Complete and timely restoration of blood flow is mandatory in order to save the ischemic myocardium from
irreversible ischemic injury; however, reperfusion induces additional injury, i.e., a reperfusion injury, and contributes
to the final infarct size [Bl. The lack of oxygen during ischemia and the subsequent re-introduction of oxygen during
reperfusion, which lead to the massive formation of reactive oxygen species (ROS), are the basis of cardiac death
and the inflammatory process, typical of ischemia/reperfusion injury. During AMI, a vicious cycle of deleterious
events, including oxidative stress and inflammation, induces cardiac damage, impairing both diastolic and systolic
function (2141,

It is important to note the apparent paradox that ROS, which are normally considered lesion factors, at low
concentrations and at the appropriate time of formation would induce myocardial protection ZEIBIZEl Thys, the
production of devices for the controlled delivery of oxygen can be of fundamental importance for reducing ROS

lesions and favoring redox-induced protection.

Protective strategies, such as slow re-flow procedures, have been proposed to limit re-oxygenation-induced

lesions. However, this procedure has been abandoned, as it presents the problem of stagnant blood and
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consequent white blood cell infiltration 28], Moreover, an intermittent re-flow (post-conditioning mode) has been
suggested as an alternative strategy. Furthermore, intermittent reperfusion has raised several concerns in clinical
settings, and full reperfusion is still the treatment of choice 19, The ability of nanoparticles to aid in drug delivery by
targeting regions affected by organ ischemia has been studied by many authors L1I22I13114] However, to the best
of our knowledge, only one study has tested a polymer nanoparticle approach for delivering oxygen in a controlled
manner to limit I/R injury 121,

Cyclic nigerosyl-nigerose (CNN) is an interesting and innovative nanocarrier for anti-cancer drug delivery in the
cross-linked forms previously shown 281, The major advantage of CNN is that its natural structure is a reservoir for

oxygen.

CNN is a non-reducing cyclic tetrasaccharide with an unusual structure, consisting of four d-glucopyranosyl
molecules connected by alternate a-(1-3) and a-(1-6) glycosidic bonds (Figure 1). The presence of two oxydryl
groups oriented to the cavity of the molecules leads to a more hydrophilic polarity of the CNN cavity in comparison
with the well-known cyclodextrin one. The smaller cavity is much more prone to hosting small molecules of suitable
size and polarity.
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Figure 1. The structure of cyclic nigerosyl-nigerose (CNN).

| 2. In Vitro Oxygen Release Kinetics
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The pH value of cyclic nigerosyl-nigerose solution, either in the presence or in the absence of oxygen, was 6.0, and
the osmolarity was about 300 mOsm. Hemolysis testing was performed (see CNN samples at all the
concentrations tested), indicating good biocompatibility and a tonicity value suitable for the cell experiments. The in
vitro oxygen release kinetics from CNN solution (NaCl 0.9% w/v) in the two receiving phases, at 37 °C, are shown
in Figure 2. As can be seen, O, concentration reached a maximum level after 15 h both in saline solution and in a

cell culture medium.
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Figure 2. In vitro oxygen release kinetics from oxygen-loaded cyclic nigerosyl-nigerose solution (NaCl 0.9% wi/v) in

the two receiving phases (NaCl 0.9% w/v and cell culture medium).

A sustained oxygen release was observed in both of the receiving phases, reaching an oxygen concentration of

7.08 mg/L and 5.15 mg/L, in the saline solution and the cell culture medium, respectively.

The in vitro release profile of oxygen from the oxygen-loaded CNN glycerol solution containing dextran-70 (6% w/v)
was compared to that of a common plasma volume expander (5% w/v glucose solution containing dextran-70

(6% wi/v)) saturated with oxygen (Figure 3).
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Figure 3. In vitro oxygen release kinetics from the oxygen-loaded cyclic nigerosyl-nigerose glycerol solution

containing dextran-70 (6% w/v), compared to a 5% w/v glucose solution containing dextran-70 (6% w/v).

The characteristics of the oxygen-loaded CNN samples are reported in Table 1.

Table 1. Characteristics of oxygen-loaded cyclic nigerosyl-nigerose samples.

Cyclic Nigerosyl-Nigerose Cyclic Nigerosyl-Nigerose (4% wiv) in Glucose (5% wi/v) +
(4% wlv) in NaCl (0.9% w/v) Glycerol (2% w/v) + Dextran-70 (6% w/v) Dextran-70 (6% w/v)

pH 6.00 6.05 5.85
Osmolarity
310 300 280
(mOsm)
Viscosity (cP) 1.07 2.30 3.05

gferepris§e—Response and Growth Curve in Normoxic

QQ Qd!ﬁh?rﬁ/l Recent Advances in Nanocarrier-Assisted Therapeutics Delivery Systems.
Pharmaceutics 2020, 12, E837.

We report in Figure 4 results obtained with different concentrations (0.2, 2, 10, and 20 pg/mL) of oxygenated (O,-
CNRagiper, fanBienaad GoRedgesigaaling -ankcasdiep peiattio nadsaasiatabilityendxire cbadit@ms. Brhe
expdskieasimael 1@ aitfereht 20A8rali®S of CNN nanocarriers for 2 hours did not affect cell vitality, regardless

of the presence of oxygen.
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The ability to release oxygen would find numerous applications in the clinical setting, as well as at the
cardiovascular level. One possible area could be the use of these oxygen carrier molecules as substitutes for
hemoglobin. It is likely that, in patients with coronary disease, blood transfusion may in certain circumstances do
more harm than good, even in anemic patients [24]. Therefore, substitutes for hemoglobin that overcome many of

the problems associated with transfusion are much needed. Importantly, besides oxygen, the CNN may also
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deliver nitric oxide (NO), overcoming the putative impairment of NO effectiveness attributed to the transfused

hemoglobin as well.

In conclusion, we have demonstrated here that oxygen-charged CNN has the potential to be beneficial in the
context of hypoxia/re-oxygenation in vitro, limiting the cell damage in different cell lines and in a timing-specific
manner. Whether CNN has beneficial effects in the context of ischemia/reperfusion in vivo remains to be

ascertained. Future studies will determine the context in which these nanotools can be better exploited.
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