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Key Message Experimental Methods

A Iiposomal s.uspension loaded with a mo.del small DNA Wa§ formulated for pasal Liposomes IN Preparation process of the two intrana-
delivery. In vitro assessment showed suitable characteristics for nasal delivery: Formulation sal (IN) formulation comprising the
pH, osmolality and droplet distribution when loaded into Aptar CPS pump. Finally,
liposomal structure and size was preserved after spraying.

model DNA loaded liposomes or empty
liposomes is illustrated in the scheme
on the left.

Manufacture

12 mg of Lecithin + 3 mg of R E _
Cholesterol were dissolved in otary Evaporation

chloroform/ethanol 88/12% v/v 6 hours at 60°C

Introduction

The COVID-19 outbreak resulted in a large interest and development of techniques that enable
nucleic acid delivery as vaccines. Using nucleic acids as therapeutics proved to be challenging:
hence the use of delivery systems, such as liposomes. Liposomes contain an aqueous volume B Ll g e el Rehydrated with 5 mL distilled water
enclosed in a lipid bilayer composed of phospholipids and additional structure stabilising com-
ponents, like cholesterol. In addition, they can be applied to a variety of therapeutic areas,
which have been successfully marketed [1].

DNA loaded liposomes Empty liposomes Characterization

Tolerability

The incorporation of mucoadhesive polymers in the intranasal formulation can help increasing

Nasal Formulation Matrix UV

formulation retention and immunogenicity [2]. Trimethyl chitosan (TMC), a derivative of chi- [05% Wiy TMC spectrophoto Dy gt
e . . : : . . .0% w/v Sorbito >cattering (DL
tosan, for example, has been used promisingly as adjuvant for mucosal immunisation in combi- 3 0% wiv Mannitol uantification of spray content  [ERASRSUBAI Loonalysiswas

and liposomes integrity 260 nm nasal formulations

adding 2% v/v “]Ef;?,;'ﬁ;‘,'i‘,ﬁ’gﬁ‘“e"
Triton-X

nation with large molecules [3]. 0.1M Phosphate Buffer
The aim of this study was to formulate a liposome system loaded with a model of small nucleic .
acid for intranasal delivery. A comparison of the in vitro performance was then carried out be- o anaivss (050) | |

tween the nasal formulation of deoxyribonucleic acid (DNA) loaded liposomes versus the same Characterization of the two IN formula- oy emorecns [P

and 6 cm from

formulation prepared with empty liposomes. tions was carried out as described in the e
scheme on the right.

Results and Discussion

The concentration of DNA in the loaded liposomes nasal formulation was measured with a
result of 121.95 ug/mL. In addition, the pH of the DNA loaded liposome formulation was

Table 1. pH, Osmolality and Quantification results for the formulations

DNA Concentration
(ug/mL)

Formulation Osmolality

slightly more acidic compared to the empty liposomes formulation (pH 6.07 and 6.20 for _

DNA loaded liposomes and empty liposomes, respectively). In both cases, this was suitable Empty Liposomes 6.07 294.00 -
for nasal delivery to avoid nasal irritation, as the nasal mucosa is slightly acidic [4]. Finally, DNA Loaded

an increase in the osmolality was also noted for the DNA loaded liposomes nasal system Liposomes 6.20 339.67 121.95

(339.67 £ 3.06 mOsm/kg) compared to the empty liposomes one (294.00 £ 1.00 mOsm/kg).
Results are presented in Table 1.

The 50th percentile of the droplet size distribution (Dv50) obtained by laser
diffraction of the spray emitted from the nasal pump was slightly lower for
the DNA loaded liposomes formulation at both 3 and 6 cm (Figure 1). DSD

Table 2. DLS and concentration measurement for empty liposomes formulation and DNA loaded was suitable for nasal delivery (generally 30-120 um), even though much
liposomes formulation before and after spraying closer to the upper limit, with a percentage of droplets below 10 ym < 1% in
Hydrodynamic : : all setting tested. A reduction of the concentration of TMC may help in gen-
Diameter Zeta(?r?\t;)antlal DAL ?ﬁgfrﬁgrat'o" erating lower DSD (Dv50 < 50 ym), particularly to ensure efficient deposi-
(nm) tion at the target posterior region [5] (i.e. NALT, and turbinates).
Empty liposomes 404.80 £ 11.59 | +37.40+1.13 - 0.1
Empty liposomes after spraying 432.33+3.59 | +34.23+0.98 - - - _jm::wipm {1‘} ]
DNA |Oaded |ipOSOmeS 661 33 + 2714 + 3643 + 097 121 95 0.08 6cm Empty Liposomes
DNA loaded liposomes after spraying | 586.93 + 11.05 | + 34.40 + 1.07 12.93 + 0.61 - = e ONApesomes

=
]
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No effect of shear rate was observed (Table 2). Hydrodynamic diameter measured before
and after spraying was comparable for both formulations with the DNA loaded liposomes
reporting a higher size, perhaps due to DNA conjugation to the external liposomal struc-
ture and/or DNA induced liposome-liposome fusion. Zeta potential consistently showed a
positive charge determined by the presence of TMC. Finally, a delivered concentration of -
a 106% (x 4.75%) of the theoretical expected value (12.20 pg) was obtained. o - particle Diameter (um) 00 100009
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Figure 1. DSD of the empty liposomes and DNA loaded liposomes formulations
sprayed with Aptar CPS pump at 3 cm and 6 cm

_ References
CO“C' USIOn 1. Liu P, Chen G, Zhang J: A Review of Liposomes as a Drug Delivery System: Current Status of Ap-
: : : : : : proved Products, Regulatory Environments, and Future Perspectives, Molecules 2022; 27(4): pp
This study shows the characterisation of a liposomal suspension loaded with a model 1372.

DNA for nasa| de|ivery with potential application for vaccination. 2. Langel S N, Johnson S, Martinez C |, Tedjakusuma S N, Peinovich N, Dora E G, Kuehl P J, Irshad H,
Barrett E G, Werts A, Tucker S N: Adenovirus type 5 SARS-CoV-2 vaccines delivered orally or intrana-

¢ pH and osmolality of the resulting formulations were suitable for the nose sally reduced disease severity and transmission in a hamster model, Sci Transl Med 2022.
3. Slutter B, Jiskoot W: Dual role of CpG as immune modulator and physical crosslinker in ovalbumin
¢ DSD of the spray emitted from Aptar CPS nasal pump was in the range for nasal loaded N-trimethyl chitosan (TMC) nanoparticles for nasal vaccination, J Control Release 2010; 148

(1): pp 117-121.

4. Keller L-A, Merkel O, Popp A: Intranasal drug delivery: opportunities and toxicologic challenges during
drug development, Drug Deliv Transl 2002; 12: pp 735-757.

5. Calmet H, Inthavong K, Eguzkitza B, Lehmkuhl O, Houzeaux G, Vazquez M: Nasal sprayed particle

deposition, even though much closer to the upper limit.

¢ Liposomal structure and size was preserved after spraying as reported by DLS and

assessment of delivered drug. deposition in a human nasal cavity under different inhalation conditions, PLoS ONE 2018; 14(9):
e0221330.




