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Thesis summary
Development of Subcutaneously Administered Formulations
Containing Non-Lamellar Liquid Crystal-Forming Lipids

Akie Okada
In recent years, in the global new drug market, drugs have shifted from low-molecular-weight compounds to
medium- and high-molecular-weight compounds (biopharmaceuticals, etc.), occupying the top share in global
pharmaceutical sales. In general, treatment with biopharmaceuticals requires outpatient treatment by injections and
infusion. Therefore, in addition to maintaining the quality of life (QOL) of patients, it is important to support the
balancing of ambulatory treatment and work. And also, it is time to reflect on new drug development methods in line
with recent advances in artificial intelligence (Al) and the internet of things (IoT). For this reason, there is an urgent
need to establish formulations that can be self-administered, sustained-release formulations that reduce the number
of doses, and methods to support optimization of drug administration using [oT. With this background, the author
conceived the idea of developing a wearable formulation (Installable DDS, iDDS) that can be self-administered by
combining the drug delivery system (DDS) with micro electro mechanical systems (MEMS) and IoT technology, and
that enable drug release and drug administration by external control. In the present thesis, injectable-formulation with
a sustained release was developed that can be applied to iDDS. An injectable formulation with sustained release is
effectively work by maintaining the blood concentration by releasing drug for a long period after the administration,
and injectable liquid suspension based on polylactic acid-glycolic acid copolymer (PLGA) and solid implant or pellet

preparations are well known and have been already used clinical practice.

In this study, non-lamellar liquid crystal (NLLC), which is being commercialized as a new additives for DDS, was
selected as a base for long-acting injectable formulation. NLLCs such as reverse hexagonal (H2) and reverse cubic
(Pn3m) structures have excellent drug entrapment efficacy compared with liposomes. They also exhibit high
bioadhesiveness by orienting hydrophobic groups outwards and can contribute to drug retention and sustained release
by constructing complex internal structures. Furthermore, they can contribute to the solubilization of poorly soluble
compounds and the stabilization of higher-order of protein structures. Glyceryl monooleate (GMO) is known as a
typical NLLC forming lipid, and it forms NLLC instantaneously by contacting with water. Although GMO have been
approved by the U.S. Food and Drug Administration (FDA) as excipients, heating and reducing viscosity agent are
necessary to prepare formulations because they exsist as a solid state at room temperatur. Therefore, in the present
study, a long-acting injectable formulation containing a medium-molecular-weight drug was prepared with mono- O

- (5,9, 13 trimethyl -4 tetradecenyl) glycerol ester (MGE) with low viscosity at room temperature.

Part 1: Preparation of Sustained Release Injections using Non-Lamella-Forming Lipids

[ Chapter 1 Preparation and Evaluation of Sustained Release Injections Encapsulated with Water-soluble Drugs"]

A water-soluble medium-molecule fluorescent drug (fluorescein isothiocyanate-dextran M.W. 4,000, FD-4) was
selected as the model drug. Sixteen preparations were prepared by adding various saturated and unsaturated
phospholipids to MGE. The structure of prepared formulation was investigated by small angle X-ray diffraction
(SAXS). The prepared formulation with MGE alone showed H2 structure. It, however, formed Pn3m or both H2 and
Pn3m structure by the addition of phospholipids in the formulation. The addition of FD-4 did not change the NLLC



structure, suggesting that FD-4 exists in the water channel of the NLLC structure. It was also found that FD-4 release
from the preparation was highly realted to the interpore distance (d) of the NLLC structure, MGE content,
phospholipid content, carbon chain number of phospholipid, and existence of double bond in phospholipid. When
the prepared formulation was administered subcutaneously to the back of rats, the lower limit of quantification was
reached at 24 h after the administration of FD-4 solution, whereas the prepared formulation was able to maintain the
blood concentration of FD-4 even 48 h after the administration. These results suggested that the addition of
phospholipids to MGE can control the release of medium molecular-weight drugs.

[ Chapter 2 Preparation and Evaluation of Injectable LA Encapsulated Formulation Considering Actual Use®]

Leuprorelin acetate (LA), which is unstable in skin tissue, was selected as a model drug. In this chapter, oleyl
phospholipids were selected, and 10 formulations were prepared. SAXS observation revealed that the structure
changed was confirmed with or without LA, suggesting that LA interacted with MGE and phospholipids, thereby LA
addition affects NLLC structue. In addition, the membrane curvature of the NLLC structure was changed positively
by addition of LA. The sustained release of LA from the formulation containing 1,2-dioleoyl-sn-glycero-3-
phosphoglycerol, sodium salt (DOPG), a negatively charged phospholipid, was confirmed. When the formulation
containing DOPG was subctaneously injected, significant improvement in bioavailability (B4) was confrimed
compared to the LA solution. These results indicate that the electrostatic interaction between LA and DOPG in a pH
7.40 environment enables the preparation of a long-acting injectable formulation containing LA with controlled
release of LA for 21 days. Based on these results, MGE, an NLLC-forming lipid, was considered to be useful as an
additive to prepare a long-acting injectable formulation.

Part 2: Preparation of nanodispersion using NLLC-forming lipids

In the previous chapter, MGE was shown to be useful as an additive to prepare a long-acting injectable formulation.
However, MGE instantly increases its viscosity when it contacts with body fluids. Thus, it is necessary to prepare a
low-viscosity formulation that can be self-administered using a microneedle (MN) or micropump device. In this
chapter, nanodispersion consisting of MGE and a polymeric surfactant of Pluronic® F-127 in order to reduce the
viscosity of the prepared formulation. LA was selected as the model drug, and formulations with different lipid
concentrations (MP1,9, MPs,, and MP1y formulations: *subscript numbers indicate lipid contents) were prepared.
Cryo-TEM results showed that the MP1o formulation formed micelles, and SAXS measurements showed that the
micelles were coordinated in a face-centered cubic (FCC) lattice structure. Nuclear magnetic resonance results also
revealed that LA interacted with the lipids in the formulation. The preparations were administered subcutaneously,
and compared to the aqueous LA solution, B4 was improved 13 times with MP 1o compared with LA aqueous solution.
On the other hand, only an 8-fold improvement in B4 was obtained in the P-formulation that prepared without MGE.
MPy showed higher Cnax and shorter Timax than P-formulation. These results suggest that MGE has the potential to

be an absorption enhancer for subcutaneously administered drugs.

Summary: In this thesis, NLLC structure consisted of MGE was controlled by adding phospholipid, and controlled
released and improved BA were confirmed after subcutaneously injection of FD-4 and LA. These results suggest that
MGE be useful as an additive to prepare a long-acting injectable formulation that be avaiable for iDDS.

1)A. Okada et al., Int. J. Pharm., 577, 118944 (2020). 2) A. Okada et al., Pharm Res., 38, 503 -513 (2021).
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