Development and optimization of orally and topically applied liquid crystal-drug

formulations
Abstract of thesis

Liquid crystals (LCs) are semisolids made of lipids with crystalline structures
combining the properties of both crystal and liquid states. First, the oral administration of LC
formulations was evaluated. | aimed to develop oral formulations for delivering the drug to
skin tissue with a high bioavailability using four different types of LC forming lipid (glyceryl
monooleate (GMO), phytantriol (PHT), Ci7-monoglycerol ester (MGE) and Caz-erythritol
ester (ERT)) containing a mal-absorptive model compound, p-amino benzoic acid (PABA),
which is an active element in cosmeceuticals, dietary supplements and skin disorder
medicines. The bioavailability and skin concentration of PABA were investigated after its
oral administration in rats. The effect of the remaining amount of the LCs formulations in the
stomach was evaluated on the pharmacokinetic profiles of orally administered PABA. The
skin permeation and concentration of PABA were also investigated using an in vitro
permeation experiment. As a result, the bioavailability of PABA was significantly improved
by administration of PABA-LC formulations compared with that of PABA solution alone,
although the remaining effect in the stomach was greatly influenced by the type of LC-
forming lipids. The in vitro skin permeation study showed that the PABA concentration in
skin when applied from the dermis side was higher than when applied from the epidermis
side. These findings suggested that oral administration advantageously supports skin drug
delivery, and oral LC formulations could be a promising dosage form in cosmeceutical,

dietary and clinical fields.

Next, the usefulness of topical LC formulations with skin permeation enhancing
ability was investigated. A rather new LC forming lipid, Ci7-monoglycerol ester (MGE) was
evaluated and compared with glycerol monoolate (GMO), which is considered as the gold
standard for forming LC formulations. I initially prepared LC formulations containing drugs
with different physiochemical properties (tranexamic acid (TXA), 4-methoxy- salicylic acid

(4-MS), catechin (CC) and calcein (Cal), and confirmed LC phase structures in the prepared



formulations by a polarizing light microscope and a small-angle X-ray scattering (SAXS).
Physicochemical properties of these formulations were also performed using a viscometer
and a zetasizer. The release rate of the drugs from LC formulations was determined using a
dialysis membrane method. The skin penetration-enhancing ability of LC formulations was
also investigated by in vitro skin permeation study. The obtained results showed that both
MGE and GMO LC forming lipids exhibited the same behavior in terms of their
birefringence indexes, LC phase structures, particle sizes and zeta potentials. Both the LC
formulations consisted of MGE and GMO were managed to improve the skin permeation for
various physiochemical properties of drugs. However, MGE formulations showed lower
viscosity, faster drug release rate and better skin penetration-enhancing ability than GMO
formulations, which strongly suggesting that the low viscosity of LC forming lipid of MGE
might influence drug diffusivity and drug permeability through skin. The present MGE-LC
formulations can be utilized as a promising new topical formulations for therapeutic drugs

and cosmetic ingredients.

Finally, I aimed to develop strategies for designing and optimizing LC formulations
to overcome the challenges of poor bioavailability drugs after oral administration and
transdermal application by evaluation of physiochemical characterizations of the designed
formulations and their ability for in vitro and in vivo absorption performance. Very limited
studies have investigated on the effect of physiochemical properties of entrapped drugs,
percentage of LC forming lipids and phase structure of LC formulations on the drug
absorption from these formulations after oral or topical administration. In the present study,
various oral and topical LC formulations were designed based on changes in the percentage
of LC forming lipid in the formulations entrapped with different physiochemical properties
of drugs. The obtained results showed that the drug absorption after oral and topical
administration of LC formulations were dramatically affected by the percentage of LC
forming lipid and physiochemical properties of drug. An understanding of the effect of such
factors could enable us to prepare LC formulations with improved oral absorption and skin

permeation of drugs.
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