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Drug Delivery Systems (DDSs) can be designed to improve the pharmacological and therapeutic
effects of administered drugs in a target site. Conventional DDSs can deliver a definite amount
of drug into a target tissue to achieve its therapeutic effects. However, most of these systems
are unselectively deliver drugs to the healthy tissues or to the other parts than the targeted
site. Moreover, limited studies have been conducted to significantly reduce dosage to a targeted
region and avoid drug distribution to the other untargeted parts. Therefore, in order to establish
nano— or pico—order dosage delivery system to a target site, a piezoelectric pressure-sensitive
device (Nano—dose applicator) was used to improve the effectiveness of the drug delivery to a
definite targeted region. In addition, I aimed to establish precise and quantitative method for
analyzing the applied drug concentration at the targeted site. Quantitative determination of
applied drugs in the targeted site is important for evaluating their safety and efficacy. In this
study, the potential of the applicator was evaluated as a DDS that enables to efficiently deliver
a minimal required dose to the targeted site. In addition, promising analysis methods have been
established to quantitatively analyze the applied drug concentration via Nano—dose applicator
at the targeted site. The present investigations were summarized by three chapters as follows:
1. Imaging analysis of fluorescence drug concentration—distance profile

Quantitatively determining the skin concentration—-distance profiles of topically applied
drugs is important for evaluating their safety and efficacy. Several conventional methods were
reported to determine drug concentration in skin. However, these methods can measure just the
average drug concentration in the total area of excised whole skin instead of that in each depth
of skin. Therefore, the aim of the present study was to develop a quantitative, visual, simple,
sensitive, and effective method to analyze the concentration—distance profile of topically applied
drugs using a confocal laser scanning microscopy (CLSM). FITC-dextran with a molecular weight of
approximately 4 kDa (FD-4) was selected as a model fluorescent drug in the present study. The
skin distribution of FD-4 in its section was evaluated by an imaging analysis for fluorescence
intensity. The obtained skin concentration—distance profile of FD-4 was analyzed using Fick’ s
second law of diffusion, and was markedly similar to those estimated using skin permeation
parameters obtained from the skin permeation study. These results suggest that the present CLSM
method may be a promising tool for quantitatively visualizing the concentration—distance profiles
of drugs through the skin.
2. Imaging analysis of non—fluorescence drug concentration—distance profile

In the previous chapter, the skin concentration of fluorescence labeled drug was evaluated
by CLSM image analysis. However, this technique can be applied only for fluorescence labeled drugs.
Thus, in this chapter, a quantitative analysis method was developed to determine skin

concentration—distance profile of topically applied non—fluorescence drugs using an imaging mass



spectrometer (IMS). IMS based imaging advantageously allows to obtain quantitative determination
of skin concentration—distance profile of topically applied non—fluorescence drugs. Lidocaine
hydrochloride and nicotinic acid were selected as non—fluorescent drugs in the present study
The skin concentration—distance profile of non—-fluorescence drug models that obtained using IMS
was compared to those calculated by skin permeation parameters by Fick’ s second law of diffusion.
Obtained results using IMS showed an approximate similar drug disposition behavior compared to
those obtained by Fick’ s law, although, the skin concentration—distance profile using IMS of
Fick’ s law was not completely matched. In addition, this analysis technique using IMS does not
require to excise and/or homogenize the targeted site of tissue to determine the drug concentration
compared to conventional methods. Our findings in this study suggest that the present IMS method
could be anovel evaluation tool for determining the skin concentration—distance profile of
compounds with a wide range of physicochemical properties without using fluorescent or
radiolabeled compounds

3. Distribution o fluorescence drugs in minimal tissues after administration by a Nano—dose
applicator.

In general, relatively high dose are administered in conventional DDSs. However, only a small
part of drugs can be delivered to the targeted sites to have therapeutic effects, and the most
drugs are distributed to the other organs and tissues, which sometimes causes severe side effects.
Thus, effective drug delivery to a specific part of the targeted organ is greatly required to
achieve a higher therapeutic effect with a lower side effect. In the present study, a Nano—dose
applicator was used to improve the effectiveness of the drug delivery. The usefulness of Nano—dose
applicator was evaluated by a CLSM. FD-4 was selected as a model drug. Certain site in the skin,
brain and liver in experimental animals was selected as target sites. In addition, the influence
of Nano—dose applicator with an aid of a constant electric current (CEC) was evaluated after its
application to promote the penetration amount into the tissue using imaging analysis. Calcein
(Cal) was used as a model drug. A certain site of experimental animal skin was set to target sites.
The possibility of Nano—dose applicator to the target site was evaluated by a CLSM.
Semi—ellipse—shaped FD-4 distributions were observed in the viable skin, brain and liver after
application with the Nano—dose applicator. This is because the drug rapidly moved to the tissue
surface (x and y surface), and then diffused into the deep regions of the tissues (z-axis)
Interestingly, FD-4 was mainly distributed to the hair follicles, not in the stratum corneum
beneath the application site after topical application. In addition, the skin permeation of Cal
was markedly improved on the treated skin area by using Nano—dose application with an aid of CEC.
The cumulative amount of Cal permeated was increased 3—7 times with an increase of loading current
(0.3-5.1 mA/cm?®). The presently observed results suggested that the nano—dose applicator would
create new opportunities for DDSs

This novel application with established imaging analysis could create a new accurate dosed
drug delivery system. Further studies have to be conducted in order to evaluate the blood flow

effect on the analysis methods using this applicator.
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