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Thesis abstract

Study on systemic absorption and skin disposition of tacrolimus after application of tacrolimus
ointment on skins with various physiological conditions for development of the safe use

Yutaro Hazama

Tacrolimus (TL), an immunosuppressive drug being used topically for atopic dermatitis (AD)
as an ointment, is expected to exhibit local effects and not to be absorbed systemically from
the viewpoint of systemic side effects. Inflamed skin in AD patients has various physiological
skin conditions, e.g. disruption of stratum corneum (SC), changes in skin blood flow, vascular
hyperpermeability and leakage of plasma components. These alterations could affect the systemic
absorption and skin disposition of TL. The aim of this study was to investigate on the properties
of systemic absorption and skin disposition of TL administered topically through physiologically

altered skin, and on the factors that influence these absorption properties

1. Effects of various physiological skin conditions on systemic absorption of TL through hairless
rat skin

Evaluation of pharmacokinetic properties is difficult due to the concurrent inflammatory
reactions in AD skin. In order to investigate the drug disposition after topical application on
AD skin, it is necessary to understand different influential factors and their individual effects.
Thus, I created various physiological dorsal skin conditions: skin barrier disruption with
repeated adhesive tape stripping, acute inflammatory reaction induced by intradermal injections
of a prophlogistic material solution (PMS), and a hypovascular state induced by subcutaneous
infusion of a vasoconstrictor, adrenaline (Adr), in order to separate the complex inflammatory
reactions into fundamental processes and evaluate the relationships between systemic absorption
of TL and each process. The physiologically altered model skins were used for in vivo absorption
studies, and conditions were simultaneously evaluated by measuring transepidermal water loss
(TEWL) as skin barrier and perfusion unit (PU) as skin blood flow. Very little TL absorption was
observed through intact skin. Greater TL absorption was noted in skins with high TEWL values and
fully stripped skin with PMS injections. In contrast, Adr infusion, which reduced skin blood flow,
resulted in decreased TL absorption through fully stripped skin. Combined use of TL and Adr on
skin with PMS injections resulted in suppression of TL absorption. Systemic absorption of TL can
be estimated by measuring TEWL and the dilution of the TL ointment according to patient TEWL value
is an option in order to decrease the systemic absorption of TL with respect tomitigating systemic
side effects. For AD patients with acute exacerbation of severely SC-disrupted skin, exhibiting
redness or warmth, the combination use of vasoconstrictor could be beneficial in preventing
excessive vascular uptake of TL.

2. Effects of plasma protein leakage into skin tissue on systemic absorption and skin disposition



of TL

Plasma protein leaking into skin tissue from skin capillaries could affect the systemic
absorption and skin disposition of TL due to the interaction between the proteins and TL
penetrating through skin. In order to investigate the effects of the protein leakage on the TL
absorption and TL skin concentration, In vivo absorption study was conducted using fully stripped
skin with PMS injections. Based on the result of the chapter 1, when the TL ointment with dilution
for avoiding the TL systemic absorption was applied, the TL blood concentration 15 min after
application on the fully stripped skin with PMS injections was lower than that on the fully stripped
skin without PMS injections. In contrast, the TL concentration in the PMS—injected skin was higher
than that in the non—injected skin. These results suggested that the skin retention of TL binding
with the proteins in skin tissue suppressed the TL systemic absorption. The TL skin concentrations
90 min after application showed no difference between the PMS—injected skin and the non—injected
skin. The TL whole blood concentration 90 min after application on the PMS—injected skin was higher
than that on the non—-injected skin. These results suggested that the protein binding with TL in
the skin tissue was saturated.
3. Systemic absorption and skin disposition of TL in AD model mice

The properties of systemic absorption and skin disposition were investigated using AD mice
induced by repeatedly administrating ointment including Dermatophagoides farinae extract (Dfe).
Furthermore, TL ointment was diluted or combined with Adr to avoid the systemic absorption of
TL and investigated the effects of the application methods of TL ointment on the TL migration.
The AD skin for in vivo absorption study exhibited SC disruption, normal skin blood perfusion
and ear swelling. In the case of 0. 1% TL ointment, the TL absorption showed good correlation with
TEWL values. With the ointment diluted according to TEWL values, the TL whole blood concentration
was lower than the value calculated by the relationship between TL absorption and TEWL. These
results suggested that the ointment dilution could be effective to avoid the TL absorption. The
combined use of TL and Adr resulted in suppression of TL absorption in the skin with high TEWL.
Diluting ointment and combining with Adr simultaneously, the TL whole blood concentration reduced.
Evaluating the relationship between the TL skin concentration and TL whole blood concentration,
they showed the diphasic relationship and the TL whole blood concentration increased rapidly over
a specific skin concentration. These results suggested that the TL binding with skin components
and/or leaking plasma proteins was saturated. In addition, the diluted ointment with combined
use with Adr resulted in a lower blood-skin concentration ratio, suggesting that dilution of
ointment and combined use with Adr were useful in AD therapy using TL ointment.

The findings in this study support the recommendation that the assessment of the physiological
conditions in lesional skin is important to provide an improved understanding of systemic
absorption and skin disposition of TL in AD skin. Medical stuffs can measure TEWL in AD patients
with ease. Therefore, pharmacists could provide an effective drug treatment with dilution of

ointment and/or combined use with Adr according to the skin barrier function.
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