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geographical distribution is expanding toward Hon-
shu Island, opposite side of the Tsugaru Strait, pre-
viously a non-endemic area (Doi et al., 2000a). In
pigs, metacestodes do not grow or reproduce well
(Uchino and Sato, 1996). However, their relatively
high prevalence suggests widespread contamination
with infected fox feces around pig farms. Swineherds
should be more aware of the risk of E. multilocularis
and review their 'way of breeding like management
of waste after delivery or abortion, which attracts
foxes. On Honshu Island, systematic meat inspection
network is being conducted (Kamiya, 2001).

3.3. Human alveolar echinococcosis

Since the first epidemic of human alveolar
echinococcosis at Rebun Island, west of the mainland
of Hokkaido, most human cases in Japan, have been
reported from Hokkaido (Hokkaido Institute of Public
Health, 1999; Minagawa, 1997). The Rebun epidemic
is estimated to be caused by red foxes introduced
from the Kuril Islands, an active epizootic area, in
the 1920s. These foxes were eradicated by poachers
for commercial purposes in the late 1930s, which is
considered to terminate the epidemic at Rebun (Doi
et al., 2000b; Minagawa, 1999). A total of 131 cases
were officially reported from Rebun between 1936
and 1989. Doi et al. (2000b) estimated that in.Rebun,
males were more likely to acquire infection incidental
" to activities outside the house and brought into the
house through the soil, grass or fur rather than through
contaminated drinking water from a river source.

After the Rebun epidemic, reported cases were re-
stricted to the eastern part of Hokkaido, but since the

1980s human cases have been reported from through-
out the island. -

As shown in Table 2, recent incidence rates of alve-
olar echinococcosis (per million year) in Hokkaido,
have been 0.9-3.3, comparable to Germany or
Switzerland.

Since the introduction of governmental mass
screening using ELISA and Western blotting in 1984,
a total of 140 cases have been reported, approximately
10 cases annually. The screening rate, the propor-
tion of those screened to the total population of the
area, of this program has been somehow low, about
1% (70,000/5,700,000) in Hokkaido, as a whole, but
‘varies by area. For example, in urban Sapporo, the
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rate was 0.03% (500/1,810,000), compared to 5.9%
(2000/34,000) in Nemuro, a rural district (Minagawa,
1997). : '

In Hokkaido, the infection risk was reported to be
higher among livestock farmers (Ito, 2001) but not
among hunters, furriers or taxidermists (Yamamoto
et al., 2001). The first case was reported in 1997,
among the long-term residents living on the outskirts
of Sapporo (Tsukada et al., 2000).

4. Discussions toward prevention and control

In Japan, the epizootic presence of alveolar
echinococcosis has been regarded as minimal risk.
However, prevalence rates among red foxes have been
rising throughout Hokkaido. Especially, we should
attend to the establishment of suburban life cycle
of E. multilocularis; which is suggested by infec-
tion in domestic pets in Hokkaido (Oku, 2000), and
high infection pressure with E. multilocularis eggs in
Switzerland (Stieger et al., 2002).

Despite current small number of newly reported
human cases in Japan, an epidemic can occur in fu-
ture due to increased exposure to the eggs through in-
fected hosts. Subsequent economic impact of the epi-
demic on domestic industries should not be missed. Of
important industries in Hokkaido, livestock farming
and agriculture, and tourism, accounting for US$ 7.08
and 5.38 billion, respectively (Hokkaido Government,
2000), could be adversely affected. These effects are
estimated to be mainly due to negative images as is

- the case with foot and mouth disease.

As shown in Table 3, comprehensive public health
measures are urgently needed to limit transmission of
the E. multilocularis infection. Some of these mea-
sures are discussed below. '

4.1. Consideration for the ecosystem

Complicated life cycle of E. multilocularis is being
studied temporally and spatially in terms of geology,
climate and vegetation (Tackmann et al., 1998; Berke,
2001; Staubach et al., 2001). Land use can variously
affect the life cycle of E. multilocularis. In China, de-
forestation provides grasslands, an optimal habitat for
rodents, and thus the life cycle was established (Craig
et al., 2000). Land use is also suggested to affect the
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Table 3
Control measures in terms of public health

Hosts
For wild and domestic hosts
Development of more precise and easier methods to
detect infection of hosts (e.g. a coproantigen method
using monoclonal antibodies with low cross-reaction
to the helminth)
Studies on the ecosystem (e.g. land use to stay away
from foxes)
For wild hosts
Development of baiting method for foxes
Systematical surveillance of foxes by the coproantigen
ELISA
For domestic pets
- Preparation of a system to deworm potentially infected pets
Keeping pets away from contaminated area
A mass-screening program of untied domestic dogs

Humans
Improvement and promotion of the mass-screening program
Development of a more specific serological method for
diagnosis
Focusing on those with potentially high risk
Information sharing among the stakeholders -
Awareness program to residents in endemic regions
Life cycle of E. multilocularis
Severity of the infection and importance of diagnosis
in early stages _
Desirable life style to avoid infection
Risk of infection through domestic pets .
Registration of patients with alveolar echinococcosis
Understanding of precise infection routes to humans
Development of an effective medicine to patients in early
stages .
Studies on the spatial and temporal relationship between
epidemic among hosts and among humans

density of host population and human exposure to the
eggs (Uchino and Sato, 1996). Landscape planning
that does not activate the life cycle around us is prefer-
able.

There are many factors affecting fox population,
such as distribution of anti-rabies baits (Eckert et al.,
2000) and epidemic of scab due to sarcoptic acariasis
(Tsukada et al., 1999). Since the life cycle of the para-
site is maintained in nature, we have to understand well
the ecosystem as a whole. In Europe and Hokkaido,
fox population management, which underestimated
their high adaptability, little controlled their number
(Minagawa, 1997; Toma et al., 1996). It should be
noted that at Rebun, fox population could be con-
trolled by humans because the island was surrounded

by sea. Simplistic measures can disrupt the sophisti-
cated balance of the ecosystem. Socially and econom-
ically acceptable measures are needed (Kakizawa,
2000) in harmony with the ecosystem where humans,
hosts and E. multilocularis evolve together.

4.2. Anthelminthic treatment of definitive hosts

Investigation trials aimed at decreasing prevalence
of wild foxes by spreading baits containing the an-
thelminthic Praziquantel have been carried out in Ger-
many (Schelling et al., 1997; Tackmann et al., 2001)
and Japan (Oku, 2000). Tackmann et al. (2001) re-
ported that even in low-endemic areas this method suc-
ceeded in decreasing the prevalence of foxes infected
with E. multilocularis for 2 years. Further studies are
under way, such as on the long-term efficacy and on
the cost-effectiveness. Unlike rabies, E. multilocularis
has no apparent ill effect on foxes, thus their popu-

. lation numbers seem to change little through baiting.
Populations of rodents, in which infection rates are

very low, are also not likely to be affected. However,
Praziquantel is not ovicidal (Thakur et al., 1979). We
should consider a number of live eggs, which can be
excreted in the environment after distribution of baits.

At an epizootic village in Alaska, a successful con-
trol program by means of monthly treatments of do-
mestic dogs with praziquantel was reported (Rausch
et al., 1990). The reduction in prevalence of the lar-
val cestode among voles within the study village sug-
gested reduced risk of infection also among humans.
As shown in this program, this method can be applied
for control of E. multilocularis in other endemic ar-
eas where domestic hosts play certain roles in the life
cycle of the parasite.

Now exportation of infection from Hokkaido
to Honshu Island is concerned, periodic and safe
de-worming program for domestic pets should be
introduced in Japan, as well as surveillance of domes-
tic dogs with frequent contact with rodents. These
programs have been practiced governmentally in the
United Kingdom, where all the dogs moving into from
epidemic countries are dewormed (Doi et al., 2003).

4.3. Surveillance and screening

In Japan, systematic surveillance of individuals who
are in close contact with definitive hosts is a priority,
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such as farmers, zoo workers, slaughterers and pet fa-
cility workers. Other groups that should be regularly
surveyed are children playing with soil and field sol-
diers of the Japan Self-Defense Forces.

Screening of residents and surveillance of hosts
are important. In Japan, patients whose infections
were detected by the governmental screening pro-
gram are reported to have significantly higher 5-year
survival rates compared to those diagnosed in hospi-
tals (Uchino and Sato, 1996). The screening program
using ELISA (US$ 4 a person screened) and ultra-
sonography (US$ 67 a person with positive ELISA)
was estimated to be economically reasonable (Uchino
and Sato, 1996). As infection incidence increases,
the costs saved increase as well as the efficacy of
treatment. If a more specific screening method than
current ELISA (Ito, 2001) are to be developed and
implemented focused on those at potentially high risk
described above, early cases can be diagnosed more
efficiently.

Another problem is follow-up of emigrants. Ap-
proximately 70,000 residents move out of Hokkaido,
annually and it is likely that some cases among them
could have been missed. Since 20 years have now
passed since the infected foxes have been dispersed
throughout Hokkaido, an increase in human cases may
be anticipated (Doi et al., 2000a). Emigrants are to be
more informed about the long latent period of alveolar
echinococcosis and the governmental screening.

4.4. Information sharing

To prepare for future endemic, information shar-
ing and discussion among the stakeholders (govern-
ment, private industry and citizens) is required. For
instance, alveolar echinococcosis registry system in
Europe (Kern et al., 2003) is expected to understand
the epidemiology of the transnational infection. Even
in urban areas in Hokkaido, distribution of correct in-
formation on the risk of infection, exposure to eggs,
through wild foxes and domestic dogs (Ito, 2001) is
warranted to raise awareness among the population.
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Fig. 1 Representative positive patterns obtained by
HWB using AH patients’ sera

Lane 1 shows the complete type pattern, indicated

multiple bands at various positions of 29-205 kDa.

Lane 2 shows the incomplete type pattern, revealed a

smeary band (which was named C antigen, a polysac-

charide antigen) at low positons of 30-35 kDa.
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Table 1 Comparison between HWB test results and FIA test results using sera from AH patients in Hokkaido

and also sera from persons who were serologically positive in AH mass screening in Hokkaido

The number of

FIA test Results

HWB test Results Positive *1
samples Negative
P3 P4 P5
Preoperative sera from AH patients
Positive *2 '
“Complete type” 43 0 ] 0
“Incomplete type” 2 3 5 o
Quasi-positive *3 1 2 2 1
Negative 1 0 i 3
Postoperative sera ** from AH patlents
“Incomplete type” pattern . 0 9 0 ]
Sera from persons who were positive In mass screening
“Incomplete type” pattern 0 5 2 0
Total 47 19 10 4

*1 FIA-positive staining patterns were classified into five types:P1, P2, P3, P4 and P5, which were originally revealed by sera
from French patlents infected with Echinococcus. P1 and P2 are defined as specific to E. granulosus, P3 is defined as speclfie
to E. multilocularis, and P4 and PS5 are defined as specific to E. granulosus or E. multilecularis. Representalve examples of P3,
P4 and P5 are shown in Flg. 2. Sera showing Pl and P2 were not found in the serum specimens from AH patlents in

Hokkaido. The final concentration of tested serawas a1 :

25 dilution.

£ HWB-positive stalning patterns were classified Into two types: the complete type pattern and the Incomplete type pattern,
which were clearly revealed when HWB was applied to sera from AH patlents in Hokkaido, as shown in Fig. 1. The final

concentration of tested sera was a 1 1 200 dilution,

*3 Atypical or vague patterns were judged as quasi-positive.

*4 Serum samples taken from patients over three years after the surgical removal of echinococcal lesions.
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Fig. 2 Representative positive patterns obtained by
FIA using AH patients’ sera and suspected per-
sons’ sera

Lanes 1-3 show pattern P3 of preoperative and” com-

plete type” showing séra from AH patients. Lanes 4

and 5 show pattern P§ of preoperative and “incom-

plete type”-showing sera from AH patients. Lane 6

shows pattern P4 of a postoperative and “incomplete

type” showing serum from AH patients. Lanes 7 and

8 show pattern P4 of mass screening-positive and “In-

complete type”-showing sera from suspected persons.

Lanes 9 and 10 show negative patterns of preopera-

tive and HWB-negative sera from AH patients.
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Laboratory Evaluation of Commercial Immunoblot Assay Kit for Serodiagnosis of
Echinococcus Infections Using Sera from Patients with Alveolar Hydatidosis in Hokkaido

Koji FURUYA"?, Masanori KAWANAKA?, Kimiaki YAMANQY,
Naoki SATO? & Hiroshi HONMA®"
"Hokkaido Institute of Public Health
?National Institute of Infectious Diseases
¥Hokkaido University Hospital

Using serum specimens from patients with alveolar hydatidosis (AH) in Hokkaido, we assessed
the usefulness of “Echinococcus Western Blot IgG” (the French immuoblot assay, FIA), which has re-
cently been launched from Ldbio Diagnostics (Lyon, France) as new commercial immunoblot assay
kit of immunodiagnosis of Echinococcus infections. Eighty serum specimens were used for the present
study * 64 preoperative sera and nine postoperative sera, which were taken from AH patients in
Hokkaido, and seven sera from persons who were ELISA (enzyme-linked immunosorbent assay) -
positive In mass screening which was conducted for checking on Echinococcus infections in Hokkaido
since 1982,

When the 64 preoperative sera were examined by the Western blotting method (the Hokkaido
method of Western blotting, HWB) which had been carried out at Hokkaido Institute of Public Health
between 1987 and 1993, it was found that 53 cases were positive and six cases were quasi-positive, i.
e. the rate of the positive cases including quasi-positive cases was 92.2%.

From immunostaining patterns, HWB-positive sera could be grouped in two types ! the com-
plete type, which showed a pattern of multiple bands containing the 55 and 66 kDa bands, and the in-
complete type, which showed patterns of only few bands containing the AH-specific polysaccharide
antigen named C antigen. Forty-three of the 53 HWB-positive sera were of the complete type and the
residue was of the incomplete type. '

On the other hand, when the 64 preoperative sera were examined by FIA, 60 sera (93.8%) were
Jjudged to be positive and the others as negative sera. On the basis of the Interpretation of im-
munostaining patterns described in the instruction manual, 47 (78.3%) of the 60 positive sera were
regarded as partern P3, five (8.3%) as pattern P4, and eight(13.3%) as pattern P5. All of the complete-
type sera were regarded as P3, indicating high antibody titers, Contrarily. most of the incomplete-
type or quasi-positive sera resulted in other patterns such as P4 and P5, indicating low antibody tit-
ers. Of 5 HWB-negative sera, two were FIA-positive (which showed P3 and P5 patterns respec-
tively), however their immunoreactions were significantly low.

Therefore, apart from interpretation of pathological conditions of cases with exceedingly low an-
tibody titers, FIA may be able to give a serologically clear interpretation to HWB-quasi-positive
cases, indicating that it is a highly sensitive and useful method for immunodiagnosis of Echinecoccus
infections.
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Canine Echinococcosis

Yuzaburo OKU', Nariaki NONAKA', Kinpei YAGI?, Masao KAMIYA'
'Dept. Parasitology, Hokkaido Univ., ?Hokkaido Institute Public Health
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Epizootiology of Echinococcus multilocularis in the northeastern region of Sapporo
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Short Report

Transmission Electron Microscopy of Schistosoma
mansoni Cercariae Treated with Hinokitiol
(B-thujaplicin), a Compound for Potential Skin
Application against Cercarial Penetration
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ArHRo Osanal and Haruo Kamrva

Department of Parasitology, Hirosaki University School of Medicine, Hirosaki
036-8562,

"Department of Medical Technology, Hirosaki University School of Health
Sciences, Hirosaki 036-8564, and

*Institute for Animal Experiments, Hirosaki University School of Medicine,
Hirosaki 036-8562

Cuisty, M.M., Narais, M., INaBa, T., Isaira, K., Osanal, A. and Kamiva, H.
Transmission Electron Microscopy of Schistosoma mansoni Cercariae Treated
with Hinokitiol (B-thujaplicin), a compound for Potential Skin Application against
Cercarial Penetration. Tohoku J. Exp. Med., 2004, 202 (1), 63-67 — Since skin
is the only route of entry of the parasite in schistosomiasis patients, intervention at
the level of skin penetration should control the infection. Several compounds were
screened for their ability to protect against cercarial penetration. Hinokitiol (3-thu-
japlicin) was found to have a significant cercaricidal effect in vitro, although there is
no information on its cercaricidal mechanisms. To study the kinetics of morphologi-
cal changes in Schistosoma mansoni associated with exposure to hinokitiol in vitro,
cercariae were incubated in media containing hinokitiol at different concentrations
and examined by transmission electron microscopy (TEM). TEM revealed that
ultrastructural changes occurred by 15 minutes post exposure, at a concentration of
25 pg/ml. Degenerative changes involving both tegument and deeper parenchymal
structures were progressive with duration of exposure at the concentration of 50
pg/ml. These structural changes may account for the inability of hinokitiol-treated
cercariae to infect the host. hinokitiol; Schistosoma mansoni; cercariae;
transmission electron microscopy
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Schistosomiasis is a life threatening tropi-
cal disease of humans. Non-immune travelers
visiting endemic areas are at high risk of acquir-
ing this disease and disseminating the parasite
to non-endemic areas (Stone 1995). Since skin
is the only route of entry for this parasite into
humans, intervention that prevents entry of cer-
cariae into the skin should control the infection
(Stirewalt and Dorsey 1974). Several compounds
were screened for their ability to confer protec-
tion against cercarial penetration following skin
application. Among these, a few-compounds
(diethyl boramide, niclosamide, cederol, f3-thuja-

plicin and diethyl toluamide) showed significant.

cercaricidal effects in vitro (Naples et al. 1992;
Abu-Elyazeed et al. 1993; Nargis et al. 1997;
Salafsky et al. 1998). B-thujaplicin is a tropolone-
related compound found in the heartwood of
several cupressaceous plants such as western red
cedar (Thuja plicata), eastern white cedar (Thuja
occidentalis) and hinoki cypress (Chamaecyprais
obtusa) (Nozoe 1936; Erdtmann and Gripenberg
1948). It is known to be effective as an anti-
microbial agent (Katsumura et al. 1948; Kobori
and Tanabe 1993, 1994), and is being used as an
anti-bacterial hand washing solution (Kobori and
Tanabe 1994). However, a review of literature re-
veals no ultrastructural information of hinokitiol-
treated cercariae. The aim of this study, therefore,
was to evaluate the in vitro effects of hinokitiol
on cercariae of Schistosoma mansoni at the level
of ultrastructure.

MATERIALS AND METHODS

A Puerto Rican strain of S. mansoni was
maintained in our laboratory by passage through
Mongolian gerbils, Meriones unguiculatus, and
Biomphalaria glabrata. Cercariae were obtained
from the infected snails and used for experiments
within 1 hour of shedding.

Synthesized hinokitiol powder of 100% pu-
rity was obtained from Takasago International Co.
Tokyo. Hinokitiol powder dissolved (200 pg/ml)
in water and serial dilutions were prepared from
25 to 50 pg/ml in distilled water (Nargis et al.

1997). Four ml of each dilution was transferred
to each culture tube. Control tubes received an
equal amount of water. Approximately 400 cer-
cariae of S. mansoni were placed in each test tube.
Samples were collected at 5, 15, 30, 60 and 120
minures after exposure to hinokitiol at each con-
centration and processed for transmission electron
microscopy (TEM). .

Cercariae collected from each tube were
transferred to a fresh tube containing 10 ml of
RPMI 1640 medium plus 10% foetal calf serum
(JRH Bioscience, Kansas) and concentrated into
a pellet by centrifugation at 300 g for 10 minutes.
The pellet was washed with the same medium,
then fixed overnight at 4°C in a fixative contain-
ing 3% glutaraldehyde and 1% formaldehyde in

0.1 M phosphate buffer (PH 7.4). After 1 hour

post-fixation in 1% osmium tetraoxide the pellets
were dehydrated through a series of ethanol and
embedded in epoxy resin. Methylene blue stained
sections were examined light microscopically and
ultrathin sections were examined in a transmis-
sion electron microscope (JEOL, Tokyo) after
staining with urany! acetate and lead citrate.

RESULTS AND DISCUSSION

Cercariae exposed to hinokitjol at concentra-
tions of 25 pug/ml or more showed progressive
morphological changes (Figs. 1 and 2), observed
earliest at 15 minutes post exposure. Gross
changes were observed, including cercarial tail
loss in about 50% of cercariae at 15 minutes, and
90% by 30 minutes after exposure. These obser-
vations were consistent with the report by Nargis
et al. (1997), which showed that hinokitiol at the
concentration of 25 ug/ml significantly affected
the cercarial movement and swimming activity.
Epon embedded thin sections were observed light
microscopically and showed progressive degener-
ation of the acetabular glands (Fig. 1C), thinning
of the tegument causing external protrusion with
focal loss of spine (Figs. 1D and 1E), edematous
swellings and other degenerative changes (Fig.
1F). Control cercariae exhibited normal morphol-
ogy (Figs. 1A and 1B).
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Fig. 1. Kinetics of morphological changes observed in cercariae of Schistosoma mansoni treated with

hinokitiol (25 pg/mi).

A) Control cercaria at 30 minutes; B) Hinokitiol-treated cercariae at 5 minutes: C) at 15 minutes,
partial degeneration of the acetabular glands; D) at 30 minutes, complete degeneration of the ace-
tabular glands with external protrusion (arrow head, inset); E) at 60 minutes; F) at 120 minutes post
exposure, severe edema leading to rupture of the cercariae. ag, acetabular glands. Epon embedded

Methylene blue stain.

Ultrastructural changes were evident as early
as 15 minutes post exposure to hinokitiol, and
became more severe with increased duration of
exposure. Early degenerative changes included
accumulation of membranous bodies (Fig. 2B),
migration of cytoplasmic granules into the tegu-
ment (Fig. 2C) and loss of external glycocalyx
resulting extreme thinning of the tegument (Figs.
2C, 2D and 2E), diffuse edematous changes in
the parenchyma and focal lysis of the tegument
causing expulsion of sub-tegumental materials

(Fig. 2D). These changes were noted in all of the
parasites examined, although to a varying degree.
Changes progressed in severity with increased
duration of exposure (Figs. 2E and 2F).

Topically applied hinokitiol may not effi-
ciently diffuse into the host skin and nor alter
the host immune response against migrating
schistosomes, although in vitro experiments sug-
gested an immunosuppressive effect (Inamori et
al. 1993). This study demonstrated that hinoki-
tiol has a damaging effect in vitro on S. mansoni
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Fig. 2. Kinetics of ultrastructural changes in the cercariae of Schistosoma mansoni exposed to hinoki-
"tiol (25 pug/ml). A) at 120 minutesutes, Control cercaria, showing intact corrugated tegument (T),
compact muscle layer (M) without cellular swelling or edema; B) at 15 minutes, hinokitiol-treated
cercariae accumulation of membranous bodies in the tegument; C&D) at 30 minutes, migration of
cytoplasmic granules (¢g) towards the tegument and thinning of the tegument with degenerative
changes causing focal breach of continuity of the tegument (arrow); E) at 60 minutes, edematous
swelling of the muscle layer and deeper parenchyma; F) at 120 minutes, severe degeneration lead-

ing to membrane rupture.

cercariae in a concentration and time dependent
manner. The minimum concentration (25 yg/ml)
required to produce demonstrable degenerative
changes (Figs. 1 and 2) is lower than the con-
centrations reported for a variety of bacteria and
fungi, where effective concentrations of hinokitiol
were 100 or 50 yg/ml (Kobori and Tanabe 1993;
Okabe et al. 1989). In previous experiments we
have reported that hinokitiol (50 pg/ml) treated-
cercariae showed defective motility and infectivity
(<1% adult worm recovery in mice vs. >60% in

vehicle controls (Nargis et al. 1997). Based on
the results from the present study, degenerative
structural alterations prevented the cercariae from
penetrating the host skin.

Apart from anti-microbial effects, various
bioactivities of hinokitiol have been reported,
such as repellent activity for ticks, inhibitory
effect on the germination of plant seeds and the
growth of roots of several plants, cytotoxic effect
on tumor cells, and lymphocyte blastogenesis
(Okabe et al. 1988; Inomori et al. 1991, 1993).
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The mechanism underlying broad range bioac-
tivities and the target(s) is still unrevealed. In
vitro cytotoxic and immunosuppressive effects of
hinokitiol have been reported; namely it prevents
ultraviolet radiation-induced apoptosis in kerati-
nocytes of mice (Baba et al. 1998), and influenza
virus-induced apoptosis, replication and release
from the infected Madin-Darby canine kidney
cells (Miyamoto et al. 1998).

Hinokitiol is generally considered safe to
host skin even at high concentrations, as it might
not be absorbed through the host skin (Nargis
et al. 1997). Furthiermore, hinokitiol applied to
the skin did not alter the migration of epidermal
Langerhans’ cells to regional lymph node of
guinea pigs infected with S. mansoni (Chisty,
M.M. et al.; unpublished data). Intervention may
be achieved by application of hinokitiol with an
appropriate base that may help it persist on the
skin surface and make it more resistant to removal
by contact with water.
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