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β-Thujaplicin (hinokitiol) is a tropolone-related compound purified from the wood of Chamae-
cyparis obtusa, Sieb. et Zucc. and Thuja plicata D. Don. All Staphylococcus aureus isolates were
inhibited by β-thujaplicin with MICs of 1.56–3.13 mg/L. However, a paradoxical zone phenom-
enon occurred, with each isolate producing regrowth at higher β-thujaplicin concentrations.
Other antimicrobial agents showed a wide range of MICs. The combination of β-thujaplicin and
zinc oxide inhibited the paradoxical zone phenomenon, and enhanced killing activity against
clinically isolated staphylococci. Large numbers of viable bacterial cells, especially S. aureus
cells, were detected in the skin surface of atopic dermatitis, in comparison with those in healthy
volunteers. The number of cells increased as the severity of the skin condition worsened.
Topical application of β-thujaplicin resulted in a reduction in the number of bacterial cells on the
skin surface, and an improvement in skin condition after treatment. The results of this study
suggest that the degree of reduction in the number of viable bacterial cells in an eczematous
lesion of atopic dermatitis is related to the degree of improvement in skin condition.
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Introduction

β-Thujaplicin (hinokitiol) is a tropolone-related compound
purified from the wood of Chamaecyparis obtusa, Sieb. et
Zucc1,2 and Thuja plicata D. Don.3 Although the biological
activities of this compound are not yet fully understood,
it has been revealed to have antimicrobial activities.4–7

β-Thujaplicin has been used as an antibacterial agent in foods
and cosmetics due to its low toxicity in animals.8

Recently, we have found that (i) β-thujaplicin has antimicro-
bial activity against both bacteria and fungi; (ii) β-thujaplicin
shows a paradoxical zone phenomenon (i.e. the phenomenon
of inhibition of the growth of bacteria at a low concentration,
followed by promotion of growth at a higher concentration
and then complete inhibition of growth at an even higher con-
centration)9 against staphylococci; and (iii) the simultaneous

use of β-thujaplicin and Zn2+ inhibits the paradoxical zone
phenomenon, and enhances antimicrobial activity towards
various bacteria.10

Staphylococcus aureus has been shown to colonize in
high density and at high frequency in eczematous lesions of
atopic dermatitis (AD),11–18 and is thought to be one of the
factors exacerbating dermatitis.19,20 It has also been reported
that S. aureus colonies on the skin surface of patients with AD
easily changed from methicillin-sensitive S. aureus (MSSA)
to methicillin-resistant S. aureus (MRSA), when antibacterial
agents were administered over a long period of time.20 These
facts suggest that if topical application of β-thujaplicin
reduces the number of bacterial cells (especially S. aureus
cells) on the skin surface of patients with AD, this reduction in
the number of bacterial cells may lead to elimination of one of
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the factors exacerbating dermatitis, and to improvement in
eczematous lesions of patients with AD. The purpose of this
study was to determine whether β-thujaplicin alone, or in
combination with zinc oxide (ZnO), acts on clinical isolates
from patients with AD. Another purpose was to elucidate the
relationship between changes in the number of viable bac-
terial cells, and clinical improvement in an eczematous lesion
due to the topical application of β-thujaplicin.

Materials and methods

Materials

β-Thujaplicin (synthetic product, purity 100%) was obtained
from Takasago International Corporation (Tokyo, Japan).
Methicillin sodium, ofloxacin, gentamicin sulphate, erythro-
mycin and minocycline were purchased from Banyu Seiyaku
(Osaka, Japan), Daiichi Seiyaku (Osaka, Japan), Wako Pure
Chemical Industries (Tokyo, Japan), Shionogi Seiyaku
(Osaka, Japan) and Lederle Japan (Tokyo, Japan), respect-
ively. Triton X-100 was obtained from Nacalai Tesque
(Kyoto, Japan). Heart infusion broth (HIB), heart infusion
agar (HIA) and mannitol salt agar (MSA), were purchased
from Nissui Seiyaku (Kyoto, Japan). Two kinds of film stamp
check (6 × 6 cm2) were purchased from Bio Medical Labora-
tory (Kyoto, Japan); soy casein digest agar (SCDA) plates and
MSA plates enabled the detection of viable bacterial cells and
S. aureus cells. All other chemicals used in this study were
commercially available products of analytical reagent grade.
β-Thujaplicin was dissolved in ethanol and diluted with
sterile water to various concentrations. The final concentra-
tion of ethanol was <4%. The addition of 4% ethanol showed
no remarkable effect on these assay systems. Methicillin
sodium, ofloxacin, gentamicin sulphate, erythromycin and
minocycline were dissolved in sterile water, and ZnO was
suspended in sterile water or dissolved in 0.1 M HCl solution.

Subjects

A total of 43 outpatients (15 males and 28 females, aged
22.0 ± 9.8 years) who fulfilled the criteria of the Japanese
Dermatological Association21 for AD, and a total of 30 healthy
volunteers (14 males and 16 females, aged 22.5 ± 2.1 years),
were selected for this study. Informed consent was obtained
from all participants (or from parents in the case of patients
<20 years old) prior to treatment. No patients with an apparent
secondary infection were included in this study.

Antimicrobial treatment

Body shampoo containing 0.03% β-thujaplicin in the deter-
gent, and with a main component of aminomethyl-β-alanine,
and ZnO ointment containing 0.05% β-thujaplicin, were used

for test preparations. In order to evaluate the effect of each
β-thujaplicin preparation, the 43 patients were divided into
two groups: a control group of 21 patients and a β-thujaplicin
group of 22 patients. The control group was further divided
into two groups: a non-soap-user group, in which patients
who had not used soap before treatment continued not to use
soap until the completion of treatment, and a soap-user group,
in which patients who had been using soap continued to
use the same soap. The patients in the soap-user group used
various commercial soaps that did not contain antibacterial
agents. In the β-thujaplicin group, the previously used face
and body soaps were changed to β-thujaplicin body shampoo.
β-Thujaplicin ointment was applied, if necessary, to the
lesions in adequate amounts two or three times a day. The
β-thujaplicin group (n = 22) was further divided into two
groups: one group of 18 patients who used body shampoo
alone (body shampoo group) and one group of four patients
who used both body shampoo and ointment (ointment group).
The period of application was from 4 to 12 weeks, unless
symptoms deteriorated or serious side effects occurred. There
were no differences in the therapeutic procedures, except for
the use of β-thujaplicin preparations. The use of other oral or
topical antimicrobial agents, antiseptics or oral cortico-
steroids that might affect the efficacy of β-thujaplicin was
avoided, and topical corticosteroids were not used in involved
areas where bacteriological stamp sampling had been per-
formed. The lifestyle of the patients was otherwise the same
as it had been before the study.

The severity of each symptom (dryness, desquamation and
pityriasis, erythema, epidermal exfoliation and erosion) was
classified into five grades (+++, severe; ++, moderate; +,
mild; ±, light; –, none) and judged by the attending doctor
before treatment and then at 2 or 3 week intervals. At the com-
pletion of treatment, the therapeutic efficacy was assessed
from the results of objective judgement of skin condition and
the patient’s judgement of subjective symptoms and side
effects. Overall improvement was classified into six grades:
‘resolved’, ‘markedly improved’, ‘improved’, ‘slightly im-
proved’, ‘poor’ and ‘worsened’.

The involved area was stamped before and during treat-
ment by the contact-plate technique described above, and the
colonies on each plate were counted.

Assay of viable bacterial cells on the skin surface

Assays of viable cells on the skin surface were carried out on
23 randomly selected patients (eight males and 15 females,
aged 25.4 ± 7.1 years), and on all of the healthy volunteers
using the scrub technique. Assays using the contact-plate
technique were also carried out on all participants. The in-
volved area of AD was classified as normal skin, or dry or wet
lesions, as judged by the conditions of dryness, desquama-
tion, pityriasis, erythema and exudation.

 by guest on A
pril 8, 2014

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/


Antibacterial effect of β-thujaplicin on staphylococci

115

Scrub technique

The technique used in this experiment was a modified pro-
cedure of Akiyama et al.20 A glass tube (22 mm in internal dia-
meter) (Daiichi Kikai, Tokushima, Japan) was placed above
the involved area and filled with 0.1% Triton X-100/0.01 M
phosphate-buffered saline 1 mL, and mixed with a Teflon rod
for 1 min. This procedure was then repeated. After mixing the
2 mL mixture, an 0.1 mL aliquot of the 10-fold diluted speci-
men was cultured at 37°C on HIA and MSA plates. After 24 h
of culture at 37°C, viable cells on the HIA plates were counted
for total colonies, and mannitol-degrading cells on the MSA
plates were counted for S. aureus colonies. These counts were
converted to the corresponding density of bacteria originally
present in the area. The addition of 0.1% Triton X-100
showed no remarkable effect on this assay.

Contact-plate technique

MSA plates were stamped for 10 s on the severest site in the
involved area, and SCDA plates were stamped for 10 s on a
neighbouring site. After 48 h of culture at 37°C, viable cells
on the SCDA plates were counted for total colonies, and
mannitol-degrading cells on the MSA plates were counted for
S. aureus colonies. When a very large number of colonies was
observed, the viable cells per 1 cm2 were counted, and these
counts were converted to the corresponding density of
bacteria originally present.

Organisms

Forty-six staphylococcal strains tested were isolated from
eczematous lesions of 23 patients for MIC determination. A
few predominant colonies were randomly selected from each
culture plate. Organisms were identified by Gram’s stain,
coagulase-positivity and Staphaurex (rapid latex test kit for
the identification of S. aureus; Murex Diagnostics Ltd,
Dartford, UK) using standard procedures. To avoid duplica-
tion, only one isolate per patient in each group [S. aureus or
coagulase-negative staphylococci (CNS)] was examined.

Susceptibility testing

The MIC of β-thujaplicin and related compounds for clinical
isolates was determined by an agar dilution method.22 All iso-
lates were incubated overnight at 37°C in HIB and diluted to a
final inoculum of 1 × 106 cfu/mL; the plates were incubated
for 24 h at 37°C. MIC was defined as the lowest concentration
of the compounds tested that completely prevented visible
growth of the inoculum on the surface of HIA plates.

Disc diffusion tests

The interaction between β-thujaplicin and ZnO was studied
by an agar diffusion method23 using an HIA plate. ZnO was
suspended in sterile distilled water. Discs containing 60 µL of
each solution obtained after dilution, were placed on a plate
that had been inoculated at 106 cfu/mL, in the usual fashion,
with the organism to be tested. After overnight incubation at
37°C, the results were interpreted according to the zone dia-
meters (including the 6 mm disc), which were measured on
the undersurface of the Petri dish with a ruler, or whether,
according to the paradoxical zone phenomenon, they had
disappeared.

Time–kill curve

The bactericidal activity of β-thujaplicin, and the effect of the
combination of β-thujaplicin and ZnO, were determined, as
described previously.24 Briefly, overnight bacterial cultures
in HIB were diluted with fresh HIB to ∼107 cfu/mL, and incu-
bated with the test compound at 37°C. The number of bacteria
was counted after 2, 4 and 6 h incubation, by spreading 0.1 mL
of the solution, obtained after diluting the culture 10-fold in
sterile water, on to drug-free HIA plates. The colonies grown
on the plates were counted after incubation for 24 h.

Statistical analysis

Statistical analysis was conducted as follows: the numbers
of bacterial cells on skin surfaces were compared using the
Kruskal–Wallis rank test, and Scheffe correction for multiple
testing. Wilcoxon’s signed rank test was used to compare
numbers of viable bacterial cells in the same lesional site
before and after treatment. Two-tailed tests were performed,
and correlations with a level of P < 0.05 were considered to be
significant.

Results

Assay of viable bacterial cells on the skin surface

The scrub and contact-plate techniques were used to evaluate
the relationship between the number of viable bacterial cells
on the skin surface and the skin conditions of AD. The results
obtained by using the scrub technique (Figure 1) showed that
the number of viable bacterial cells on the forehead was larger
than that on the forearm of the healthy volunteers. S. aureus
colonies were not detected in the involved areas of the healthy
volunteers, but large numbers of colonies were detected on
the skin of the patients with AD. In the AD group, the average
number of total colonies or S. aureus on normal skin was less
than that in dry lesions, which was less than that in wet lesions
(P < 0.001, Kruskal–Wallis rank test). In both total and
S. aureus colonies, there was a significantly larger number of
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viable cells in wet lesions than in other lesions (P < 0.001,
Scheffe’s test). This was also the tendency in more specific
areas such as the forearm.

S. aureus colonies were detected in the involved area in six
(20%) of the healthy volunteers, by using the contact-plate
technique: three colonies (per 6 × 6 cm2) were detected in one
volunteer, and one colony was detected in each of the other
five volunteers. Large numbers of colonies were detected in
the patients with AD. Other results were the same as those
obtained with the scrub technique (data not shown). Some
representative examples are shown in Figure 2.

Susceptibility testing

MICs of β-thujaplicin and related compounds were examined
for 46 clinical isolates (23 S. aureus and 23 CNS), and the
results are summarized in Table 1. Three methicillin-resistant
staphylococci (methicillin MIC of ≥16 mg/L) were included
in the 46 isolates. The paradoxical zone phenomenon, i.e. the
phenomenon of inhibition of the growth of bacteria by an
antimicrobial agent at a low concentration (1.56–3.13 mg/L),
followed by promotion of growth by the agent at a higher
concentration, and then complete inhibition of growth at an
even higher concentration (50 mg/L), occurred in every iso-

late treated with β-thujaplicin. The MIC of β-thujaplicin was
1.56–3.13 mg/L, with regrowth at higher concentrations
between 6.25  and 50 mg/L for all of the 46 clinical isolates
(21 MSSA, two MRSA, 22 MSCNS and one MRCNS),
while other tested antimicrobial agents showed a wide
range of MICs. In terms of MIC50 value, the inhibitory effect
of β-thujaplicin was lower than that of the five other test
compounds, which are all well-known antimicrobial agents.

Disc diffusion tests

The results for clinically isolated S. aureus A-1, as representat-
ive examples, are shown in Figure 3. Prevention of the para-
doxical zone phenomenon, and enhancement of the original
inhibitory effect of β-thujaplicin against S. aureus, are
observed at and near the junction of the two zones of inhib-
ition. In other isolates, the same results were obtained.

Time–kill curves

The time–kill curves are shown in Figure 4. The combination
of β-thujaplicin and ZnO enhanced the killing effect for both
S. aureus A-5 and A-52, which were selected randomly.
There was no significant decrease in the number of bacteria
with the use of either β-thujaplicin (100 mg/L) or ZnO

Figure 1. Relationship between the number of bacterial cells on the skin surface and the severity of the skin condition. The number of (a) total colon-
ies and (b) S. aureus colonies on the skin surface, estimated by the scrub technique. **P < 0.01 (Scheffe’s test). Symbols: circles, limbs; squares,
trunk; triangles, face; —, means.
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(400 mg/L) alone over a 6 h period, while their use combined
resulted in a reduction in the number of viable cells for both
strains at the end of the 6 h period (Figure 4a and d). The
combination of β-thujaplicin (12.5 mg/L) and ZnO (100 or
400 mg/L) resulted in a dramatic decrease in the number
of viable cells after 6 h, while exposure of both strains to
β-thujaplicin (12.5 mg/L) or ZnO (100 or 400 mg/L) alone,
did not result in a reduction in the number of bacteria during
the 6 h period (Figure 4b, e, c and f).

Antimicrobial treatment

Background data of the patients, sites of involvement and
treatment durations are shown in Table 2. No statistical dif-
ferences between the β-thujaplicin group and control group
were found for objective estimation. A comparison of the
numbers of bacterial cells before and after treatment is shown
in Figure 5. In the non-soap-user group, no relationship was
found between treatment duration and number of total or
S. aureus colonies. In the soap-user group, there was a slight
decrease in the number of total colonies in the involved
area (P = 0.108), but no significant change in the number of

S. aureus colonies was observed. On the other hand, in the
β-thujaplicin groups, both the number of total and S. aureus
colonies decreased significantly (P < 0.001). In the ointment
group, although no significant difference was found before or
after treatment due to the small number of patients, the differ-
ence between the mean numbers of viable bacterial cells of
total and S. aureus colonies was greater than that in the other
groups. β-Thujaplicin preparations, including β-thujaplicin
alone or in combination with ZnO, resulted in a significant
reduction in the number of viable bacterial cells after treat-
ment.

The degrees of overall improvement are shown in Table 3.
The overall improvement rate, defined as the percentage of
cases classified as ‘improved’ or better, in the β-thujaplicin-
preparation use groups (90.9%) was higher than that in the
control groups (61.9%). The overall improvement rates in the
four subgroups were 100.0% in the ointment group, 88.9% in
the body shampoo group, 66.7% in the soap-user group and
55.6% in the non-soap-user group. Side effects did not appear
in any of the groups during the trial period.

Discussion

We investigated the numbers of viable bacterial cells on the
skin surface of 23 patients with AD, and 30 healthy volunteers
using the scrub technique and contact-plate technique. The
same results were obtained by using the two techniques: (i)
larger numbers of viable bacterial cells (especially S. aureus
cells) were detected on the skin surface of the patients with
AD than on the skin surface of the healthy volunteers; and
(ii) in the patients with AD, the numbers of viable bacterial
cells (both total and S. aureus cells) in each involved area of

Figure 2. Viable bacterial cells in the involved area of atopic dermatitis
and healthy control, obtained by the contact-plate technique. Large
numbers of colonies, especially  S. aureus (mannitol-degrading cells),
were detected in the skin of the patients with atopic dermatitis. a-1, a-2,
a 26-year-old woman, forehead; b-1, b-2, an 11-month-old boy, cheeks;
c-1, c-2, a 28-year-old woman,  forearm; d-1, d-2, a 24-year-old man,
back of the hands; e-1, e-2, a 21-year-old woman, forehead; f-1, f-2,
a 22-year-old man, cheeks; g-1, g-2, a 21-year-old woman, forearm;
h-1, h-2, a 21-year-old man, back of the hands.

Figure 3. Synergic effects of β-thujaplicin (β-thujaplicin) (400 mg/L)
and zinc oxide (Zn) (500 mg/L) on S. aureus A-1 isolated from a patient
with atopic dermatitis. Inoculum size: 10 cfu/mL. Shaded areas indicate
bacterial growth, and clear areas indicate zones of growth inhibition.
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Table 1. Antibacterial activity of β-thujaplicin against clinical isolates from patients with atopic dermatitis

a50% and 90%, MIC50 and MIC90.
bThe value of lower MICs of β-thujaplicin is given.
cThe value of higher MICs of β-thujaplicin is given in parentheses.
dSuspended in sterile distilled water.
eDissolved in 0.1 M HCl solution.

MIC (mg/L)a

Rate of paradoxical 
zone phenomenon (%)Organism Compound range 50% 90%

S. aureus (n = 23) β-thujaplicin 3.13b 3.13b 3.13b 100
(50)c (50)c (50)c

methicillin 1.56–>100 1.56 3.13 0
gentamicin 0.20–>100 0.39 25 0
erythromycin 0.20–>100 0.39 0.39 0
minocycline 0.39–0.78 0.39 0.78 0
ofloxacin 0.20–50 0.39 0.78 0
zinc oxided 400–800 400 400 0
zinc oxidee 200 200 200 0

CNS (n = 23) β-thujaplicin 1.56–3.13b 1.56b 3.13b 100
(50)c (50)c (50)c

methicillin 0.78–100 1.56 12.5 0
gentamicin ≤0.1–50 0.2 25 0
erythromycin ≤0.1–>100 0.2 >100 0
minocycline 0.39–3.13 0.78 3.13 0
ofloxacin 0.20–0.78 0.39 0.78 0
zinc oxided 100–200 200 200 0
zinc oxidee 100–200 100 200 0

Table 2. Clinical features of patients

aValues are mean ± S.D.
bOverall severity according to the criteria of the Japanese Dermatological Association.

Control group β-Thujaplicin group

non-soap-user 
group

soap-user 
group total

body shampoo 
group

ointment 
group total

Patients (male/female) 9 (2/7) 12 (4/8) 21 (6/15) 18 (6/12) 4 (3/1) 22 (9/13)
Age (years) 26.9 ± 8.4a 23.4 ± 4.1 24.9 ± 6.4 21.8 ± 10.9 9.0 ± 10.6 19.5 ± 11.8

Region: 
wet 1 4 5 5 1 6
dry 8 8 16 13 3 16

Overall severityb

severe 1 1 2 4 1 5
moderate 4 9 13 14 3 17
mild 4 2 6 0 1 0

Site of involvement
face 5 4 9 7 2 9
trunk 1 4 5 5 1 6
limbs 3 4 7 6 1 7

Treatment duration (weeks) 7.3 ± 1.9a 6.8 ± 1.4 7.0 ± 1.6 6.6 ± 1.9 6.0 ± 1.6 6.5 ± 1.8

 by guest on A
pril 8, 2014

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/


Antibacterial effect of β-thujaplicin on staphylococci

119

AD were found to be in the following order of magnitude:
normal skin < dry lesion < wet lesion (i.e. the number of viable
bacterial cells increased with the severity of the skin condi-
tion). Although no S. aureus colonies were detected in the
involved area in the healthy volunteers by using the scrub
technique, a few colonies (one to three colonies per 6 × 6 cm2)
were detected in the involved area of six (20%) of the
30 healthy volunteers by using the contact-plate technique.
This result is similar to rates of detection of S. aureus colonies
reported previously in healthy subjects.15 The difference
between the results obtained by using the scrub technique and
those obtained by using the contact-plate technique are attrib-
uted to the following factors: (i) the sampling area using the
scrub technique (3.8 cm2) is only about one-tenth of that using
the contact-plate technique (36 cm2); and (ii) although the
scrub technique is suitable for counting the number of
bacteria in a small area, the sample solution taken from the
measurement site is diluted >100 times, making a bacterial
count of <100 in the solution undetectable.

The effects of β-thujaplicin alone, and combinations of
β-thujaplicin and ZnO on 46 strains of staphylococci isolated

from eczematous lesions of AD, were investigated. In terms
of MIC50, the antimicrobial activity of β-thujaplicin was
lower than that of the other five antimicrobial agents tested
(Table 1). However, susceptibilities to the other five anti-
microbial agents showed a wide range of MICs, while the
MIC of β-thujaplicin was 1.56–3.13 mg/L, with regrowth
producing the paradoxical phenomenon for all of the
46 clinical isolates, including three methicillin-resistant
staphylococci (two MRSA and one MRCNS). In other words,
β-thujaplicin acts on MRSA, which was used in the present
study, at the same concentration as it does on MSSA. There
have been no reports of β-thujaplicin-resistant strains, and no
resistant strains were found in the present study. The para-
doxical zone phenomenon, the mechanisms of which are still
not clear, occurred in all of the strains of staphylococci treated
with β-thujaplicin in the present study. For example, S. aureus
A-46 cells stopped proliferating when treated with 3.13 mg/L
of β-thujaplicin, then began to regrow when the concentration
of β-thujaplicin was increased to 12.5 mg/L, and was finally
inhibited once more when the concentration of β-thujaplicin
was further increased to 50 mg/L (Figure 3a). Since this

Figure 4. Effect of the combination of  β-thujaplicin (β-Tp) and zinc oxide (ZnO) on S. aureus A-5 (a–c) or A-52 (d–f) isolated from patients with
atopic dermatitis. Symbols: (a and d) squares, control; circles, β-thujaplicin (100 mg/L); diamonds, zinc oxide (400 mg/L); triangles, β-thujaplicin +
zinc oxide; (b and e) squares, control; circles, β-thujaplicin (12.5 mg/L); diamonds, zinc oxide (100 mg/L); triangles, β-thujaplicin + zinc oxide;
(c and f) squares, control; circles, β-thujaplicin (12.5 mg/L); diamonds, zinc oxide (400 mg/L); triangles, β-thujaplicin + zinc oxide.
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phenomenon has been shown previously to disappear when
ZnO is added,10 the combined effect of β-thujaplicin and
ZnO on the paradoxical zone phenomenon was investigated
with the clinical isolates. It was found that a combination
of β-thujaplicin and ZnO inhibited the paradoxical zone
phenomenon, and reduced the number of clinically isolated

staphylococci, even at the concentrations that had no inhibit-
ory effect when the agents were used alone. Their action on
the clinical isolates was the same as that on the standard strain,
S. aureus 209 JP (data not shown).

Since the bactericidal effect of β-thujaplicin on clinical
isolates was confirmed by tests in vitro, use-tests were carried

Figure 5. Comparison of the number of bacterial cells in the involved area before (B) and after (A) treatment. (a) Total colonies; (b) S. aureus
colonies, ***P < 0.001 (Wilcoxon’s signed rank test). Symbols: filled circles, cases achieved ‘improved’ or better response; open circles, cases
achieved ‘slightly improved’ or less response; —, means.

Table 3. Overall improvement

No. of patients (%).
Non-soap-user group: not used soap before treatment; continued not to use soap until completion of treatment.
Soap-user group: used various conventional soaps without antibacterial agents.
Body shampoo group: used body shampoo that contained 0.03% of β-thujaplicin without ointment.
Ointment groups: used body shampoo that contained 0.03% β-thujaplicin, and ointment that contained 0.05% β-thujaplicin.

Control group β-Thujaplicin group

non-soap-user group soap-user group body shampoo group ointment group

Resolved 0 (0.0) 0 (0.0) 0 (0.0) 1 (25.0)
Markedly improved 2 (22.2) 3 (25.0) 7 (38.9) 2 (50.0)
Improved 3 (33.3) 5 (41.7) 9 (50.0) 1 (25.0)
Slightly improved 3 (33.3) 3 (33.3) 2 (11.1) 0 (0.0)
Unchanged 1 (11.1) 1 (8.3) 0 (0.0) 0 (0.0)
Aggravated 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 9 (100.0) 12 (100.0) 18 (100.0) 4 (100.0)
≥Improved 5 (55.6) 8 ( 66.7) 16 (88.9) 4 (100.0)
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out in order to determine whether the number of bacterial cells,
especially that of S. aureus, on the skin surface of patients
with AD is reduced by topical application of β-thujaplicin,
and whether topical application of β-thujaplicin is clinically
effective for eczematous lesions of AD. Because the contact-
plate technique is sufficiently reliable, accurate and simple, it
was used to count the numbers of viable bacterial cells on the
skin surface before and after β-thujaplicin treatment, and
the results were compared with those in the control groups
(Figure 5). The use of β-thujaplicin preparation significantly
reduced the number of bacterial cells, especially S. aureus
cells, on the skin surface. The degrees of reduction in the
number of viable bacterial cells in the four subgroups were in
the following order: non-soap-user group < soap-user group <
β-thujaplicin body shampoo use and ointment non-use group
< β-thujaplicin body shampoo and ointment use group.

The degree of reduction in the number of viable bacterial
cells on the skin was found to be related to the degree of
improvement in skin condition; the improvement rate was
higher in groups with greater reductions in the number of
viable bacterial cells on the skin. Moreover, in cases that did
not show a noticeable improvement in skin condition (i.e.
cases classified as ‘slightly improved’ or worse), the number
of viable bacterial cells (especially S. aureus cells) on the skin
at the end of the study period had not significantly decreased
compared with the number before treatment was commenced.

S. aureus has been shown to colonize in high density and at
high frequency in eczematous lesions of AD, and is thought to
be one of the factors exacerbating dermatitis. With regard to
patients with AD colonized with S. aureus, Akiyama et al.25

reported that the attachment of S. aureus cells to coverslips
was suppressed in the presence of 5% ZnO. Leyden & Klig-
man26 reported that patients with AD colonized with S. aureus
responded better to a combination of topical corticosteroid
and antibiotic therapy than to topical steroid therapy alone.
The efficacy of β-thujaplicin ointment may be due not only to
the antimicrobial action of β-thujaplicin and ZnO, but also
to ZnO’s inhibitory action27 on the attachment of S. aureus
bacteria.

The results of this study indicate that the use of an anti-
bacterial agent, such as β-thujaplicin, which has a mild action,
alone or in a preparation combined with ZnO, can reduce the
number of viable bacterial cells on the skin surface of AD, and
this reduction in the number of bacterial cells may be clin-
ically effective for treating eczematous lesions of AD.

Acknowledgement

We would like to thank Professor Kunihiko Yoshikawa for
fruitful discussions.

References

1. Erdtman, H. & Gripenberg, J. (1948). Antibiotic substances
from the heart wood of Thuja plicata Don. Nature 161, 719.

2. Nozoe, T. (1936). Uber die farbstoffe im holzteil des ‘Hiniki’-
baumes. I Hinokitin und Hinokitiol. Bulletin of the Chemical Society
of Japan 11, 295–8.

3. Nozoe, T. & Katura, S. (1944). The structure of hinokitiol. Yaku-
gaku Zasshi 64, 181–5.

4. Southam, C. M. (1946). Antibiotic activity of extract of western
red ceder heartwood. Proceedings of the Society for Experimental
Biology and Medicine 61, 391–6.

5. Trust, T. J. & Coombs, R. W. (1973). Antibacterial activity of
β-thujaplicin. Canadian Journal of Microbiology 19, 1341–6.

6. Kamp, B. J. (1986). Effects of heartwood inhabiting fungi on
thujaplicin content and decay resistance of western redceder (Thuja
Plicata Donn). Wood and Fiber Science 18, 421–7.

7. Osawa, K., Matsumoto, T., Maruyama, T., Takiguchi, T.,
Okuda, K. & Takazoe, I. (1990). Studies of the antibacterial activity
of plant extracts and their constituents against periodontopathic
bacteria. Bulletin of Tokyo Dental College 31, 17–21.

8. Ri, S. (1951). A pharmacological study of hinokitiol; 1st Report.
On the toxity and the local action of hinokitiol. Niigata Igakkai Zasshi
65, 566–72.

9. Eagle, H. (1948). Paradoxical zone phenomenon in the bacteri-
cidal action of penicillin in vitro. Science 107, 44–5.

10. Nakai, Y., Arima, Y., Ohtsu, Y., Ohtsuki, M. & Nishino, T.
(1994). Paradoxical zone phenomenon in the bactericidal action of
hinokitiol on staphylococci. Kansenshogaku Zasshi 68, 1134–5.

11. Leyden, J. J., Marples, R. R. & Kligman, A. M. (1974). Staphylo-
coccus aureus in the lesions of atopic dermatitis. British Journal of
Dermatology 90, 525–30.

12. Aly, R., Maibach, H. I. & Shinefield, H. R. (1977). Microbial flora
of atopic dermatitis. Archives of Dermatology 113, 780–2.

13. Hanifin, J. M. & Rogge, J. L. (1977). Staphylococcal infections
in patients with atopic dermatitis. Archives of Dermatology 113,
1383–6.

14. White, M. I. & Noble, W. C. (1986). Consequences of coloniza-
tion and infection by Staphylococcus aureus in atopic dermatitis.
Clinical and Experimental Dermatology 11, 34–40.

15. Williams, R. E., Gibson, A. G., Aitchison, T. C., Lever, R. &
Mackie, R. M. (1990). Assessment of a contact-plate sampling
technique and subsequent quantitative bacterial studies in atopic
dermatitis. British Journal of Dermatology 123, 493–501.

16. Masenga, J., Garbe, C., Wagner, J. & Orfanos, C. E. (1990).
Staphylococcus aureus in atopic dermatitis and in nonatopic
dermatitis. International Journal of Dermatology 29, 579–82.

17. Hoeger, P. H., Lenz, W., Boutonnier, A. & Fournier, J. M.
(1992). Staphylococcal skin colonization in children with atopic
dermatitis: prevalence, persistence, and transmission of toxigenic
and nontoxigenic strains. Journal of Infectious Diseases 165,
1064–8.

 by guest on A
pril 8, 2014

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/


Y. Arima et al.

122

18. Monti, G., Tonetto, P., Mostert, M. & Oggero, R. (1996).
Staphylococcus aureus skin colonization in infants with atopic
dermatitis. Dermatology 193, 83–7.

19. Svejgaard, E. (1990). The role of microorganisms in atopic
dermatitis. Seminars in Dermatology 9, 255–61.

20. Akiyama, H., Ueda, M., Toi, Y., Kanzaki, H., Tada, J. & Arata, J.
(1996). Comparison of the severity of atopic dermatitis lesions and
the density of Staphylococcus aureus on the lesions after anti-
staphylococcal treatment. Journal of Infection and Chemotherapy 2,
70–4.

21. The Japanese Dermatological Association. (1996). Japanese
dermatological association criteria for the diagnosis of atopic
dermatitis. Journal of Dermatology 23, 66–7.

22. Japan Society of Chemotherapy. (1981). Method of minimal
inhibitory concentration (MIC) determination. Chemotherapy 29,
76–9.

23. Bauer, A. W., Kirby, W. M., Sherris, J. C. & Turck, M. (1966).
Antibiotic susceptibility testing by a standardized single disk
method. American Journal of Clinical Pathology 45, 493–9.

24. Sakagawa, E., Otsuki, M., Oh, T., Nishino, T. & Ou, T. (1998).
In-vitro and in-vivo antibacterial activities of CS-834, a new oral
carbapenem. Journal of Antimicrobial Chemotherapy 42, 427–37.

25. Akiyama, H., Yamasaki, O., Kanzaki, H., Tada, J. & Arata, J.
(1998). Effects of zinc oxide on the attachment of Staphylococcus
aureus strains. Journal of Dermatological Science 17, 67–74.

26. Leyden, J. J. & Kligman, A. M. (1977). The case for steroid–
antibiotic combinations. British Journal of Dermatology 96, 179–87.

27. Agren, M. S., Soderberg, T. A., Reuterving, C. O., Hallmans, G.
& Tengrup, I. (1991). Effect of topical zinc oxide on bacterial growth
and inflammation in full-thickness skin wounds in normal and
diabetic rats. European Journal of Surgery 157, 97–101.

 by guest on A
pril 8, 2014

http://jac.oxfordjournals.org/
D

ow
nloaded from

 

http://jac.oxfordjournals.org/
http://jac.oxfordjournals.org/

