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The Inhibition by Levocetirizine and Fexofenadine of the Histamine-
induced Wheal and Flare Response in Healthy Caucasian and

Japanese Volunteers
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This randomized, double-blind, placebo-controlled cross-
over study compared inhibition by one 5 mg dose of
levocetirizine with two 60 mg doses of fexofenadine se-
parated by 12 h of histamine-induced wheal and flare
responses in 9 Caucasian and 9 Japanese healthy male
volunteers. Levocetirizine was more inhibitory than
fexofenadine on wheal, flare and pruritus (p <0.005). Va-
riability, evaluated from the standard deviation of inhi-
bition, ranged from 14% to 23.2% for levocetirizine and
65.4% to 112.4% for fexofenadine. Levocetirizine had
a faster onset of action (30-90 min versus 2 h), shorter
time to maximum effect (3—4 versus 3—6 h) and longer
duration of action (at least 24 h versus ~12 h) than fexo-
fenadine. The plasma levels of levocetirizine rose more
quickly, reached higher levels, were more consistent and
decreased slower than those of fexofenadine. There were
no clinically significant ethnic differences in responsive-
ness to the drugs. Key words: levocetirizine; fexofenadine;
H -antihistamines; wheal and flare; Caucasian; Japanese;
onset of action, duration of action.
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Levocetirizine and fexofenadine are both H -antihista-
mines with proven efficacy in the treatment of chronic
spontancous urticaria (1-4). While the best way to
compare the clinical efficacy of both established and
new drugs is to perform head-to-head studies, these are
expensive and have ethical and logistical problems. From
data examined in a recent review, especially the direct
comparative data of desloratadine and levocetirizine in
wheal and flare studies and chronic spontaneous urticaria,
the wheal and flare model would appear to be the best
indicator we have of effectiveness of H,-antihistamines
in urticaria (5).

Several previous studies have compared the effective-
ness of single doses of levocetirizine and fexofenadine in
suppressing histamine-induced wheal and flare responses.
In 2002, Grant and colleagues (6) reported that single
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doses levocetirizine (5 mg) and fexofenadine (180 mg)
were both effective within 1 h, had a similar maximum
effectiveness but fexofenadine had a shorter duration of
action. Another single dose study showed levocetirizine
(5 mg) to be marginally more effective than fexofenadine
(180 mg) (7) while a further study (8) reported that fexo-
fenadine (180 mg) had a more rapid onset but a shorter
duration of action than levocetirizine (5 mg).

While the dose of levocetirizine of 5 mg daily is the
same in all countries, including Japan, this is not the case
for fexofenadine. In Europe fexofenadine is marketed
at 120 mg daily for the relief of symptoms associated
with seasonal allergic rhinitis and 180 mg daily for the
relief of symptoms associated with urticaria. However, in
many other countries, including USA, Canada and Japan,
fexofenadine is marketed at 60 mg twice daily for urtica-
ria. In reviewing its effects in urticaria, Kawashima and
colleagues (9) pointed out that in both studies in North
America (10) and Japan (9) doses of 60 mg twice daily
of fexofenadine significantly improved patient’s quality
of life. This was supported by a histamine-induced wheal
and flare study in healthy Japanese volunteers which
concluded that fexofenadine 60 mg twice daily was
more effective than loratadine 10 mg once daily (11).
Both studies suggested that it is unlikely that there are
differences between the effectiveness of fexofenadine in
Caucasians and Japanese individuals (9, 11).

However, to our knowledge, there are no reported
comparisons of levocetirizine (5 mg) with fexofenadine
60 mg in wheal and flare studies. Consequently, the ob-
jective of this study was to assess the effects of a single 5
mg dose of levocetirizine with two 60 mg doses of fexo-
fenadine given 12 h apart on histamine-induced pruritus
and wheal and flare responses over a 24-h period and
correlate them with plasma drug levels. The inclusion
of both Caucasian and Japanese volunteers also allowed
the exploration of possible ethnic differences.

MATERIALS AND METHODS

Participants

This was a randomized, double-blind, placebo-controlled
three-way crossover study to compare the inhibitory effects of
levocetirizine and fexofenadine in the histamine-induced wheal
and flare and itch response. A total of 18 healthy male adult
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volunteers, 9 Caucasian (German) and 9 Japanese, (median
age 26 years, range 21-34) were recruited by the Department
of Dermatology and Allergy, Allergy Centre Charité, Charité,
Universitdtsmedizin Berlin. Power calculations from previous
studies (6, 12) indicated that 18 individuals per group would be
sufficient to show statistical significance with a 20% difference.

The exclusion criteria were a documented or suspected history
of allergic disease or symptoms of acute or chronic disease. Oral
antihistamines, antidepressants, antipsychotics or corticosteroids,
aluminium and magnesium containing antacids, ketoconazole
and erythromycin as well as topically applied antihistamines,
corticosteroids or mast cell stabilizers were forbidden for 2 weeks
prior to testing. Further, participants were forbidden to consume
citrus fruits for 24 h before or during study days due to their
possible effects on the absorption, distribution or metabolism
of study drugs, particularly fexofenadine (13). Physical exercise
was forbidden for 4 h prior to the skin prick testing.

The study was approved by the Ethics Committee of the
Landesamt fiir Gesundheit und Soziales Berlin (EudraCT
number: 2010-022747-38) and was conducted according to
the Declaration of Helsinki and the International Conference
on Harmonisation (ICH) Good Clinical Practice (GCP) Guide-
lines, national laws and regulations as well as to the Standard
Operating Procedures (SOPs) of the Allergie-Centrum of the
Charité-Universitditsmedizin, Berlin. Its clinical trials.gov
identifier number is NCT01586091.

Volunteers were informed about the study and a written
informed consent was signed subsequently prior to enrolment.
The data collected from each subject was recorded on a case
report form (CRF) based on collected source data. The CRF was
checked for completeness, consistency and plausibility by our
study monitor. Recruitment began in February 2011, the first
volunteer visit was on February 17,2011 and the last volunteer
visit was on October 24, 2011.

Study design

The study design is shown in Fig. 1. Following an initial screening
visit, all participants visited the department for three treatment vi-
sits. Treatment visits, which were of 24 h duration, were separated
by a washout period of at least 6 days. The three treatments, given
in random order, were: placebo at 0 h and at 12 h; levocetirizine 5
mg at 0 h and placebo at 12 h; and, fexofenadine 60 mg at 0 h and at
12 h. Tablets of fexofenadine hydrochloride 60 mg (Sanofi-Aventis
Deutschland GmbH, Frankfurt am Main, Germany), levocetirizine
dihydrochloride 5 mg (UCB GmbH, Monheim, Germany) and
placebo, were contained in opaque capsules identical in shape, size
and colour. Capsules were swallowed whole with water.
Volunteers were given a standard breakfast 14 h after taking
the first drug dose and a dinner 1% h after administration of
the second drug dose. Individuals were only allowed to drink
during the intervening period. To control for circadian changes,

Treatment 1: Placebo
Treatment 2: Levocetirizine 5 mg Treatment 2: Placebo
Treatment 3: Fexofenadine 60 mg Treatment 3: Fexofenadine 60 mg
'1' Time (hours) 3 '
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Skin Prick Tests with Histamine (10mg/ml)

Treatment 1: Placebo

Assessments made:

* Pruritus

* Wheal diameter

* Wheal volume

« Flare diameter

* Plasma drug concentrations

Fig. 1. Study design. This was a randomised placebo-controlled three-way
crossover study with 6 days washout between visits. The participants were
18 healthy adult male volunteers, 9 Caucasian and 9 Japanese.
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all drugs were administered at similar time for each subject in
each treatment period.

At each treatment visit, 5 ml venous blood samples were taken
through a catheter inserted into the antecubital vein of the left
arm, and skin prick tests (SPT) performed on the volar surface
of the forearm using histamine 10 mg/ml (Bencard Allergie
GmbH, Miinchen, Germany) 15 min before drug administration
(baseline) and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and 24 h afterwards.
Measurements made at each time point were as follows. Pruritus
was assessed every 30 s for 10 min after SPT using a visual
analogue scale (VAS) score with a “0” and “10” at the two ex-
tremes of an unmarked 100 mm line. The mean VAS for each
10 min was calculated and used as a primary end point. Wheal
diameter was measured with a transparent ruler as the mean
of the largest diameter and the diameter at right angles to this.
Wheal volume (results in Fig S1; available from http://www.
medicaljournals.se/acta/content/?doi=10.2340/00015555-1490)
was measured by a non-contact three dimensional measurement
system (PRIMOS contact, GFM Messtechnik GmbH, Teltow,
Germany). Flare diameter was measured with a transparent
ruler as the mean of the largest diameter and the diameter at
right angles to this. All these measurements were made 10 min
after SPT. Plasma drug concentrations were measured in the
venous blood samples, which had been taken into heparinized
vials, centrifuged and stored at —18°C prior to assay, by Ber-
liner Betrieb fiir Zentrale Gesundheitliche Aufgaben, Institut
fiir Toxikologie, Klinische Toxikologie und Giftnotruf Berlin,
Fachbereich Klinische Toxikologie und Pharmakologie.

Adverse events

The occurrence of adverse events (AEs) was investigated by
questioning and/or examination on each study day.

Statistical analyses

Student’s #-test for paired samples to compare the three study
groups: placebo, fexofenadine and levocetirizine. As two in-
dependent variables were compared with one placebo value,
»2<0.025 was accepted as a statistically significant difference
(Bonferroni correction). The significance of the difference
between the effectiveness of the two drugs was assessed by
applying Student’s #-test for paired samples to the difference
between responses obtained after drug and placebo adminis-
tration. As only comparisons of individual pairs were made,
»<0.05 was accepted as a statistically significant difference.
Because the maximum inhibitory response of different in-
dividuals occurred at different times, the mean of responses
between 3 and 8 h was calculated in order to gain a measure
of comparative efficacy of the two drugs at peak effect and to
look for differences between the two ethnic groups. In addition,
the mean percentage inhibition of placebo was calculated for
the 24-h period. Again, Student’s #-test for paired samples was
used to calculate the significance of differences and p<0.05
accepted as a statistically significant difference. Numerical data
are shown as mean + SEM. The statistical differences between
the numbers of individuals with a >75% inhibitory response
were calculated using Fisher’s two tailed test. Spearman Rank
correlation coefficients were used to investigate relationship
between drug plasma concentrations and dermal responses.

RESULTS

Participant demographics

There was no significant difference in age between the
9 Caucasian men (25.4 + 1.3 years) and the 9 Japanese
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Fig. 2. Plasma levels of levocetirizine and fexofenadine. Levocetirizine was
given as a single 5 mg oral dose at 0 h. Fexofenadine was given as two 60 mg
oral doses, one at 0 h and the second at 12 h. Each point is the mean = SEM
of measurements in 18 individuals.

men (26.4 + 1.0 years). The Caucasian men were sig-
nificantly taller (p=0.01) (1.80+0.03 vs. 1.71+0.02
m) and heavier (p=0.01) (77.7+3.6 vs. 64.4 + 2.0 kg)
than their Japanese counterparts. However, the values
for body mass index (24.1 + 1.2 vs. 23.1 +0.7) were not
statistically different.

Plasma drug levels

The plasma level of levocetirizine rose rapidly reaching
a maximum of 348 + 29 nM one hour after dosing (Fig.
2 and Table SI; available from http://www.medicaljour-
nals.se/acta/content/?doi=10.2340/00015555-1490).
Although fexofenadine was given at a higher dose, it
was more slowly absorbed into the systemic circulation
and reached a maximum of only 260 +48 nM at 2 h.
The difference between these levels was not statistically
significant (p=0.077). However, the slower systemic
absorption and more rapid clearance of fexofenadine
caused the mean area under the curve (AUC) for the 12
h after the initial dose (AUC 12 h) 0 1,202 + 190 nM to
be less than half of the AUC 12 h of levocetirizine of
2,548 + 84 nM (p<0.0001). The levels of fexofenadine
at 12 h and 24 h, 12 h after the second dose, of 27+ 6
and 32 + 3 nM, respectively, were not significantly dif-
ferent from each other (p=0.186).

There were no significant differences between
Caucasian and Japanese volunteers in either the mean
peak levocetirizine levels of 313 +45 and 384 +32 nM
(p=0.208) and mean AUC 12 h of 2,500 + 142 and
2,595+86 nM (p=0.673). Similarly, there were no
significant differences between Caucasians and Japa-
nese in either the mean peak fexofenadine levels of
198 +26 and 323 +91 nM (p=0.207) and mean AUC
12 h 0of 907 +93 and 1,496 +354 nM (p=0.132). The
numerically higher mean fexofenadine levels in the
Japanese men was primarily due to one individual who
had a peak level at 3 h of 1,011 nM and an AUC 12 h of
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4,221 nM, some 4 times greater than the median level
of the other 8 individuals.

Pruritus

Analysis of the pruritus data revealed that the mean
VAS score of 3.03 +0.70 for Japanese men was
more than three times higher than the mean score of
0.84 +0.22 for Caucasian men. This difference was
statistically significant (p=0.031).
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Fig. 3. The effects of levocetirizine and fexofenadine on the wheal and flare
response. A) Pruritus: The severity of itching provoked by skin pricks with
histamine (10 mg/ml) was recorded on a 10 cm VAS every 30 s for 10 min
and the mean score for this period calculated. B) Wheal diameter: Wheals
were provoked by skin pricks with histamine (10 mg/ml) and wheal diameter
measured 10 min later. C) Flare diameter) Flares were provoked by skin
pricks with histamine (10 mg/ml) and flare diameter measured 10 min later.
Levocetirizine was given as a single 5 mg oral dose at 0 h. Fexofenadine
was given as two 60 mg oral doses, one at 0 h and the second at 12 h. Each
point is the mean + SEM of measurements in 18 individuals.



Analysis of the whole 18 individuals showed that
levocetirizine produced a significant (»p <0.025) inhibi-
tion of histamine-induced pruritus by 1 h and a highly
significant (»p <0.001) inhibition thereafter (Fig. 3A and
Table SII; available from http://www.medicaljournals.
se/acta/content/?doi=10.2340/00015555-1490). Fexofe-
nadine produced significant (»p <0.025) inhibition at 2 h
after dosing and highly significant (»<0.001) inhibition
only at 4 and 6 h. The peak effect of both drugs was
seen at 4 h.

Calculation of the mean 3-8 h percentage inhibi-
tions of pruritus showed that inhibition produced by
levocetirizine of 83.3 +3.7% was statistically higher
(»=0.003) than that of the 56.1 +8.9% inhibition pro-
duced by fexofenadine. The mean percentage inhibition
of pruritus over the complete 24 h observation period
was 61.8+12.5% for levocetirizine and 45.1 + 8.6%
for fexofenadine (N.S.). Despite the differences in the
baseline VAS responses for itch between Caucasian
and Japanese men, there were no significant differences
between the ethnic groups in their responsiveness to
either drug (Table I). Levocetirizine was significantly
more effective than fexofenadine in the Japanese group
(p=0.025) but just failed to reach significance in the
Caucasian group (p=0.066) (Table I).

Wheal diameter

There was no significant ethnic difference in the mean
wheal diameters over the 24-h observation period
following the administration of placebo, those of the
Caucasian and Japanese volunteers being 0.53 +0.03
and 0.61 +0.02 cm, respectively.

Levocetirizine produced a highly significant
(p<0.001) inhibition of the histamine-induced wheal
diameter from 1 to 12 h after dosing, which was still
significant (p <0.025) at 24 h (Fig. 3B and Table SIII;
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available from http://www.medicaljournals.se/acta/co
ntent/?doi=10.2340/00015555-1490). Fexofenadine
produced significant (p <0.025) inhibition at 2 h after
dosing and highly significant (»<0.001) inhibition bet-
ween 3 and 8 h. The peak effect of both drugs was at 3
h. Levocetirizine was significantly more effective than
fexofenadine from 1 to 24 h after dosing.

Calculation of the mean 3—8 h percentage inhibitions
from placebo wheal diameter showed that inhibition
produced by levocetirizine of 73.5+4.0% was statis-
tically higher (»<0.0001) than that of the 29.8 +4.9%
inhibition produced by fexofenadine. The mean percen-
tage inhibition of wheal diameter over the complete 24-h
observation period was 53.1 +2.9% for levocetirizine
and 18.6+3.6% for fexofenadine (p<0.0001).There
were no significant differences between Japanese and
Caucasian men in their responsiveness to either drug
(Table I). Levocetirizine was significantly more effec-
tive than fexofenadine in both ethnic groups (Table I).

Wheal volume (see Fig. S1)

Flare diameter

The mean flare diameter over the 24-h observation
period following the administration of placebo was
3.09+0.26 cm. There were no significant ethnic diffe-
rences, the mean flare diameters of the Caucasian and
Japanese volunteers being 2.89 +0.39 and 3.35+0.34
cm, respectively.

Levocetirizine produced a significant (p <0.025)
inhibition of flare diameter by 30 min and a highly
significant (p<0.001) inhibition of histamine-induced
flare diameter thereafter (Fig. 3C and Table SV; avail-
able from http://www.medicaljournals.se/acta/content/?
doi=10.2340/00015555-1490). In contrast, fexofenadine
produced a significant (p<0.025) inhibition of flare

Table 1. Inhibitory effects of levocetirizine and fexofenadine in Japanese and Caucasian subjects

Levocetirizine
one 5 mg dose

Fexofenadine
two 60 mg doses

Significance between
the active medications

Pruritus (% inhibition)

Caucasian (n=9) 77.8+5.1

Japanese (n=9) 88.8+4.5

Significance between the ethnic groups N.S
Wheal diameter (% inhibition)

Caucasian (n=9) 73.1£7.5

Japanese (n=9) 73.9+2.7

Significance between the ethnic groups N.S.
Wheal volume (% inhibition)

Caucasian (n=9) 77.6+7.2

Japanese (n=9) 84.1+4.4

Significance between the ethnic groups N.S.
Flare diameter (% inhibition)

Caucasian (n=9) 76.8+3.3

Japanese (n=9) 74.9£7.0

Significance between the ethnic groups N.S.

58.1£11.6 N.S.
5411128 p=0.025
N.S

21.3%5.6 »<0.0001
38.4£7.0 »=0.002
N.S.

23.0£18.0 »=0.002
61.8£8.4 p=0.008
N.S.

35.6£10.7 p=0.002
53.8+6.8 p=0.001
N.S.

The values in this Table are the mean + SEM percentage inhibitions of the placebo response for the period 3-8 h after drug administration.
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diameter at 2 h after dosing and had a highly significant
(p<0.001) effect throughout the rest of the observation
period. The peak effect of both drugs was seen at 4 h.
Calculation of the mean 3-8 h percentage inhibitions
from placebo flare diameter showed that inhibition pro-
duced by levocetirizine of 75.8 +4.0% was statistically
higher (p<0.0001) than that of the 44.7 + 6.9% inhibi-
tion produced by fexofenadine. The mean percentage
inhibition of flare diameter over the complete 24-h
observation period was 62.3 +3.5% for levocetirizine
and 32.5+5.0% for fexofenadine (p<0.0001).There
were no significant differences between Japanese and
Caucasian men in their responsiveness to either drug
(Table I). Levocetirizine was significantly more effec-
tive than fexofenadine in both ethnic groups (Table I).

Individual responses

The mean percentage inhibitions of pruritus, wheal
and flare for each individual volunteer during the 3—8
h period after drug administration are shown in Fig. 4.
The results for pruritus show that after taking levoce-
tirizine, 13 of the 18 volunteers had a response >75%
during this period, whereas after fexofenadine only 7
had a response of this magnitude. This difference was
not significant (p =0.092, Fisher’s exact test). However,
for reduction of wheal diameter, wheal volume and flare
diameter, a significantly greater effect of levocetirizine
was seen compared with fexofenadine (Fig. 4).

Variability of response

The variability of plasma drug levels and dermal re-
sponses were determined by expressing the standard
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deviation as a percentage of the mean value (Table II).
The results for the AUC (0.5—-12 h) for plasma concen-
trations of drugs show 67% variability for fexofenadine
levels, 4.8 times higher than the 14% variability of
levocetirizine. Similarly, the variability of pruritus,
wheal diameter, wheal volume and flare diameter were
3.5,3.0,4.8 and 2.9 times higher for fexofenadine than
levocetirizine.

To investigate whether the variability of the dermal
responses were related to the plasma concentrations of
the drugs, the Spearman Rank correlation coefficients
were calculated (Table II). For levocetirizine, there
was no correlation between plasma drug levels and any
of the dermal responses. However, for fexofenadine,
there was a statistically significant correlation between
plasma drug levels and wheal diameter, wheal volume
and flare diameter suggesting their variability to be at
least partially dependent on variable drug absorption.

Hysteresis loops

When the percentage of suppression of wheal, flare or
pruritus responses is plotted against the drug concentra-
tion in the plasma a counter-clockwise hysteresis loop
results (14). Hysteresis loops for inhibition by levoceti-
rizine and fexofenadine of the flare response are shown
in Fig. 5. The loops for both drugs show clearly that
while the drug concentrations in the plasma reached a
maximum after 1-2 h, maximal inhibition of the flare
occurred at 4 h. Furthermore, the inhibitory effects of
the drugs were relatively well maintained even though
the plasma concentrations fell to low levels.

Adverse events

No severe adverse events or

Levocetirizine, Caucasian @

Levocetirizine, Japanese O  Fexofenadine, Japanese

Fig. 4. The individual inhibitory effects of levocetirizine and fexofenadine. Each point represents the
mean percentage inhibition of placebo responses from 3-8 h after dosing for each of the 18 volunteers.
In order to improve the clarity of this figure, each value has been approximated to the nearest 5%.
p-values refer to the difference between drugs in the numbers of individuals with a > 75% inhibitory

response. These were calculated using Fisher’s two-tailed test.
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Table I1. Variability of plasma concentrations of levocetirizine and fexofenadine with percentage inhibitions from placebo for pruritus,

wheal diameter, wheal volume and flare diameter

Plasma concentration  Pruritus

Wheal diameter Wheal volume Flare diameter

nM % inhibition % inhibition % inhibition % inhibition
Levocetirizine
Mean 2,547.5 83.3 73.5 80.9 75.8
SD 357.8 15.8 16.9 18.8 16.9
SD % Mean 14.0 19.0 23.0 232 223
Spearman rank correlation with plasma concentration
Coefficient 0.158 0.165 0.273 0.199
Significance N.S. N.S. N.S N.S
Fexofenadine
Mean 1,201.8 56.1 29.8 424 44.7
SD 804.4 37.8 20.9 47.6 29.3
SD % Mean 67.0 67.4 70.0 112.4 65.4
Spearman rank correlation with plasma concentration
Coefficient 0.251 0.478 0.558 0.519
Significance p=0.298 p=0.047 p=0.021 p=0.031

Plasma concentrations are the mean area under the curve values for 0—12 h after dosing. Values of pruritus, wheal diameter, wheal volume and flare
diameter are the mean of percentage inhibition of placebo responses from 3-8 h after dosing for all 18 volunteers.

DISCUSSION

This study showed that both a single 5 mg dose of levo-
cetirizine and two 60 mg doses of fexofenadine given
12 h apart significantly reduced histamine-induced pru-
ritus and wheal and flare responses over a 24-h period.
In all parameters measured, levocetirizine was more
rapid in onset and more effective while fexofenadine
was more variable. There appeared to be no clinically
relevant differences between Caucasian and Japanese
volunteers in their responsiveness to the drugs.

Plasma concentrations of drugs following oral ad-
ministration are dependent on the rate and degree of
absorption, distribution and elimination. Levocetirizine
is rapidly and effectively absorbed through the intestine
(15), has a small volume of distribution (16) and is
excreted into the urine following glomerular filtration
and tubular secretion (17). The rapid absorption of
levocetirizine, peaking at 1 hour at 348 +29 nM, and
its clearance from the plasma with a half-life (t/2) of
approximately 8 h is consistent with its route of excre-
tion (16, 18).

Levocetirizine Fexofenadine
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Fig. 5. Hysteresis loops for levocetirizine and fexofenadine against histamine-
induced flare diameter. The numbers refer to time in hours after the first
dose of drugs. Inhibitions of flare response were calculated from the mean
diameters recorded from 18 individuals.

Although fexofenadine was given at a dose 12 times
greater than that of levocetirizine, it was more slowly
absorbed into the systemic circulation and reached a
maximum of only 260 +48 nM at 2 h. Furthermore, its
plasma levels were more variable than those of levoce-
tirizine. By 12 h, fexofenadine had been almost comple-
tely cleared from the circulation. The plasma level of
fexofenadine 12 h after its second administration was
also very low and showed no significant accumulation.
These results are consistent with a previous study (11).
The pharmacokinetics of fexofenadine are complex.
Unlike most other second generation H -antihistamines,
fexofenadine has very low tissue permeability which
severely limits its passive absorption through the intesti-
nal wall (19). However, this process is augmented by
active uptake via the organic anion transporting protein,
OATP1A2, expressed on the luminal membrane of small
intestinal enterocytes (20-22).

The genetic variability in genes encoding OATP
transporters (21) and their inhibition by the grapefruit
flavonoid naringin, and probably by other flavonoids
in fruits and vegetables (23), results in marked inter-
individual differences in the intestinal absorption of
fexofenadine. In addition, OATP transporters, probably
OAT1B3 (24), also facilitate the active hepatic uptake
of fexofenadine from where it is pumped into the bile
under the influence of the efflux transporter, P-glyco-
protein (20). These active transporters, which facilitate
the relatively rapid removal of fexofenadine from the
blood, bring a second level of variability due to genetic
differences and modulation by dietary flavonoids (25).

One feature of this study was the lower variability, as
evaluated from the standard deviation of the inhibitory
effects, of levocetirizine compared with fexofenadine.
This confirms the wheal and flare study of Grant and
colleagues (6) in which the authors commented that the
inter-subject variability was lower for levocetirizine com-
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pared with the other antihistamine treatments, including
fexofenadine 180 mg. It is noteworthy that the inhibition
of wheal diameter, wheal volume and flare diameter were
all correlated with the AUC (0—12 h) of the fexofenadine
plasma concentrations, suggesting that the variability of
blood levels of this drug made a significant contribution
to its differing efficacy between individuals. No such
correlation was found for levocetirizine.

The inhibitory effects of levocetirizine confirm pre-
vious publications in its rapid onset of action (within 1
hour), time of maximum effect (3—4 h), mean efficacy
(70-90%) and duration of action (at least 24 h) (6, 12,
26, 27). The greater consistency of effect of levoce-
tirizine was illustrated by the number of volunteers
showing a greater than 75% inhibition of wheal and
flare responses. This is consistent with the study of
Grant and colleagues (6). This is also consistent with
a meta-analysis of several allergen challenge chamber
studies and allergic rhinitis clinical trials (28) in which
levocetirizine was shown to exhibit consistent and signi-
ficant efficacy on nasal and ocular symptoms regardless
of the subjects’ gender, age, baseline symptom severity
scores, pollen exposure conditions, or medical history.
The somewhat slower onset of action (around 2 h), time
of maximum effect (3—6 h), mean efficacy (50-80%)
and shorter duration of action (around 12 h), of 60 mg
fexofenadine are consistent with the wheal and flare
study of Boyle and colleagues (11).

That the duration of action of both levocetirizine and
fexofenadine is not dependent on their plasma concen-
trations can be seen clearly from the hysteresis loops
for inhibition of the flare response. As explained in the
review by Church & Maurer (5), H -antihistamines need
to diffuse from the circulation into the extravascular
spaces before they can exert their inhibitory effects.
Because both levocetirizine and fexofenadine exist
as zwitterions (29, 30), i.e. neutral molecules with a
positive and a negative electrical charge at different
locations within their structure, they are always ioni-
sed and cross biological membranes poorly. From the
hysteresis loops, it is clear that both drugs require up
to 4 h to accumulate in the extravascular space where
they become ‘trapped’ so prolonging their duration of
action even though their plasma concentrations fall to
very low levels.

One further important consideration in this study was
the possibility of differences between Caucasian and
Japanese men. Analysis of the pruritus data following
placebo administration showed the Japanese men to
have significantly (»=0.031) higher VAS scores than
their Caucasian counterparts. Whether this represents
a higher than normal responsiveness of the Japanese
group to histamine or a lower than normal responsi-
veness of the Caucasian group is not known. When
considering the responsiveness to the study drugs, other
than a marginally greater responsiveness of the Japanese

Acta Derm Venereol 93

individuals to fexofenadine, there were no significant
differences between the groups. This confirms the
conclusions of previous studies that there are no ethnic
differences in the responsiveness of individuals to H, -
antihistamines (9, 31).

In conclusion, in this study in healthy volunteers, le-
vocetirizine had a highly significantly greater (»<0.005)
inhibitory effect than fexofenadine on the pruritic re-
sponse, the wheal response measured both as diameter
and volume and the flare response. Furthermore, levoce-
tirizine had a more rapid onset of action, a shorter time
to maximum effect and a longer duration of action than
fexofenadine. Also, the number of individuals with a
>75% reduction of response was higher with levocetiri-
zine than fexofenadine showing a greater consistency of
action for levocetirizine. There were no clinically signifi-
cant ethnic differences in the responsiveness to the drugs.
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Fig. S1. The effects of levocetirizine and fexofenadine on wheal volume.
Wheals were provoked by skin pricks with histamine (10 mg/ml) and wheal
volume measured 10 min later. Levocetirizine was given as a single 5 mg
oral dose at 0 h. Fexofenadine was given as two 60 mg oral doses, one at 0
h and the second at 12 h. Each point is the mean = SEM of measurements
in 18 individuals.

The mean wheal volume over the 24-h observation period following the
administration of placebo was 6.90 +0.43 mm®. There were no significant
ethnic differences, the mean wheal volumes of the Caucasian and Japanese
volunteers being 6.73 +0.66 and 7.07 = 0.58 mm?, respectively.

Levocetirizine produced a significant (»<0.025) inhibition of histamine-
induced wheal volume by 30 min and a highly significant (» <0.001) inhibition
thereafter (Table SIV). In contrast, fexofenadine produced a highly significant
(»<0.001) inhibition during the 2 to 6-h period after dosing. It was significant
again at 12 and 24 h. The peak effect of both drugs was seen at 4-6 h.

Calculation of the mean 3-8 h percentage inhibitions from placebo wheal
volume showed that inhibition produced by levocetirizine of 80.9 +4.4%
was statistically higher (p< 0.0001) than that of the 42.4 = 11.2% inhibition
produced by fexofenadine. The mean percentage inhibition of wheal volume
over the complete 24 h observation period was 69.4 + 2.8% for levocetirizine
and 31.616.6% for fexofenadine (p<0.0001). There were no significant
differences between Japanese and Caucasian men in their responsiveness to
either drug (Table I). Levocetirizine was significantly more effective than
fexofenadine in both ethnic groups (Table I).
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Table SI. Drug levels in the plasma (nM)

Time (h) 0 0.5 1 2 2 4 6 8 10 12 24 0.5-12
Levocetirizine
All individuals (n=18)
Mean 258.8 348.4 278.0 243.9 218.9 183.3 167.0 144.2 118.9 48.0 2,547.5
SD 185.6 121.0 69.5 50.3 382 34.0 36.4 38.9 452 17.7 357.8
SEM 43.8 28.5 16.4 11.9 9.0 8.0 8.6 9.2 10.6 4.2 84.3
Caucasians (n=9)
Mean 194.6 312.9 251.3 228.0 210.3 187.2 174.2 153.8 119.0 55.0 2,500.4
SD 221.6 135.6 86.7 61.9 45.9 25.6 45.1 49.1 59.2 19.6 426.4
SEM 73.9 452 28.9 20.6 15.3 8.5 15.0 16.4 19.7 6.5 142.1
Japanese (n=9)
Mean 323.0 383.9 304.7 259.7 227.5 179.5 159.9 134.6 118.8 41.0 2,594.6
SD 109.6 95.1 31.6 25.9 25.8 41.1 20.6 18.9 19.9 11.8 259.4
SEM 36.5 31.7 10.5 8.6 8.6 13.7 6.9 6.3 6.6 39 86.5
Fexofenadine
All individuals (n=18)
Mean 57.3 164.9 260.5 206.5 153.4 83.3 48.7 32.0 27.0 324 1,201.8
SD 49.5 94.7 203.0 164.5 110.1 56.8 32.8 16.1 23.6 13.9 804.4
SEM 11.7 223 47.9 38.8 26.0 13.4 7.7 3.8 5.6 33 189.6
Caucasians (n=9)
Mean 44.1 135.0 198.4 140.8 110.2 62.2 38.0 28.8 19.4 32.0 907.4
SD 40.1 67.5 79.4 74.3 32.6 21.5 14.1 10.0 10.0 8.5 278.2
SEM 134 22.5 26.5 24.8 10.9 72 4.7 33 33 2.8 92.7
Japanese (n=9)
Mean 70.4 194.8 322.5 272.1 196.5 104.4 59.5 352 34.7 329 1,496.2
SD 56.3 119.4 272.1 209.1 144.7 74.0 42.8 20.5 30.7 18.4 1,063.2
SEM 18.8 39.8 90.7 69.7 48.2 24.7 14.3 6.8 10.2 6.1 354.4
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Table SII. Pruritus (VAS) scores

0.5-12h 3-8 h data 0.5-24 h data
Inhibition (% of Inhibition (% of
Time (h) 0 0.5 1 2 3 4 6 8 10 12 24 Mean placebo value)  placebo value)
Placebo (P)
All individuals (n=18)
Mean 198 188 1.78 227 19 182 179 201 2.01 188 199 1.93 1.89 1.94
SD 1.54 156 1.81 233 226 188 1.83 2.04 221 209 198 1.88 1.89 1.85
SEM 036 037 043 055 053 044 043 048 052 049 047 044 0.45 0.44
Caucasians (n=9)
Mean .13 1.01 1.14 1.02 073 0.85 0.78 0.87 0.61 052 0.92 0.84 0.81 0.85
SD 087 0.86 1.05 088 0.71 0.68 075 1.11 043 045 0.86 0.65 0.74 0.64
SEM 029 029 035 029 024 023 025 037 0.14 015 0.29 0.22 0.25 0.21
Japanese (n=9)
Mean 2.84 274 243 352 319 279 280 3.14 342 324 3.06 3.03 2.98 3.03
SD 1.62 1.65 221 270 263 222 206 218 240 222 224 209 2.10 2.05
SEM 054 055 074 09 0.88 074 0.69 0.73 080 0.74 0.75 0.70 0.70 0.68
Levocetirizine (L) single 5 mg dose
All individuals (n=18)
Mean 1.30 136 0.77 045 031 024 030 028 036 043 0.71 0.50 0.28 83.3 0.52 61.8
SD 141 159 083 0.69 070 044 051 052 054 075 1.15 0.57 0.46 15.8 0.61 52.8
SEM 033 038 020 0.16 0.16 0.10 0.12 0.12 0.13 0.18 0.27 0.14 0.11 3.7 0.14 12.5
Caucasians (n=9)
Mean 072 0.60 047 028 021 0.18 0.13 0.15 013 0.12 0.18 0.25 0.17 77.8 0.25 68.3
SD 052 053 045 035 037 034 022 032 026 0.17 0.18 0.32 0.31 16.0 0.30 19.4
SEM 0.17 0.18 0.15 0.12 0.12 0.1 0.07 0.11 0.09 0.06 0.06 0.11 0.10 53 0.10 6.5
Japanese (n=9)
Mean 1.88 2.13 1.08 0.62 041 029 046 040 058 0.74 123 0.75 0.39 88.8 0.79 55.3
SD 1.79 195 1.02 091 094 054 0.66 0.67 067 098 148 0.68 0.56 14.5 0.73 73.9
SEM 0.60 0.65 034 030 031 0.18 022 022 022 033 049 023 0.19 4.8 0.24 24.6
Fexofenadine (F) two 60 mg doses
All individuals (n=18)
Mean 1.81 1.67 159 127 1.00 072 067 099 142 121 0.88 1.17 0.84 56.1 1.14 45.1
SD .55 174 211 217 155 153 136 155 1.86 1.61 149 1.57 1.43 37.8 1.55 36.7
SEM 036 041 050 051 036 036 032 036 044 038 035 0.37 0.34 8.9 0.36 8.6
Caucasians (n=9)
Mean 089 0.79 043 027 022 0.18 0.17 032 031 026 035 0.33 0.22 58.1 0.33 54.0
SD 0.65 095 043 021 027 023 023 044 031 024 039 0.30 0.27 37.1 0.30 33.6
SEM 022 032 0.14 007 0.09 0.08 008 0.15 0.10 0.08 0.13 0.10 0.09 124 0.10 11.2
Japanese (n=9)
Mean 273 254 275 226 177 125 116 1.67 253 215 141 2.01 1.46 54.1 1.95 36.2
SD 1.66 195 250 278 191 206 182 197 212 185 198 1.88 1.85 40.7 1.88 39.4
SEM 055 0.65 0.83 093 0.64 069 061 0.66 071 0.62 0.66 0.63 0.62 13.6 0.63 13.1
Significance of differences for all individuals (#-test for paired data)
LvP P= 0.223 0.004 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.001 0.001
FvP P= 0.481 0.534 0.047 0.033 0.014 0.01 0.024 0.017 0.026 0.012 0.007
LvF P= 0.441 0.032 0.041 0.035 0.154 0.161 0.051 0.008 0.011 0.553 0.059  0.003 0.151
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Table SIII. Wheal diameters (cm)

0.5-12h 3-8 hdata 0.5-24 h data
Inhibition (% of Inhibition (% of

Time (h) 0 0.5 1 2 3 4 6 8 10 12 24 Mean placebo value) placebo value)
Placebo (P)
All individuals (n=18)

Mean 0.61 0.61 061 054 053 053 056 057 054 055 0.66 0.56 0.55 0.57

SD 0.11 0.12 0.15 0.13 0.15 0.15 0.18 0.16 0.12 0.11 0.24 0.10 0.12 0.09

SEM 0.03 0.03 0.03 0.03 0.04 004 0.04 0.04 003 003 0.06 0.02 0.03 0.02
Caucasians (n=9)

Mean 059 0.62 057 052 050 049 047 050 049 052 0.61 052 0.49 0.53

SD 0.14 0.17 0.14 0.16 0.18 0.14 012 014 0.12 0.10 0.17 0.10 0.11 0.10

SEM 0.05 0.06 0.05 0.05 0.06 0.05 004 0.05 0.04 003 0.06 0.03 0.04 0.03
Japanese (n=9)

Mean 0.63 0.60 0.66 056 056 057 064 063 058 058 0.71 0.60 0.60 0.61

SD 0.09 0.06 0.15 0.10 0.12 0.16 0.19 0.15 0.11 0.13 029 0.09 0.11 0.07

SEM 0.03 0.02 005 0.03 0.04 005 0.06 0.05 004 0.04 0.10 0.03 0.04 0.02
Levocetirizine (L) single 5 mg dose
All individuals (n=18)

Mean 0.61 0.57 046 024 0.12 0.14 0.16 0.16 020 0.15 044 024 0.14 735 026  53.1

SD 0.14 0.13 0.10 0.15 0.14 0.12 0.12 0.12 0.10 0.12 023 0.07 0.09 16.9 0.06 124

SEM 0.03 0.03 0.02 003 0.03 003 003 0.03 002 003 0.05 0.02 0.02 4.0 0.02 2.9
Caucasians (n=9)

Mean 0.57 0.57 048 031 0.14 0.17 0.10 0.09 0.17 0.12 042 0.24 0.13 73.1 026  50.0

SD 0.10 0.1t 0.07 0.16 0.17 0.16 0.13 0.07 0.1 0.09 031 0.08 0.12 239 0.06 148

SEM 0.03 0.04 0.03 005 0.06 0.05 004 0.02 0.04 003 0.10 0.03 0.04 8.0 0.02 49
Japanese (n=9)

Mean 0.65 0.57 043 0.17 0.09 0.11 021 022 024 0.18 046 025 0.16 739 0.27  56.1

SD 0.16 0.16 0.13 0.12 0.12 008 0.11 0.12 0.09 0.14 0.15 0.07 0.07 8.5 0.07 9.2

SEM 0.05 0.05 0.04 0.04 0.04 003 004 0.04 003 005 0.05 0.02 0.02 2.8 0.02 3.1
Fexofenadine (F) two 60 mg doses
All individuals (n=18)

Mean 059 0.64 057 041 032 035 036 045 047 043 055 044 037 298 045 18.6

SD 0.12 0.11 0.14 0.12 0.16 0.16 0.09 0.11 0.09 0.12 0.12 0.08 0.11 20.9 0.08 15.1

SEM 0.03 0.03 0.03 0.03 0.04 004 002 0.03 0.02 003 0.03 0.02 0.02 4.9 0.02 3.6
Caucasians (n=9)

Mean 0.57 0.62 049 044 035 035 036 045 045 036 052 043 038 213 044 155

SD 0.11 0.10 0.10 0.12 0.14 o0.11 0.10 0.11 0.09 0.08 0.13 0.06 0.09 17.8 0.07 12.1

SEM 0.04 0.03 0.03 0.04 005 004 003 004 0.03 0.03 0.04 0.02 0.03 5.9 0.02 4.0
Japanese (n=9)

Mean 0.61 0.66 064 038 029 034 035 046 049 049 0.58 046 036 384 047 218

SD 0.13 0.13 0.14 0.13 0.19 020 0.10 o0.11 0.10 0.13 0.11 0.09 0.13 22.4 0.09 178

SEM 0.04 0.04 005 0.04 0.06 007 003 0.04 003 004 0.04 0.03 0.04 7.5 0.03 5.9
Significance of differences for all individuals (#-test for paired data)

LvP P= 0.426 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.017 0.0001

FvP P= 0410 0.374 0.015 0.0001 0.0001 0.001 0.019 0.093 0.001 0.084 0.0001

LvF P= 0.010 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.095 0.0001 0.0001 0.0001
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Table SIV. Wheal volumes (mm?)

Levocetirizine and fexofenadine in wheal and flare 1

0.5-12h 3-8 h data 0.5- 24 h data
Inhibition (% of Inhibition (% of

Time (h) 0 0.5 1 2 3 4 6 8 10 12 24 Mean placebo value)  placebo value)
Placebo (P)

All individuals (n=18)

Mean 915 7.85 737 7.65 485 578 647 629 6.15 643 10.15 6.54 5.85 6.90

SD 278 289 328 4.64 346 3.07 3.10 234 281 312 4.13 1.74 2.03 1.82

SEM 066 0.68 0.77 1.09 081 072 073 055 0.66 0.74 0.97 0.41 0.48 0.43
Caucasians (n=9)

Mean 9.68 882 795 805 373 637 496 6.11 577 624 9.29 6.45 5.29 6.73

SD 275 3.09 374 539 276 387 224 261 3.14 334 4.89 1.76 2.02 1.99

SEM 092 1.03 125 1.8 092 129 075 087 1.05 1.11 1.63 0.59 0.67 0.66
Japanese (n=9)

Mean 862 688 680 725 598 518 798 646 653 6.61 11.01 6.63 6.40 7.07

SD 2.87 248 286 405 386 205 321 219 258 3.09 327 1.83 1.99 1.75

SEM 096 0.83 095 135 129 068 1.07 0.73 0.86 1.03 1.09 0.61 0.66 0.58
Levocetirizine (L) single 5 mg dose

All individuals (n=18)

Mean 1039 629 372 1.82 098 0.80 069 09 1.65 0.68 2.15 1.95 086  80.9 1.97 694
SD 567 286 152 168 1.05 085 0.71 1.03 204 0.55 1.33 0.72 0.51 18.8 0.68 12.1
SEM 1.34  0.67 036 040 025 020 0.17 024 048 0.13 0.31 0.17 0.12 4.4 0.16 2.8
Caucasians (n=9)

Mean 1027  6.08 426 194 071 075 099 1.01 1.13 048 1.71 1.93 086  77.6 1.91 68.1
SD 6.06 1.60 094 202 0.72 091 089 1.18 1.30 049 1.16 0.45 041  23.0 044 14.6
SEM 2.02 053 031 067 024 030 030 039 043 0.16 0.39 0.15 0.14 7.7 0.15 49
Japanese (n=9)

Mean 10.51 650 3.18 1.70 125 0.84 039 092 217 0.88 2.58 1.98 085 842 2.04 707
SD 562 384 185 136 129 084 025 093 255 0.56 141 0.94 0.63 14.0 0.88 9.6
SEM 1.87 128 062 045 043 028 0.08 031 085 0.19 0.47 0.31 0.21 4.7 029 32
Fexofenadine (F) two 60 mg doses

All individuals (n=18)

Mean 9.05 898 6.03 356 228 241 218 414 431 430 6.08 4.24 275 424 443 316
SD 386 349 285 199 197 142 133 331 385 285 3.82 1.44 133 476 142 279
SEM 091 0.82 0.67 047 046 033 031 078 091 0.67 0.90 0.34 0.31 11.2 033 6.6
Caucasians (n=9)

Mean 9.11 10.06 4.65 427 182 2.83 237 562 557 420 6.81 4.60 3.16 23.0 482 212
SD 355 382 224 132 1.07 130 153 391 504 170 5.04 1.06 .12 572 1.14  31.0
SEM 1.18 127 075 044 036 043 051 130 1.68 0.57 1.68 0.35 037 19.1 0.38 103
Japanese (n=9)

Mean 899 790 741 285 274 199 199 265 3.05 439 5.34 3.88 234 618 4.03 420
SD 437 295 283 235 257 148 1.16 173 159 3.80 2.10 1.73 145  26.6 1.61 213
SEM 146 098 094 078 086 049 039 058 053 1.27 0.70 0.58 0.48 8.9 0.54 7.1
Significance of differences for all individuals (#-test for paired data)

LvP P= 0.098 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

FvP P= 0.306 0.154 0.002 0.004 0.001 0.0001 0.042 0.126 0.012 0.002 0.0001

LvF P= 0.014 0.007 0.003 0.008 0.0001 0.0001 0.001 0.02 0.0001 0.001 0.0001 0.0001 0.0001
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Levocetirizine and fexofenadine in wheal and flare 1

Table SV. Flare diameters (cm)

0.5-12h 3-8 h data 0.5-24 h data
Inhibition (% of Inhibition (% of
Time (h) 0 0.5 1 2 3 4 6 8 10 12 24 Mean  placebo value) placebo value)
Placebo (P)
All individuals (n=18)
Mean 3.07 344 3.68 3.05 3.3 311 316 285 293 297 258 3.15 3.06 3.09
SD 1.18 1.13 138 1.34 1.26 1.31 1.53 1.33 1.77 1.32 1.22 1.15 1.20 1.09
SEM 028 027 032 032 030 031 036 031 042 031 0.29 0.27 0.28 0.26
Caucasians (n=9)
Mean 3.04 336 4.04 308 293 291 324 28 302 313 229 3.17 2.97 2.89
SD 097 1.08 133 1.19 1.33 132 1.68 1.21 2.14 1.44 1.25 1.08 1.16 1.18
SEM 032 036 044 040 044 044 056 040 071 048 042 0.36 0.39 0.39
Japanese (n=9)
Mean 3.09 352 332 303 333 332 308 288 285 280 287 3.13 3.15 3.35
SD 142 123 140 1.55 1.23 135 147 1.51 1.45 1.25 1.18 1.28 1.30 1.01
SEM 047 041 047 052 041 045 049 050 048 042 039 0.43 0.43 0.34
Levocetirizine (L) single 5 mg dose
All individuals (n=18)
Mean 3.06 265 225 1.07 062 057 059 058 0.69 0.65 1.07 1.07 0.59 75.8 1.07 62.33
SD 122 125 142 079 023 0.16 0.12 0.19 031 0.32 1.28 0.37 0.09 16.9 0.43 14.69
SEM 029 029 033 0.19 006 004 003 004 007 0.08 0.30 0.09 0.02 4.0 0.10 3.46
Caucasians (n=9)
Mean 3.62 289 282 146 069 056 057 056 0.66  0.68 1.23 1.21 0.60  76.7 1.12 57.69
SD 1.27 149 151 095 030 022 016 024 042 045 1.84 0.43 0.11 10.6 0.53 17.27
SEM 042 050 050 032 010 007 005 008 014 015 0.61 0.14 0.04 3.5 0.18 5.76
Japanese (n=9)
Mean 251 241 167 068 054 058 0.61 060 073 062 092 0.94 0.58 74.9 0.97 69.81
SD 093 098 1.12 028 012 008 008 0.13 0.16  0.11 0.22 0.25 0.07 223 0.23 7.20
SEM 031 033 037 0.09 004 003 003 004 005 004 0.07 0.08 0.02 7.4 0.08 2.40
Fexofenadine (F) two 60 mg doses
All individuals (n=18)
Mean 3.60 3.40 3.07 236 1.50 1.31 1.53 1.68 1.48 1.50 1.70 1.98 1.51 44.7 1.95 32.49
SD 1.21 1.08 090 0.93 123 083 0281 085 087 078 089 0.65 0.71 29.3 0.63 21.21
SEM 028 025 021 022 029 020 019 020 0.21 0.18  0.21 0.15 0.17 6.9 0.15 5.00
Caucasians (n=9)
Mean 056 0.15 092 0.08 059 021 005 0.63 080 037 031 0.31 1.73 35.6 1.98 26.23
SD 0.86 0.82 0.58 0.86 1.13 1.02 092 087 086 0.69 1.12 0.59 0.82 34.1 0.63 20.59
SEM 029 027 019 029 038 034 031 029 029 023 0.37 0.20 0.27 11.4 0.21 6.86
Japanese (n=9)
Mean 343 3.03 305 197 1.34 1.06  1.16 1.58 1.53 1.32 1.48 1.78 1.28 53.9 1.84 42.99
SD 1.51 122 1.18 0.87 1.38 052 048 087 094 086 0.57 0.66 054 216 0.60 16.31
SEM 0.50 041 039 029 046 0.17 0.16 029 031 029  0.19 0.22 0.18 7.2 0.20 5.44
Significance of differences for all individuals (#-test for paired data)
LvP P= 0.016 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
FvP P= 0.804 0.062 0.020 0.0001 0.0001 0.0001 0.0001 0.0001 0.001 0.003 0.0001
LvF P=0.009 0.032 0.0001 0.006 0.001 0.0001 0.0001 0.001 0.0001 0.071 0.0001 0.0001 0.0001
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