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A new antimicrobial quinolone (AM-1155) analysed in hair as an index

of drug exposure and as a time-marker

T. UEMATSU, H. KUSAJIMA*, K. UMEMURA, R. ISHIDA*, H. OHKUBO*, M. NAKASHIMA, Department of Pharmacology, Hamamatsu University
School of Medicine, Hamamatsu 431-31, and *Central Research Laboratories, Kyorin Pharmaceutical Co. Ltd, Tochigi 329-01, Japan

Abstract—Scalp hair samples were obtained at one-month intervals
for up to four months after the administration from each of twelve
healthy male volunteers paiticipating in a phase I study of a new
antimicrobial quinolone, AM-1155, (& )-1-cyclopropyl-6-fluoro-
1, 4-dihydro-8-methoxy-7-(cis-3,5-dimethyl- I -piperazinyl)-4-oxo-3-
quinoline carboxylic acid. After hair was sectioned into | cm lengths
from the scalp end, corresponding portions from five pieces of hair
were dissolved in 1 M NaOH and assessed for AM-1155by HPLC. In
all subjects who had taken a single dose (600 mg, n = 6) or repeated
doses (300 mg twice daily for 6-5 days, n=6), the drug was detected
in hair. The hair portions containing the drug were shown in most
subjects to move outwards month by month at the rate of about 1 cm
month ™', A single hair, which was obtained from each subject of the
repeated-dose study 3 months after the completion of administra-
tion, was cut into 2-5-mm lengths from the scalp side and analysed
for AM-1155. The drug was shown to be contained in 4 to 6
consecutive 2-5-mm lengths, showing that there was no large axial
diffusion of the drug along the hair shaft even after 3 months. These
findings indicate the utility of measuring this quinolone derivative in
hair as an index of drug exposure and, furthermore, as a time marker
for analysing other drugs in hair.

Human scalp hair is a useful tissue for therapeutic drug
monitoring as well as for forensic and toxicological analysis
(Baumgartner et al 1981; Airey 1983; Suzuki et al 1984
Balbanova et al 1987). We have shown that haloperidol is
excreted into hair in proportion to the given dose, and that its
axial distribution along a single hair shaft reflects the dosage
history over several months up to a year, depending on the hair
length (Sato et al 1989; Uematsu et al 1989, 1990; Uematsu &
Sato 1990; Matsuno et al 1990).

The rate of hair growth is variable both within and between
subjects from about 0-5 to 2 cm month ™ '. Moreover, hair has its
own growth cycle of 2 to 8 years or more of growing stage, a few
weeks of intermediate stage and a few months of resting stage.
When only a few strands of hair are used for the analysis, the
validity of the obtained results must be considered cautiously in
relation to whether resting stage hair might have been sampled.
Therefore, if there would be such a drug that could be detected in
hair after a short exposure over a few or several days, and that
would move outwards along the hair shaft with no large axial
diffusion as the hair grows, it should serve as a time marker
within hair to confirm whether the sampled hair is in the growing
stage, and to estimate the growth rate of that hair itself.

We have shown that ofioxacin, a widely used antimicrobial
quinolone derivative in Japan, could be detected in hair after a
short exposure to it (Miyazawa et al 1991), and that the hair
growth rate could be roughly evaluated from its axial distribu-
tion along the hair shaft (Uematsu et al 1991). Our studies on
haloperidol and ofloxacin suggest that a drug with high affinity
for melanin accumulates in hair to a high degree (Uematsu
et al 1990, 1992b; Uematsu & Nakashima 1992). AM-1155,
(£ )-1-cyclopropyl-6-fluoro-1.4-dihydro-8-methoxy-7-(cis-3.5-
dimethyl- 1-piperazinyl)-4-oxo-3-quinoline carboxylic acid, is a
new quinolone derivative currently under development in Japan.
In the present study, hair samples were collected periodically
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from subjects who participated in a phase I study of AM-1155
and the drugin hair was analysed as an index of exposure toit. In
addition, the information on the discriminative power of hair
analysis was obtained with a view to using this quinolone
derivative as a time marker for analysing other drugs in the hair
and as a measure of hair growth rate.

Materials and methods

Subjects. Several pieces of hair were collected at 1 month
intervals for up to 4 months after the administration of AM-
1155 from each of twelve healthy male volunteers who had
participated in a phase I study (single-dose study; 600 mg, n=6
or repeat-dose study; 300 mg twice daily for 6-5 days, total 3900
mg, n=6). The ages and body weights of the subjects ranged
from 20 to 44 (mean 30-6) years and from 53-4 to 78-3 (mean
63-8) kg, respectively. Hair samples were collected by cutting
closest to the scalp. All subjects gave their informed consent to
taking the drug and to hair sampling. The protocol was
approved by a local ethics committee.

Preparation of hair sumples. Five pieces of hair were sectioned
together into |1 cm lengths successively from the scalp end. In a
separate measurement, a single piece of hair was sectioned into
2-5 mm lengths. These hair samples were successively washed
with 0-1% sodium dodecy! sulphate and distilled water, blotted
between two sheets of a paper towel and allowed to dry in room
air. The hairs were then weighed and dissolved in 0-5 mL 1 M
NaOH by heating at 80'C for 30 min. To this solution 0-5 mL of
I M HCI and 0-1 mL of a solution containing AM-1587 cis-
((+)-1-cyclopropyl-6-fluoro-1,4-dihydro-8-methoxy-7-(cis-3.5-
dimethyl-1-piperazinyl)-4-oxo-3-quinoline carboxylic acid, 0-2
ug mL™1) as internal standard were successively added. The
mixture was filtered through a membrane filter (pore size 0-45
um) and an aliquot (50 uL) of the filtrate was injected onto the
HPLC.

Analytical procedures. AM-1155 was measured by a Hitachi
HPLC system (L-6200, Tokyo, Japan) together with a fluores-
cence spectrophotometer (F-1050; excitation and emission
wavelengths: 295 and 485 nm) and a system analyser (D-2000).
An analytical column (TSKgel ODS-80TM: particle size 5 ym;
4-6 mm i.d., 150 mm, Tosoh, Tokyo, Japan) and guard column
(TSKgel ODS-80TM; particle size 10 um; 4-0 mm i.d. x 10 mm,
Tosoh, Tokyo, Japan) were used. The mobile phase was a
mixture (18:82, v/v) of acetonitrile and 0-01 M phosphoric acid.
The solution was filtered through a membrane filter (pore size:
0-45 pum) and degassed before use. The temperature of the
column was maintained at 40°C by a column oven (555, GL
Science, Tokyo, Japan) and the flow rate was 1-0 mL min~ .

The calibration curve was linear within the range 0-25-100 ng/
tube (r>0-999) and the detection limit was less than 0-25 ng/
tube. Within- and between-run precisions are described in Table
1. The recovery of AM-1155 added to btank hair samples ranged
from 94-95% within the concentration range of 4-8 48-1 ng/
tube.
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Table 1. Within- and between-run precisions of AM-1155 in hair
measured by HPLC.

Within-run (n=>5) Between-run (n=4)

Added Found CV Found CcvV
(ng/tube) (ng/tube) (%) (ng/tube) (%)
4-8 4-5+0-08 1-8 494+0-29 59
14-4 13-64+023 1-7 13-74+0-10 07
481 45-74+0-47 1-0 4524101 22

Data are expressed as means +s.d.

Results

In all 12 subjects, who had taken either a single dose (600 mg) or
repeated doses (300 mg twice daily, total 3900 mg) of AM-1155,
the drug was detected in all hair samples collected 1, 2, 3 and 4
months after the drug administration. Representative chroma-
tograms are shown in Fig. 1. In most cases the drug was shown to
move along the hair shaft month by month at a relatively
constant rate after the administration of single (Fig. 2) and
repeated doses of AM-1155 (Fig. 3). However, in some cases the
distribution tended to be broader or even biphasic in the later
samples. suggesting that the hairs of different stages or those
with different growth rates might have been sampled together in
such cases.

In six subjects of the repeated-dose study a single hair, which
was obtained three months after the study, was analysed in
detail. Since the hair portion containing the drug had been
roughly specified from the above results, a 2- to 4-cm-long hair
portion was obtained from the other single hair strand and
analysed by cutting into 2-5 mm lengths successively from the
scalp side. The results are shown in Fig. 4. Only 4 to 6
consecutive 2:5-mm lengths contained the drug and the hair
growth rate of each single hair was calculated from the length in
which the drug peaked. This was about 1-20, 1-17, 1-33, 1-00,
1-08 and 0-67 cm month ' in subjects A, B, C, D, E and F of Fig.
4, respectively.

Discussion

The present study clearly showed the following. A newly
developed quinolone derivative, AM-1155, was excreted into
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Fig. 1. Representative chromatograms of AM-1155 and AM-
1587¢is (internal standard). A Blank hair, B blank hair supple-
Mented with AM-1155 (28:9 ng mL !, peak 1) and AM-1587cis (20
Dg mL~! peak 2) and C hair collected at 1 month after the
ad&mﬁsstgation to a subject who had taken a single dose (600 mg) of
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Fi1G. 2. Distribution of AM-1155 along the hair shaftsat [,2,3and 4
months (IM-4M) after a single oral dose of 600 mg. The distribution
of AM-1155 was examined cm by cm over the entire 6-7 cm length of
five pieces of hair. Data from a representative subject are shown.
Each column shows the concentration of AM-1155.

hair and could be quantitatively analysed in the hair even after a
single dose of 600 mg. The hair portion containing the excreted
drug moved outwards along the hair shaft month by month at
different rates among different subjects, which corresponded to
their own hair growth rates. There was no large axial diffusion of
the drug along the hair shaft with time, showing that the
discriminative power for analysing AM-1155 along the hair
length was 10-15 mm after its administration over a 7-day
period.

AM-1155 incorporated in hair was shown to move along the
hair shaft month by month for up to 4 months after the drug
administration. The speed of movement was variable among
subjects in relation to hair growth rate. When five pieces of hair
were analysed together for AM-1155, the distribution was
shown to be broader or to have two separate peaks, especially in
the later samples of some cases. Our earlier studies (Uematsu et
al 1991; Uematsu & Nakashima 1992) suggest that this pheno-
menon might be due to the difference of growth rate or that of
hair cycle stage among the pieces of hair used, and these
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F1G. 3. Distribution of AM-1155 along the hair shaftsat 1,2, 3and 4
months after repeated oral doses of 600 mg day !, b.i.d. for 6-5 days.
The distribution of AM-1155 was examined cm by cm over the entire
5 cm length of five pieces of hair. Data from a representative subject
are shown. Each column shows the concentration of AM-1155.
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F1G. 4. Distribution of AM-1155 along a single piece of hair collected
from each of six subjects (Subject A-F) 3 months after the repeated-
doses of AM-1155.

differences should have become more evident in the later samples
as a broader or even biphasic distribution of AM-1155 along the
hair shafts.

To clarify this phenomenon, a single hair was cut into smaller
portions, i.e. 2:5-mm lengths, and the distribution of AM-1155
along a single hair shaft was analysed. AM-1155 was found to be
contained only in 4 to 6 consecutive sections and the distribution
was always monophasic even 3 months after the drug adminis-
tration over a 7-day period. The length of hair from the scalp
end, in which the drug peaked, was obtained and the growth rate
of a single hair could be calculated, ranging from 0-67 to 1-33 cm
month~!.

The route of drug disposition to hair needs to be clarified; a
drug may adsorb onto the hair from the outside through sweat
or sebaceous material, although it is gaerally accepted that drug
molecules are trapped in the core of hair strands from blood
(Holden 1990). However, when the concentration of ofloxacin in
white hair is compared with that in black hair sampled from the
same subject with grizzled hair, the former is always very much
lower than the latter or even undetectable (Uematsu & Nakas-
hima 1992; Uematsu et al 1992a, b). This phenomenon has been
ascertained by an animal experiment using both albino and
pigmented rats. These findings indicate that almost all of the
ofloxacin measured in black hair was due to the drug trapped in
the core of hair from blood because the absolute amount of drug
adsorbed from the outside might be, if any, identical between
both types of hair. Because AM-1155 was also undetectable in
white hair (data not shown) and almost all Japanese have black
hair, we analysed only black hair in the present study. Therefore,
we consider, at the moment, that the still rather wide distribution
of AM-1155 along a single hair shaft (Fig. 4) should be due to
some uneven transport of drug from each hair bulb cell into hair
and to the slower dissociation of drug tightly bound to melanin
in the cell.

COMMUNICATIONS

The possibility of using a drug as a time marker within hair has
been suggested by using ofloxacin (Uematsu et al 1991). The
measurement of another quinolone derivative, AM-1155, along
the hair length has been shown to serve as a time marker for
analysing other drugs in hair. This method could also be used to
estimate the growth rate itself of a single hair because reliable
and quantitative measurement of hair growth rate is essential for
assessing treatments intended to increase hair growth (Barth
1986; Price & Menefee 1990).
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