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Abstract—An amino acid analyser method using ninhydrin was developed for (S)-a-fluoromethylhistidine
(FMH) with a minimum quantitation limit of 0-2 ugmL~". The assay was used to study the kinetics of FMH
in rat. After bolus intravenous administration of FMH hydrochloride hemihydrate (50 mg kg~!), plasma
concentration decreased biexponentially with half-lives of 4-4 and 32-7 min. The distribution volumes of the
central and peripheral compartments were 127-4 and 166-3 mL kg !, respectively. The tissue concentration
of FMH was highest in the kidney and also decreased biphasically. The FMH concentrations in other
tissues were lower, but their tissue/plasma ratios of FMH increased continuously after FMH injection,
indicating that FMH partitioned into these tissues and was lost from them very slowly.

(S)-a-Fluoromethylhistidine (FMH) is a specific inhibitor of
L-histidine decarboxylase, a histamine-forming enzyme, and
strongly inhibits histamine formation in-vitro and in-vivo
(Kollonitsch et al 1978; Garbarg et al 1980; Maeyama et al
1982; Kubota et al 1984). Thus, it has been used pharmaco-
logically to deplete tissues of histamine (Bartholeyns &
Bouclier 1982; Bouclier et al 1983a, b, ¢; Maeyama et al 1983;
Slotkin et al 1983a, b; Duggan et al 1984; Nishibori et al 1984;
Tung et al 1985) and as a drug in pathological conditions in
which excess histamine is assumed to be involved, such as
allergic diseases and mastocytosis (Granerus et al 1985;
Olafsson 1985; Pipkorn et al 1987; Neittaanmaécki et al 1989).
Those studies have suggested considerable variation in the
disposition of the drug, but there is only one report of
pharmacokinetic studies on FMH, which indicated little
biotransformation in man (August et al 1985).

In the present study we established an amino acid analyser
method for FMH and used it to determine plasma and tissue
concentrations in rats to elucidate the pharmacokinetics of
the drug in this species.

Materials and Methods

Materials

FMH was supplied by Dr J. Kollonitsch, Merck Sharp &
Dohme Research Laboratories, Rahway, NJ, USA. All
other reagents were of the highest grade available.

Animal experiments

Male Wistar rats (Shizuoka Experimental Animal Centre,
Hamamatsu, Japan) were fasted for 18 h before experiments
and anaesthetized with pentobarbitone sodium (40 mg kg !,
Lp). FMH hydrochloride hemihydrate in 0-9% NaCl
(saline) was injected rapidly into the femoral vein at a dose of
500 mg kg—' (40-3 mg kg~! of free base equivalent), the
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dosage that has been shown to be of use pharmacologically.
Blood samples were collected by cardiocentesis into hepari-
nized Vacutainers at intervals after drug administration.
The plasma was promptly separated by centrifugation at
3000 rev min~! for 10 min. After collection of the blood,
liver, stomach, proximal small intestine, adrenal glands,
kidneys and brain were quickly removed and chilled. The
liver and kidneys were freed from blood by infusion of ice-
cold saline, and the mucosae were scraped off the stomach
and small intestine. The brain was placed on ice and
separated into cerebellum, hippocampus, striatum, amyg-
dala, cerebral cortex, midbrain, thalamus and hypothalamus
by the method of Glowinski & Iversen (1966) with slight
modification. The plasma and tissues were sonicated for 10 s
in a sonicator (Sonifier 450, Branson, USA)in anice bathin 2
and 9 volumes, respectively, of ice-cold 0-4 M perchloric acid.

Analytical methods

The concentrations of FMH in the plasma and tissues were
determined in an amino acid analyser as follows. The
sonicated sample was centrifuged at 10 000 rev min~! for 10
min at 4°C, and the supernatant filtered through an Ultrafree
C3GC filter (Millipore, Tokyo, Japan) and stored at —20°C
until assayed. For analysis, a Hitachi Model 835 amino acid
analyser equipped with a detector and a stainless steel
column (150 x 4-0 mm i.d.) packed with a Hitachi custom
ion-exchange resin (#2619, 5 um particle size) was used. Fifty
uL of clear supernatant was injected into the column and
material was eluted with 26-3, 50-0 and 90-0 mM citrate buffer
(pH 3-2, 4-3 and 4-9, respectively) at a flow rate of 0-225 mL
min~!. The eluate was mixed at 53°C with ninhydrin solution
flowing at a rate of 0-300 mL min~', and the absorbance of
the mixture at 570 nm was measured. The retention time of
FMH was 49-1 min (between phenylalanine and lysine), and
the ninhydrin colour intensity of authentic FMH was 95% of
that of leucine.

Data analysis

Plasma concentration-time curves were analysed by a two-
compartment model according to the least-squares regres-
sion analysis program MULTI for biexponential decline
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F1G. 1. Chromatograms of deproteinized samples of plasma and kidney of rats after i.v. injection of FMH. FMH (40-3mg
kg ! as the free base) in saline (500 uL kg~"') was injected i.v. and 15 min later the rats were killed, and the blood and
kidney were obtained. Control rats were treated with saline only. Plasma and kidney were deproteinized with 0-4 M
perchloric acid, and FMH in the extracts was determined in an amino acid analyser as described in Materials and
Methods. A, B, Control samples; C, D, FMH-treated samples; A, C, plasma; B, D, kidney. S;, S; and S3, 26-3, 50-0 and
90-7 mM sodium citrate buffer of pH 3-2, 4-3 and 49, respectively; Sq, 0-2 M NaOH.

(Yamaoka et al 1981). The area under the plasma concentra-
tion-time curve (AUC) and the mean residence time (MRT)
were calculated by standard linear trapezoidal integration
with extrapolation to infinite time. The tissue-to-plasma
concentration ratios (T/P ratios) were estimated at various
times after drug administration. Values are presented as
mean ts.e. of means for n experiments and analysed by
Student’s #-test.

Results

Determination of FMH in plasma and tissues

Fig. 1 shows chromatograms of deproteinized samples of the
plasma (A, C) and kidney (B, D) obtained 15 min after rapid
intravenous injection of saline (A, B) or FMH (C, D). There
are no interfering peaks in the region with a retention time
corresponding to that of FMH (49-1 min) in the chromato-
gram: the FMH peak is symmetrical and well separated from
other peaks. The calibration curve was linear over the range
0-2-270 ug mL-! with a correlation coefficient of more than
0-98 (n=8) (data not shown), and the lower limit for
quantitation was 0-2 ug mL !,

Time course of decrease in plasma concentration of FMH

Fig. 2 shows the time course of changes in plasma concentra-
tion of FMH after rapid intravenous injection of its hydro-
chloride hemihydrate (50 mg kg~!). The pharmacokinetic
parameters of FMH are listed in Table 1. Plasma FMH
concentrations declined biphasically with half-lives of 4-4
(t;x) and 327 (t38) min, respectively. In the two compart-
ment model the distribution volumes of the central and
peripheral compartments (V, & V) were 127-4 and 166-3 mL
kg~!, respectively. The total clearance of FMH from rat
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Fi6. 2. Plasma concentration of FMH after i.v. injection into rats.
Conditions were as for Fig. 1 except that blood was obtained at the
indicated times after injection of FMH. Each point is the mean O
4-5 experiments.

plasma (CL) was 9-:38 mL min—' kg, and the area under the
plasma concentration-time curve (AUC) of FMH was
estimated to be 4037 ug min mL .

Distribution of FMH to tissues

Fig. 3A shows the time courses of changes in concentratiof
of FMH in the gastric and small intestinal mucosae, livef,
adrenal gland, kidney and brain after its rapid i.v. injection-
The concentration of FMH in the kidney was much higher
than that in other tissues and decreased biphasically. The
FMH concentration in the brain was lower than those in
other tissues, and was higher in the cerebellum, cerebral
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Table 1. Pharmacokinetic parameters of FMH after rapid intravenous administration of its

hydrochloride to rats.

Parameter Meaning Value Unit

A Defined in the equation below 25874135 pg mL~!

B Defined in the equation below 586411 ug mL~!

o Defined in the equation below 0-161 £0-012 min~!

B Defined in the equation below 0-022 +0-003 min !

ki Transfer rate constant from C* to P* 0-062 +0-002 min~—!

ko Transfer rate constant from P* to C* 0-048 + 0-006 min~!

Kel Elimination rate constant from C* 0-073 £0-007 min~!

\4 Volume of distribution of C* 127-4+56 mL kg~!

Vv, Volume of distribution of P* 166:3+6-1 mL kg~!

Vs Steady state volume of distribution (V;+V3) 2937431 mL kg™!

tio Half-time of distribution phase 4-35+0-31 min

i Half-time of elimination phase 32:72+4-29 min

AUC Area under the plasma concentration time curve 40369 +430-6 ug min mL~!
CL Total body clearance (ke V1) 9:38+1-27 mL min—! kg~!
MRT Mean residence time 27-3+0-23 min

A bolus dose of FMH hydrochloride was administered intravenously and the plasma FMH
concentration was measured for 90 min at the times shown in Fig. 2. The data were fitted to the equation
C,=A-e “+B-e~# for the plasma concentration, C,, at time t, and pharmacokinetic parameters
(average of 4-5 experiments) were calculated as described in the Method. C* and P* represent the

central and peripheral compartment, respectively.

Qcortex and midbrain than in the other regions. The tissue-to-
plasma concentration ratios (T/P ratios) of FMH deter-
mined at various times after FMH administration are shown
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E‘Q 3. Time courses of transfer of FMH to tissues. Injection of
MH and measurement of its concentrations in plasma and tissues
Were as described in the legends to Figs 1, 2. Each point represents
i € mean for 4-5 experiments. A, tissue FMH concentrations; B,
Issue/plasma ratios. (—M—), kidney; (—0O—), adrenal glands;
(\Of), small intestinal mucosa; (—®—), liver; (—a—),
8astric mucosa; (- - -O- - -), midbrain; (- - -®- — -), cerebellum;
"~ -4~ — ), cerebral cortex.

in Fig. 3B. The value in the kidney reached an equilibrium at
about 5, 30 min after administration. The T/P ratios in all
other tissues were small, but continued to rise for at least 90
min after FMH administration.

Discussion

Although FMH, a new specific inhibitor of L-histidine
decarboxylase (HDC), strongly inhibits histamine formation
in-vivo (see introduction), after a single administration of
FMH, the decrease of histamine does not persist: the
histamine level begins to increase again after 8-12 h and
returns to the original level after 24 h (Garbarg et al 1980;
Maeyama et al 1982). This is because HDC is induced and
histamine is synthesized de-novo. The reason for this short
duration of histamine depletion by FMH is not clear, but
may be due to rapid clearance of FMH or its low transfer to
tissues because it is an amino acid analogue. However, there
has been no extensive study on the pharmacokinetics of
FMH, and it is necessary to establish a suitable method for
its administration to achieve prolonged histamine depletion.
In this study we have established an amino acid analyser
assay for FMH with a quantitation limit of 0-2 ug mL~".
However, this value is equivalent to 20 um FMH in tissues,
far more than the concentration of FMH which inhibits
HDC completely (Kubota et al 1984). To measure lower
levels of FMH in tissues, particularly in the brain, a more
sensitive method of FMH assay will be necessary.

The finding that the T/P ratio in the kidney reached
equilibrium within 30 min after FMH administration and
was greater than unity (Fig. 3) suggests that rat kidney has a
specific transport mechanism for uptake of FMH.

The present results show that FMH activity is related to its
ability to reach and maintain an effective concentration in
the tissues. However, further investigations are necessary on
the elimination of FMH to establish a suitable method for its
administration which will inhibit HDC and deplete tissues of
histamine continuously. It will also be interesting to compare
the pharmacokinetic parameters of FMH with those of
histidine and a-methylhistidine.
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