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efficient enzyme systems - glutamate dehydrogenase and
asparagine synthetase - are also present'™!¢ In spite of
the presence of these enzymes, substantial quantities of
ammonia are reported to escape from the foliage into the
atmosphere!®. It is possible that limitations of acceptor
molecules and/or energy may be the factors responsible for
the accumulation of ammonia and its release from the
foliage, and the process may be considered as a part of the
ammonia detoxification mechanism.

1 This work was done under the National Fellowship Project
(ICAR) on ‘Nitrogen Assimilation in Crop Plants’.

2 Hageman, R.H., in: Nitrogen assimilation of plants, p.591.
Eds E.J. Hewitt and C. V. Cutting. Academic Press, New York
1979.

3 Tolbert, N.E., in: Photosynthesis 11. Encyclopaedia of plant
physiology, vol.6, p.338. Eds M. Gibbs and E. Latzko. Sprin-
ger, New York 1979.

4 Mazelis, M., in: The biochemistry of plants, vol.5, p.541. Ed.
B.J. Miflin. Academic Press, New York 1980.

5 Lea, P.J., and Miflin, B.J., in: The biochemistry of plants,
vol.5, p.569. Ed. B.J. Miflin. Academic Press, New York 1980.

1303

6 Haynes, R.J., and Goh, K. M., Biol. Rev. 53 (1978) 465.
7 Givan, C.V,, Phytochemistry I8 (1979) 375.
8 Frantz, T.A., Peterson, D.M,, and Durbin, R.D., Pl. Physiol.
69 (1982) 345.
9 Wetselaar, R., and Farqubar, G.D., Adv. Agron. 33 (1980)
263.
10 Stutte, C.A., and Weiland, R.T., Crop Sci. /8 (1978) 887.
11 Keys, AT, Bird, I.F., Cornelius, M.J., Lea, P.J. Wallsgrove,
R.M., and Miflin, B.J., Nature 275 (1978) 741.
12 Thompson, J.F., in: The biochemistry of plants, vol.5, p.375.
Ed. B.J. Miflin. Academic Press, New York 1980.
13 Ireland, R.J., and Joy, K. W., Planta /57 (1981) 289.
14 Thomas, R.J., and Schrader, L.E., Phytochemistry 20 (1981)
361.
15 Novozamsky, L., Van Eck, R., Van Schouwenberg, J.Ch., and
Walinga, I., Neth. J. agric. Sci. 22 (1974) 3.
16 Miflin, B.J.,, and Lea, P.J., in: The biochemistry of plants,
vol.5, p.165. Ed. B.J. Miflin. Academic Press, New York 1980
17 Woo, K.C., and Osmond, C.B., Pl. Physiol. 69 (1982) 591.

0014-4754/83/111302-02%$1.5040.20/0
©Birkhduser Verlag Basel, 1983

Effect of prolonged inhibition of histidine decarboxylase on tissue histamine concentrations!
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Summary. In rats, chronic infusion of a-fluoromethyl histidine, a selective irreversible inhibitor of mammalian histidine
decarboxylase, caused a marked depletion of histamine in all tissues examined. There were no gross pharmacological

effects associated with this depletion.

Histamine is formed by decarboxylation of histidine by the
specific histidine decarboxylase (E.C. 4.1.122)° and is
present at varying concentration in almost all mammalian
tissues®. One of the possible approaches to studying the role
of histamine in mammalian physiology is by blocking its
synthesis using specific inhibitors of histidine decarbox-
ylase. We report here that a-fluoromethyl histidine, a
selective enzyme-activated inhibitor of histidine decarbox-
ylase®™®, given to rats by infusion over 3 weeks, decreases
the concentration of histamine in all tissues examined.
Materials and methods. Materials. a-Fluoromethyl histidine
was synthesized in our laboratory by a method to be
published elsewhere. Histamine, histidine and S-adenosyl
methionine were purchased from Merck, Darmstadt, FRG.
L-{1-"Clhistidine (50 mCi/mmole) came from New En-
gland Nuclear Corporation, Boston, USA. L-[2,5-*H]histi-
dine (40-50 Ci/mmole) and S-adenosyl-L-[methyl-*H]-
methionine (80 Ci/mmole) were supplied by the Radio-
chemical Center, Amersham, England.

Animals and treatment. Male rats of the Sprague-Dawley
strain were used in this experiment. For chronic infusion of
«-fluoromethyl histidine, Alzet 2001 minipumps loaded
with 100 mg of coumpound in 200 pl of water were
implanted in the peritoneal cavity under light ether anes-
thesia. The minipumps delivered a flow rate of 1 ul/h for 1
week. Every 7 days the minipumps were renewed. Control
animals were sham operated but no minipumps were
implanted. The animals were weighed daily and rectal
temperature (Appelab thermosonde) was measured at in-
tervals. Gastric secretion was measured on given days by a
technique which consisted of washing the stomach with

2 ml of warm physiological saline via a gastric sonde’. The
pH of the recovered solution was recorded. The animals
were killed on day 21.

Tissue preparations. At the end of the chronic treatment
rats were killed by decapitation and different organs were
removed. All the tissues used were homogenized in 5 vols
of phosphate buffer (2x 107> M, pH 7.9 containing 0.1%
Triton X100). The crude homogenates were used for deter-
mination of histidine decarboxylase activity where appro-
priate. The supernatants obtained after centrifugation were
used for measurement of histamine.

Analysis. Tissue histamine content was determined by a
modification of the enzymatic isoiopic assay described by
Taylor and Snyder'®. Histidine decarboxylase activity in
gastric mucosa was determined by the measurement of
BCO, libeerated from L-[1-*C]histidine. Both methods
have been described in detail in a previous publication®,
Hypothalamus histidine decarboxylase activity was mea-
sured by a modification of the radiochromatographic
procedure described by Baudry et al''. The incubation
mixture (70 pl) consisted of 50 pl of tissue homogenate,
1 uCi of purified L-[2,5-*H]histidine (about 2x 1077 M),
107> M of pyridoxal phosphate, 107* M of histamine and
5x 107> M of phosphate buffer pH 7. After 1 h incubation
at 37 °C, the enzymatic reaction was stopped by addition of
10 pl of 2.4 M perchloric acid. After addition of 600 pl of
02 M Tris-HC! buffer pH 8, the *Hlhistamine formed was
isolated by ion-exchange chromatography on Amberlite
CG 50 (200—400 mesh).

Results and discussion. In mice, a-fluoromethyl histidine
given acutely decreased the concentration of histamine in
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brain and stomach®’ but did not affect the histamine
content in skin’, a tissue rich in mast cells. We confirmed
that a single dose of a-fluoromethyl histidine administered
to rats inhibits histidine decarboxylase activity in brain
(hypothalamus) and stomach and decreases histamine
concentration in brain, the effect being the greatest in the
hypothalamus. However, in rats we found no significant
depletion of histamine content in gastric mucosa and in the
other tissues examined (spleen, lung, thymus, liver and
heart, table 1). It is clear that inhibition of synthesis over
short time periods will only affect tissues in which the
turnover rate of histamine is of the same order of magni-
tude as the duration of enzyme inhibition.

Three types of histamine storage systems with extremely
different turnover rates can be distinguished; the neuronal
histamine which has a half life of a few minutes'>!, the
gastric histamine which turns over at a relatively rapid rate
(several hours') and the mast cell histamine which has a
very slow turnover'®,

Therefore we administered a-fluoromethyl histidine by
continuous i.p. infusion for 21 days. Histidine decarbox-
ylase activity, measured at the end of the 3 weeks treatment
in hypothalamus and gastric mucosa, represented 5-10% of
enzyme activity in the control. Intermediate points are not
available, but it can be assumed that this degreee of
inhibition was attained rapidly since a single administration
of the inhibitor (10 mg/kg i.p.) produced an 80% inhibition
of histidine decarboxylase activity in brain and stomach
within 90 min (unpublished). Histamine concentration was
measured in a number of tissues (table 2). Significant
depletion of histamine was found in all tissues; it ranged
from over 90% for the hypothalamus to about 40% in heart.
Thus, prolonged inhibition of histamine biosynthesis will
lower the concentration of the amine even in tissues rich in
mast cells.

An almost total depletion was found in the hypothalamus,
in which histamine may function as a neurotransmitter. On
the basis of micro injections of histamine in hypothalamic
areas, a role of hypothalamic histamine in body water
homeostasis has been suggested'®. Food and water intake
were not measured in the present experiment; it is, howev-

Table 1. Effect of a single dose of a-fluoromethy! histidine (50 mg/kg,
i.p.) on histidine decarboxylase activity and histamine content in vari-
ous tissues

Tissue Histidine Histamine content
tested decarboxylase ng/mg tissue (%)
activity (%)
Control Treated Control Treated
n=35 n=5 n=>5 n=35
Brain 0.080 + 0.008 0.051 + 0.005*
(100 £ 10) (64 + 6)
Hypothalamus 100 £ 15 7 & 4* 031+0.02 0.072+0.01*
(100 £ 6) 23+3)
Gastric mucosa 100 + 12 10 + 8* 3943 40+6
(100 + 8) (102 £ 15)
Spleen 2.5+0.5 20+0.6
(100 & 20) (80 + 20)
Lung 6.1+038 6.0+ 0.5
(100 =+ 10) 98 + 8)
Thymus 84+09 73+04
(100 £ 10) ®7+5)
Liver 09+0.2 0.8+03
(100 + 20) (90 £ 30)
Heart 42402 3.6+0.5
(100 £ 5) (90 + 10)

Rats were killed 6 h after i.p. administration of a-fluoromethyl histidine
(treated) or saline (control). Histidine decarboxylase activities in the
control group of rats are 12 + 3 nmoles/g tissue/h in the gastric mucosa
and 170 £ 20 cpm/mg tissue/h in the hypothalamus. * p < 0.5%.
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er, unlikely that they were grossly altered by monofluo-
romethyl histidine infusion as there was no difference in
weight gain between the experimental and the control
group (table 3). Similarly there was no change in rectal
temperature over the whole period of the treatment
(table 3). This however does not mean that hypothalamic
functions such as hormone secretion and regulation of
corticosteroid biosynthesis are not changed and this possi-
bility deserves investigation.

Many authors have reported that histamine plays a key role
in gastric acid secretion. We have reported before that a
single dose does not affect basal acid secretion but reduces
the total acid output due to pentagastrin injection’. The
concentration of histamine in the gastric mucosa is not
changed significantly by a single injection of monofluo-
romethyl histidine (table 1)°. Prolonged infusion of the
histidine decarboxylase inhibitor depletes the mucosal his-
tamine content by 73% (table 2). Despite the reduced
concentration of histamine, the rate of unstimulated acid
secretion as measured by the pH of a stomach washing is
still unchanged (table 3). It may be that the 30% of
histamine remaining represent the physiologically active
pool and that almost total depletion has to be achieved
before acid secretion is affected.

Histamine plays a role in physiological processes such as
allergy, inflammation and anaphylactic shock. It will be of
interest to determine whether the depletion of histamine

Table 2. Effect of prolonged infusion of a-fluoromethyl histidine (5 mg/
kg/h for 21 days) on histidine decarboxylase activity and histamine con-
tent in various tissues

Tissue Histidine Histamine content
tested decarboxylase ng/mg tissue (%)
activity (%)
Control Treated Control Treated
n=7 n=>5 n=7 n=>35
Hypothalamus 100 + 20 4+1*  0.31+0.06 0.02 + 0.01*
(100 £+ 19) 64
Gastric mucosa 100 + 10 12 4 7% 41+ 4 11 +1*
(100 + 10) 27+ 3)
Spleen 3+0.6 0.59 + 0.04*
(100 + 20) (20x2)
Lung 5.5+0.9 1.4+ 04*
(100 + 16) 25+7)
Thymus 89+ 0.5 3.9 £ 0.6%
(100 £ 11) 44+7)
Liver 09 +0.1 0.5 + 0.04*
(100 £ 11) (56 £ 5)
Heart 4.5+0.2 2.8 4+ 0.3*
(100 £+ 5) 62+7)

Histidine decarboxylase activities in the control group of rats are 9+ 1
nmoles/g tissue/h in the gastric mucosa and 150 + 30 cpm/mg tissue/h
in the hypothalamus. * p < 0.5%.

Table 3. Effect of prolonged infusion of a-fluoromethyl histidine on
weight gain, rectal temperature and gastric acid secretion in rats

Day 3 Day 7 Day 14 Day 21
Body weight Control 150 + 2 171 +£3 215+£3 229 +£7
(2) Treated 151+ 1 176 £3 214+ 6 240 + 4
Calculated drug 84 69 61 57
intake (mg/kg/day)
Rectal tem-  Control  36.1 36.0 - 36.5
perature (°C) Treated 36.7 36.3 36.7
pH of sto- Control  26+0.1 26+£02 28+03 27+02
mach washing Treated 29+0.1 26£01 25+01 27+0.1

Each value is the mean + SEM of 5 animals. None of the values is
statistically different from that of the matched control.
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reported in table 2 has any effect on these pathological or
physiological conditions. In conclusion, monofluoromethyl
histidine represents a safe nontoxic means to deplete whole
body histamine stores. More will be cerntainly be heard
about the pharmacology of this compound.
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Summary. The rate of inactivation of chicken liver fructose 1,6-bisphosphatase by trypsin is reduced if the digestive
reaction is conducted in the presence of AMP or fructose 2,6-bisphosphate. The effects of these 2 compounds are synergis-
tic. Although fructose 1,6-bisphosphate does not protect the enzyme against tryptic inactivation, it can enhance the effect
of AMP. Selective modification of the AMP allosteric site of fructose 1,6-bisphosphatase with pyridoxal-P and NaBH,
renders the enzyme more resistant to tryptic inactivation, but the modified enzyme is no longer responsive to the protective

effect of AMP.

Fructose 1,6-bisphosphatase (Fru-P,ase) (EC 3.1.3.11) is a
key enzyme in gluconeogenesis. This enzyme is extremely
sensitive to allosteric inhibition by AMP as well as competi-
tive inhibition by fructose 2,6-bisphosphate (Fru-2,6-P,)
and the inhibitory effects of these 2 compounds are syner-
gistic®®. Tt has been previously reported that the rate of
inactivation of chicken liver Fru-P,ase by trypsin was
significantly reduced if the digestive reaction was carried
out in the presence of AMP* We now report that Fru-2,6-
P, can also protect this enzyme against tryptic inactivation
and that the protective effects of AMP and Fru-2,6-P, are
synergistic.

Materials and methods. Bovine pancreatic trypsin, yeast
glucose-6-P dehydrogenase and phosphoglucose isomerase,
and other chemicals were all purchased from Sigma Chem-
ical Company, Saint Louis, MO, USA. Fru-P,ase was
purified from chicken livers by the method previously
described’. The activity of Fru-P,ase was measured spectro-
photometrically by following the formation of NADPH at
340 nm in a coupled reaction. Unless otherwise stated, the
assay mixture (1 ml) contained 50 mM Tris-HCI buffer (pH
7.4), 0.1 mM EDTA, 0.15 mM NADP*, 0.1 M KCl, 2 mM
MgCl,, 0.1 mM Fru-1,6-P,, 1 unit each of phosphoglucose
isomerase and glucose-6-P dehydrogenase, and an appro-
priate amount of Fru-P,ase. The assay mixture without
substrate was preincubated in a cuvette at 25 °C for 2 min.
The reaction was initiated by the addition of substrate. The
concentration of purified Fru-P,ase was determined by its

extinction coefficient at 280 nm®. Fru-2,6-P, was chemically
synthesized by the method of Pilkis et al.%. The concentra-
tion of Fru-2,6-P, was determined by incubating an aliquot
of Fru-2,6-P, stock solution at pH 2.5 for 30 min at 28 °C
and assaying the amount of fructose-6-P formed using
glucose-6-P dehydrogenase and phosphoglucose
isomerase®. The Fru-2,6-P, preparation used in this study
contained no detectable fructose-6-P, glucose-6-P, and Fru-
1,6-P,.

Results. Figure 1 shows the time course of changes of Fru-
P,ase activity on modification with trypsin. Under the
condition described in the legend of this figure, the time
required for inactivation of 50% of Fru-P,ase activity was
approximately 30 min. This increased to about 60 min or 80
min if the digestive reaction was carried out in the presence
of 0.12 mM AMP or 0.12 mM Fru-2,6-P,, respectively. If
digestion with trypsin was performed in the presence of
both 0.12 mM AMP and 0.12 mM Fru-2,6-P,, more than
80% of Fru-P,ase activity still remained even after 200 min.
Table 1 shows that the protective effects of both AMP and
Fru-2,6-P, decreased markedly if digestion with trypsin was
carried out at higher pH. It also shows that Fru-1,6-P,
failed to protect Fru-P,ase against tryptic inactivation, but
it significantly enhanced the protective effect of AMP.
Figure 2 shows that treatment of Fru-P,ase with pyridoxal-
P in the presence of Fru-1,6-P, followed by reduction with
NaBH, resulted in irreversible desensitization of the en-
zyme to allosteric inhibition by AMP with only slight loss



