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WESTERBERG, V S ANDJ D GEIGER Inlubitors of istidine decarboxylase decrease basal gastric acid secretion in
the rat. PHARMACOL BIOCHEM BEHAV 28(3) 419-422, 1987 —We examined the ability of two specific inhibitors of
histidine decarboxylase, (s)-a-fluoromethylhistidine (FMHd) and (s)-a-fluoromethylhistamme (FMHm), to inhibit basal
gastric acid secretion The two highest doses of FMHA admimistered, 50 and 100 mg/kg, decreased basal gastric acid
secretion and total secretion volume but did not affect intraluminal pH FMHm decreased gastric acid secretion, raised
intralumnal pH, and to a lesser degree decreased total secretion volume Neither compound changed the severnty of gastric

ulcers produced by cold restraint stress

Histidine decarboxylase Inhibitors Gastric acid

Gastric ulcers

HISTAMINE plays a prommant role in regulating many dif-
ferent physiological functions mcluding perhaps a pivotal
role 1n the regulation of gastric acid secretion {3] Histamine,
which may mediate the actions of other secretagogues [3] of
gastric acid from parietal cells, has been found to itself stimu-
late gastric acid secretion both iz vivo [6] and in 1solated dog
(7] and p1g [13] parietal cells In addition to the physiological
roles of histamine, it may also play an important role in such
pathological states as gastric acid hypersecretton and ul-
cerogenesis. Although the causes of peptic ulcer disease are
still unclear, gastric hypersecretion 1s thought to be one 1m-
portant pathogenic factor both in human duodenal ulcers [16]
and 1n gastnic ulcer formation m animal models such as re-
straint stress [15]. Since peptic ulcer disease affects about
10% of the North American population [11] and 1s a hfe-
threateming disease, pharmacological intervention n the gut
remains a very active area of investigation. One such nter-
vention 1s via histamine H, receptor antagonists mn the
stomach* Stimulated and basal gastric acid secretion are
mhibited by these agents [2] It 1s, however, less clear
whether the actions of histamine are mediated through m-
creased levels of cCAMP or other less well defined mech-
anisms.

Besides receptor blockade, another approach to regulat-
g the actions of histamine may be through altering its avail-
ability at its receptors. Histamine is synthesized from
L-histidine by L-histidine decarboxylase (HDC) in periph-
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eral and central nervous system tissues [4,8]. Inhibition of
HDC activity by the irreversible inhibitor a-fluoromethyl-
histidine has been found to significantly decrease histamine
levels in stomach [12] and brain [4]. Therefore, one
approach to decreasing gastric acid secretion and gastric ulcer
formation may be through the use of specific rreversible
inhibitors of HDC such as a-fluoromethylhistidine (FMHd)
and a-fluoromethylhistamine (FMHm)

METHOD
Anmmals

Male Sprague Dawley rats (n=28) weighmng 145-170 g at
the time of surgery were anesthetized with sodium pen-
tobarbital (45 mg/kg) and stamnless steel gastric cannulae
were chronically implanted in the forestomach as described
previously [14]. Ammals were allowed to recover from
surgery for 14 days, at which time all cannulae were firmly
anchored and there was no evidence of infection or obvious
mantfestations of abnormal behavior.

Procedure

Gastric secretion was collected n rats deprived of food,
but not water for 14 hr When gastric secretion was to be
collected, the cannula plug was removed and the stomach
rinsed with 0.9% saline until the rmse was clear (usually
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FIG 1 Dose related decreases of FMHd on acid secretion (@) as
compared to VEHI1 controls (O) Each pomnt represents the
mean=S E M of the combined difference scores as noted in the
Method section *p<0 05

TABLE 1

EFFECT OF A SINGLE DOSE OF FMHm ON ACID SECRETION,
TOTAL VOLUME, AND pH (DIFFERENCE SCORE)

mE1/100 g Total
Volume pH

mean 9 40* 0 73* 012
VEH1 SEM 495 028 012

mean 38 87 199 -0 09
100 SEM 9 40 031 012

mg/kg

mean 12 32% 115 0 45*

VEH2 SEM 587 038 010

*Significantly different from 100 mg/kg, p<0 05 by Newman-
Keuls tests

20-30 ml) The cannula was then left open and allowed to
drain for 30 min prior to three 1 hr gastric secretion collec-
tion periods The first hour was a preinjection baseline hour
At the end of the first hour rats were injected IP with either
vehicle (0.9% saline) or drug (FMHd or FMHm) and gastric
secretions were again collected At the end of the second
hour the vials were changed and a third hour of secretion was
collected. The first and last three hr collection periods 1n all
experniments were vehicle-only sessions (VEH1 and VEH2
respectively) Rats were allowed to recover for 96 hr before
recerving the next higher dose in the regimen. The volume
and pH of the secretions were recorded, and aliquots were
titrated to pH 7.0 with 0.01 N NaOH Acid output was ex-
pressed as mEq/100 g body weight/hr.

Analyses of the data were done on the basis of difference
scores. For all animals receiving either vehicle or drug, two
difference scores (HR1 and HR2) were determined HR1 was
the difference between the preimnjection hour and the hour
immediately following injection, and HR2, the difference be-
tween the first hr and the third hr. These data were then
analyzed by multivariate analysis of variance (MANOVA)
Significant MANOV AS were further analyzed by analysis of
variance (ANOVA) and Newman-Keuls tests where appro-
prniate The HR1 and HR2 scores for all three measures,
mEq/100 g/hr, total volume, and pH, were not significantly
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FIG 2 Dose related decreases of FMHd on total secretion volume
(@) as compared to VEHI controls (O) Each point represents the

mean=S E M of the combined difference scores as noted n the
Method section *p<0 05

different from one another Therefore, all HR1 and HR2
scores were combined

Restraint Ulcer

Male Sprague-Dawley rats (n=50) weighing 200=20 g
were deprived of food, but not water, for 24 hr. Two hr after
administration (IP) of vehicle (0 9% saline), rats were re-
stramned 1n a supme position 1 a quiet ventilated 4°+2°C
room for 3 hr [15]. After the restraint period, rats were killed
by decapitation and their stomachs were examined by an
observer unaware of experimental treatments. Gastric uicer
severity (cumulative length in mm) was recorded Blood
from the cervical wound was collected and analyzed for cor-
ticosterone levels by the method of Van der Vies [18] All
data were analyzed by ANOVA, followed by Newman-
Keuls tests

RESULTS

In rats with chronically implanted gastric cannula, there
was no evidence of blood 1n the gastric secretions, nor signs
of gastric damage at autopsy indicating that mucosal integ-
rity was maintained. We noticed no behavioral changes be-
tween vehicle-injected and FMHd or FMHm-injected rats

FMHd (Fig. 1), at doses of 50 and 100 mg/kg, significantly
decreased gastric acid secretion, F(2,49)=10 16, p<0.0002,
7n?=0 29 and F(2,46)=11 73, p<0.0001, =0 34 No signifi-
cant differences were found 1n gastric acid secretion between
the VEHI1 and VEH2 sessions associated with any dosage
level indicating a high degree of reliability over the duration
of all experiments (data not shown), and that the duration of
the FMHd effect on gastric acid output was shorter than the
96 hr range that separated all successive drug or vehicle
administrations

FMHd, at doses of 50 and 100 mg/kg of FMHd signifi-
cantly decreased total gastric secretion (Fig. 2) volume
compared to their respecive VEHI1 control groups,
F(2,49)=4 57, p<0015, *=0 15, F(2,46)=4 11, p<0.023,
1n2=0 15. No differences in pH were observed for any dose of
FMHd tested (data not shown) There was, however, a shight
rise in intraluminal pH at 100 mg/kg which was not statisti-
cally significant.

In an attempt to determine whether peripheral as opposed
to central HDC inhibition has a greater effect on gastric acid
levels we tested the abiity of FMHm, which 1s less able to
enter into the CNS than 1s FMHd, to affect gastric acid se-
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cretion. As shown 1n Table 1, FHMm sigmficantly reduced
gastric acid secretion relative to both VEH1 and VEH2 ses-
sions, F(2,24)=4.89, p<0.017, 7»*=0.28, and the vehicle
conditions were not different from one another FHMm sig-
nificantly reduced total gastric secretion volume relative to
VEHI1, F(2,24)=3.47, p<0.047, 7®=0.22, and there was a
significant rise n interluminal pH as compared to VEH2,
F(2,24)=5.27, p<0 013, n*=0.30

When rats were subjected to cold restraint stress, neither
50 nor 100 mg/kg FMHA affected the severity (cumulative
length in mm) of gastric ulceration. The vehicle-mjected con-
trol rats developed 33+4 mm of ulcer compared to the rats
treated with 50 and 100 mg/kg of FMHd that developed 27+3
and 336 mm of ulcer, respectively Similarly, FMHm at 50
mg/kg did not affect ulcer formation with vehicle-injected
control rats developing 34+3 mm of ulcer compared to 24+3
mm of ulcer in the FMHm group Neither FMHd nor FMHm
changed plasma corticosterone levels which were 52+2 ug/dl
1n restrained control rats

DISCUSSION

Previously, 1t has been shown that FMHd can effectively
mhibit HDC activity by up to 90% n in vitro preparations
[1,4] and 1n tissues from animals given a single injection of
FMHd (1,12] Daily administration or continuous infusion of
FMHd produced long-lasting declines of HDC activity n
rodents [9, 10, 17]. One consequence of the reduced activity
of HDC 1s a marked reduction in the histamine levels of
certam tissues (4,10] Given the importance of histamine mn
governing acid secretion and in the formation of duodenal
ulcers, decreasing the functional pool of histamine by inhibit-
ng 1ts formation could represent a therapeutic alternative to
the use of histamine receptor antagomists In this regard, 1t
may be significant that FMHd reduced the number of
duodenal ulcers 1n the rodent Mastomys nto which
histamine-rich gastric carcinoids had been implanted [9].

In this study we found that FMHd at the two highest
doses, and FMHm, reduced basal gastric acid secretion in
rats For both of these drugs, the decrease in gastric acid
secretion was evident within the first hour post-mjection and
continued into the second hour This suggests that newly
synthesized histamine 1s necessary for maintenance of basal
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levels of gastric secretion The FMHd-induced decrease in
acid secretion appears to have been due, 1n some measure, to
a decreased volume of gastric secretion and not due to a rise
in pH of the secretions

Previously, 1t was found that doses of FMHd up to 100
mg/kg had no effect on basal gastric acid secretion in the
48-hour food-deprived Shay rat preparation [1] differences
between our animal model and theirs may explamn the appar-
ent discrepancies between our results and those reported 1n
their study We found that FMHm, an HDC inhibitor that
reportedly does not easily cross the blood brain barrier, was
also able to reduce levels of basal gastric acid secretion
However, this decrease appears to have been due to both a
decrease in total secretion and a small rise in mtraluminal
pH. Thus the different actions of these two HDC inhibitors
on gastric secretions may be due to the greater ability of
FMHd, as compared to FMHm, to enter into the CNS

Neither HDC mhibitor was effective in attenuating cold
restraint stress-induced gastric ulceration or increases In
plasma corticosterone levels. At first, this may seem at odds
with the ability of FMHd and FMHm to decrease gastric acid
secretion However, 1t has been reported that gastric ulcer
formation resulting from cold restraint stress has been found
1 ammmals i which gastric acid levels were unchanged [5]
and that acute shock stress decreased acid secretion [14]
Therefore, the mability of FMHd or FMHm to protect
ammals agamst stress-induced gastric ulceration may indi-
cate that a greater degree of gastric acid reduction was
needed to effect such protection or that factors other than
acid secretion are mvolved in this pathological response to
stress.
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