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volved in the development of the stress reaction in
the animals with stable cardiovascular functions.
The altered electrolyte levels detected in this
study in certain brain nuclei appear to be a re-
flection of profound metabolic changes in the cel-
lular brain structures responsible for mediating the
stress-producing stimulus. The measurements of K*
and Na* concentrations performed in individual
brain nuclei support the notion that characteristics
of synaptic transmission are the major determinants
of the cardiovascular system’s resistance to stress.
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The antibiotic benzylpenicillin was found to produce dose-dependent antiulcerogenic
effects in rats when administered immediately before their exposure to acute stress
(swimming for 1 h) that led to gastric mucosal ulceration. Such effects were not ob-
served in rats given benzylpenicillin 48 h before stress exposure. The results of this
study suggest that in acutely stressed animals benzylpenicilin may activate as yet
unidentified mechanisms which afford protection to the gastric mucosa and which are
not associated with the longer-lasting antimicrobial effects of this antibiotic.
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Stress-induced gastric mucosal lesions have custom-
arily been considered to result from an imbalance
between protective and aggressive factors and to in-
volve directly a number of neurohumoral mecha-
nisms [7,9]. The properties of various pharmacologi-
cal agents that influence neurohumoral processes and
ulcerogenesis are therefore under intensive study
[4,6]. Some benefit in the treatment of gastric ul-
cer is afforded by certain antibiotics, including
benzylpenicillin (BP), which is usually attributed to
their antimicrobial properties - their action on mi-
croorganisms which have recently been incriminated
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as possible culprits in the pathogenesis of gastric
mucosal lesions [15]. There is also evidence that BP
possesses neurotropic properties [1,3,5,8,13]. This
calls for studies to find out whether BP and its
analogs can exert antiulcerogenic effects via central
and/or peripheral mechanisms.

MATERIALS AND METHODS

A total of 240 random-bred white rats of both
sexes weighing 150-200 g were used. Before the
experiments they had been fasted for 48 h but
given free access to water. Immediately (1 min) or
48 h before exposure to acute stress, test rats were
injected intraperitoneally with 0.2 ml of BP so-
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dium in 0.5% Novocain solution, while control rats
received the same volume of 0.5% Novocain by the
same route. The BP dose of 10,000 U/kg - a dose
level close to the daily therapeutic dosage of this
drug for humans - was taken as the single stan-
dard dose (SSD), and doses equaling 1, 5, 10, and
20 SSD were used. Acute stress was produced in
all animals by forcing them to swim in a pool for
1 h at 20°C. Thereafter they were killed with
ether, their stomachs were extracted, dissected along
the lesser curvature, washed with water, and
‘stretched out on a support, and the state of the
gastric mucosas was evaluated under a binocular
magnifying glass. The following indicators of mu-
cosal injury were recorded for each stomach: the
total area of punctate ulcerous lesions (in mm?, the
area of each lesion being taken as equal to 1
min?), the total area of local ulcers (in mm?), and,
in the case of linear ulcers, the ulcer length (in
mm), taking the ulcer width to be equal to 1 mm.
For the overall evaluation of gastric mucosal le-
sions, an ulcer index was used, defined as the sum
of the areas (in mm?) of punctate and local ul-
cers per stomach. The average ulcer index was then
calculated for each group of rats. The results were
treated statistically by the nonparametric Wilcoxon-
Mann-Whitney test [2].

RESULTS

Gastric mucosal lesions in the groups of rats in-
jected with BP intraperitoneally immediately before
exposure to stress were found to be much less
pronounced than those in the control groups, the
antiulcerogenic effect of BP being clearly dose-de-
pendent (Table 1 and Fig. 1). Differences between
the test and control groups in values of the ulcer
index are significant and indicate that BP rapidly
afforded protection against gastric mucosal damage
in acutely stressed rats. When injected 48 h be-
fore exposure to stress, however, BP failed to ex-
hibit antiulcerogenic activity (Fig. 2).

Following parenteral administration, the blood
concentration of BP reaches its peak by minutes 20-
30, is maintained at a constant level for 3-4 h, and
then declines rapidly [4]. In our experiments, there-
fore, the antiulcerogenic action of BP lasted for not
more than 40 min, during which time the drug was
distributed to various organs and tissues. It should
be noted that there is a time interval during which
two oppositely directed events - an increase in the
antimicrobial activity of administered BP and a de-
crease in its short-term antistress activity - are un-
likely to overlap. The antiulcerogenic effect of BP
we observed indicates that, in addition to its well-
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Fig. 1. Effect of BP in different doses injected immediately
before stress on the ulcer index. One, two, and three asterisks:
significant difference from control rats at p<0.01, p<0.005, and
p<0.0001, respectively.

known antibiotic properties, this drug also possesses
the property of rapidly activating protective mecha-
nisms in stress-induced ulcerogenesis. The time
course of this activation suggests that BP probably
has neuroregulatory (central or peripheral) antiulce-
rogenic effects. As a matter of fact, BP is reported
to be able to alter the level of gastric secretion [5]
and to influence central and peripheral neural
mechanisms [3,8]. Of interest in this connection is
the evidence implicating gamma-aminobutyric acid
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Fig. 2. Effect of BP on the ulcer index in a dose equal to
10 SSD injected 48 h (a) and 1 min (b) before stress. One,
two, and three asterisks indicate statistical differences at
p>0.05, p<0.05, and p<0.0001, respectively.
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TABLE 1. Effect of BP on Gastric Mucosal Lesions in Rats Acutely Stressed by Swimming (M=m)
Time of BP injection and No. of
No. of rats injected SSD Ulcer index
Series 48 h before 1 min before D
stress stress
test | control test control test control test control
group group group group group group group group
1 30 | 30 ~ - | 1 . 112 19+3 | <0.005
2 45 45 - - 5 5 71 15=4 | <0.0001
3 20 N v 10 : 123 20=4 <0.05
} | 20 -
20 10 - * * 25=4 20=4 >0.05
4 15 15 = = 20 = H=D 21=4 <0.01

Note. One asterisk: rats given Novocain solution without BP; two asterisks: a significant difference between the two test groups

at p<0.0001.

(GABA) in the pathogenesis of stress-produced gas-
tric and duodenal mucosal lesions when central and
peripheral GABA-ergic mechanisms are activated
[10-12,14]. In particular, BP is known to be a spe-
cific blocker of GABA-ergic transmission [1,13],
which plays a key role in stress. One cannot, how-
ever, rule out the possibility that the antiulcerogenic
action of BP involves some other mechanisms. It
should be emphasized that in our study the
antiulcerogenic activity of BP was short-lived and
disappeared within 48 h postinjection (Fig. 2).

In acute stress BP may .be presumed to acti-
vate some rapid protective antiulcerogenic mecha-
nisms not associated with its direct antibiotic ef-
fects and, possibly, some central or peripheral neu-
ral mechanisms.
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