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TRULLAS, R., H. GINTER AND P. SKOLNICK. A benzodiazepine receptor inverse agonist inhibits stress-induced
ulcer formation. PHARMACOL BIOCHEM BEHAV 27(1) 35-39, 1987.—The effects of a benzodiazepine receptor
inverse agonist (FG 7142) on gastric ulcer formation were studied in restrained rats. FG 7142 (10-50 mg/kg) reduced in a
dose-dependent fashion both the number and cumulative length of gastric ulcers elicited by restraint for 2 hr at 4°C, but did
not affect ulcer formation in unrestrained animals maintained in this environment. FG 7142 also reduced gastric ulcer
formation in restrained rats maintained at 22°C for 5 hr. The ability of FG 7142 to reduce restraint-stress induced gastric
ulcer formation was blocked by the benzodiazepine receptor antagonist ZK 93426 and the B-adrenoceptor antagonist
propranolol. These findings suggest that FG 7142 produces a benzodiazepine-receptor mediated reduction in gastric ulcer

0091-3057/87 $3.00 + .00

formation, which may result from its ability to increase activity of the sympathetic nervous system,

FG 7142 ZK 93426 Restraint Stress

Gastric pathology

Benzodiazepine receptors Propranolol

BENZODIAZEPINE receptor ‘‘inverse agonists’’ (such as
N-methyl-B-carboline-3-carboxamide [FG 7142] and
3-carboethoxy-B-carboline [B-CCE]) produce somatic,
endocrine, and behavioral effects that are reminiscent of
stress or anxiety [4, §, 9, 17, 23]. Thus, administration of
these or structurally related S-carbolines increases heart
rate, blood pressure and circulating levels of stress-asso-
ciated hormones. These somatic and endocrine effects are
accompanied by behavioral manifestations ranging from
a ‘‘proconflict”’ action in rodents [3] to feelings of inner ten-
sion and impending doom in normal volunteers [S]. More
recent studies have demonstrated that benzodiazepine re-
ceptor inverse agonists can also produce a ‘‘learned
helplessness’” syndrome [6] and suppress certain aspects of
immune function in rodents [1], which is reminiscent of the
sequelae of inescapable shock [21]. These findings suggest
that benzodiazepine receptor inverse agonists can mimic
many of the effects produced by psychosocial or environ-
mental stressors.

Forced immobilization (restraint) has been extensively
used to study the neuroendocrine, neurochemical and cellu-
lar changes associated with stress [10, 11, 20, 25, 27]. In the
present study, we have examined the effects of FG 7142 on
gastric ulcer formation in restrained and unrestrained rats to
determine whether pharmacologically-induced ‘‘stress’’ or
“‘anxiety’’ (produced by occupation of benzodiazepine re-
ceptors in the central nervous system) would mimic or aug-
ment environmentally produced changes in gastric pathol-
ogy.

We now report that FG 7142 reduced both the number
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and cumulative length of ulcers in restrained rats in a dose-
dependent fashion, but did not produce or augment ulcer
formation in unrestrained animals. The effect of FG 7142 in
restrained rats was blocked by pretreatment with the ben-
zodiazepine receptor antagonist ZK 93426 (5-isopropyl-
oxy-4-methyl-3-carbomethoxy-B-carboline) [18], which sug-
gests that this effect is mediated by occupation of ben-
zodiazepine receptors in the central nervous system.
Moreover, propranolol antagonized the protective effects of
FG 7142 against ulcer formation which suggests that FG 7142
reduces restraint-stress induced ulcer formation through an
increase in sympathetic tone.

METHOD

Male, Sprague Dawley rats (Charles River, Stoneridge,
NY) (~200 g) were used in these experiments. Animals were
housed (12/cage) in 56xX42X25.4 cm metal cages in a 12 hour
light cycle (lights on 0700) with food (Purina rat chow) and
water freely available. Sixteen to twenty hours before re-
straint, the animals were transferred to another cage and
food deprived, but permitted free access to water. Rats were
restrained in a 4°C environment using modifications of pre-
viously described methods [10, 20, 25]. In brief, rats were
restrained on 23x14 cm wooden boards fitted with metal
loops to prevent head movement. Both fore- and hindlimbs
were taped to metal projections which protruded 2.5 cm
above the boards, and the rats transferred to a 4°C environ-
ment. In some experiments, animals were restrained at 22°C for
5 hr. FG 7142 and chlordiazepoxide were injected immediately
prior to restraint, while ZK 93426, propranolol, and vehicle
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FIG. 1 Restraint-stress induced gastric ulcer formation: relationship to time of
restraint. Animals were restrained at 4°C as described in the Method section for
the intervals indicated. Both the number of ulcers (A) and cumulative length (B)
were evaluated. Values represent mean+SEM of 6-10 rats. A statistically signifi-
cant increase (p<0.001) in both the number and cumulative length was indicated
by Kruskal-Wallis one way ANOVA.
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FIG. 2 Inhibition of stress-induced ulcer formation by FG 7142: Animals were
administered FG 7142 (10-50 mg/kg) immediately prior to restraint. Following a 2
hr restraint (4°C), the number (A) and cumulative ulcer length (B) were evaluated
as described in the Method section. Values represent mean+SEM of 10-15
animals per group. A statistically significant dose-dependent reduction in both the
number (p<0.001) and length (p<0.005) of ulcers was observed (Kruskal-Wallis
one way ANOVA). For comparison, a dose of 10 mg/kg chlordiazepoxide signifi-
cantly reduced ulcer number to 5.11% 1.5 mm (p<0.05, Mann-Whitney U test) ina
group of 10 rats. Chlordiazepoxide reduced also the cumulative length of ulcers to
8.94+3.1 mm, although this reduction did not reach statistical significance
(p>0.1). FG 7142 (25 mg/kg) did not produce ulcers in unrestrained rats placed in
a 4°C environment for 2 hr (data not shown).

were injected 10 min prior to restraint. All drugs were ad-
ministered intraperitoneally in a volume of 1 ml/kg.
Animals were sacrificed by decapitation immediately
after removal from the restraining apparatus. The stomachs
were removed and clamped with a hemostat just above the
cardiac sphincter, and then filled with saline by inserting a
needle through the pylorus. The inflated stomachs were
placed in a 10% formalin bath for 45-60 seconds, and then
opened along the greater curvature. The stomachs were then
stretched and pinned on a styrofoam board, and the presence
and length of ulcers determined with an Olympus CH micro-
scope at a 40x magnification. The ulcers were counted and

the length measured along the greater axis using a calibrated
eyepiece.

Statistical analyses were performed using the Kruskal-
Wallis one way Analysis of Variance (ANOVA) and
Mann-Whitney U tests for comparisons between groups.

FG 7142 was purchased from Research Biochemicals
Inc., Wayland, MA. Propranolol HCI was purchased from
Sigma Chemical Co., St. Louis, MO. ZK 93426 was donated
by Schering AG Berlin, and chlordiazepoxide HCI by Hoff-
mann-LaRoche, Nutley, NJ. Drugs were dissolved or sus-
pended in 10% diluted emulphor-%0% phosphate buffered
saline [23].
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FIG. 3 Reduction in restraint-stress induced ulcers by FG 7142: reversal by ZK 93426
and propranolol. Animals were injected with either propranociol HCI (2 mg/kg) or ZK
93426 (10 mg/kg and 15 mg/kg), and ten minutes later were administered FG 7142 (25
mg/kg). The rats were then restrained for 2 hr at 4°C as described in the Method section
and the number and length of ulcers evaluated. Values represent mean+SEM of 8-10
animals per group. Symbols: *=Significantly different from control group, p<0.005,

Mann-Whitney U test.

RESULTS

Head and limb immobilization in a 4°C environment
produced a time dependent increase in both the number
(Chi-square=13.17 p<0.001) and cumulative length (Chi-
square=14.8, p<0.001) of ulcers (Fig. 1). In contrast, no
ulcers were observed in unrestrained animals maintained at
this temperature (Fig. 1, legend). The effects of benzo-
diazepine receptor ligands on ulcer formation were studied
after a two hour restraint period, since this interval produced
robust increases in both the number and average length of
ulcers, and readily permitted the detection of both increases
and decreases in ulcer formation.

FG 7142 reduced in a dose-dependent fashion (10-50
mg/kg) both the number (Chi-square=14.9, p<0.001) and
cumulative length (Chi-square=12.5, p<0.005) of ulcers in-
duced by two hours of restraint at 4°C. The lowest dose of
FG 7142 reduced the number of ulcers by ~58% (p<0.005)
and their cumulative length by ~48% (p<0.05), respectively.
At the highest dose employed (50 mg/kg) FG 7142 reduced
the number and length of ulcers by ~85% (p<0.01) and
~94% (p<0.01), respectively (Fig. 2). By comparison,
chlordiazepoxide HCI (10 mg/kg) reduced the number of ul-
cers formed by ~51% (p<0.01). The cumulative length of
ulcers was also reduced (~33%) by chlordiazepoxide, but
this effect did not reach statistical significance (p<0.1) (Fig.
3, legend).

The benzodiazepine receptor antagonist ZK 93426 [18]
(10 and 15 mg/kg) blocked both the reduction in number and
length of ulcers observed with FG 7142 (25 mg/kg), but did
not significantly affect either ulcer number or cumulative
length when administered alone to restrained rats (Fig. 3).
The B-adrenoceptor antagonist propranolol (2 mg/kg) also
blocked the effects of FG 7142 (25 mg/kg) at a dose which
had been reported not to affect ulcer formation in restrained
rats [7].

The effects of FG 7142 were also examined following a §
hr ambient temperature restraint. This condition produced a
number and cumulative length of ulcers comparable to that
obtained in the shortest period (0.5 hr) of restraint in a 4°C
environment (Table 1). Under these conditions, FG 7142 (50

TABLE 1

THE EFFECTS OF BENZODIAZEPINE RECEPTOR LIGANDS ON
RESTRAINT-STRESS INDUCED ULCER FORMATION

Number of
Treatment Ulcers Length (mm)
Vehicle 2.69 = 0.8 34+ 1.1
Chlordiazepoxide (10) 0.88 = 0.3* 0.8 + 0.3
FG 7142 (50) o* 0*

Animals were injected with chlordiazepoxide HCl, FG 7142, or
vehicle 10 min prior to restraint. Animals were restrained as de-
scribed in the Method section for 5 hr at 22°C. The doses of drug
(mg/kg) used are in parentheses. Each group consisted of 8-12
animals. *=Significantly different from vehicle group, p<0.05,
Mann-Whitney U test.

mg/kg) completely abolished the formation of ulcers, while
chlordiazepoxide (10 mg/kg) reduced the number and length
of ulcers by ~67% (p<0.05) and ~86% (p<0.05), respec-
tively (Table 1).

DISCUSSION

Benzodiazepine receptor ‘‘inverse agonists’’ mimic some
of the somatic, endocrine, behavioral and cellular changes
produced by either environmental or psychosocial stressors
[1, 3-6, 17, 23]. The present studies were designed to deter-
mine whether the benzodiazepine receptor inverse agonist
FG 7142 could mimic the effect of restraint stress to promote
the formation of gastric ulcers. In preliminary experiments,
it was observed that FG 7142 (25 mg/kg) did not produce
ulcers in unrestrained rats exposed to a 4°C environment for
2 hr (Fig. 2, legend). Furthermore, rather than acting syner-
gistically with restraint to promote ulcer formation, FG 7142
inhibited the development of gastric ulcers in a dose-
dependent fashion (Fig. 2), and in this respect resembles
moderate doses of benzodiazepine receptor agonists such as
chlordiazepoxide (Table 1, Fig. 3 legend, and [8, 12, 13]).
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However, File and Pearce [8) and Ushijima et al. [28] have
shown that lower doses (within the anxiolytic dose range) of
chlordiazepoxide, diazepam, and clonazepam exacerbate
stress-induced ulcer formation. The reduction in ulcers by
FG 7142 was also observed in rats restrained at ambient
temperature (Table 1), suggesting that this effect is not spe-
cific to a particular set of restraint conditions.

The ability of ZK 93426 to block the effects of FG 7142 on
ulcer formation suggests this action of FG 7142 is initiated at
benzodiazepine receptors in the central nervous system
(CNS), since ZK 93426, like the benzodiazepine receptor
antagonist RO15-1788 {16], binds to benzodiazepine recep-
tors with high affinity [18,24] and blocks the pharmacologic
effects of both benzodiazepines and benzodiazepine receptor
inverse agonists. The lack of effect of ZK 93426 on ulcer
formation when administered alone is consistent with the
lack of ‘‘intrinsic’’ actions of this compound [2] at the doses
employed in this study [18].

The observation that propranolol blocks the effects of FG
7142 on stress-induced ulcer formation (Fig. 3) at a dose
which does not exacerbate ulcer formation [7] may help ex-
plain the apparently anomalous action of FG 7142 to reduce
stress-induced ulcer formation. Several studies [7, 14, 19, 26]
suggest that the sympathetic nervous system may be an im-
portant modulator of stress-induced ulcer formation (cf. [15]
for review). For example, parenteral administration of
B-adrenoceptor agonists such as isoproterenol and sal-
butamol antagonize stress-induced ulcer formation [7], ef-
fects that are reversed by B-adrenoceptor blockers such as
propranolol [7]. Furthermore, sympathectomy induces gas-
tric lesions and aggravates stress-induced ulcer formation
[14, 15, 19]. While the effects of propranolol could be attrib-
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uted to its membrane stabilizing properties, the doses re-
quired to produce this effect far exceed those necessary for
B-adrenoceptor blockade [22], and would not be achieved
after the dose (2 mg/kg) used in the present study. Since
benzodiazepine receptor inverse agonists like FG 7142 in-
crease sympathetic tone [4, 5, 17, 23], this benzodiaze-
pine-receptor mediated activation of the sympathetic
nervous system could be responsible for the blockade of
stress-induced ulcers. Conversely, the increases in stress-
induced ulcer formation observed after low doses of ben-
zodiazepines [8,28] may be attributable to the ability of these
compounds to reduce the increased sympathetic tone asso-
ciated with stress or anxiety [4]. This hypothesis is currently
under investigation. These observations do not rule out the
possibility that FG 7142 blocks stress-induced ulcer forma-
tion through (e.g.) an effect on hormones such as glucocor-
ticoids which can also influence ulcer formation [14], or that
this effect is mediated through activation (via occupation of
benzodiazepine receptors) of other C.N.S. pathways. How-
ever, the findings that parenterally administered iso-
proterenol attenuates, and sympathectomy exacerbates,
ulcer formation [15] support the concept of a centrally (i.e.,
benzodiazepine receptor) mediated activation of peripheral
catecholamine pathways to attenuate ulcer formation.
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