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Anxiolytic effect of BPC-157, a gastric pentadecapeptide: shock
probe/burying test and light/dark test
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ABSTRACT

AIM: To siudy anxiolytic effect of a gastric pentade-
capeptide, BPC-157. METHODS: In shock probe/
burying test, pentadecapeptide BPC-157 (10 pg/kg, 10
ng/kg, ip), diazepem (0.075, 0.0375 mg/kg, ip),
and an equivolume of saline (5 mL/kg, ip) were given
at 30 min prior test. In light/dark test, the same dosage
of diazepam, BPC-157, and saline were given at 45 min
prior procedure. RESULTS: Shock probe/burying
test: rats treated with either diazepam or pentadecapeptide
BPC-157 were much less afiaid after the shock: almost
not burying and the total time spent in burying was cleatly
less than in controls. However, while in the diazepam
treated rats the number of shocks received increased over
control values, in pentadecapeptide BPC-157 treated
groups the number of shocks remained not modified com-
pared with the control values. Light/dark test; after ex-
posute to the intense light, diazepam treated mice had
longer latencies of crossing to the dark compartment, a
greater number of crossing and a greater number of ex-
ploratory rearing, and spent longer time in the light com-
partment, as compared to the control mice, while BPC-
157 mice had a similar behavior to that of the control
mice. In contrast with the effect in light area, in dark
zope diazepam produced mo change with respect to con-
trols, while BPC-157 (10 ug/kg) mice had a greater
number of crossing and a greater number of exploratory
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rearing. CONCLUSION: Both diazepam and BPC-157
displayed a bidirectional effect, but the activity of pen-
tadecapeptide BPC-157 was particular, and different from
diazepam.

INTRODUCTION

A pastric pentadecapeptide, GEPPPGKPADDA-
GLV, M, = 1419, coded BPC-157'-®), highly stable
in gastric juice™’, besides mucasal protective! ~1%,
wound healing™ - and anti-inflammatory effect"'*?,
and interaction with NO'), and somatosensory neurons
system!™®), may attenuate motoric disturbances induced
by neurotoxin 1-methyl-4-phenyl-1, 2, 3, 6-tetra-hydropy-
ridine (MPTP), a Parkinsongenic neurotoxin, affecting
nigrostriatal dopamine!'”’, or reserpine, a depletor of
dopaminergic intraneuron granules!', and dopamine re-
ceptors blockade, haloperidol, flufenazine, —sulpirid,
clozapine catalepsy and//or somatosensory disturbance!'® .
It also counteracts helpless behavior in rats subjected to
Porsolt’s forced swimming test and immobility in open
field chronically stressed rats'™ .

Interestingly, it also counteracts fully amphetamine-
induced disturbances in rats"'>’ . Besides blocking stereo-
typy development and reversing already established stereo-
typy, it counteracts amphetamine-fear reaction (ie, a
heightened startle response to acoustic stimulus). Given
alone, it shows no influence on gross behavior in normal
animals!'’> . Recently, given pentadecapeptide BPC-157
simultanecusly with diazepam, a lack of tolerance devel-
opment was demonstrated in tolerance studies, while
residual anticonvulsive activity was prolonged, and physi-
cal dependence/withdrawal hallmark postponed in di-
azepam + BPC-157 chronically treated mice'®.  There-
fore, considering the commonly known dopamine/GABA
implication®2), we investigated pentadecapeptide BPC-
157 activity in light/dark test, and shock probe/burying
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test, along with diazepam as standard agent, in two mod-
els commonly used to predict anxiolytic property'®~%),

MATERIALS AND METHODS

Animals Male Albino Wistar rats, 200 - 250 g
{shock probe/burying test), male NMRI mice weighing
22 - 24 g (light/dark test) , randomly assigned were used
in all of the experiments {approved by local commitiee)
kept in a temperature and humidity controlled room under
12 h light/dark cycle (light on at 7:00 AM), with free
access o food and water.

Shock probe/burying test The procedure was
carried out as described before!®~%).  Briefly, four
days before the experiment, to rats housed individually
testing was done between 10 and 19 h in a separate room
in an appropriate test box {40 cm x 30 cm x 40 c¢m).
The box floor was evenly covered with 5 cm of kitty lit-
ter. In the center of the front wall of the box, 2 cm
above the bending material, a test probe was located (6.5
cmx 6.5 cm x 0.5 cm) with two metal wires wrapped
around. Electric current was administered through the
wires (220 V). Habituation to the box was for 30 min
on each of four days before the test day without the probe
present, while on the fifth day rats were placed into the
box with the probe inserted and contionusly electrified at
2 mA. Touching the probe rats would get an electrical
shock producing intense fear and anxiety. [Each animal's
behavior was observed for 15 min. Number of burying
rats, time spent burying and number of shocks received
were assessed by a “blind” observer and evaluated %)
Medication was at 30 min prior rats were individually
placed into the test box: pentadecapeptide BPC-157 (10
pg/ke, 10 ng/kg, ip), diazepam (0.075, 0.0375 mg/
kg, ip), while controls received at the same time an e-
quivolume of saline (5 mL/kg, ip).

Light/dark test A described procedure was fol-
lowed'®~2)  The apparatus was an open-toppe box (45
em x 27 cm x 27 cm) divided into a small (2/5) area and
a large (3/5) area by a partition that extended 20 cm
above the walls. There was a 7.5 cm x 7.5 cmn opening
in the centre of the partition at floor level. The small
compartment was painted black and the large compartment
white. The floor of each compartment was marked into
9 ¢m squares. ‘The white compartment was illuminated
by a 60 W tungsten bulb (400 lux) 17 cm above the box
and the black compartment by a similarly placed 60 W (0
lux) red bulb. The laboratory was illuminated by red
light. All test were performed between 13:00 and 18:00

in a quiet darkened room. Mice were taken from a dark
holding room in a dark container to the dark testing room
and placed into the test box after a 1 h adaptation. Each
mouse was tested by placing it in the center of the white
area and allowing it to explore the novel environment for
10 min'®-%),  The number of exploratory rearings in
the light and dark sections, the number of line crossing in
the light and dark sections, the time spent in the light and
dark areas, and the latency of the intitial mevement from
the Tlight to the dark area was recorded. Its behavior was
recorded on videotape and the behavioral analysis was
performed subsequently from the recording. Medication
was at 45 min before experimental procedure intitiation:
pentadecapeptide BPC-157 (10 pg/kg, 10 ng/kg, ip),
diazepam (0.1 mg/kg, ip), while controls received at
the same time an equivolume of saline (5 mL/kg, ip).

Statistical analysis Fisher exact probability test
was used for data of presence/absence of burying and
number of received shock. P values of 0.05 or less
were be significant. Kruskal-Wallis ANOVA test and
Mann Whitney test was used (time spent burying, the
number of exploratory rearings in the light and dark sec-
tions, the number of line crossing in the light and dark
sections, the time spent in the light and dark areas, and
the latency of the intitial movement from the light to the
dark arez). P values of 0.008 or less were considered
to be statistically significant (Bonferroni correction) .

RESULTS

Defensive burying Control rats, similarly to da-
ta already described in the literamure!®~27, showed an in-
tense fear afier the first shock. Most of them exhibited
the so-called burying behavior {16/24 animals). Along
with the literature data, diazepam reversed this behavior
(0/24 for both regimens). Compared with them, rats
treated with pentadecapeptide BPC-157 were also much
less afraid after the shock and were almost not burying 2/
24 in mg regimen, or 4/24 in ng regimen). Of note,
since obtained with both regimens, using very low dosage
(previously shown to effectively oppose above mentioned
behavioral disturbancest™ ™', and especially diazepam
induced tolerance/ withdrawal)"® | a particular anxiolytic
effect may be suggested. Likewise, the total time spent
in burying was clearly less than in controls (Tab 1).
Besides, panic jumping and escaping seen in controls foi-
lowing the shock, were not present in pentadecapeptide
BPC-157 or diazepam rats.

Interestingly, in the diazepam treated rats the number




ISSN 02539756 Acta Phammacol Sin
E-mail aps @ mail. shene. ac, cn

b EEEEE 2001 Mar, 22 ()

Phn/Fax 86-21-6474-2629 - 227 -

Tab 1. Results of shock probe/burying test: number of shocks received, time spent in burying, and counteracting effect

of diazepem and pentadecapeptide BPC-157. °P values of 0

.008 or less vs control {saline).

Time spent in burying/s Shock per rat
Medicafion at 30 min before Nursber of rats fxs Numnber of rats receiving

shock/tarying procedure . . . 2 shocks more than

burying no burying per burying rat per Tat o less 2 shocks
Saline 5.0 mL (Control) 16 8 91+38 6l £ 24 0
BPC-157 10 pg/kg 2 2 104 1+3° 24 0
10 ng/kg 4 20 0+4 24 24 0
Diazepam 0.075 mg/kg 0 2 0 0 19 5
0.0375 mg/kg 0 24 0 0 19 5

of shocks received was increased over control values, Light/dark test Different effects of diazepam

along with literature™® -2 while in pentadecapeptide
BPC-157 treated groups the number of shock remained
not modified compared with the contro] values (Tab 1).

Thus, although with respect to a lack of burying af-
ter shock seen in either pentadecapeptide BPC-157 or di-
azepam rats, their activities seem to be essentially the
same, further analysis did not support this contention. A
further increase of the number of shock over control val-
ves was seen only in diazepam rats. On the other hand,
a lack of further increase was noted in pentadecapeptide
BPC-157 rats. Together, these indicate that in pentade-
capeptide BPC-157 and diazepam rats, an intense fear af-
ter the first shock was counteracted in a different way.
Obviously, since for a specific anxiolytic effect (ie, di-
azepam) a lack of burying was axiomatically coined with
an increased number of shocks received® %), such de-
parture noted in pentadecapeptide BPC-157 regimens
needs to be further clarified.

and pentadecapeptide BPC-157 in light zone and dark
zone emerged an interesting point.  After exposure to the
iniense light, diazepam treated mice had longer latencies
of crossing to the dark compartment, a greater number of
crossing and a greater number of exploratory rearing, and
spent longer time in the light compartment, as compared
to the control mice, while BPC 157 mice had a similar
behavior to that of the control mice. In contrast with the
effect in light area, in dark zone diazepam produced no
change with respect to controls while BPC-157 (10 pg)
mice had a greater number of crossing and a greater num-
ber of exploratory rearing {Tab 2).

Considering a bidirectional effect, already noticed
for diazepam like agents, je, measured by a decrease in a
specific activity in one paradigm (shock probe/burying) ,
and an increase in specific activity in the other paradigm
{ a light/dark test), and thereby not related to nonspecific
effects on general activity or arousal®~%)  the observed

Tab 2. Light/dark test. lhetﬁnespmtindmﬁghtarddarkmmdtheuplmmmymmmnwﬁghtanddark
sections, the number of line crossing in the light and dark sections. Different effects of diszepam and pentadecapeptide
BPC-157 in light zone and dork zone. <P values of 0.008 or less vs control (saline}.

. . of the . . Number of line i Number of explotatory
Mc.sdlcaumg?vcn im Time spent’s X+ 3 M “”cmsmng[ ings Mi xp,“”[
ip at 45 min from the light to ;
beore Bght/dack "y g arears o L o
procedure P in the light  inthe dark  in the light  in the dark  in the light in the dark
Saline 5.0 mL {Control) 151 +32 25731 M3+31 33/44.0/54  20/32.5/46 4/11.0/22 5/09.0/12
BPC-157 10 ug/kg 16128 241+33 359+33 38748.5/60 48/63.5/71 6/12.0/20 B/19.0/26
10 ng/'kg 138+ 48 258133 M2+33 32/39.0/51 23/48.0/61 6/10.0/16 5/10.0/M
Diazepam 0.1 mg/kg 252 £41° 319 M° 200 + 44° 50/66.5/T3° 22/98.5/37° 14/19.5/27° 547.5/11
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effects of diazepam in light area are along with reported
effect. However, an increased activity in dark depart-
ment (and pot in light area), seen in BPC-157 mice, had
been not previously reported in diazepam like agents stud-
iest®~%) Therefore, this bidirectional effect, noted in
BPC-157 (10 ug) rats is thereby interesting and its sig-
nificance for anxiety research remains to be further seen.

Thus, like the shock probe/burying test, study of
the light/dark test alse indicated some differences in po-
tential anxiolytic activity of pentadecapeptide BPC-157
and diazepam.

DISCUSSION

In general, an antianxiety effect of diazepam-like
agents should be a bidirectional one, measured by an in-
crease in specific activity in one paradigm (a light/dark
test), and a decrease in a specific activity in the other
paradigm ( shock probe/burying )#-%) . Consistently
with previous studies, and bidirectional effect as charac-
teristic for an antianxiety activity devoiced of nomspecific
effects on general activity or arousal®~%), diazepam
showed a bidirectional effect (increased presence on the
light; less burying, but increased number of shocks re-
ceived}.

Therefore, taking advantage from combining the
paradigms of a light/dark test, and a shock probe/bury-
ing test, the evidenced bidirectional effect of pentade-
capeptide BPC-157 is interesting for the research on ani-
mal anxiety, However, this bidirectional effect is differ-
ent, ie, decreased burying, along with the same number
of shock received (shock probe/burying); an increased
activity in a dark zone (light/dark test). Likely, it is
acting at least o some extent differently from diazepam.
This is indicative, and deserves further investigation.
Recently, in diazepam induced-tolerance/ withdrawal
studies’® , given pentadecapeptide BPC-157 simultane-
ously with diazepam, lack of tolerance development was
demonstrated in tolerance studies, while residual anticon-
vuisive activity was prolonged, and physical dependence/
withdrawal hallmark postponed in diazepam + BPC-157
chronically treated mice. Thus, pentadecapeptide BPC-
157 did neither agonize nor antagonize diazepam effect.
Rather, it opposes the negative consequences of diazepam
application,

Together, these should be coupled with the evi-
denced variable rather than consistent influence of many
agents’®2-®) in both shock probe/burying- and light/
dark-test with respect to their suggested anxiolytic and

nonanxiolytic properties. However, besides these com-
monly noted inconsistencies in these two models, they
were regularly used to predict anxiolytic property!Z®-%},
Finally, in support of a particular anxiolytic effect, the
potential effectiveness only in the very large doses is
claimed for nonanxiolytic agents’™™ . Unlike this, pen-
tadecapeptide BPC-157 was strongly effective in very low
dosage range (10 ng/kg - 10 pg/kg, ip). To show, 5-
HT; receptor antagonists are usually active within men-
tioned range'” . Therefore, the effect of pentadecapep-
tide BPC-157 should be still positively interpreted.

Thus, unlike diazepam influence in Light onty, pen-
tadecapeptide BPC-157 did not influence the behavior of
the mice in the light compartinent. However, a finding
of potential interest, particularly seen from the view point
of a bidirectional activity, pentadecapeptide BPC-157 did
increase the line crossing and exploratory rearings in dark
section, a finding previously not reported® >, Theo-
retically, the potency of diazepam to disinhibit in mice a
natural behavioral responding to the aversive situation
leading to an increase of the amount of time spent in the
light, may be potentially dangerous, Unlike this, pen-
tadecapeptide BPC 157 affects the same pammeters, bat
in dark condition. Thus, it seems that pentadecapeptide
BPC-157 effect better follows the natural mouse behaviour
in prefemed dark condition. Likewise, in a shock
probe/burying test, scen from this point of view, di-
azepam bidirectiona) activity with an increased number of
shocks received in diazepam rats may be hardly taken for
a useful anxiolytic activity as it had been suggested™™ .
Rather, it should be regarded as a disorientation effect.
Not anly in theory, a failure of natural capability further
to avoid more aversive stimnli (ie, resulting with an in-
creased number of the shock received in diazepam rats) a-
long with *anxiolytic” effect may be a hanmful disadvan-
tage. On the contrary, lack of a panic reaction to an
aversive stimulus, avoiding more aversive stimuli (ie,
not more shocks received), noted in pentadecapeptide
BPC-157 treated rats, may be a logical goal for an anxi-
olytic agent. Supportingly, similar effect was noted also
in barbiturate type anxiolytic'® .

Finally, the pentadecapeptide BPC-157 effect seen
in amphetamine-treated rats""5) correlates with the effect
noted in shock probe/burying procedure, Pentadecapep-
tide BPC-157 application both prevents and reverses am-
phetamine-violent twitching, panic jumping, and escap-
ing seen in controls following an acoustic stimulus. It also
blocks an increased effect of amphetamine, amphetamine




ISSN 0253-9756 Acta Phamacol Sin - P K B2 ¥4 2001 Mar; 22 (3)

E-mail aps @ mail . shene. ac. cn

Fm/Fax 86-21-6474-2629

© 229 -

climbing behavior, a delayed result of striatal dopamine
receptors  upregulation following dopamine antagonist
haloperidol application and dopamine receptors block-
adel’™. As mentioned, this fully comelates with no
burying and no panic jumping and escaping after shock in
pentadecapeptide BPC-157 rats subjected to shock probe/
burying procedure, otherwise seen in corresponding con-
trols. Furthenmore, this should be seen together with
suggested particular pentadecapeptide BPC-157/dopamine
system interaction'® 3~ 1%1?) | GABA-ergic transmission
longly implicated in the regulation of dopamine mediated
events within extrapyramidal system and behaviors depen-
dent on striatal functions ( catalepsy, stereotypes) ?'2),
and the effect of pentadecapeptidc BPC-157 on GABA-
system disturbances, such as diazepam induced tolerance/
withdrawal'™®) . Thus, despite mentioned limitations
conceming the used two commeonly known models to pre-
dict anxiolytic activity, since effective in a very low dose
range, and not in large dosage like ponanxiolytic a-
gents'®), the reported distinction between pentadecapep-
tide BPC-157/diazepam treatment may be a basis for fur-
ther studies to fully define possible gastric pentadecapep-
tide BPC-157 anxiolytic effect.
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