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(1) 173–178, 1999.—TFF peptides (for-
merly named P-domain peptides or trefoil factors) are also released from the brain as well as being secreted typically by mu-
cin producing cells. The amygdala, besides the hypothalamus, represents a defined neuronal locality of TFF3 synthesis. In a
passive avoidance test synthetic TFF3/monomer or 0.9% sodium chloride (control) was injected bilaterally into the basolat-
eral nucleus of the amygdala of male rats either immediately (consolidation test) or 23 h after a footshock (retrieval test). Ap-
plication of a low TFF3 dose (2 

 

3

 

 6 pg) decreased avoidance latency in a time dependent manner. In contrast, a high dose
(2 

 

3

 

 60 pg) increased avoidance latency. Maximal effects of TFF3 were observed about 24 h after the injection. This bidirec-
tional effect was also observed using the elevated plus-maze test. The locomotor activity on the open arms was significantly
increased 24 h after a low dose injection of TFF3 into the amygdala. In contrast, a high-dose injection significantly decreased
the activity on the open arms. The results of both tests can be explained by an anxiolytic effect at a low dose and an anxio-
genic effect at a high dose of synthetic TFF3/monomer. © 1998 Elsevier Science Inc.

TFF domain Fear Amygdala Hypothalamus Anxiolytic Anxiogenic Locomotor activity

 

Passive avoidance response Elevated plus-maze

 

TFF peptides [formerly called P-domain peptides or trefoil
factors; (11,36)] are major secretory products of mucin pro-
ducing cells and are synthesized in the brain as well. Three
TFF peptides have been characterized in a number of mam-
mals including human: TFF1 (formerly pS2), TFF2 (formerly
hSP), and TFF3 (formerly hP1.B/hITF). TFF1 is expressed
neurally in the hippocampus, the cortex, and the cerebellum
of the rat (13), as well as in cultured mouse astrocytes (14)
where regulation of expression by various cytokines has been
reported (12). In contrast, neural expression of TFF3 has been
observed in the hypothalamus (i.e., magnocellular neurons of
the supraoptic and paraventricular nuclei) and also the
amygdala (28). No data are published concerning a neural ex-
pression of TFF2.

The physiological functions of TFF peptides seem to be
multiple. They obviously act as motogens influencing cell mi-
gratory processes in the gastrointestinal mucosa (10,27) prob-
ably via receptors (33). They also interact with mucins, and
appear as constituents of viscoelastic mucous gels. The role of
TFF peptides in the central nervous system (CNS) has not yet
been clarified. They could represent factors influencing the
developement of the CNS (13). TFF peptides could also affect
behavior similar to the action of oxytocin (3,16). However,
transgenic knock out mice where TFF1 or TFF3 have been
deleted display no obvious neural abnormalities (19,21). The
first direct studies addressing the question on behavioral effects
of synthetic TFF3 in rats are presented here. Bilateral applica-
tion of TFF3 into the amygdala has been chosen for system-
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atic studies because the amygdala is a defined source for this
peptide (28). This brain region is known to be involved in
emotional learning and fear (7,18,22,31) and is susceptible to
peptidergic stimulation (15,20,29). The use of a classical pas-
sive avoidance test as well as the elevated plus-maze allow
statements concerning possible effects of TFF3 on processes
involving learning, memory, and anxiety (4,5,9,16, 30,35).

 

METHOD

 

Adult male Wistar rats (Harlan GmbH, Borchen, Germany)
were kept under a 12 L/12 D schedule (lights on at 0600 h) with
free access to standard pelleted food (Altromin GmbH, Lage,
Germany) and tap water. The following experimental proto-
col was approved by an Institutional Review Committee for
the use of animal subjects.

The animals were anesthesized with 50 mg/kg sodium pen-
tobarbital (Sigma-Aldrich GmbH, Deisenhofen, Germany)
and then placed in a stereotactic instrument. A pair of stain-
less steel guide cannulae of 1.0 mm o.d. and 13 mm length
were introduced through small burr holes on the skull and
were placed 1.0 mm above the basolateral amygdala of the
left and right hemispheres. All coordinates were provided by
the atlas of Paxinos and Watson (25). The cannulae were fixed
chronically to the skull with dental cement (Harvard GmbH,
Berlin, Germany) and acrylate (Spezialchemie, Leipzig, Ger-
many). Cannulae were implanted in a total of 312 rats. The
animals were sacrificed at the end of each experiment to ver-
ify the position of the injection; only results with the cannulae
in the correct position entered the statistical evaluation. The
rats were killed by an overdose of pentobarbital. Their brains
were fixed in 10% formaldehyde for at least 1 week, and the
placement of the cannulae was visualized on 30-

 

m

 

m frozen
sections after injection of methylene blue into the cannulae.
Experiments were started 7 days after operation. During the
recovery period, the animals were handled each day to de-
crease stress during the experiment.

Synthetic TFF3 based on the deduced rat sequence (28) was
synthesized on a MilliGen9050 peptide synthesizer similarly as
described (17,24). Cys-57 was blocked by an acetamidomethyl
group to avoid dimerisation via this residue. TFF3 was purified
by reverse-phase HPLC on a C2/C18 column and the sequence
confirmed by electrospray mass spectrometry. Oxidation of the
six deblocked cysteine residues was for 48 h, and the monomer
was purified by gel filtration followed by HPLC.

TFF3/monomer was diluted in 0.9% NaCl and injected bi-
laterally into the basolateral nucleus of the amygdala by pro-
trusion of the injection needle (0.45 mm o.d.) 1.0 mm beyond
the tip of the guide cannula. A dose of 0.5 microliters was in-
jected in each hemisphere. The infusion rate was 0.5 

 

m

 

l/30 s. Con-
trol rats were given equal volumes of 0.9% saline solution.

All behavioral measurements were made between 0900
and 1200 h. The passive avoidance behavior was studied by
using a one-trial learning paradigm in a step-through situation
as described (1,2). The experimental arrangement consisted
of an illuminated runway attached to the front center of a
dark chamber with a grid floor. The rats were placed on the
platform and allowed to enter the dark compartment. Be-
cause rats prefer dark to light, they normally entered within
10 s (exploration trial). After an additional trial on the follow-
ing day (preshock trial), a single 3-s unavoidable foot shock
(current 2 mA, pulse duration 2 ms, interval 10 ms) was deliv-
ered through the grid floor immediately after rats entered the

dark compartment. The animals were treated with TFF3 or
0.9% NaCl (controls) either immediately (consolidation test)
or 23 h after the foot shock (retrieval test). The rentention of
the passive avoidance behavior was tested for each rat 24, 48,
and 72 h after the foot shock (retention trials 1–3) by placing
the rats on the runway and measuring the latency necessary to
enter the dark chamber. Cutoff time was 180 s.

Motor coordination of the rats was tested 15 min after in-
jection of TFF3. This was done on a platform of glass (78 cm

 

2

 

)
by measuring the time spent on the smooth surface up to the
cutoff time of 20 s.

The elevated plus-maze [(26); purchased from TSE, Bad
Homburg, Germany] consisted of two “closed” (25 cm high
walls) and two “open” arms (40 

 

3

 

 15 cm each) interconnected
by a 15-cm square central area. The maze was elevated 70 cm
above the floor. Light conditions were similar (30 lx) in the
open and closed arms. Separate series of rats, naive to the ap-
paratus, were placed onto the square central area facing a
closed arm 1 or 24 h after the bilateral injection into the
amygdala and allowed to explore the maze for 3 min. The ani-
mals showed their main locomotor activity within these 3 min.
The following parameters were scored with the help of an au-
tomatic video tracking system: (a) the time spent in the differ-
ent compartments of the maze, (b) the number of entries into
the different compartments, and (c) the distance walked
within the different compartments (measuring exactly the lo-
comotor activity).

Analgesic effects were measured in separate series 15 and
60 min after injection of TFF3 (two series with doses of 2 

 

3

 

 6
or 2 

 

3

 

 60 pg) by means of a tail-flick analgesiometer (6).
Briefly, a focused light beam is directed to the tail of the rat.
The rat stops light and measurement of time by a short
sudden movement of the tail, if pain is perceptible. Control
rats treated with 0.9% NaCl switched off the light between 7
and 10 s.

Statistical significance was evaluated by using Levene’s
test for equality of variances and the two-tailed 

 

t

 

-test (SPSS
software 7.5, SPSS Inc. 1996). Differences between the TFF3-
injected animals and their respective controls were considered
significant if 

 

p

 

 

 

,

 

 0.05.

 

RESULTS

 

Passive Avoidance Tests

 

Passive avoidance behavior was tested after low-dose (2 

 

3

 

6 pg; Fig. 1) or high-dose injections (2 

 

3

 

 60 pg; Fig. 2) of TFF3
into the amygdala.

 

Retrieval tests.  

 

The injection of TFF3 took place about 23 h
after the initial foot shock, a point at which memory consoli-
dation is not affected. Neither of the two doses significantly
affected the retention trial 1 compared with the control ani-
mals treated with 0.9% NaCl. Injection of a low TFF3 dose re-
duced the avoidance latency significantly only in retention tri-
als 2 and 3 (Fig. 1A). In contrast, injection of a high TFF3
dose increased the latency significantly in retention trial 2
(Fig. 2A).

 

Consolidation tests. 

 

Passive avoidance latency was also
tested after an injection scheme typical of a consolidation test,
as shown in Figs. 1B and 2B. Both TFF3 doses were injected
immediately after the foot shock when memory consolidation
takes place. Injection of the lower dose decreased the avoid-
ance latency significantly in all retention trials (Fig. 1B),
whereas an increase of the avoidance latencies was observed
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FIG. 1. Passive avoidance latencies after bilateral injection of 2 3 6 pg TFF3 into the rat amygdala (hatched). The results from a typical
retrieval test (A) or a consolidation test (B) are shown. As a control, 0.9% NaCl was injected (dotted). The number of animals tested in each
group is given above the bars. Mean values 6 SE; stars indicate statistically significant p-values: A/trial 2: p , 0.042 (t 5 2.144), A/trial 3: p ,
0.01 (t 5 2.944), B/trial 1: p , 0.002 (t 5 3.476), B/trial 2: p , 0.012 (t 5 2.700), B/trial 3: p , 0.001 (t 5 3.828).

FIG. 2. Passive avoidance latencies after bilateral injection of 2 3 60 pg TFF3 into the rat amygdala (hatched). The results from a typical
retrieval test (A) or a consolidation test (B) are shown. As a control, 0.9% NaCl was injected (dotted). The number of animals tested in each
group is given above the bars. Mean values 6 SE; stars indicate statistically significant p-values: A/trial 2: p , 0.048 (t 5 22.068), B/trial 1: p ,
0.036 (t 5 22.231), B/trial 3: p , 0.038 (t 5 22.257).
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in most retention trials after injection of the higher dose
(Fig. 2B).

 

Elevated Plus-Maze Tests

 

The following significant behavioral effects were observed
after low-dose (2 

 

3

 

 6 pg; Fig. 3) or high-dose injections (2 

 

3

 

60 pg; Fig. 4) of TFF3. The number of open-arm entries was
not affected at both doses (data not illustrated).

Animals injected with a low dose of TFF3 showed a de-
creased total locomotor activity 1 h after injection when com-
pared with control animals (Fig. 3A). However, no effect was
observed concerning the activity or the time on the open
arms. TFF3 at this time point apparently did not trigger mech-
anisms of fear (Fig. 3A). In contrast, the activity on open arms
significantly increased 24 h after injection, but not the total
activity (Fig. 3B). The time on open arms showed a tendency
towards an increase at this time point.

Animals injected with a high dose of TFF3 could easily be
distinguished by their different behavior when compared to
the controls even 1 h after injection (Fig. 4A). The animals en-
tered all arms in a manner similar to the controls but left the

open arms immediately. This behavior resulted in a signifi-
cantly decreased locomotor activity on open arms and a ten-
dency towards a decrease in the time spent on open arms (

 

p

 

 

 

,

 

0.075) 1 h after injection. The total activity did not change in
comparison to the controls at this time point (Fig. 4A). Fur-
thermore, the open-arm activity together with the time on
open arms was still reduced 24 h after injection (Fig. 4B).
However, also the total activity decreased significantly at this
time point.

 

Platform Tests, Tail-Flick Tests

 

None of the two doses applied (2 

 

3

 

 6 pg, 2 

 

3

 

 60 pg) had ef-
fects in the platform and tail-flick tests showing that motor co-
ordination and pain sensitivity of the TFF3-treated animals
were within the same range as the controls.

 

DISCUSSION

 

Passive avoidance tests showed maximal effects about 1 day
after the application of synthetic TFF3 into the amygdala, re-

FIG. 3. Results from the elevated plus-maze tests 1 h (A) or 24 h (B) after bilateral injection of 2 3 6 pg TFF3 into the rat amygdala (hatched).
As a control, 0.9% NaCl was injected (dotted). The number of animals was: (A) TFF3 n 5 15, controls n 5 15; (B) TFF3 n 5 13, controls n 5 11.
Mean values 6 SE; stars indicate statistically significant p-values.
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gardless if a retrieval test or a consolidation test had been per-
formed. The maximal effect was consequently at retention
trial 2 in retrieval tests, whereas TFF3 was most active already
at retention trial 1 in the consolidation test. One hour after
application (i.e., retention trial 1 in the retrieval tests) was ob-
viously too early to observe a significant effect. However, a
tendency was visible at this time. The reason for this delay is
currently not known; it is unlikely that the lag phase is due to
generation of biologically active proteolytic degradation prod-
ucts of TFF3 because TFF peptides are remarkably stable
even in the aggressive lumen of the gastrointestinal tract (11).

The different TFF3 doses injected had opposite effects in
the passive avoidance tests. This was observed for both the re-
trieval and the consolidation test. A direct comparison of the
maximal effects in the retrieval tests (i.e., retention trial 2)
and the consolidation tests (i.e., retention trial 1) clearly ac-
centuates the increased avoidance latency at the low dose (2 

 

3

 

6 pg), whereas the high dose (2 

 

3

 

 60 pg) decreased the la-
tency. A similar biphasic dose dependent effect has been de-
scribed for CRH (34).

The avoidance latency reduction at the low dose of TFF3
could be due to an anxiolytic effect. This would be in line with
the results from the elevated plus-maze test 24 h after injec-

tion. However, mechanisms of fear do not seem to be af-
fected, as judged by the elevated plus-maze test results 1 h af-
ter injection of TFF3. The decrease in the total locomotor
activity at this time is in agreement with a report that the
amygdala generally plays an important role in the modulation
of alerting mechanisms and arousal states (32).

The enhanced avoidance latency after injection of a high
TFF3 dose into the amygdala might be caused by an anxio-
genic effect, which is also in agreement with the elevated plus-
maze test results presented. However, the effect at 24 h is cor-
related to a change in the total locomotor activity which can
give rise to false positive results in the elevated plus-maze test
(8,9,23).

In summary, injection of synthetic TFF3/monomer into the
rat amygdala seems to affect anxiety bidirectionally in a dose-
dependent manner. A low dose (2 

 

3

 

 6 pg) is anxiolytic,
whereas a high dose (2 

 

3

 

 60 pg) has an anxiogenic effect, and
both doses are capable of modulating total locomotor activity.
Both behavioral parameters are mediated by the serotonergic
transmission system in the amygdala (5,32). The basolateral
nucleus, which received the TFF3 injections in the present in-
vestigations, showed the most pronounced serotonergic inner-
vation (32).

FIG. 4. Results from the elevated plus-maze tests 1 h (A) or 24 h (B) after bilateral injection of 2 3 60 pg TFF3 into the rat amygdala (hatched).
As a control, 0.9% NaCl was injected (dotted). The number of animals was: (A) TFF3 n 5 12, controls n 5 12; (B) TFF3 n 5 13, controls n 5 11.
Mean values 6 SE; stars indicate statistically significant p-values.
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The passive avoidance test by itself represents a paradigm
typically used for investigations of learning and memory.
However, the results with the elevated plus-maze presented
here do not allow a clear statement concerning the effect of
TFF3 on learning and memory. Further studies necessary to
clear this point will be of special interest, as the amygdala
seems to represent a brain region where fear and processes of
learning and memory converge (22,31).
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