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GENERAL DISCUSSION

The results of the four experiments presented in this
thesis suggest that disruption of 5-HT function can produce
anxiolytic-like effects in the elevated plus-maze, and to a
lesser degree, in the shock-probe burying test. In
Experiment 1, 5-HT was depleted using the 5~-HT synthesis
inhibitor, p-CPA. Compared to saline-injected control rats,
rats treated with p-CPA showed significant increases in
open—-arm activity in the plus-maze test, and a substantial,
hut non-significant decrease in burying behaviocur in the
shock-probe test. These effects are similar to those
produced by anxiolytic drugs in these same tests. . In
Experiments 2, 3, and 4, 5-HT function was disrupted in the
brain using electrolytic lesions of 5-HT-containing <::11
bodies of the midbrain raphe nuclei. Compared to sham
lesions, destruction of the dorsal raphe (Experiments 3 &
4), or of the dorsal and median raphe combinad (Experiment
2), produced significant anxiolytic-like increases in open-
arm acti ity in the plus-maze. Lesions of the median raphe
alone (Experiment 3) 4id not produce a significant
anxiolytic effect in tle plus—-maze test. In the shock-probe
test, combkined DR and MR lesions produced a non-significant
decreacse in probe buryinag in Experiment 2, but in Experiment
3, DR lesicns alone had no effect on burying, and MR lesions

actually increased (non-significantly) the duration of
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burying. In spite of these inconsistencies, DR lesions in
Experiment 4 produced significant anxiolytic effects in the
shock-probke test.

The results of these four experiments provide some
support for the view that 5-HT disruption produces
anxiclysis in animals. Although earlier research utilizing
the conflict model also suggested that 5-HT disruption could
produce anxiolytic-like effects in rats (see introduction),
these effects were often inconsistent, and were confounded
with the effects of 5-HT depletion on thirst, hunger, and
possibly learning mechanisms. It was argued that the use of
simpler models of experimental anxiety, based on animals'
untrained fear reactions to aversive (painful or novel)
stimuli, might provide clear, consistent evidence that 5-HT
disruption produces anxiolytic-like effects. Both the plus-
maze test and the shock-probe test are based on such
untrained fear reactions, are sensitive to anxiolytic drugs,
and de not involve food or fluid reward. The combined use
of these two tests was particularly important, since the
index of anxiolysis in each test is distinct: the index of
anxiolysis in the plus-maze test is an increase in behaviour
(oven-arm activity), while the index of anxinlysis in the
shock~-probe test is a decrease in behaviour (probe burying).
Thus, it was argued, if anxiolytic profiles were observed in
both tests after S$-HT manipulations, the results would be

difficult to explain in terms of non-specific effects on
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general activity, arousal, or behavioral inhibition.
However, this ideal pattern of results was only approximated
in the present experiments. Al:though 5-HT-depleted rats
showed a reliable increase in open-arm activity in the pius-
maze test, they did not show reliable and consistent
decreases in burying behaviour in the shock-probe test.

This inconsistency in the overall pattern of results is
problematic for the hypothesis that anxiety reduction is
mediated by 5-HT reduction. In the following sections, the
inconsistencies in the experimental results will be
discussed in more detail, and alternative interpretations of
the data will be presented.

Once again, with the exception of localized MR lesions,
every manipulation used to reduce S-HT function (p-CPA,
lesions of both DR and MR, or of the DR alone) produced a
clear and significant anxiolytic profile in the plus-maze
test. By itself, this set of plus—-maze data suggests that
5-HT reduction procduces robust anti-anxiety effects in rats.
In contrast, animals with complete DR lesions in Experiment
4 showed a significant reduction in burying behaviour in the
shock-probe test. Animals given combined DR and MR lesions
(Experiment 2), or p-CPA treatment (Experiment 1), showed
non-significant decreases in burying behaviour. Animals
with lesions of the DR in Experiment 3 showed no change in
burying behaviour, and animals with MR lesions showed non-

significant increases in burying behaviour.
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There are a number of possible factors which could have
ccntributed to these inconsistencie=. One factor which
could have contributed, was differences in the baseline
variability inherent in the two tests. In general, the
plus-maze test elicits fairly stable baselines of
responding, with control animals showing a mean open-arm
activity level between 10-20 percent. In addition, the
variability (SEM) of open—arm activity within a group is
usually less than 10% (see Figures 1, 3, €, and 9). In
contrast, the mean duration of burying exhibited by control
animals in the shock-probe test can be quite variable (eg.,
from S0 seconds in Experiment 3, to 126 seconds in
Experiment 2) and the variability (SEM) within groups is
usually 30 seconds or more (see Figures 2, 4, 7, and 10).
Since defensive burying behaviour is a somewhat more
variable measure than open—-arm activity, it is possible that
the shock-probe test would be less sensitive to changes in
5-HT levels than the plus-maze test. If this were the case,
we might expect to see a more pronounced, significant
pattern of results after 5-HT disruption in the plus-maze
test than in the shock-probe test. The results of the
present experiment confirm this expectation. The plus-maze
test produced consistent, significant anxioclytic-like
effects in nearly all cases of 5-HT depletion, while the
shock-probe test produced non-significant anxiolytic trends

in rost cases, and a significant anxiolytic effect in only
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one case (DR lesions in Experiment 4).

In spite of possible differences between the plus-maze
test and the shock-prcbe test in terms of baseline
variability, both tests appear to be equally sensitive to
the effects of anxiolytic drugs. In fact, the anxiolytic
effect of diazepam has been detected in the shock-probe test
at doses as low as 0.2 mg/Kg (Rohmer, Di Scala, & Sandner,
1990), whereas slightly higher doses (1.0 mg/kg) are
required to produce anxiolysis in the plus-maze test (Pellow
et al., 1i975). Considering this, it does not seem likely
that two tests almost equally sensitive to the effects of
diazepam, would be differentially sensitive to the
"anxiolytic" effects of S-HT depletion.

Another possibility is that some secondary 5-HT
mediated effect might have counteracted the expression of
anxiolysis in the shock-probe test, but not in the plus-maze
test. Disruption of 5-HT in *he brain has been shown to
alter pain sensitivity in animals, generally increasing the
sensitivity to pain (Hamon et al., 1990). In addition, S-HT
neural systems appear to be involved in inhibiting a pain
pathway to the thalamus (e.g., Preito-Gomez et al., 1989).
Considering this, it is likely that shock-motivated models
of anxiety, such as the shock-probe test, might be
complicat=d by 5-HT-induced changes in pain sensitivity,
while models which do not employ painful stimuii, such as

the plus-maze test, would not be affected. Perhaps the
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failure of the shock-probe test to reveal consistent
anxiolysis was a result of a concurrent increase in pain
sensitivity, which masked a 5-HT reduction-induced
anxiolytic effect. However, if increased pain sensitivity
were responsible for antagonizing the anxiolytic effects »f
5-HT manipulations, it might be expected 5-HT-depleted
animals would either be more reactive to shock, would take
fewer shocks, eor might possibly even bury the probe longer
than normal animals.

The results from the shock-probe test are clear'ly not
consistent with these expectations. Animals treated with p-
CPA (Experiment 1) did not show significant differences
compared to saline-injected controls in their reactivity to
shock, or in the number of probe contacts made, but did show
a reduction in their duration of burying (see Figure 1 &
Table 2). Similar results were found in animals with
combined lesions of the DR and MR (see Table 3). In
Experiment 3, DR-~lesioned animals showed a decrease in shock
reactivity, but no suppression of burying, and no
significant difference in the number of probe contacts made.
In Experiment 4, animals sustzining DR lesions showed a
significant suppression of burying, but no difference in
shock reactivity or number of probe contacts. Iin none of
the four experiments in this thesis was there direct
evidence of incrzased pain sensitivity in 5-HT depleted

animals. In order to assess whether increased pain
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sensitivity indeed acts to counteract the suppression of the
burying response in 5-ET-disrupted animals, it would be
necessary to investigate pain sensitivity in independent
tests of analgesia (i.e., the tail-flick test).

Changes in general activity induced by 5-HT disruption
might also introduce variability into the behavioral data,
theoretically either mimicking or masking the expression of
an anxiolytic profile in rats. Hyperactivity has often been
observed in animals after 5-HT disruption (e.g., Fibiger &
Campbell, 1971; Marsden & Curzon, 1977). Casual observation
in the present experiments revealed that animals given p-
CPA, MR lesions, or combined MR and DR lesions, did exhibit
some general behavioral agitation in their home cages,
whereas animals given DR lesions did not. These observations
are compatable with evidence suggesting hyperactivity is due
to disruption of 5-HT in the MR (Azmitia, 1975; KostowskXi,
Giacalone, Garattini, & Valzelli, 1968). Despite these
observations, however, no other evidence of hyperactivity
was observed during handling of rats in the present
experiments, and more importantly, no hyperactivity was seen
in either the plus-maze or the shock-probe tests of
anxiclysis. Increases in the number of arm entries in the
plus-maze were seen after 5-HT disruption, but this
increased activity was always selective for the open arms of

the maze.

In the case of the shock-~probe test, hyperactivity
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could theoretically either potentiate or interfere with the
burying response. However, the only significant change in
general activity seen in this test occurred in Experiment 1.
Rats treated with p-CPA showed a significant decrease in
activity, which was correlated with with a (non-significant)
decrease in burying. In this case, the decrease in burying
behavior might have been secondary to an overall decrease in
general activity. In any case, there was no evidence that
hyperactivity affected animal behaviocur in these tests.

Alternatively, it is possible that some of the
variability in the effects seen in the plus-maze and the
shock-probe tests was relatec to an effect of S-HT
disruption on the ability of animals to inhibit responding.
There is some evidence which suggests that low brain levels
of 5-HT might be related to increased agressiveness in
rhesus monkeys, while high levels of 5-HT are reiated to
timidity (Higley et 21, 1990). Additionally, in a standard
operant paradigm, p-CPA administration increased resistance
to extinction at the end of a continuous reinforcement
schedule in rats (Rosen & Freedman, 1974). Furthermore,
electrolytic lesions of the raphe in rats impaired
performance on a schedule of reinforcement for low response
rates (Wing & Wirtshafter, 1982). These studies suggest 5~
HT depletion might disrupt animals®' ability to inhibit
responses that are no longer rewarded, or responses that

lead to reward reduction. It has been proposed that this
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"disinhibition" of behaviour is the source of what appears
to be anxiolysis in conflict tests, where animals must
inhibit punished responding (Soubrie, 1986). It is possible
that general "disinhibition" induced by 5-HT reduction could
have contributed to the results seen in the plus-maze test
in the present =xperiments. If the inhibition of open-arm
exploration i n~rmal animals is maintained by 5-HT, animals
with reduced 5-HT function wouls ba ssxpected to show a
"disinhibition" of open-arm exploration. The results of the
present experiments are in fact consistent with this
explanation.

Despite this, the concepts of "conflict" and
"disinhibition of behaviour" cannot be easily applied tc the
shock-probe test. To begin, defensive burying is not
inhibited by the "fearful" shock stimulus. Instead, it is
elicited by the shock. It is therefore difficult to see how
disinhibition applies to this measure of anxiety. Any
factor which produces a general behavioral "disinhibition"
would not necessarily be expected to alter the burying
response. In fact, with cne exception, defensive burying
was not significantly affected by the 5-HT manipulations
used in these experiments. In a sense, this dichotomy of
results in the plus-maze and shock-probe tests after S-HT
depletion, favors the hypothesis that 5-HT reduction
produces a general response disinhibition: Apparent

"anxiolytic" effects were reliably observed in the plus-maze



test as an increase in (inhibited) open-arm activity, but
were not reliably observed in the shock-probe test as a
decrease in (non-inhibited) burying.

However, some data from the shock-probe test are
inconsistent with the "disinhibition" interpretation. A
disinhibited animal might be expected to approach the probe
more often, and thereby receive more shocks. The shock-
probe test data do not support this expectation. None of
the S-HT depleted rats showed an increase in the number of
shocks received, except animals with MR lesions (Experiment
3), and these experimental animals were the only cnes that
did not show any significant increase in open-arm activity
in the plus-maze test. Thus, while it is possible that
"general disinhibition" might ke related to some of the
variability in results seen in the two tests of anxiolysis
in these experiments, this idea cannot account for the
entire pattern of results.

It is possible that the effects of 5-HT depletion on
animals' learning ability might influence animal responding
in the shock-probe test. Electrolytic lesions of the raphe
have been shown to impair learning of a one-way avoidance
response (Hole & Lorens, 1975), and to impair stimulus
discrimination ability in 1ats (Wirtshafter et al., 1983).
Administration of p-~CPA has been shown to disrupt latent
inhibition in rats (Solomon, Kiney, Scott, 1978). In the

plus-maze test of anxiolysis, animals aveid the open maze
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arms without any prior experience or training, and do not
need to learn any associations between stimuli and
responses. In the shock-probe test, animals bury the shock
source without prior training or experience, but some
learning of an association between the probe and electric
shock must occur before animals can accurately direct the
burying response towac¢d the probe (Pinel & Treit, 1978).
Thus, neural manipulations that disrupt associations of
stimuli with aversive consequences might be expected to
disrupt burying behaviour directed toward the probe.

In the four experiments discussed in this thesis, most
5-HT depleted rats showed non-significant decreases in the
duration of burying. While this trend is consistent with a
disruption in associative learning ability in these animals,
there are two problems this interpretation. First, other
studies (e.g., Hole & Lorens, 1975) investigating raphe
lesion effects on learning ability suggest that MR-lesioned
animals have the greatest learning deficits. However, the
results of the present experiments show that MR-lesioned
animals actually buried the probe more, not less, than
control animals. Second, with one exception, 5-HT-depleted
animals were able to avoid contact-induced shoecks from the
probe at least as well as control animals. This would not
be expected if these aimals were unable to learn an
association between the shock and the probe. Thus, it is

unlikely that 5-HT depletion produced the pbehavioral effects
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seen in the shock-probe tests through a disruption of
associative learning.

Although it has been assumed that the behavioral
effects seen in these experiments were due to a disruption
of 5-HT, it is possible that some of these effects were a
result of alterations of neurctransmitters other than 5-HT.
However, histological analysis of raphe-lesioned animals
revealed no damage to the locus ceruleus or substantia
nigra, areas containing high densities of catecholamine
neurotransmitters (NE and DA, respectively). While it is
possible that electrolytic lesions of the raphe might have
marginally or indirectly affected NE or DA, the behavioral
results ‘rom these experiments were not due to direct damage
to the locus ceruleus or substantia nigra. Furthermore, the
behavioral effects of electrolytic lesions of the raphe
generally paralleled the behavioral effects of p-CPA
treatment, which produces a very selective depletion in 5-HT
when administered under the dose schedule used in Experiment
1 (Koe & Weissman, 1966). For these reasons, it is unlikely
that catecholamine disruption can account for the behaviours
seen in these experiments. Nevertheless, definitive answers
to these guestions must await similar studies which include

concurrent brain assays of neurotransmitter systems.
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5-HT depletion and anxiolysis: Regional specificity. If

the magnitude of anxiolysis in animal models was inversely
proportional to the magnitude of S5-HT depletion in the
brain, we might expect that p-CPA treatment would produce
the most dramatic anxiolytic effects in rats, followed by
combined DR and MR lesions, and then by individual lesions
of either the DR or the MR. This theoretical pattern of
results is incongruent with the results from the present
experiments, however. In fact, it could be arguea that 5-HT
in the DR was critical in mediating experimental anxiety in
the present experiments. Although previous research
suggests that electrolytic lesions of either the DR or the
MR will reduce total forebrain 5-HT to a similar extent in
rats (Jacobs et al., 1974), DR (and not MR) lesions in
Experiment 3 produced significant anxiolysis, in the plus-
maze test, and in Experiment 4, DR lesions producad clear
anxiolysis in both the plus-maze and the sinock—-probe tests.
Furthermecre, there was some histological evidence that more
complete DR lesions were associated with more complete
anxiolytic effects. 1In contrast, electrolytic lesions of
the MR failed to produce clear evidence of anxiolysis in
either the plus-maze or the shock-probe tests.

The MR has been shown to project to the DR (Aghajanian
& Wang, 1978). Since there are 5-HT autoreceptors in the DR
which inhibit 5-HT release (Moret, 1985), these MR

conrections may serve to inhibit the DR, reducing S-HT
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transmission to the forebrain. If this is the case, it
seems reasonable that once the inhibitory influence of the
MR is removed, the resultant release of DR inhibition might
actually increase anxiety by making more 5-HT available to
the forebrain. In other words, MR lesions might be
"anxiogenic" rather than anxiolytic. It is important to
note, however, that although MR-lesioned rats in Experiment
3 showed an increase in burying compared to controls, they
did not show a corresponding anxiogenic decrease in open-arm
activity in the plus-maze test. Further investigation of
the effects of MR lesions on animal "anxiety" is necessary
before any conclusions can be made regarding it's role in
mediating experimental anxiety. However, it is possible
this factor contributed to some of the variability seen in
this set of experiments.

Although it has been argued that the DR (and not brain
5-HT in general) is critical in mediating experimental
anxiety, there is the problem of the discrepancy between the
results cobtained after DR lesions in Experiment 3 and in
Experiment 4. Lesions of the DR in Experiment 3 produced a
significant increase in the percent time in the open arms of
the plus-maze, but only a non-significant increase in the
percent of open-arm entries. In the shock-probe test,
lesions of the DR in Experiment 3 failed to produce any
effect on the duration of burying, but lesions of the DR in

Experiment 4 produced robust and significant anxiolytic
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effects on defensive burying in the shock-probe test, and on
both measures of open-arm activity in the plus-maze test. If
the DR-lesioned groups in Experiment 3 and 4 received the
same lesion, behavioral data should not have differed so
greatly between these experiments. However, close
inspection of the histologies from the two DR-lesioned
groups showed that they did not sustain an equivalent degree
of damage to the target site. There were several
differences between DR lesions in Experiment 3 and those in
Experiment 4. Although both DR groups met the criteria for
an acceptable DR lesion, animals with DR lesions in
Experiment 3 appeared to sustain more extra-raphe damage
within 0.5 mm of the DR than did animals with DR lesions in
Experiment 4. More importantly, however, was the difference
in the amount of DR tissue actually lesioned. In Experiment
2, animals tended to sustain lesions that spared much of
the anterior portion of the DR. Failure to lesion the
entire DR, especially the anterior portion spares much of
the 5-HT transmission to the forebrain (Lorens & Guldberg,
1974). In Experiment 4, however, the DR lesions were
usually complete. Considering this difference in the DR
lesions in these experiments, it is possible that the
difference in degree of anxiolysis seen in these animals
might reflect differences in the degree of 5-HT disruption
in the DR. This idea suggests that S5-HT in the DR mediates

"anxiety"” in animals. Nevertheless, although animals with
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more complete lesions of the DR in Experiment 4 showed more
dramatic anxiolytic behavioral profiles in both tests of
experimental anxiety, animals with complete lesions of the
D:. (combined with MR damage) in Experiment 2, showed
significant anxiolysis in only the plus-maze test, and not
in the shock-probe test. This inconsistency is difficult to
reconcile with the hypothesis that complete DR lesions lead
to complete anxiolysis, although it is possible that the
additional damage to the MR in Experiment 2 may “:ve

weakened the effects of specific damage to the DR.

The septum-DR link. in spite of the complications
discussed previously, the hypothesis that 5-HT disraption
leads to anxiolysis in animals has some degree of support,
especially from the plus-maze test. While there are still a
great number of questions left to be answered, this finding
might not be surprising, given that the raphe nuclei send 5-
HT projections to a variety of limbic structures, which have
long been implicated in emotional behavior (Papez, 1937).
These limbic areas include the septum, amygdala,
hippocampus, and nucleus accumbens (Consclazione & Cuello,
1982; Gray, 1982; Parent et al., 1981). While 5-HT input
into any of these areas might modulate anxiety in animals,
the behavioral effects of the posterior septal lesions found
in Experiment 4 suggest the connections of the raphe with

the septum might be particularly important. Lesions of the
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septum have previously been shown to produce anxiolysis in
the plus-maze and shock-probe tests (Gray et al., 1981;
Treit & Pesold, 1990; Pesold & Treit, 1992). In Experiment
4, lesions of the either the PS or the DR produced similar
anxiolytic effects in both tests. This similarity in the
behavioral effects of DR and PS lesions may be related to
the well known anatomical connections between the DR and the
septum (Segal & Landis, 1974). Furthermore, serotonergic
neurotoxic lesions of the septum using 5,7-DHT produced
anxiolytic-like effects in a social interaction test of
anxiolysis (Clarke & File, 1982). In combination, this
evidence suggests 5-HT input into the septum might modify
anxious behaviour in rats. This evidence is consistent with
Gray's (1982) notion that the raphe-septo-hippocampal system
of the brain is central to producing anxiety in animals.

It is interesting to note that PS lesions completely
eliminated defensive burying in Experiment 4, whereas DR
lesions suppressed but d:31 not eliminate this response.

This might suggest that the PS is central to anxiolysis in
the shock-probe model, and that 5-HT projections from the DR
modify the expression of this fear reaction through the
septum. It would be interesting to explore this possibility
by assessing the effects of 5,7-DHT lesions of the septum in

the plus-maze and shock-probe tests.
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5-HT and GABA. A final point concerns the possible

connection between 5-HT, GABA, and anxiety. There is a
great deal of evidence that benzodiazepine anxiolytics exert
their behavioral effects through facilitation of GABA
neurotransmission in the brain (e.g., Haefely, 1989; Hommer,
Skolnick, & Paul, 1987). There is also evidence that GABA
stimulation inhibits DR firing in the brain (Gallager, 1%78)
Manipulations using GABRergic drugs or benzodiazepines in
the DR also modify anxiety in animals (Collinge, Pycock, &
Taberney, 1983; Green et al., 1983; Higgens et al, 1988;
Sainati & Lorens, 1982; Soderpalm & Engel, 1989; Soderpalm &
Engel, 1991). It is therefore possible that BZs exert their
anxiolytic effects indirectly through an inhibition of 5-HT
transmission as a result of facilitating GABA. If this is
the case, it seems understandable that either BZ-induced
increases in GABA transmission, or direct decreases in 5-HT

transmission might produce anxiolysis in rats.

Conclusions. Although these speculations are interesting,
none of them offer convincing explanations of the entire
pattern of results obtained in the present experiments. The
simple idea that a reduction of 5-HT should uniformly lead
to a reduction in experimental anxiety was not confirmed by
the results of the present experiments. Although the
results from the plus-maze test were in agreement with the

5-HT hypothesis, the results of the shock-probe tests were
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often inconsistent with this hypothesis.

Thus, the inconsistencies which plagued the previous
literature (see introduction) also marred the results of the
present experiments. Clearly, further research is needed to
show that 5-HT plays a direct and pervasive role in
modulating experimental anxiety. Nevertheless, the elevated
Plus-maze test and the shock-probe burying test appear to he
useful models with which to explore the relationship between

5-HT and anxiety.
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