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HOLE, K., G. E. JOHNSON AND O.-G. BERGE. 5,7-Dihydroxytryptamine lesions of the ascending 5-hydroxy-
tryptamine pathways: habituation, motor activity and agonistic behavior. PHARMAC. BIOCHEM. BEHAV. 7(3)
205-210, 1977. — Rats were injected stereotactically in mesencephalon with 5,7-dihydroxytryptamine (5,7-DHT) in
the medial 5-hydroxytryptamine (S—HT) pathway (n = 8) and in the medial plus the lateral S—HT pathways (n =7) or
injected with vehicle (n = 8), or sham-operated (n = 8). The 5,7—DHT lesions reduced the in vitro H-5-HT uptake in the
hypothalamus and the cortex cerebri to 27—51% of control values, *H-noradrenaline uptake was not significantly changed.
5,7—DHT lesions of the medial, and of the medial plus the lateral, 5—HT pathways induced mouse killing behavior and
increased number of boxing positions in the shock elicited fighting test. Both lesions also reduced the rate
of habituation to touch, but only the lesion of the medial plus the lateral 5—HT pathway significantly reduced the rate
of habituation to acoustic stimulation. Activity in the home cage was not significantly changed by the lesions. It was
concluded that selective chemical lesions of the ascending S—HT pathways result in prolonged habituation of the
orienting response and increase in particular components of agonistic behavior. The increase in locomotor activity
observed after electrolytic lesions of nucleus raphe medianus seems not to be due only to lesion of the 5—HT neurons

ascending from this nucleus.
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IT HAS been suggested that the 5-hydroxytryptamine
(5—HT) neurons originating in the midbrain raphe nuclei
are important in central control of pain sensitivity [12],
motor activity {9, 15, 18, 24], habituation or sensitiza-
tion to sensory stimulation [3, 4, 5], and aggressive
behavior [6, 17, 22]. In the majority of previous studies
the function of the 5—HT neurons was altered by electro-
lytic lesions, parachlorophenylalanine (PCPA) treatment,
or other pharmacological manipulations. These methods
affect other types of neurons as well as the 5—HT
neurons. Recently it was observed that when the 5—HT
neurons are lesioned selectively with, 5,7-dihydroxytrypta-
mine (5,7—DHT) injected stereotactically into the 5—HT
pathways, open field locomotor activity is reduced and
pain sensitivity is unchanged [15,16], in contrast to the
increase in locomotor activity [24] and increase in pain
sensitivity [12] observed after electrolytic lesions. Possi-
bly some of the behavioral changes observed after electro-
lytic lesions of the midbrain raphe nuclei or the ascending

5—HT pathways are due to damage of other neurons than
the 5—HT neurons. The behavioral effects of selective
chemical lesions of the S—HT pathways therefore should
be further investigated.

In the present study the effect of 5,7-—DHT lesions of
the ascending 5—HT pathways on habituation of the
orienting response, agonistic behavior, and motor activity
in two different stimulus situations in the home cage,
were studied.

METHOD
Animals

Thirty-one male albino rats (Moll-Wistar) weighing
240-280 g at time of surgery were used. They were
housed individually in conventional rat cages and had
food and water available ad lib. Testing was performed
during the light phase of a 12 hr light-dark cycle.
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Surgery

A Kopf stereotaxic instrument was used with the
incisor bar set 2.4 mm above the interaural plane. Under
KETALAR anesthesia (100-200 mg/kg), 5,7-DHT
(5,7-dihydroxytryptamine creatine sulfate, Regis) dis-
solved in 0.9% NaCl containing ascorbic acid (0,1 mg/ml)
was injected stereotactically with a 10 uI Hamilton syringe
in the region of the ascending 5—HT bundles [15] in the
mesencephalon.

The coordinates were for the medial 5—HT bundle
(group Med, n = 8): posterior to bregma 5.6, lateral 0.0,
ventral to the surface of cortex 7.5 mm; and for the
combined lesions of medial and lateral bundles (group
Med + Lat, n = 7): posterior 5.6, lateral + 0.6, and ventral
7.0 mm. At each injection site 4 ug, 5,7—-DHT (calculated
as the base) in 4 ul was injected (1 pl/min). The needle
was left in situ for 1 min after completion of each
injection. Twenty min before the intracerebral injections
protriptyline HCl (Merck, Sharp and Dohme) 25 mg/kg
was injected IP [15]. Control rats were treated in the
same manner as the 5,7—DHT rats, except that they were
injected intracerebrally with the vehicle only (group Veh,
n=28), or the cannula was not lowered intracranially
(group Sham, n = §),

Histological and Biochemical Analyses

Forty-six days after surgery the animals were sacrificed
by decapitation. The brainstems of the 5,7-DHT and
vehicle injected rats were kept in 10% Formalin for one
week. Frozen sections then were cut at 30 um and every
third section saved and stained by the eosin technique.

The in vitro uptake of 3H-5-HT and *H-NA was
studied in punched-out slices (diameter 3 or 2 mm and
thickness about 0,6 mm) from the cortex cerebri and the
hypothalamus. The incubation medium was a modified
Krebs-Ringer bicarbonate buffer [11], pH 7.4, containing
ascrobic acid 0.2 mg/ml, Pargyline 20ug/ml, EDTA
46.5 mg/l, and saturated with 95% O, and 5% CO,. The
slices were preincubated in 2 ml of this buffer at + 37°C
for 5 min in a metabolic shaker. Then *H-S-HT (21.4
Ci/mmol) or *H-NA (10.3 Ci/mmol, New England Nucle-
ar) was added to the medium to give a final concentration
of 2-10 "®*M, and the incubation continued for 10 min.
After termination of the incubation, the slices were
dissolved in SOLUENE 350 (Packard Instruments), and
scintillation fluid (toluene/PERMABLEND III, Packard)
was added. The samples were counted in a Nuclear-
Chicago Mark I liquid scintillation spectrometer.

Mouse Killing Behavior

Nine days after surgery an adult albino mouse was
introduced into the rat’s home cage. The behavior of the
rat was observed for 30 min, and biting attacks on the
mouse were scored.

Competition Tests

Twelve days after surgery, after 36 hr of water depriva-
tion, competition for a water bottle was tested. Following
this test session a 5,7—DHT injected rat and a control rat
lived together in the test cage for 48 hr. At the end of
this period, after another 36 hr period of water depriva-
tion, competition for water was again tested. Fifteen days
after surgery a tube fighting test (attempting to force
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another rat out of a tube) was performed. There were no
significant differences between groups in any of these
competition tests, and they are not further reported.

Habituation to Acoustic Stimulation

Testing was performed on the 16th, 17th and 18th day
postoperatively in a Grason-Stadler (Model E 3125—-A
100) Skinner box (19 x 29 X 23 cm) contained within a
sound attenuated chamber (Model E 3125AA—3). Back-
ground white noise was provided by the ventilation fan.
The stimulus was a white noise (85 dB for 3 sec) delivered
from a Grason Stadler Noise Generator Model 901B. The
rat was placed in the apparatus 10 min before testing. The
stimulus was presented with at least 5 sec intervals, and
only when the rat was lying or sitting motionless.

The rat’s response to the stimulus was rated in 5 grades
as described previously [14]. The rat attained the habitua-
tion criterion when no response was observed to 3
successive stimuli.

Habituation to Touch

Testing was performed 17—18 days after surgery, in the
home cage. The touch was applied with a stiff hair attached
to a plastic rod, on a mark on the back of the rat, in the
midline, 3 cm from the tail (eliminating visual stimuli).

Care was taken to apply the stimulus in a constant way
each time, when the rat was not moving. The stimulus was
terminated when the hair was visibly bent. Intervals
between stimuli were at least 15 sec.

The rat’s response to the touch was scored in 4 grades.
Criterion for habituation was attained when the rat showed
no visible response for 3 successive trials.

Activity in Home Cage

Observation of home cage activity was performed 20
days after surgery in the animal quarters. The floor of the
home cage was divided by imaginary lines into 6 squares,
11 cm x 11 ¢m each. Number of squares entered with both
forepaws, number of rearings, and number of rearings of
duration 10sec or more were counted. The rat was
observed for two 5 min periods. During the first period the
cage was in the rack. Then the cage was gently moved to a
table in the same room, and the second observation period
started immediately.

Shock Elicited Fighting

Testing was performed 20 days after surgery. The testing
apparatus was the same as the one used for habituation to
acoustic stimulation. Scrambled shocks (40 shocks, 0.8 mA,
duration 0.5 sec with 2.5 sec intervals) were delivered to
the grid floor from a Grason Stadler (Model E1004GS)
shock generator. Two rats from the same experimental
group were tested together and the occurrence of a boxing
position [1] was scored for each shock. For statistical
purposes all control rats (Sham and Veh) were treated as
one group.

Statistical Analysis

When not stated otherwise statements of statistical
significance are based on Students ¢-test, two-tailed, with
the confidence limit set at the 5% level. The p-values refer
to comparisons of the 5,7—-DHT injected groups or the
sham operated group with the vehicle group.
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RESULTS

The animals appeared healthy, and there were no
significant group differences in body weight throughout the
experiment, Biochemical and behavioral data for the rats
injected with vehicle in the midline (n = 4) and bilaterally
(n=4) were approximately the same, and all vehicle
injected rats therefore were treated as one group in the data
presentation. Group Veh was not significantly different
from group Sham for any of the biochemical or behavioral
data.

Histology

In the 5,7—DHT injected and vehicle injected rats visible
damage to the brain tissue was observed only in the needle
track and its immediate surroundings (not exceeding
200 um in diameter in any rat). With the histological
technique used, there was no detectable difference between
5,7—-DHT injected and vehicle injected rats. Fluorescence
histochemistry of brains with this type of 5,7—DHT lesions
has been described in a previous paper [15].

In Vitro Uptake of *H-5—HT and * H—NA

Figure 1 shows that 5,7—DHT injections in the medial
5—HT bundle reduced * H-5—HT uptake to 51% of control
values in the cortex cerebri, and to 44% in the hypo-
thalamus, > H-NA uptake in the cortex was not changed.
5,7—-DHT lesions of the medial plus lateral 5—HT bundles
reduced * H—5—HT uptake to 42% of control values in the
cortex and to 27% in the hypothalamus; a reduction in
3H—NA uptake in the cortex to 75% of control in this
group was not statistically significant. In a previous study
[15], we observed that similar bilateral 5,7—DHT lesions
produced some damage to the dorsal NA bundle in some of
the rats. The behavioral data of the three rats of the Med +
Lat group with the lowest cortical * H-NA uptake there-
fore was compared to the data of the rest of the group, but
no clear differences were found.

Vehicle injections did not significantly affect * H—-5—HT
or >H-—NA uptake.

Mouse Killing Behavior

None of the rats in the two control groups killed the
mouse during the observation period. However, 4 of the 7
rats in group Med (p<0.025, Fisher-test, two tailed) and 6
of the 8 rats in group Med + Lat (p<0.005) killed the
mouse.

Habituation to Acoustic Stimulation

The Med + Lat group required significantly more trials
to reach the habituation criterion than the controls
(r<0.02) and group Med (p<0.05). Group Med was not
significantly different from the controls (p>0.10) (Fig. 2).

Habituation to Touch

Both 35,7-DHT injected groups required significantly
more trials than the control groups to reach the habituation
criterion (p<0.01) (Fig. 3).

Activity in Home Cage

When the cage was in the rack, the activity was very low
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FIG. 1. In vitro *H-5-HT uptake (mean and SEM), given as

percent of the mean uptake in group Sham. Number of rats in (). *

= p<0.001 (compared to group Veh). CX = Cortex. HT =
Hypothalamus.

in all groups (0 or 1 crossing for most rats), and there was
no significant difference between the groups.

After the cage was moved to the table, locomotor
activity was 25% lower in the group Med + Lat than in
group Veh, however, this difference was not statistically
significant. Number of rearings, and number of rearings of
duration 10 sec or more, were not significantly changed by
the 5,7—DHT injections.

Shock Elicited Fighting

Both in group Med and group Med + Lat the shocks
elicited a significant higher number of boxing positions
than in the controls (p<0.05) (Fig. 4).

DISCUSSION

The 5,7—DHT injections into the ascending 5-HT path-
ways resulted in extensive lesions of these pathways, as
indicated by the reduced in vitro uptake of *H—5—HT in
the terminal areas in the cortex and the hypothalamus.
Both the histological examination of the injection site and
the data for the *H-—-NA uptake in the cortex suggested
that the lesions were specific for the 5-HT neurons. In a
previous study [15], fluorescence histochemical analysis of
brains with similar 5,7—DHT lesions indicated that the
unspecific lesions produced is small compared to the lesion
of the 5—HT pathways. The fluorescence histochemical
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FIG. 2. Habituation to acoustic stimulation. Number of trials to
criterion (mean and SEM . * = p<0.02.
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FIG. 3. Habituation to touch. Number of trials to criterion (mean
and SEM). * = p<0.01.
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FIG. 4. Shock elicited fighting. Number of shocks (mean and SEM)

that elicited a boxing position. Number of pairs of rats in (). Each

pair received 40 shocks. * = p<0.05, compared to all control rats
(group Sham + group Veh).

Sham

analysis also showed that the medial lesion mainly damaged
the medial 5—HT pathway, while the medial plus lateral
lesion affected both the medial and the lateral 5—HT
pathways.

In this experiment, the medial lesion reduced the rate of
habituation to touch, and the medial plus lateral lesion
both to touch and to acoustic stimulation. This experiment
therefore supports previous studies indicating that lesion of
the ascending 5—HT neurons or reduced synthesis of 5—HT
reduce the rate of habituation or increase sensitization [3,
4, 5]. Several other studies, however, have failed to observe
changes in the habituation rate in rats with impaired
function of the 5—HT neurons [8, 9, 25]. Methodological
differences between the tests may underlie some of these
differences. This is also suggested by the present results,
since the group Med evidenced a reduced rate of habitua-
tion only with regard to the response to touch, but not to
audtiory stimulation.

A general increase in reactivity may result in prolonged
habituation. Furthermore, it should be pointed out that
electrolytic lesions in the brainstem may produce a reduced
rate of habituation [19]. The necrosis at the site of
injection was very small both after 5,7—DHT and vehicle
injections, and there was no clear difference between the
two groups in the size of this unspecific lesion. However,
cell counting of the lesion area was not performed. The
possibility that there may exist small differences between
the two groups in the damage to non-5—HT neurons
therefore has not been excluded.

Lesions both of the medial and of the medial plus the
lateral 5—HT bundles increased mouse killing behavior, and
also increased number of times the electric shocks elicited a
boxing position. These results are in accordance with
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several previous studies. Both electrolytic lesions in the
raphe nuclei [17,26], inhibition of 5—HT synthesis with
PCPA [6, 22, 23], or with parachloro-N-methylamphet-
amine [13], and general lesion of 5—HT terminals with
intracisternal injection of 5,7—DHT [2] produce similar
behavioral changes. This experiment further supports the
assumption that central 5—HT neurons are involved in
muricide and shock elicited fighting behavior. Furthermore,
the experiment indicates that lesion of the medial 5—HT
bundle is sufficient to produce these behavioral changes.
Everitt, Fuxe and Jonsson [7] observed biting attacks on
males by female rats with 5, 7—DHT lesions of the medial
5—HT bundle. Thus, in rats the ascending medial 5—HT
pathway seems to be important in control of agonistic
behavior both in males and females, while in mice it has
been suggested that only female aggressive behavior is
controlled by serotonergic mechanisms [21].

The shock elicited fighting model has been the most
frequently used paradigm for aggressive behavior. Blanchard
and Blanchard [1], however, have shown that the pain
induced boxing position mainly is a defensive posture. This
test therefore should be regarded mainly as a test for
defensive behavior. In the mouse killing behavior there
seems to be an important component of conspecific attack,
in addition to predation and possible defensive components
[1]. It is possible therefore that both conspecific attack
and defensive behavior are increased by the lesion of the
medial 5—HT pathway.

In a previous study it was shown that open field
locomotor activity was reduced in rats with 5,7—-DHT
lesions of the medial plus lateral 5—HT bundles [15], in
contrast to the increase in activity after electrolytic lesion
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of the median raphe nucleus [18,24]. One possible reason
for a decreased open field locomotor activity could be an
increase in reactivity or emotionality in the 5,7-DHT
lesioned rats, particularly since the field was brightly
illuminated [15]. In the present study the rats therefore
were observed in the home cage (in a situation without any
new stimuli), and in a situation with a rather weak stimulus
(gently moving the home cage to another part of the room,
without handling of the rat). Hyperactivity, as in the
electrolytic raphe lesioned rats, was not observed in any of
these situations. On the contrary, rats with combined
lesions in the medial and the lateral 5—HT bundles tended
to show a reduction in the locomotor activity also in this
test, however, this reduction was not statistically signifi-
cant.

In conclusion, prolonged habituation and increase in
mouse Killing behavior and in shock elicited defensive
behavior can be observed not only after electrolytic lesions
of the 5—HT neurons or pharmacological alterations of the
function of these neurons, but also after selective chemical
lesions of the 5—HT neurons. It seems likely therefore, that
these behavioral changes are due to lesion of the ascending
S—HT pathways. Competitive and dominance behaviors in
other tests were not changed, and lesion of the ascending
5-—-HT pathways does not seem to result in a general
increase in agonistic behavior, but rather in particular
components of this behavior. Furthermore, the study
supports previous studies [15,20], concluding that the
increased ambulatory activity observed in rats with electro-
lytic lesions in the median raphe nucleus is not only due to
lesion of the 5—HT neurons ascending from this nucleus.
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