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Evidence that mCPP may have behavioural effects
mediated by central 5-HT1c receptors
1G.A. Kennett & G. Curzon

Department of Neurochemistry, Institute of Neurology, Queen Square, London WC1N 3BG

1 The effects of 1-(3-chlorophenyl)piperazine (mCPP) and 1-[3-(trifluoromethyl)phenyl] piperazine
(TFMPP) on activity of rats in a novel cage, and on the rotorod and elevated bar co-ordination
tests was examined.
2 Peripherally administered mCPP and TFMPP dose-dependently reduced locomotion, rearing,
and feeding scores but not grooming of freely fed rats placed in a novel observation cage. Yawning
behaviour was increased. Similar effects were also observed after injection of mCPP into the 3rd
ventricle.
3 Co-ordination on a rotating drum of both untrained and trained rats was impaired following
mCPP but co-ordination on an elevated bar was not.
4 The hypoactivity induced by mCPP was opposed by three antagonists with high affinity for the
5-hydroxytryptamine (5-HT1c) site; metergoline, mianserin, cyproheptadine and possibly also by a
fourth antagonist mesulergine. Metergoline, mianserin and cyproheptadine also opposed the
reduction in feeding scores. However, neither effect of mCPP was antagonized by the
5-HT2-receptor antagonists ketanserin or ritanserin, the 5-HT3-receptor antagonist ICS 205-930,
the 5-HTlA and 5-HTIB-receptor antagonists (-)-pindolol, (-)-propranolol and (±)-cyanopindolol
or the 5-HTIA-, 5-HT2- and dopamine receptor antagonist spiperone. The specific a2-adrenoceptor
antagonist idazoxan was also without effect.
5 Hypoactivity induced by TFMPP was similarly antagonized by mianserin but unaffected by
(±+-cyanopindolol.
6 These results suggest that the hypoactivity is mediated by central 5-HT1c-receptors and that
mCPP and possibly TFMPP may be 5-HT1c-receptor agonists.
7 As mianserin, cyproheptadine and mesulergine in the absence of mCPP did not increase loco-
motion but increased the number of feeding scores, the activation of 5-HT1c-receptors may be of
physiological importance in the control of appetite. The possible relevance of these results to the
therapeutic and side-effects of clinically used antidepressants (particularly trazodone and mianserin)
and anorexigenic drugs is discussed.

Introduction

Ligand binding studies have identified at least four
(5-HTlA, 5-HT1B, 5-HT1c and 5-HT2; Peroutka &
Snyder, 1979; Pedigo et al., 1981; Pazos et al.,
1985; Blurton & Wood, 1986) and possibly five
(5-HT1D; Heuring & Peroutka, 1987) central
5-hydroxytryptamine (5-HT) receptor subtypes, and
5-HT3-receptors have been identified in the periph-
ery (Bradley et al., 1986). Recently, we have observed
that RU 24969, an agonist at 5-HTIB- and to a lesser
extent at 5-HTIA-receptors (Hamon et al., 1986;
Tricklebank et al., 1986) caused prolonged anorexia

1 Author for correspondence.

in freely fed rats by an action at postsynaptic 5-HT1B
sites (Kennett et al., 1987).
Two other putative 5-HT1B-receptor agonists,

1-(3-chlorophenyl)piperazine (mCPP) and 1-[3-(tri-
fluoromethyl)phenyl]piperazine (TFMPP) (Sills et
al., 1984; Asarch et al., 1985; Hamon et al., 1986), are
also anorexigenic (Samanin et al., 1979; Kennett et
al., 1987). However, there are clear differences in the
behaviour evoked by RU 24969 and these drugs,
since at anorexigenic doses RU 24969 also causes
hyperlocomotion (Green et al., 1984; Tricklebank et
al., 1986) whilst TFMPP causes hypolocomotion
(Lucki & Frazer, 1982). As RU 24969-induced hyper-
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locomotion but not anorexia (Green et al., 1984;
Tricklebank et al., 1986; Kennett et al., 1987) is
antagonized by haloperidol it is unlikely that the
latter behaviour is due to the former. Furthermore,
metergoline potentiates the hyperlocomotor
response to RU 24969 (Green et al., 1984; Trick-
lebank et al., 1986) but antagonizes the anorexic
response (Kennett et al., 1987).
However, the anorexic effect of mCPP and

TFMPP could conceivably be due to hypoactivity.
In the present study, the effects of mCPP and
TFMPP on locomotion and feeding bouts were
studied following pretreatment with various 5-HT
antagonists. The results suggest that both the hypo-
activity and anorexia caused by mCPP and TFMPP
in the present paradigm, involve agonistic effects at
central 5-HT1c-receptors.
Some of these data were presented as a communi-

cation to the British Pharmacological Society
Meeting, September 1987 (Kennett & Curzon, 1987).

Methods

Behavioural testing procedure

Male Sprague-Dawley rats (200-250 g) were singly
housed in standard cages with free access to food
(Special Diet Services Ltd., Essex, England, RM1(E)
rodent diet) and water under a 12 h light/dark cycle
(lights on 06 h 00 min). Experiments were carried out
in the same room between 10 h 00 min and 17 h
30min. Rats were injected using a balanced design in
pairs at 20 min intervals, firstly with vehicle or drug
and 20 min later with mCPP, TFMPP or saline.
Twenty min after the second injection they were each
placed for the first time in a wire mesh observation
cage 26 cm x 26cm x 26cm with sawdust covered
floor. The cage contained five of their normal food
pellets. Total numbers of cage crossings, rears,
grooms, wet dog shakes, and yawns were recorded
over the following 20min by an observer with a
hand held counter. Feeding scores were made by
giving a point for each feeding bout and an extra
point for every additional 20s continuous feeding.
Hindlimb abduction scores were rated on a 0-4 scale
of intensity from 0 (absent) to 4 (maximal).
The effect of ketanserin on 5-hydroxytryptophan

(5-HTP) and carbidopa-induced wet dog shakes was
scored as follows. Rats were injected with carbidopa
and either saline or ketanserin and placed in wire
mesh observation cages. Thirty min later they were

injected with 5-HTP and the number of head
twitches counted for 2 min periods at 30, 60 and
90 min after injection. The scores were then summed.
The ability of rats to maintain their balance on a

rotating drum (width 10cm, diameter 13cm with
walls 17cm high), rotating at 10r.p.m. was recorded

as an index of locomotor co-ordination with no pre-
exposure. Rats were also tested after training so that
they could maintain their balance on the apparatus
for at least 20s on the morning of the test. This was
done to differentiate defects of co-ordination and of
learning. The test was conducted under white light
between 15h 00min and 17h 00min. Saline and
mCPP treated animals were tested alternately 20 min
after injection.
Another test of locomotor co-ordination was also

used in which rats were trained (between 10h 00min
and 12 h 00min) to maintain their balance for 20s
on a horizontal plastic bar 2.2cm wide, 91cm long
and clamped 35 cm from the ground. They were
replaced on the bar 20min after injection of saline or
mCPP between 15h 00min and 17h 00min on the
same day. The number of forepaw and hindpaw
movements and the number of grooms were counted
over 4 min using a hand held counter.

Surgical procedure

Rats were anaesthetized with sodium pentobarbitone
(Sagatal, May and Baker Ltd., Dagenham, U.K.)
(60mgkg-' i.p.) and placed in a Kopf model 900
stereotaxic frame. Following exposure of the skull
surface a hole was drilled into the skull approx-
imately 3mm lateral to the bregma and a stainless
steel attachment screw fitted. A further hole was
drilled 1.3mm caudal to the bregma through which
a 23 gauge stainless steel guide cannula was
implanted into the third ventricle (co-ordinates from
bregma; Rostral caudal 1.3 mm, dorsoventral
4.5mm, medial lateral 0mm, Atlas; Paxinos &
Watson, 1982). Guide cannulae were fixed in place
using dental acrylic and the incision closed with sur-
gical sutures. Guide cannulae lumens were prevented
from blocking by the insertion of 30 gauge wire cut
to length before surgery. Rats were left to recover for
at least 72 h before experimentation.
On each of three experimental days rats were allo-

cated to one of three different treatment groups
(saline, 5yg and 20yg mCPP) by Latin square to
avoid order effects. They were then injected (1 y1 over
2 min) using a 30 gauge needle, slightly longer than
the guide cannula, and a 10ul Hamilton syringe.
Two minutes after the end of injection the needle
was removed from the guide cannula, the 30 gauge
wire replaced and the rat placed in a novel cage for
20min as previously. Placement of guide cannulae
was checked by post-mortem sectioning following
injection of a small quantity of dye.

Drugs

1-(3-Chlorophenyl)piperazine (mCPP) (Research
Biochemical Inc., Wayland, M.A., U.S.A.), 1-[3-
(trifluoromethyl)phenyl]pipera-7ine hydrochloride
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(TFMPP) (Research Biochemicals Inc.), idazoxan
(Reckitt and Colman Pharmaceutical Division,
Kingston Upon Hull, U.K.), and ICS 205-930
((3a-tropanyl)-1H-indole-3-carboxylic acid ester)
(Sandoz Ltd., Basel, Switzerland) were dissolved in
0.9% NaCl and injected either i.p. (mCPP and
TFMPP) or s.c. at the back of the neck (idazoxan
and ICS 205-930). (--Propanolol (I.C.I., Maccles-
field, U.K.) was also dissolved in saline and neutral-
ised to pH 6.5 with NaOH before s.c. injection.
Metergoline (Farmitalia), (-)pindolol, (±)-cyano-
pindolol and mesulergine (all Sandoz Ltd., Basel),
spiperone, ritanserin and ketanserin (all Janssen,
Beerse, Belgium), cyproheptadine (Merck, Sharp and
Dohme Research Laboratories, Harlow, Essex, U.K.)
and mianserin (Organon Laboratories Ltd.,
Newhouse, U.K.) were all dissolved in 100-200pl of
10% acetic acid, made up to almost the required
volume with 0.9% NaCl and neutralised to pH6.5.
The required volume was then made up with saline
and injected subcutaneously. Carbidopa (Merck
Sharp and Dohme Research Laboratories) and
5-HTP (Sigma Chemical Company Ltd., Poole,
Dorset, U.K.) were given as suspensions in
0.9%NaCl with 0.005% BRIJ 35 (Polyoxyethylene
lauryl ether). All drugs were given in volumes of
1 ml kg- 1 rat body weight except for carbidopa and
5-HTP which were given in volumes of 4mlkg1
body weight.

Statistical methods

Rotorod or elevated bar test results were analysed
by 2 tailed Student's t test. Other data were tested
for significance by use of Dunnett's multiple com-
parisons procedure following a significant one way
analysis of variance test (ANOVA).

Results

Effects ofmCPP and TFMPP on activity

Table 1 shows that both mCPP and TFMPP dose-
dependently reduced the number of cage crossings,
rears and feeding scores. A significant increase in
yawning was also observed after administration of
10mgkg-1 mCPP or TFMPP. However, there was
no significant change in the number of grooms or in
the small number of 'wet dog' shakes (data not
shown) following mCPP and TFMPP, respectively.
The only other behaviour observed was a small but
not significant degree of limb abduction at the
highest doses used. (mCPP 10mgkg-1: limb abduc-
tion 0.8 + 0.3 (mean + s.e. mean), NS. TFMPP:
10mg kg-1, limb abduction 0 + 0, NS). Table 2
shows that mCPP potently impaired the ability of
both untrained and trained rats to maintain their

balance on a rotating drum but did not affect their
behaviour on a stationary elevated bar, when
numbers of forepaw movements, hindpaw move-
ments and grooms were unaltered and all rats main-
tained their balance over the 4 min test period.

Inhibition ofmCPP-induced hypoactivity by the
non-specific 5-HT-receptor antagonist metergoline

The non-specific 5-HT-receptor antagonist metergol-
ine (5mg kg- I s.c.) did not affect the numbers of cage
crossings, rears or feeding scores of saline-treated
rats but blocked their reduction following mCPP
(5 mg kg-1 i.p.; Table 3).

Lack ofeffect of the S-HT2-receptor antagonists
ketanserin and ritanserin and the 5-HT3-receptor
antagonist ICS 205-930 on mCPP-induced
hypoactivity: effect ofketanserin on 5-HTP and
carbidopa-induced 'wet dog' shakes

The specific 5-HT2 antagonists ketanserin
(0.2mgkg-1) was without effect on the activity of
saline or mCPP treated rats (Table 4). This dose
of ketanserin markedly inhibited carbidopa
(25mgkg-1, i.p.) + 5-HTP (l00mgkg-1 i.p.)-
induced 'wet dog' shakes, a behaviour thought to be
mediated by 5-HT2-receptor activation: saline
pretreated: 20.9 + 5.2 shakes, ketanserin pretreated
2.0 + 0.63 shakes (mean ± s.d., n = 6 per group,
P < 0.005, by two tailed Student's t test). Another
specific 5HT2-receptor antagonist ritanserin
(0.63mg kg- 1) and the specific 5-HT3-receptor
antagonist ICS 205-930 also had no effect on the
activity of saline or mCPP-treated rats (Table 4).

Lack of effect of various drugs with antagonist
properties at 5-HT1A, S-HT15 and other receptors on
mCPP-induced hypoactivity

Spiperone (0.05 mgkg- 1) a 5-HTlA-, 5-HT2- and
dopamine-receptor antagonist decreased cage cross-
ings of saline-treated rats, but did not reduce their
feeding scores and did not affect mCPP-induced
hypoactivity or anorexia. (-)-Pindolol (2mgkg-1)
and (±)-cyanopindolol (8mgkg-1) and (-)-
propranolol (16mgkg-1) which antagonize both
5-HT1A and 5-HT1B receptors did not affect the
activity of saline-treated rats and (like spiperone) did
not alter mCPP-induced hypoactivity or reduction
in feeding scores (Table 5).

Inhibition ofmCPP-induced hypoactivity by drugs
with high affinityfor 5-HTic-receptors

Pretreatment of rats with mianserin (2mg kg- 1) sig-
nificantly increased the feeding scores of saline-
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Table 1 The effects of i.p. administration ofmCPP and TFMPP on the activity of rats placed for 20 min in a novel
observation cage 20 min later

Treatment Cage crossing

Saline
mCPP lmgkg-

2mgkg-
5mgkg'
10mgkg1

Saline
TFMPP 2mgkg-

5mgkg'
10mgkg1

62 + 4
46±8
25 ± 6**
6± 1**
3 + 1**
60+7
38 + 5**
12 + 3**
5 + 2**

Rears

53 ± 3
41 + 5
32 ± 5**
4 + 2**
2 + 1**

43 + 4
29 + 4*
6 ± 2**
1 ± 1**

Grooms

4.9 ± 0.7
9.0 ± 2.0
9.1 ± 2.6
3.1 + 0.7
4.3 ± 2.1
6.6± 1.2
5.6 + 2.3
5.6 ± 2.3
3.2 ± 1.5

Feeding bouts

6.5 ± 1.1
3.2 + 1.4*
0.9 + 0.5**
0±O**
0+ 0**

10.3 ± 2.8
6.3 ± 1.7
0.1 ± 0.1**
0±O**

(n)

(8)
(8)
(8)
(8)
(8)
(7)
(7)
(7)
(5)

Results shown are means ± s.e. mean. Significantly different from saline-treated group *P < 0.05, **P < 0.01 by
Dunnett's test following a significant ANOVA.

Table 2 The effects of i.p. mCPP on rotorod and elevated bar performance 20min later

Time on rotorod (s)
Treatment Untrained Trained

Saline
mCPP 2mgkg-l

Smgkg1

Saline
mCPP 2mg kg-

22.2 ± 8.8 22.3 ± 4.6
6.6 ± 3.2 4.6 + 0.4**
3.35 + 0.4*

Behaviour on bar (no. of movements/4mmn)
Forepaw Hindpaw
29.4+7.2 17.1+5.8
26.0+ 6.0 15.2± 3.1

Results shown are means s.e. mean, n = 7 per group. Significantly different from saline-treated group *P < 0.05,
**P < 0.01 by 2 tailed Student's t test.

Table 3 Inhibition of mCPP (Smgkg-I i.p.)-induced hypoactivity by the non-specific 5-HT-receptor antagonist
metergoline (5mg kg'- s.c.) given 20 min earlier

Treatment (n)

Vehicle + saline (8)
Metergoline + saline (8)
Vehicle + mCPP (8)
Metergoline + mCPP (8)

Cage crossings

62 + 4
58 ± 5
6± 1**

45 ± 2tt

Rears Feeding bouts

53 ± 3
44±5
4 ± 2**
40 ± 4tt

6.5 ± 1.1
6.7 + 0.9
0±0

4.9 ± 1.7t

Results shown are means + s.e. mean. Activity on placement in an observation cage for 20min was scored 20min
after mCPP injection. Significantly different from vehicle + saline-treated group, * P < 0.05, ** P < 0.01; or from
vehicle + mCPP-treated group t P < 0.05, tt P < 0.01 by Dunnett's test following significant ANOVA.

treated rats but did not alter cage crossing or

rearing. It opposed the actions of mCPP on cage
crossing, rearing and feeding scores although the
number of rears in the mianserin + mCPP group
was still somewhat less than in the vehicle + saline
group and the feeding scores less than that shown by
rats treated with mianserin + saline (Table 6).
Cyproheptadine and mesulergine had similar effects

to those of mianserin. Thus, cyproheptadine alone
(2mg kg 1) increased the number of feeding scores of
saline-treated rats but did not alter other behaviours,
except for grooming (vehicle + saline 5.8 ± 1.1,
cyproheptadine + saline 1.3 0.5, mean + s.e. mean,
n = 6 per group, P < 0.05 by Dunnett's test follow-
ing ANOVA) and body shakes (vehicle + saline
4.2 + 0.7, cyproheptadine + saline 0.5 ± 0.3,

Grooms
3.1 + 1.2
1.0+ 1.1
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Table 4 Failure of pretreatment (s.c.) with the 5-HT2-receptor antagonists ketanserin (0.2mgkg 1) and ritanserin
(0.63mg kg- 1) or the 5-HT3-receptor antagonist ICS 205-930 (1 mgkg 1) to reverse hypoactivity induced by mCPP
(5mgkg- t i.p.) given 20min later

Treatment (n)

Vehicle + saline (8)
Ketanserin + saline (7)
Vehicle + mCPP (8)
Ketanserin + mCPP (7)
Vehicle + saline (6)
Ritanserin + saline (6)
Vehicle + mCPP (5)
Ritanserin + mCPP (5)
Vehicle + saline (6)
ICS 205-930 + saline (5)
Vehicle + mCPP (6)
ICS 205-930 + mCPP (5)

Cage crossings

53 ± 5
49 + 5
7 + 1**
6 ±1tt

58 ± 6
53 ± 5
6 ± 2**
9 ± 4tt
57 ± 5
43 + 6
9 ± 3**
10 ± 2tt

Rears Feeding bouts

48 ± 5
44 + 4
4± 1*
4 ± 2tt

41 ±4
38 + 6
4 ± 2**
6 ± 4tt

36 ± 1
30±4
8 ± 3**
2 1ftt

5.9 ± 1.1
8.3 + 1.0
0±0*
0± Ott

6.3 ± 1.2
7.4 ± 1.0
0±0*
0±Ot

3.2 ± 0.9
8.4 + 4.3
0±0
0± Ot

Results shown are means ± s.e. mean. Activity on placement in an observation cage for 20 min was scored 20min
after mCPP injection. Significantly different from vehicle-treated controls *P < 0.05, **P < 0.01, from drug-treated
controls tP < 0.05, ttP < 0.01 by Dunnett's test following significant ANOVA.

Table 5 Failure of s.c. pretreatment with drugs with SHTlA or 5HT1B antagonist activity to reverse hypoactivity
induced by mCPP (5mg kg-1 I.P.) given 20min later

Treatment (n) Cage crossings

Vehicle + saline (8)
(-)-Pindolol + saline (7)
Spiperone + saline (7)
Vehicle + mCPP (8)
(-)-Pindolol + mCPP (7)
Spiperone + mCPP (8)
Vehicle + saline (8)
(±)-Cyanopindolol + saline (5)
Vehicle + mCPP (6)
(±)-Cyanopindolol + mCPP (5)
Vehicle + saline (5)
(-)-Propranolol + saline (4)
Vehicle + mCPP (4)
(-)-Propranolol + mCPP (4)

53 + 6
58 ± 7
31 ± 2**
14 + 2**
12 ± 4tt
1 + itt

62 +4
75 + 8
19 + 4**
14 ± 4tt
60 ± 4
64+9
6 + 2**
3 iltt

Rears Feeding bouts

42 ± 5
34 ± 6
23 ± 2**
9 ± 2**
8 ± 3t
1 ± it

41 ± 2
51 ± 2
14 ± 3**
11i 4t
36 ± 5
37 ± 7
9±4
2 ± Itt

11.3 + 4
9.0 ± 1.1

14.2 ± 2.3
1.8 + 3.0*
0.9 ± 0.9t
0+ Ott

4.2 ± 1.0
8.0 ± 4.0
0.5 ± 0.3
0.6 + 0.4
2.3 + 1
0.2 + 0.2
0+0
0±0

Results shown are means ± s.e. mean.
Activity on placement in an observation cage for 20min was scored 20min after mCPP injection. Significantly
different from controls *P < 0.05, **P < 0.01, from drug-treated controls tP < 0.05, ttP < 0.01. The doses of the
drugs used were: (-)-pindolol (2mgkg-1), spiperone (0.05mgkg-1), (±)-cyanopindolol (8mgkg-1) and (-)-prop-
ranolol (16 mgkg- 1).

P < 0.05) which were reduced. Cyproheptadine also
opposed the reduction of cage crossing, rearing and
feeding scores by mCPP. Antagonism of the inhibi-
tion of feeding was complete, but antagonism of the
reduction in cage crossing and rearing was partial
(Table 6). Mesulergine O.1mgkg-1 and 0.2mgkg-1
increased the feeding scores of saline-treated rats but
reduced locomotion and rearing. The drug also
inhibited grooming (vehicle + saline 6.7 + 1.0, mesu-

lergine 0.2mgkg 1 + saline 1.7 ± 0.8, n = 6-7,
P < 0.05). However, despite these indications of
sedation, some antagonism of the effects of mCPP
were suggested in that, with the higher dose of mesu-
lergine, scores for locomotion or rearing of
mesulergine + saline and mesulergine + mCPP
groups were not significantly different. This dose,
however, did not reverse the anorexic effect of
mCPP.
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Table 6 Effects of drugs with high affinity for 5-HT1c receptors: mianserin (2mgkg-1), cyproheptadine
(2mgkg-1) and mesulergine (0.1 or 0.2mgkg-1) on hypoactivity induced by mCPP (5mgkg-1 i.p.) given 20min
later

Treatment (n)

Vehicle + saline (8)
Mianserin + saline (7)
Vehicle + mCPP (8)
Mianserin + mCPP (7)
Vehicle + saline (6)
Cyproheptadine + saline (6)
Vehicle + mCPP (6)
Cyproheptadine + mCPP (6)
Vehicle + saline (6)
Mesulergine (0.1) + saline (3)
Mesulergine (0.2) + saline (6)
Vehicle + mCPP (6)
Mesulergine (0.1) + mCPP (5)
Mesulergine (0.2) + mCPP (6)

Cage crossings Rears Feeding bouts

53 ± 5
61 + 2
7+ 1**
52± 5§
73 ± 2
68 ± 8
16 ± 5**
48 ± 8§
57 + 6
48 ± 7
29 + 2**
9±3
19 + 5t
18+4

48 + 5
38 + 3
4+ 1*
27 ± 6§
56 + 4
51 + 4
14 + 3**
23 ± Stt
36 ± 1
30± 1
25 ±4
8+3
13 + 6tt
16 + 5

5.9 ± 1.1
12.8 ± 5**
0±0*

7.1 ± 2.4§
7.2± 1.1

16.3 ± 1.8*
0.2 ± 0.2*
15.5 ± 4.6t§
3.2 ± 0.9
10±0.6**
10 ± 2**
0+0

0.7 ± 0.7tt
1.6 ± 1.5tt

Results shown are means + s.e. mean.
Activity on placement in an observation cage for 20min scored 20min after mCPP injection. Significantly different
from control *P < 0.05, **P < 0.01, from drug-treated control tP < 0.05, ttP < 0.01, or from mCPP-treated group
§ P < 0.01 by Dunnett's test following significant ANOVA.

Lack ofeffect ofidazoxan on mCPP-induced
hypoactivity

The a2-adrenoceptor antagonist idazoxan
(1 mg kg-) alone had no significant effects on the
behaviour of saline-treated rats (Table 7) and did not
significantly oppose mCPP-induced behaviour.

Effects ofcyanopindolol and mianserin on
TFMPP-induced hypoactivity

Results obtained with TFMPP (Table 8) paralleled
those previously found for mCPP in that the loco-
motor and rearing deficits were unaffected by cyano-
pindolol (8 mgkg- 1) but reversed by mianserin
(2 mg kg 1). However, in this experiment, mianserin

did not significantly increase feeding scores in saline-
treated rats and did not reverse the reduction in
feeding scores following TFMPP.

Lack of effect ofmianserin and cyproheptadine on
activity in the absence offood

Previous results showed that mianserin, cypro-
heptadine and mesulergine all increased feeding
scores, but not locomotor activity or rearing in a
novel cage. It seemed possible that locomotor activ-
ity might have been enhanced but for the presence of
food and faecal pellets. However, at no dose tested
did either mianserin or cyproheptadine affect activity
in a novel cage in the absence of food (Table 9).

Table 7 Failure of s.c. pretreatment with the ox2-adrenoceptor antagonist idazoxan (1 mg kg 1) to reverse hypo-
activity induced by mCPP (5 mg kg- 1 i.p.) given 20 min later

Treatment (n)

Vehicle + saline (6)
Idazoxan + saline (5)
Vehicle + mCPP (6)
Idazoxan + mCPP (5)

Cage crossings Rears Feeding bouts

73 ± 2
86 + 8
16 ± 5**
26 ± 7tt

56±4
57 ± 8
14 ± 3**
21 ± 5tt

7.2 ± 1.1
7.6 ± 1.2
0.2 ± 0.2*
0.6 ± 0.6t

Results shown are means ± s.e. mean.
Activity on placement in an observation cage for 20min was scored 20min after mCPP injection. Significantly
different from vehicle-treated control UP < 0.05, **P < 0.01, from idazoxan-treated control tP < 0.05, ttP < 0.01
by Dunnett's test following significant ANOVA.
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Table 8 Effect of (±)-cyanopindolol (8mgkg-1) and mianserin (2mgkg-1) given (s.c.) 20min earlier on TFMPP
(5 mg kg-' i.p.)-induced hypoactivity

Treatment (n)

Vehicle + saline (7)
Cyanopindolol + saline (5)
Mianserin + saline (5)
Vehicle + TFMPP (7)
Cyanopindolol + TFMPP (5)
Mianserin + TFMPP (5)

Cage crossings Rears Feeding bouts

60+7
65 ± 5
70 + 8
12 + 3**
15 ± 4tt
50 + 5§§

43 ± 4
50 ± 3
43 ± 3
6 ± 2**
8± 3tt

21 ± 4§tt

10.3 ± 2.8
8.2 ± 2.0
16.2± 1.8
0.1 ± 0.1**
0.6 ± 0.4t
0.8 ± 0.3t

Results shown are means + s.e. mean.
Activity on placement in an observation cage for 20min was scored 20min after TFMPP injection. Significantly
different from control *P <0.05, **P < 0.01, from drug-treated group tP <0.05, ttP <0.01, or from
mCPP-treated group §P < 0.05, §§P < 0.01 by Dunnett's test following significant ANOVA.

Table 9 Effect of mianserin and. cyproheptadine injection (s.c.) 40min earlier, on activity in an observation cage
free of food or faecal pellets for 20 min

Treatment (n)

Saline (17)
Mianserin 1 mg kg-' (7)

2mgkg- (14)
4mgkg-1 (7)

Cyproheptadine 2mgkg-' (5)

Results shown are means + s.e. mean.
No significant differences were found.

Cage crossings

44.2 ± 4.1
31.5 + 4.1
56.1 + 6.4
38.3 + 3.9
53.9 ± 6.3

Rears

46.2 + 3.1
43.0 ± 4.7
42.1 ± 3.9
45.0 + 5.7
36.4 + 4.8

Effect ofcentral injections ofmCPP into the 3rd
ventricle

Injections of mCPP into the third ventricle repro-
duced the effects of peripheral administration signifi-
cantly reducing activity and reducing feeding scores
(albeit not significantly in this paradigm). However,
no sign of limb abduction was observed at the doses
used (Table 10).

Discussion

mCPP and TFMPP dose-dependently reduced loco-
motion and rearing but not grooming, as previously

demonstrated for TFMPP (Lucki & Frazer, 1982).
Feeding behaviour was also reduced as shown for
mCPP by Samanin et al. (1979) in food-deprived,
and by Kennett et al. (1987) in freely-fed rats. We
first examined the possibility that the effects of the
drugs depended on gross locomotor impairment
using a rotorod test as a measure of co-ordination.
mCPP-treated rats showed impairment which did
not appear to be due to inability to learn the task as
pretrained rats were also impaired. However, no evi-
dence of a co-ordination impairment was found in a
second test in which forelimb and hindlimb move-
ments on an elevated bar were scored separately.
The absence of a hindlimb impairment in this latter

Table 10 Effect of an injection of mCPP (1 p1 over 2 min) into the third ventricle on activity when placed in an

observation cage for 20 min 2 min later

Treatment (n)

Saline (8)
mCPP 5/ug (7)
mCPP 20pg (7)

Squares
crossed

63.9 + 5.3
47.1 + 4.4*
21.8 + 3.2**

Rears

43.8 ± 4.5
34.3 ± 7.1
22.9 ± 5.0*

Feeding
Grooms scores

9.2 ± 1.6
8.4 ± 2.7

11.1 + 2.1

4.2 ± 1.7
1.1 ±0.7
0.7 ± 0.7

Results shown are means + s.e. mean.
Significantly different from saline-treated group *P < 0.05, **P < 0.01 by Dunnett's test following significant
ANOVA.
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test argues against mediation of hypoactivity by the
hindlimb abduction observed to a slight degree in
the present and previous studies (Samanin et al.,
1979; Ortmann, 1984) at the highest dose used. The
rotorod data may therefore best be explained by a
sedative action of mCPP, as suggested by yawning
behaviour at the highest dose. This is consistent with
data that mCPP causes sedation in monkeys as indi-
cated by eye closure (Aloi et al., 1984). The effects of
mCPP on locomotion and feeding might also be
caused by its clinically observed anxiogenic effect
(Charney et al., 1987), although this could be a
non-specific response to the perceived effects of the
drug.
The antagonism of the actions of mCPP on loco-

motion and feeding by metergoline, a non-specific 5-
HT-receptor antagonist (Leysen et al., 1981; Engel et
al., 1986), suggests mediation by 5-HT receptors.
However the failure of the 5-HTIA- and
5-HTlB-receptor antagonists (-)-pindolol, (-)-
propranolol and (± )-cyanopindolol (Hoyer et al.,
1985; Engel et al., 1986) and of the 5-HTlA-receptor
antagonist spiperone to antagonize the effects of
mCPP at doses which block the above receptor sub-
types (Tricklebank et al., 1984; Kennett et al., 1987)
indicates that neither is involved. As spiperone is a
potent dopamine- and 5-HT2-receptor antagonist
(Leysen et al., 1981) whilst (-)-pindolol, (-)-
propranolol and cyanopindolol are potent f-
receptor antagonists (Engel et al., 1981) the results
suggest that these receptors are also not involved.
Indeed mCPP has a very low affinity for dopamine
receptors (Invernizzi et al., 1981).
The failure of the specific 5-HT2-receptor antago-

nists ketanserin (Leysen et al., 1981) and ritanserin
(Leysen et al., 1985) to oppose the effects of mCPP,
and the report by Lucki & Frazer, (1982) that
another 5-HT2-receptor antagonist pipamperone did
not oppose TFMPP-induced hypoactivity argue
strongly against the involvement of 5-HT2 receptors.
The dose of ketanserin used almost abolished head
twitches induced by carbidopa + 5-hydroxytryp-
tophan, a behaviour mediated by 5-HT2 receptors
(Bedard & Pycock, 1977). The dose of ritanserin
used also blocks 5-HT2 receptors in vivo (Leysen et
al., 1985). Furthermore, mediation of the effects of
mCPP by 5-HT3 receptors seems unlikely since ICS
205-930 a potent 5-HT3-receptor antagonist
(Richardson et al., 1985) was inactive at a probably
relevant dose (Shearman & Tolcsvai, 1987).
The inhibition of locomotion and feeding by

mCPP and TFMPP thus appears to be mediated by
5-HT receptors which are not of the 5-HT1A,
5-HT1B, 5-HT2 or 5-HT3 type. Since mCPP has low
affinity for 5HTlD receptors (Heuring & Peroutka,
1987) this subtype too is probably excluded. There-
fore the inhibition by metergoline may depend on its

high affinity for 5-HT1c receptors (Hoyer et al.,
1985). This seems likely as two other 5-HT antago-
nists with high affinity for 5-HT1c- but not 5-HTlD-
(Heuring & Peroutka, 1987) or 5-HTlB-receptors,
mianserin and cyproheptadine (Hoyer et al., 1985;
Engel et al., 1986; Blurton & Wood, 1986) opposed
the effects of mCPP. A third putative 5-HT1c
antagonist mesulergine (Hoyer et al., 1985) also
tended to oppose mCPP-induced hypoactivity but
this effect was unclear since the drug itself decreased
activity perhaps via activation of dopamine recep-
tors (Closse, 1983). Although cyproheptadine and
mianserin also have high affinity for histamine
Hl-sites (Leysen et al., 1981) this explains neither the
effects of metergoline which does not have high affin-
ity for these sites (Leysen et al., 1981), nor the (less
clear) effect of mesulergine (Closse, 1983). Further-
more, Hl-receptor antagonists themselves are seda-
tive (Snyder, 1980).

Another possibility is that the behavioural effects
of mCPP under consideration are mediated by its
affinity for a2-adrenoceptors (Smith & Suckow, 1985)
as a2-adrenoceptor agonists such as clonidine cause
sedation (Clineschmidt et al., 1979). However, the
specific a2-adrenoceptor antagonist idazoxan
(Scatton et al., 1983) at a relevant dose (Dickinson et
al., 1987) affected neither the hypoactivity nor the
anorexia due to mCPP. Furthermore, even though
mianserin, but not cyproheptadine, metergoline
(Leysen et al., 1981) or mesulergine (Closse, 1983) has
appreciable affinity for a2-receptors, it blocks the
effects of mCPP at less than 1/10th of the dose
needed to oppose clonidine-induced hypoactivity
(Clineschmidt et al., 1979; Nickolson et al., 1982).
Also, binding data suggest that the affinity of mian-
serin for a2-receptors is much less than that for
5-HT1c-receptors (Leysen et al., 1981; Hoyer et al.,
1985; Blurton & Wood, 1986). The affinity of
mCPP for al-receptors (Invernizzi et al., 1981) also
seems unlikely to mediate its hypoactive effects
since a,-adrenoceptor agonists cause hyperactivity
(Clineschmidt et al., 1979).
The above evidence, and the effect of central infu-

sion of mCPP suggests that it alters activity and
feeding by activating central 5HT1c-receptors. These
receptors are widely distributed in rat brain regions
including the hypothalamus (Pazos & Palacios,
1985; Blurton & Wood, 1986). Results obtained with
TFMPP are consistent with a similar mechanism
since its effects on activity were sensitive to mian-
serin but not to (±)-cyanopindolol. Previously, the
behavioural actions of mCPP and TFMPP were
ascribed exclusively to their affinities for the 5-HT1B
and 5-HT1A sites (Sills et al., 1984; Asarch et al.,
1985; Kennett et al., 1987), mainly because only two
types of high affinity [3H]-5-HT binding sites were
recognised, the 5-HT1A and the 5-HT1B subtypes
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(Pedigo et al., 1981; Middlemiss & Fozard, 1983). As
the latter group also includes 5-HT1c- and perhaps
also 5HTlD-receptors (Pazos et al., 1985; Heuring &
Peroutka, 1987), the effects of 5-HT,-receptor agon-
ists and antagonists require re-evaluation.
As RU 24969 caused anorexia by an agonist

action at 5-HTlB receptors the anorexic effects of
mCPP and TFMPP were previously also ascribed to
their known 5-HTlB-receptor agonist properties
(Kennett et al., 1987). However, in the present study,
5-HT1c-receptor antagonists (apart from
mesulergine) but not 5-HTIB-receptor antagonists
opposed the mCPP-induced reduction in feeding
bouts. Conversely, antagonists with high affinity for
5-HT1c receptors (apart from metergoline) increased
feeding scores while antagonists at 5-HTlB-,
5-HTlA-, 5-HT2-, 5-HT3- or dopamine receptors, or
a2-adrenoceptors did not, in both the present study
and previously (Kennett et al., 1987). Therefore, acti-
vation of 5-HT1c receptors may be involved in the
anorexic effect of drugs which increase synaptic con-
centrations of 5-HT e.g. fenfluramine, fluoxetine and
zimelidine (Blundell, 1984; Pinder et al., 1975) and
their blockade may mediate the enhanced appetite
and weight gain of patients treated with mianserin or
cyproheptadine (Hopman, 1980; Pinder et al., 1980;
Bergen, 1964). It is also possible that the sedative
side-effects of Trazodone (Feighner, 1980; Goldberg
& Finnerty, 1980) involve its known metabolism to
mCPP (Caccia et al., 1982).
The apparent anorexic effects of mCPP and

TFMPP could be secondary to hypolocomotion,
although there is some suggestion that the former is
more sensitive to mCPP than the latter. However,
the ability of cyproheptadine, mianserin and mesu-
lergine to increase feeding scores but not locomotion
suggests that the two effects are dissociated. Indeed
mesulergine alone had a strong hypolocomotor
effect. However, the hypophagic and hyperphagic
responses to 5-HT1c-receptor agonists and antago-
nists, respectively could conceivably involve separate
mechanisms.
Our main conclusions are that mCPP and poss-

ibly TFMPP may induce hypoactivity and hypo-
phagia by an agonist action at central 5-HT1c
receptors and that antagonists at these receptors
may cause hyperphagia. While hypoactivity due to
treatments thought to increase 5-hydroxy-
tryptaminergic function may indicate 5-HT1c recep-
tor activation, a similar conclusion cannot be
deduced from hypophagic responses as these can
also be mediated by 5-HT1B receptors (Kennett et
al., 1987). The possible roles of these receptor types
in the anorexic and antidepressant effects of drugs
active at 5-HT receptors and in their side-effects are
questions of some importance.
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excellent typing. We also thank the Medical Research
Council for financial support.
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