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1 The mechanism of the reduction in food consumption elicited by 6-chloro-2-[1-piperazinyl]-pyra-
zine (MK-212) administered systemically was investigated in the rat. (+)-Fenfluramine and
(+)-amphetamine were included in some studies for comparative purposes.

2 Pretreatment with methergoline, a 5-hydroxytryptamine (5-HT) antagonist, reduced the magni-
tude of the anorectic effect of 1.5 and 3 mg/kg of MK-212, while the anti-5-HT agents, cyproheptadine
and cinanserin, were likewise effective against the 3 mg/kg dose.

3 Xylamidine, an antagonist of 5-HT that penetrates poorly into the central nervous system, com-
pletely blocked the decrease in food intake caused by 5-HT administered peripherally, while not
antagonizing an equianorectic dose of MK-212.

4 Reduction of brain 5-HT by intraventricular injection of 5,6-dihydroxytryptamine, intraperitoneal
administration of p-chloroamphetamine or placement of a lesion in the region of the median raphé
nucleus diminished the anorectic response to 3 mg/kg of MK-212. The anorectic effect of amphet-
amine was reduced by p-chloroamphetamine or lesion in the raphé, but not by 5,6-dihydroxytrypta-
mine. The decrease in food consumption produced by 1.5 mg/kg of MK-212 was antagonized by
prior treatment with p-chloroamphetamine, but not by 5,6-dihydroxytryptamine.

5 Haloperidol, which blocks receptors for dopamine, antagonized the anorexigenic effect of amphet- -
amine, but was ineffective in offsetting the action of MK-212, 3 mg/kg.

6 Pretreatment with chlorimipramine to inhibit the 5-hydroxytryptaminergic uptake mechanism
did not affect the anorectic response to 3 mg/kg of MK-212, whereas the response to fenfluramine
was diminished.

7 The results indicate that the anorectic action of MK-212 involves a 5-HT-like component which
is more evident at the higher dose level of the compound. The anorexigenic property of MK-212
may depend, at least partly, upon the integrity of 5-HT-containing neurones in the central nervous
system.

Introduction

The anorexigenic and ancillary properties in animals
of 6-chloro-2-(1-piperazinyl)pyrazine (MK-212) were
recently described (Clineschmidt, Hanson, Pflueger &
McGuffin, 1977). Unlike amphetamine and related
substances, MK-212 greatly reduced food consump-
tion without an accompanying general stimulation of
the central nervous system. Locomotor activity in
rodents was inconsistently and only slightly affected
by MK-212, and cats appeared mildly sedated after
anorectic doses of the compound. At least super-
ficially, MK-212 resembles fenfluramine, since both
cause anorexia without evoking overt signs of central
nervous system stimulation. Fenfluramine is a deriva-
tive of amphetamine, but, in addition to causing

moderate sedation in both animals and man (Pinder,
Brogden, Sawyer, Speight & Avery, 1975), recent
studies in animals indicate that fenfluramine also
differs significantly from the parent compound with
respect to its primary mode of anorectic action. While
the release of catecholamines, especially dopamine,
from central monoamine-containing neurones is an
important aspect of amphetamine’s action (Weissman,
Koe & Tenen, 1966; Abdalah, 1971; Holtzman &
Jewett, 1971; Schulz & Frey, 1972; Clineschmidt,
McGuffin & Werner, 1974; Hollister, Ervin, Cooper
& Breese, 1975), fenfluramine acts mainly via a direct
or indirect 5-hydroxytryptamine (5-HT)-mimetic
effect (Funderburk, Hazelwood, Ruckart & Ward,
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1971; Samanin, Ghezzi, Valzelli & Garattini, 1972;
Jespersen & Scheel-Kruger, 1973; Clineschmidt, 1973;
Clineschmidt et al., 1974; Fuxe, Farnebo, Hamberger
& Ogren, 1975b; Garattini, Buczko, Jori & Samanin,
1975).

The objective of the present investigation was to
determine whether MK-212 produces an anorectic re-
sponse in the rat through a 5-HT-like action, thereby
resembling fenfluramine rather than amphetamine.
Evidence will be give for a 5-HT-like component in
the anorectic action of MK-212, for the central ner-
vous system as the site of this effect and for the poss-
ible involvement of 5-hydroxytryptaminergic neur-
ones in MK-212-induced anorexia.

Methods

Female CFE Carworth rats weighing 180 to 230 g
were trained to eat from special jars (Joy, Emma &
Mayer, 1967) designed to minimize spillage of the
food (powdered Purina Chow). The animals were
maintained in individual cages and allowed to eat for
only 2 h per day (either 09 h 00 min to 11 h 00
min or 13 h 00 min to 15 h 00 min). During the
period (1-3 weeks) of adjustment to the feeding jars
and schedule, those rats that regularly spilled food
onto the floor of their cages were removed from the
test colony. The general protocol was to compare the
amount of food eaten on the test (drug) day with
the amount consumed on the immediately preceding
(control) day. For each animal, the amount of food
consumed on the test day was expressed as a percent-
age of the control day. On the test day, rats were
pretreated intraperitoneally with vehicle or various
drugs before intraperitoneal injection with MK-212,
fenfluramine or amphetamine. The doses of the com-
pounds used for pretreatment were selected on the
basis of previous findings, establishing effectiveness
and selectivity with respect to reducing the anorectic
activity of either amphetamine or fenfluramine
(Clineschmidt et al., 1974). Treatment with one of the
anorexigens was usually at twice the dose required
to reduce food intake by 50% (EDsp). Some studies
were also performed using the ED;, level of the anor-
ectic compounds. The EDs, values for MK-212, fen-
fluramine and amphetamine were determined in pre-
liminary experiments by regression analysis of log
dose and % decrease in food consumption. EDs,
values were, respectively, 1.5, 1.5 and 3 mg/kg for
MK-212, amphetamine and fenfluramine. Haloperidol
was injected 2.5 h before treatment, and methergoline,
cyproheptadine, cinanserin and chlorimipramine were
administered 30 min before treatment. Thirty min
after treatment with MK-212, fenfluramine or
amphetamine, the test meal was presented to the rats.
The basic conditions listed above were changed some-

what for a study on the effect of pretreatment with
xylamidine on the anorectic responses to 5-HT and
MK-212. The rats were allowed to eat for 3 h per
day rather than the usual 2h, and treatment was
given subcutaneously 15 min before the test meal was
given to the rats rather than treating the animals in-
traperitoneally 30 min before feeding.

Female CFE Carworth rats weighing about 180 g
were anaesthetized with ether. Using the method
devised by Noble, Wurtman & Axelrod (1967),
5,6-dihydroxytryptamine (75 ug of the base dissolved
in sterile water for injection containing 0.1 mg ascor-
bic acid per ml) or ascorbate vehicle was injected into
the right lateral ventricle (injection volume of 10 ul).
In preliminary experiments, we found that accurate
injection of 5,6-dihydroxytryptamine into the ven-
tricle resulted in marked anorexia (<3 g consumed)
the following day. Therefore, rats accustomed to the
22 h food deprivation schedule were injected intra-
ventricularly and then selected for subsequent testing
with MK-212 or amphetamine based on this anorec-
tic response. After ascertaining food intake on the day
after administering 5,6-dihydroxytryptamine, the ani-
mals were allowed to eat ad libitum before being
placed back on the 22 h deprivation schedule one

~week later. The rats were treated intraperitoneally 30

min before feeding on the 14th day after the intraven-
tricular injection. Twenty four h after treatment with
MK-212 or amphetamine, the animals’ whole brains
were removed and frozen on Dry Ice for subsequent
assay.

Female Carworth rats weighing approximately 180
g and maintained on the usual 22 h food deprivation
schedule were injected intraperitoneally with p-chloro-
amphetamine, 15 mg/kg, or saline 1 h after removal
of food on Day 0. Food consumption was ascertained
on Day 8 (control day) and again on Day 9 (test
day). Intraperitoneal injections of MK-212, fenflur-
amine or amphetamine were given 30 min before
presentation of food on the test day. A group of rats
not used for food consumption studies was injected
intraperitoneally with p-chloroamphetamine, 15 mg/
kg, or 0.9% w/v NaCl solution (saline) 216 h (9 days)
before they were killed by decapitation. The whole
brain was frozen on Dry Ice and stored at about — 5°C
until assayed for content of monoamines.

Female Charles River (CRCD COBS) rats weighing
160 to 180 g were anaesthetized with hexobarbitone
(75 mg/kg ip.), and, with the aid of a David Kopf
(Tujunga, California) stereotaxic instrument, the atlas
of Konig & Klippel (1963) and a Grass Instruments
(Quincy, Massachusetts) constant current lesion
maker (Model DCLM 5), a lesion was placed in the
region of the median raphé nucleus. The coordinates
were frontal +0.4, saggital 0 and horizontal —2.9
mm. The electrode (stainless steel coated with Epoxy-
lite, exposed for a length of 1 mm at the tip and



having a diameter of 0.35 mm at the tip) was inserted
at an angle of 30°. Anodal current of 2.5 mA was
passed for 15 seconds. Sham controls were treated
identically, except that current was not passed
through the electrode. Nine to 10 days after the oper-
ation, the animals were individually caged and sub-
jected to the 22 h food deprivation schedule. Nineteen
to 21 days following the operation, an injection of
MK-212, fenfluramine or amphetamine was given 30
min before presentation of food. Forty-eight h after
injection of drug, the animals were decapitated and
their brains were removed. The brain was divided by
a frontal section running anterior to the inferior colli-
culus and pons. The forebrain was immediately frozen
on Dry Ice for subsequent assay of monoamines. The
caudal portion of the brain was placed in 379 forma-
lin for 3 days and then examined macroscopically
with the aid of a cryostat for the location of the
lesion. While the results were excluded when the
lesion was clearly not in the region of the median
raphé nucleus, the level of 5-HT in the forebrain was
also considered. Data obtained from a particular
lesioned rat and its matched sham control were
excluded from the study if the concentration of 5-HT
in the forebrain of the lesioned animal was reduced
by less than 209, compared with the mean concen-
tration in the forebrains from sham controls that were
assayed concurrently.

The whole brain or forebrain was ground with 10
volumes of 0.4 N perchloric acid, and the resultant
homogenate was centrifuged at 15,000 g for 15 min-
utes. One 4 to 5 ml aliquot of the clear perchloric
acid supernatant solution was taken for estimation
of catecholamines and another for determination of
5-HT. Catecholamines were adsorbed from the per-
chloric acid tissue extracts on alumina (Anton &
Sayre, 1962) and eluted with 0.05 N HC], then assayed
fluorometrically (Porter, Totaro & Burcin, 1965). The
aliquot used for determination of 5-HT was added
to 5 ml of 0.5 M borate buffer, pH 10 (not saturated
with NaCl or butanol), and sufficient 1 N NaOH was
added to adjust the sample to pH 10. The remainder
of the procedure was performed according to Bog-
danski, Pletscher, Brodie & Udenfriend (1956).

The doses were adjusted to account for any weight
contributed by the presence of a salt. The volume
of injection for both pretreatment and treatment was
0.1 ml/100 g of body weight. MK-212 hydrochloride
(synthesized by Dr William C. Lumma, Medicinal
Chemistry Department, Merck Sharp & Dohme
Research Laboratories, West Point, Pennsylvania),
(+)-fenfluramine hydrochloride (A. H. Robins, Rich-
mond, Virginia), (+)-amphetamine sulphate (Merck
Sharp & Dohme Research Laboratories) and 5-hyd-
roxytryptamine (serotonin) creatinine sulphate
(Aldrich Chemical Company, Milwaukee, Wisconsin)
were dissolved in distilled water. (+)-p-Chloroamphet-
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amine hydrochloride (Regis Chemical Company,
Morton Grove, Illinois) was dissolved in saline. Xyla-
midine tosylate (The Wellcome Research Labora-
tories, Beckenham, England), cinanserin hydrochlo-
ride (E. R. Squibb & Sons, Princeton, New Jersey),
cyproheptadine hydrochloride (Merck Sharp &
Dohme Research Laboratories), methergoline (Farmi-
talia, Milan, Italy), chlorimipramine hydrochloride
(Ciba-Geigy Pharmaceuticals, Ardsley, New York)
and haloperidol (McNeil Laboratories, Fort Wash-
ington, Pennsylvania) were suspended/dissolved in 1%
methylcellulose.

The t test (two-tailed) was employed for analysis
of the significance of observed differences among
treatment groups. A P value of <0.05 was taken as
significant.

Results

Reduction of the anorectic effect of MK-212 by antag-
onists of 5-hydroxytryptamine

Pretreatment with methergoline (Beretta, Glasser,
Nobili & Silvestri, 1965; Ferrini & Glasser, 1965;
Clineschmidt & Lotti, 1974) significantly reduced the
magnitude of the anorectic response to MK-212, 1.5
(approximate ED ;) and 3 mg/kg (Figure 1). Methergo-
line alone did not affect food consumption. The anor-
exigenic action of MK-212, 3 mg/kg, was also anta-
gonized by prior treatment with cyproheptadine
(Stone, Wenger, Ludden, Stavorski & Ross, 1961) or
cinanserin (Rubin, Piala, Burke & Craver, 1964), as
shown in Figure 2. Cyproheptadine itself caused a
small but significant reduction in the amount of food
eaten, whereas food intake was not affected by cinan-
serin alone. Cyproheptadine and cinanserin were not
effective as antagonists of MK-212-induced anorexia
when the anorexigen was given at a dose of 1.5 mg/kg
(data not shown).

Xylamidine, an antagonist of 5-HT that penetrates
only poorly into the central nervous system (Copp,
Green, Hodson, Randall & Sim, 1967; Mawson &
Whittington, 1970), completely blocked the anorectic
response to 5-HT administered systemically (Figure
3). Xylamidine itself decreased food consumption.
There was no difference (P > 0.20) between the xyla-
midine plus vehicle and xylamidine plus 5-HT groups
with respect to the amount of food consumed. The
overt manifestations of injected 5-HT, e.g. defaeca-
tion, ptosis, prostration, cyanosis, were also prevented
by pretreatment with xylamidine. The reduction in
the amount of food eaten caused by MK-212 was
not antagonized by xylamidine (Figure 3). In fact, the
group receiving xylamidine plus MK-212 had a lower
(P < 0.01) consumption of food than the vehicle plus
MK-212-treated animals. The individual decreases in
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Figure 1 Antagonism by methergoline of

MK-212- induced reduction in food intake. Mether-
goline (M, 1 mg/kg i.p.) was injected 30 min before
MK-212, (1.5 or 3 mg/kg i.p.) and food was pres-
ented 30 min after the second injection. V = vehicle.
Food consumption (g/2 h) was determined on two
consecutive days, and, for each rat, the amount
eaten on the test (drug) day was expressed as a
percentage of that on the immediately preceding
control day. The height of each column indicates
the mean with the vertical line showing the s.d.
of 6 animals per treatment group. *Indicates a stat-
istically significant difference between pretreatment
with vehicle and methergoline.

food intake resulting from xylamidine and MK-212
would appear to be additive.

Anorectic effect of MK-212 after chlorimipramine

Pretreatment with chlorimipramine did not affect the
anorectic action of MK-212, whereas there was a
diminution in the response to fenfluramine (Table 1).

Anorectic response to MK-212 after haloperidol

In rats previously treated with haloperidol, the anor-
ectic effect of amphetamine was greatly reduced, but
the ability of MK-212 to decrease food intake was
unaffected (Table 2).

Effect of 5,6-dihydroxytryptamine on MK-212-induced
anorexia

The anorectic response to 3 mg/kg of MK-212 was
less in rats given an intraventricular injection of
5,6-dihydroxytryptamine 14 days earlier than in
ascorbate-pretreated control animals (Table 3). The
effect of MK-212 at 1.5 mg/kg was also reduced some-
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Figure 2 Antagonism of the anorectic activity of
MK-212 by pretreatment with cyproheptadine (Cy)
or cinanserin (Cin); (a) and (b) represent the results
from separate experiments, i.e. the studies were not
conducted concurrently. Cyproheptadine (1 mg/kg
i.p.), and cinanserin (20 mg/kg i.p.) were adminis-
tered 30 min before MK-212 (3 mg/kg i.p.). Food
was presented to the rats 30 min after giving
MK-212. V = vehicle. (a) Mean of 15 animals per
group. (b) Mean of 6 rats/treatment group. Vertical
lines show s.d. *Indicates that the MK-212-treated
group pretreated with cyproheptadine or cinanserin
differs significantly from corresponding animals pre-
treated with vehicle. Other details are as in Figure 1.

what by prior 5,6-dihydroxytryptamine, but this was
not statistically significant. In a comparable study
with amphetamine, the compound was inadvertently
administered at a dose of 2.5 mg/kg instead of the
intended 3 mg/kg (twice the approximate EDs,). The
magnitude of the decrease in food consumption
caused by amphetamine was not affected by the pre-
vious administration of 5,6-dihydroxytryptamine. As
shown in Table 3, the intraventricular injection of
5,6-dihydroxytryptamine caused a 32 to 449 reduc-
tion in whole brain 5-HT, while the concentrations
of noradrenaline and dopamine were not consistently
changed. The increase in noradrenaline of 18% in the
5,6-dihydroxytryptamine-treated group tested with
amphetamine is regarded as a spurious finding,
apparently due to the lower than usual concentration
of the amine in brains from the concurrently assayed
vehicle-treated control animals.

Anorectic activity of MK-212 after p-chloroamphet-
amine

Nine days after p-chloroamphetamine, brain S-HT
was reduced by 60%, noradrenaline was unchanged
and dopamine was slightly decreased (6%;) (Figure 4).
On the day before testing for drug-induced anorexia
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Figure 3 Effect of prior treatment with xylamidine
(X) on the decrease in food consumption produced
by 5-hydroxytryptamine (5-HT) and MK-212. The
rats were pretreated with xylamidine (1 mg/kg i.p.)
30 min before treatment with 5-HT (4.5 mg/kg s.c.)
or MK-212 (1.5 mg/kg s.c.). V = vehicle. Food was
presented to the animals 15 min after the second
injection. The data are the mean of 10-20 animals
per group. Vertical lines show s.d. *Indicates that
pretreatment with xylamidine differs significantly
from corresponding group pretreated with vehicle.
Other details as in Figure 1.

(i.e. 8 days after injection of p-chloroamphetamine),
the consumption of food was sometimes lower in the
p-chloroamphetamine-pretreated rats compared to
vehicle-pretreated controls (Table 4). This was true
in both studies with MK-212 as well as the experi-
ment with the high dose level of amphetamine. The
rats pretreated with p-chloroamphetamine and given

Table 1
MK-212
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1.5 mg/kg of MK-212 ate on the average nearly 2
g more than the corresponding control animals, but
the difference was not quite significant. Expressing
food intake on the test day as a percentage of the
preceding control day, there was, however, a signifi-
cant difference in the response of the two different
pretreatment groups to MK-212, 1.5 mg/kg (Table 4).
The anorectic response to MK-212, 3 mg/kg, fenflur-
amine, 3 and 6 mg/kg, and amphetamine, 3 mg/kg,
was reduced by prior administration of p-chloroam-
phetamine. p-Chloroamphetamine did not affect the
anorectic activity of 1.5 mg/kg of amphetamine.

Effect of a lesion in the median raphé nucleus on
MK-212-elicited anorexia

The anorectic activity of MK-212, 3 mg/kg, was less
in animals with a lesion in the region of the median
raphé nucleus (Table 5). Forebrains removed from
these rats had a 459, reduction in 5-HT, while nor-
adrenaline and dopamine were unchanged. Similar
results were obtained with fenfluramine and amphet-
amine examined at twice their approximate ED;, for
reducing food consumption (Table 5). It should be
noted that forebrains from the group tested with
amphetamine had a significant decrease in noradrena-
line, unlike forebrains from the other two groups of
lesioned animals. The greater response to fenflur-
amine in the sham-lesioned controls than observed
previously in other control groups (Tables 1 and 4)
is probably attributable to a strain difference. Rats
from Charles River were used in the lesion studies,
whereas animals from Carworth were employed for
all other experiments. We found a higher post-lesion
survival rate with the former strain, making it prefer-
able for this particular part of the investigations.

Effect of pretreatment with chlorimipramine on the anorexigenic actions of fenfluramine and

Food intake®
test day as %

Pretreatment® Treatment® of preceding
(mg/kg i.p.) (mg/kg ip.) day
Chlorimipramine (5) Vehicle 84.0+9.1
Vehicle Fenfluramine (6) 11.0+15.9
Chlorimipramine (5) Fenfluramine (6) 405 £ 8.9"
Vehicle MK-212 (3) 240110
Chlorimipramine (5) MK-212 (3) 288 *+127

230 min before treatment; 30 min before presentation of food. ©Food consumption was ascertained
for 2 consecutive days; food intake on the test (drug) day is expressed as a percentage of that eaten
on the immediately preceding (control) day. All values are mean * s.d. of 6 rats per treatment.

* Significant difference compared to group pretreated with vehicle.
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Discussion

The anorectic actions of MK-212 and amphetamine
in the rat are easily differentiated by the use of phar-
macological antagonists. Haloperidol, which blocks
receptors for dopamine, reduces the response to
amphetamine, but not MK-212, while anti-5-HT
agents antagonize MK-212, but not amphetamine
(present results and Clineschmidt et al., 1974). Antag-
onists of 5-HT also reduce the magnitude of the anor-
ectic response to fenfluramine, whereas haloperidol
and other substances interrupting catecholamine-
mediated neurotransmission are ineffective (Jespersen
& Scheel-Kruger, 1973; Clineschmidt et al, 1974;
Hollister et al., 1975). From these observations,
MK-212 can be designated broadly as a fenfluramine-
like rather than amphetamine-like anorexigen. A
striking similarity does in fact exist between MK-212
and fenfluramine with respect to their interactions
with 5-HT antagonists. Considering ‘high’ (twice the
EDso) and ‘low’ (EDs,) doses of the two anorexigens,
methergoline is the only antagonist effective against
both compounds at both doses, cinanserin and cypro-
heptadine antagonizing only the high dose (present
results and Clineschmidt et al,, 1974). The difference
between methergoline and the other 5-HT antagonists

cannot be attributed to inadequate doses of the latter,
since, after raising the doses of cyproheptadine and
cinanserin, pretreatment with these compounds was
still without effect on the reduction in food consump-
tion caused by the low dose of fenfluramine (Cline-

Table 2 Anorexic actions of MK-212 and amphet-
amine in rats treated with haloperidol

Food intake®

test day as
Pretreatment® Treatment® % of

(mg/kg ip.) (mg/kg ip.) control day
Haloperidol (0.18) Vehicle 109.7 £21.0

Vehicle Amphetamine (3) 6.7 8.8
Haloperido!l (0.18) Amphetamine (3) 415 +16.7*
Vehicle MK-212 (3) 215+115
Haloperidol (0.18) MK-212 (3) 244 £140

225 h before treatment; ®30 min before presen-
tation of food. °See Table 1. All values are
mean t s.d. of 10 animals per group.

* Significant difference compared to group pre-
treated with vehicle.

Table 3 Anorectic activity of MK-212 and amphetamine in rats injected intraventricularly with 5,6-dihyd-

roxytryptamine (5,6-DHT)

5,6-DHT Ascorbate
Treatment?® Control Test Test day as % Control Test Test day as %
Group (mg/kg ip.) n day day of control day day day of control day
1 MK-212 (3) 11 124+22° 51+20° 417%155° 14529 2910 195 +5.1
2 MK-212 (1.5) 10 11829 89%25 76.1 £18.7 14124 85122 62.3 +18.7
3 Amphetamine 9 153%*35* 47120 31.7+15.0 11820 32t24 264 +203
(2.5)
Brain monoamines (pg/g)°©
Treatment® 5-HT NA Dopamine
Group (mg/kg ip.) n 5,6-DHT  Ascorbate 5,6-DHT Ascorbate  5,6-DHT Ascorbate
1 MK-212 (3) 11 0.375* 0.667 0.551 0.589 0.859* 0.923
+0.044 +0.067 + 0.059 +0.038 + 0.062 + 0.055
—44% -6% -7%
2 MK-212 (1.5) 10 0.468" 0.732 0.589 0.604 0.899 0.919
+0.054 +0.088 + 0.060 +0.040 + 0.041 +0.031
-36% -2% -2%
3 Amphetamine 9 0.525* 0.772 0.580* 0.493 0.908 0.866
(2.5) +0.048 +0.034 +0.034 +0.07 + 0.061 +0.052
-32% +18% +5%

Food consumption (g)

230 min before presentation of food on the 14th day after pretreatment with 5,6-DHT or ascorbate.
b All values in table are mean * s.d. ° Brains were removed 24 h after treatment. 5-HT = 5-hydroxytrypta-

mine; NA = noradrenaline.

* Significantly different vs. ascorbate-treated control rats.
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Figure 4 Whole brain concentrations of 5-hy-
droxytryptamine (5-HT), noradrenaline (NA) and
dopamine (DA) after p-chloroamphetamine. The rats
were treated 9 days before they were killed with
p-chloroamphetamine (15 mg/kg i.p.). All data are
expressed as the mean of 8 brains/group. Vertical
lines show s.d. *Indicates a significant difference
between treatment with p-chloroamphetamine
(hatched) columns and the appropriate vehicle-
treated (open columns) group

5-HT-LIKE ANORECTIC ACTION OF MK-212 585

schmidt et al.,, 1974). The inability of cinanserin and
cypropheptadine to antagonize the low dose of
MK-212 might indicate that a 5-HT-mimetic com-
ponent is only involved at the high dose. However,
such an interpretation requires that methergoline can
also inhibit some undefined non-5-HT-mimetic mech-
anism operative at the low dose of MK-212. The sel-
ectivity of methergoline as an indoleamine antagonist
(Ferrini & Glasser, 1965; Beretta et al., 1965; Fuxe,
Agnati & Everitt, 1975a; Sastry & Phillis, 1976) miti-
gates this possibility. In any event, the fact that three
structurally dissimilar anti-5-HT agents significantly
reduced the anorectic response to a high dose of
MK-212 clearly points to an underlying 5-HT-like
mode of action.

Receptors for 5-HT in peripheral tissues are un-
likely to be important in the anorectic response to
MK-212. Although MK-212 has a S-HT-like effect
on the rat uterus studied in vitro, it is 300-fold weaker
than 5-HT itself (Lumma, Hartman, Saari, Cline-
schmidt & Torchiana, 1977). Despite its relatively
weak peripheral 5S-HT-mimetic effect, MK-212 has an
EDs, for reducing food intake in the rat that is
approximately three times lower than that of 5-HT
(see Figure 3). Moreover, pretreatment with xylami-
dine to block peripheral receptors for 5-HT com-
pletely prevented the decrease in food consumption
normally caused by 5-HT administered systemically,
but xylamidine was totally ineffective as an antagonist
of MK-212-¢licited anorexia.

Table 4 Effect of pretreatment with p-chloroamphetamine (PCA) on the anorectic response to MK-212,

fenfluramine and amphetamine

Pretreatment® Treatment®
Vehicle MK-212 (1.5)
PCA MK-212 (1.5)
Vehicle MK-212 (3)
PCA MK-212 (3)
Vehicle Fenfluramine (3)
PCA Fenfluramine (3)
Vehicle Fenfluramine (6)
PCA Fenfluramine (6)
Vehicle Amphetamine (1.5)
PCA Amphetumine (1.5)
Vehicle Amphetamine (3)
PCA Amphetamine (3)

Grams eaten® Test day as %

Control day Test day of control day
13.0+x11¢ 49+24 382201
10819t 68+20 642+19.7*
14137 40%11 302+116
115+25t 565+19* 518+ 196"
122+16 40*+17 343*178
118+26 72+19° 647 241"
142+36 20+23 167210
118+36 54+21* 537284
123+14 52124 4241192
13135 6518 515+14.1
13736 10%+13 891125
100+29t 29+21* 350+305"

215 mg/kg i.p. 9 days before treatment; ® 30 min before presentation of food. ¢ All values are mean  s.d.

of 10 rats per group.

t Significantly less than group pretreated with vehicle; * Significantly more than group pretreated with

vehicle.
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To gain insight as to whether or not MK-212 might
reduce food intake by releasing 5-HT from neurones
in the brain, the compound was tested in rats whose
level of 5-HT was decreased by destroying nerve ter-
minals with 5,6-dihydroxytryptamine (Baumgarten,
Bjorklund, Lachenmayer, Nobin & Stenevi, 1971), by
a lesion of 5-hydroxytryptaminergic cell bodies in the
median raphé nucleus or by administering p-chloro-
amphetamine, a 5-HT neurotoxin with an incom-
pletely understood mode of action (Sanders-Bush,
Bushing & Sulser, 1972; Fuller, Perry & Molloy,
1975; Neckers, Bertilsson, Koslow & Meek, 1976).
Regardless of the method employed to lower 5-HT,
the anorectic response to the high dose of MK-212
was reduced. This finding would appear to provide
convincing evidence for an indirect 5-HT-mediated
mode of action. However, consideration must be
given to a point that tends to weaken the argument.
Two procedures for lowering 5-HT, namely, lesion
in the raphé nucleus and p-chloroamphetamine,
resulted in a lessening of the anorectic activity of
amphetamine. If one accepts the evidence for cate-
cholamines in the mechanism whereby amphetamine
causes anorexia (Weissman et al., 1966; Abdalah,
1971; Holtzman & Jewett, 1971; Schulz & Frey, 1972,
Clineschmidt et al., 1974; Hollister et al., 1975), a
reduction in brain 5-HT would not be expected to
diminish the effect of amphetamine. It is uncertain,
therefore, whether or not the reduced anorectic ac-
tivity of MK-212 after p-chloroamphetamine or lesion
in the median raphé nucleus can be attributed to the
decrease in brain 5-HT. The technique of placing
lesions in the brain by electrolytic means is always
questionable with respect to selectivity. As for
p-chloroamphetamine, the rats consumed less food
after receiving this compound, and it is possible that
cross-tolerance to the two closely related drugs rather
than the lower level of brain 5-HT might explain the
reduction in amphetamine’s anorectic action. Since
MK-212 bears no obvious structural resemblance to
p-chloroamphetamine, cross-tolerance between these
two compounds seems less likely. It should be noted
that amphetamine does affect 5-hydroxytryptaminer-
gic neurones, e.g. increasing their rate of firing and
accelerating the turnover of 5-HT (see review by
Brase & Loh, 1975). Therefore, the results with
p-chloroamphetamine and lesion in the raphé region
could be evidence for implicating 5-HT in the mech-
anism of amphetamine’s anorectic action. However,
this proposition is difficult to reconcile with the fail-
ure of 5-HT antagonists, including methergoline, to
reduce the anorectic response to amphetamine (Fun-
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derburk et al, 1971; Jespersen & Scheel-Kruger,
1973; Clineschmidt et al., 1974).

While it is generally agreed that fenfluramine pro-
duces anorexia in the rat by a 5-HT-like effect, the
role of central 5-HT-containing neurones is contro-
versial. Samanin et al. (1972) reported that an electro-
lytic lesion in the median raphé nucleus inhibited the
anorectic response to fenfluramine without influenc-
ing the response to amphetamine. According to
Sugrue, Goodlet & McIndewar (1975), fenfluramine-
elicited anorexia was not reduced by placing a lesion
in the median raphé nucleus. In the present study,
the effects of both fenfluramine and amphetamine
were less in lesioned animals. Fenfluramine caused
a smaller decrease in food consumption in rats that
had previously received a microinjection of 5,7-dihyd-
roxytryptamine into the median raphé nucleus (Fuxe
et al., 1975b). 5,6-Dihydroxytryptamine given intra-
ventricularly has been reported to antagonize
(Clineschmidt, 1973) or have no effect (Sugrue et al.,
1975) on the magnitude of the anorectic response to
fenfluramine. 5,7-Dihydroxytryptamine administered
by the intracisternal route was ineffective in prevent-
ing anorexia provoked by fenfluramine (Hollister et
al., 1975). In agreement with the results presented
here, Duhalt, Boulanger, Voisin, Malen & Schmitt
(1975) reported a decrease of the anorectic activity
of fenfluramine in rats pretreated with p-chloroam-
phetamine. If fenfluramine does act, at least in part,
via the release of 5-HT from neurones in the central
nervous system, it apparently requires the uptake
mechanism present at the level of the neuronal mem-
brane. Prior treatment with chlorimipramine, an in-
hibitor of the uptake pump (Carlsson, 1970), anta-
gonizes the anorexigenic effect of fenfluramine (Jes-
persen & Scheel-Kruger, 1973; Clineschmidt et al.,
1974; Garattini et al., 1975).

Despite the similarities between the mechanisms in-
volved in the anorectic actions of fenfluramine and
MK-212, there are some interesting differences
between the two compounds. The anorectic response
to MK-212 was not diminished by prior treatment
with chlorimipramine. If MK-212 does act to some
extent by releasing 5-HT, it apparently does not
require the uptake mechanism in order to effect the
release of the monoamine. Fenfluramine causes a
long-lasting, p-chloroamphetamine-like, decrease in
brain 5-HT (Harvey & McMaster, 1975; Cline-
schmidt, Totaro, McGuffin & Pflueger, 1976; Cline-
schmidt, Zacchei, Totaro, Pflueger, McGuffin &
Wishousky, 1977). MK-212 does not share this pro-
perty (unpublished findings).
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