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TRUONG, D. D., M. P. GALLOWAY, G. PEZZOLI, Z. JAMROZIK AND S. FAHN. Milacemide increases 5-hydroxytryptamine
and dopamine levels in rat brain— Possible mechanisms of milacemide antimyoclonic property in the p,p’-DDT-induced myoclonus.
PHARMACOL BIOCHEM BEHAV 32(4) 993-1001, 1989. —Milacemide, a glycine prodrug that is able to enter the brain readily,
has been shown to have an antimyoclonic property in the p,p’-DDT-induced myoclonus syndrome. Milacemide increased regional
5-HT and dopamine and decreased 5-HIAA, DOPAC and HVA levels in naive rats. In p,p’-DDT-treated rats, 5-HT levels were
unchanged at the time the rats experienced spontaneous myoclonus in all brain regions except in the striatum, where it increased.
5-HIAA levels increased but did not reach significant levels except in the striatum. Dopamine, DOPAC, HVA and norepinephrine were
unchanged. When rats were treated concurrently with both p,p’-DDT and milacemide, regional 5-HT levels were increased and NE
levels in the brainstem and cerebellum decreased. Depletion of brain serotonin by pretreatment with PCPA or with 5,7-DHT, or
blocking 5-HT receptors with different 5-HT antagonists, failed to eliminate the antimyoclonic property of milacemide. This
antimyoclonic effect of milacemide may be mediated through other mechanisms besides its ability to increase brain 5-HT levels.
Possible mechanisms to be considered are its antiepileptic property, and its ability to increase brain glycine levels. Milacemide may
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have potential for therapeutic trials in patients with myoclonus.

Myoclonus p.p’-DDT Glycine Milacemide

Regional brain serotonin levels

Dopamine §,7-DHT

THE serotonin precursor 5-hydroxytryptophan (5-HTP) has been
beneficial in the treatment of patients with myoclonus (3, 9, 13,
22, 36, 56). Although the results were not uniform, a number of
patients improved with a combination of carbidopa and 5-HTP.
Decreased levels of 5-HT and 5-HIAA have been reported in CSF
from some patients with myoclonus (13,23). In addition, experi-
mental myoclonus in rats could be precipitated by concurring treat-
ment of 5-HTP and MAO inhibitors, or exposure to 5-HTP after
development of receptor hypersensitivity by previous lesioning of
the serotonin neurons with the neurotoxin 5,7-dihydroxytryptamine
(5,7-DHT) (15,48). In an experimental model of myoclonus
induced by 1,1,1-trichloro-2,2-bis(p-chlorophenyl)-ethane (p,p’-
DDT), the involvement of serotonin is supported by the antimyo-
clonic effect of 5-HTP (28,43). Furthermore, clonazepam, which

is an effective antimyoclonic drug in human disorders (13) and
suppressed p,p’-DDT-induced myoclonus (29), has been shown to
up-regulate 5-HT receptors after chronic treatment in rats (58).
Thus, myoclonus may be mediated by the serotoninergic system.

Recently, glycine was also purported to be involved in myo-
clonus (5, 6, 27, 53, 54). The work from Chung and Van Woert
showed that unilateral stereotaxic infusion of strychnine, a glycine
receptor antagonist, into rat medullary reticular formation induced
generalized stimulus sensitive myoclonus (5). In urea-induced
myoclonus, urea displaced glycine at its receptor sites in the
medullary reticular formation (6). Although regional determina-
tion showed fluctuation of the glycine level, the hypothesis that
glycine levels are central to the induction of myoclonus is
unproven (54). Intracerebroventricular glycine had protective
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effects against p,p’-DDT-induced myoclonus, but was not able to
reverse full-blown myoclonus or seizures. A therapeutic trial with
glycine in human myoclonus was ineffective probably due to
inadequate penetration of the blood-brain barrier (55). Milace-
mide, a glycine precursor, has been shown to have antiepileptic as
well as antimyoclonic properties (10,54). It prevented myoclonus
and was also able to reverse p,p’-DDT-induced myoclonus when
administered after the onset, although the effects were weaker and
required more frequent dosing. In this paper, we have examined
the effects of milacemide on the serotonin system to determine if
the antimyoclonic effect of milacemide could be mediated through
increased serotonin levels. For a better understanding of the
p,p’-DDT-induced myoclonus, we also undertook a detailed study
of the effect of p,p’-DDT on regional monoamine levels at the
time the rats were experiencing spontaneous myoclonus.

METHOD
Animals and Drugs

Male Sprague-Dawley rats weighing 180-200 g were used in
all experiments. The animals had free access to food and water.
They were housed under standard laboratory conditions under
12-hour light-dark cycles. Animals were fasted overnight before
being treated with p,p’-DDT 600 mg/kg or 400 mg/kg mixed in
warmed corn oil and administered PO in volume of 2 ml/kg.
Milacemide was administered IP. p,p’-DDT was obtained from
Aldrich Pharmaceuticals (Milwaukee, WI), milacemide from Con-
tinental Pharma (Belgium), ketanserin, pirenperone and pipamper-
one from Janssen Pharmaceutics Co. (New Brunswick, NJ),
methysergide from Sandoz (East Hanover, NJ), metergoline from
Farmatalia (Milan, Italy), para-chlorophenylalanine and 5,7-DHT
from Sigma Chemical Co. (St. Louis, MO), haloperidol from
McNeil Company (Ft. Washington, PA) and desipramin HCl
(DMI) from Merrell Dow Pharmaceuticals.

Biochemistry

To measure the effects of milacemide on neurotransmitters,
rats were treated with milacemide 400 mg/kg IP and sacrificed 1
hour later. For p,p’-DDT experiments, rats were treated with
p,p'-DDT 600 mg/kg in warmed corn oil or p,p’-DDT and
milacemide 400 mg/kg at 0 and 2 hours due to its short half life.
They were killed at 3 hours, at this point all rats displayed
spontaneous myoclonus without any seizure activity. Control rats
received corn oil and saline. After decapitation, rat brains were
dissected rapidly on ice and stored at — 80°F. Frozen tissue was
weighed then sonicated (Branson Sonic Power Co., Danbury, CT)
in 0.4 ml of ice-cold 0.1 M perchloric acid containing dihydrox-
ybenzamine or N-methylserotonin as internal standards to quanti-
tate recovery. After centrifugation, 350 ul of the clear supernatant
was brought to pH 8.5 by the addition of 25 pl of 3 M Tris base
(pH 11). This solution was then poured over miniature alumina
columns and elution assisted by centrifugation. The effluent of the
initial spin, containing the indoles and HVA, was collected in a
tube containing 33 ul of 6 M HCIl to acidify the samples.
Catechols were eluted from Al,O; with 150 ul 0.1 M oxalic acid.
Separation and quantification of catechols and indoles with
reverse phase high performance liquid chromatography was per-
formed as previously described (14,44), using an SSI HPLC
pump, 5 pm C-8 reverse phase column (Rainin Instrument,
Woburn, MA) and an LC-3 or LC-4 electrochemical transducer
using a glassy carbon with an applied potential of 0.7 V (vs.
Ag/AgCl reference electrode; Bioanalytical Systems, West Lafay-
ette, IN). Ratios of sample peak height to internal standard were
used for quantifications.

Lesioning Techniques
For further testing of the effect of decreased brain serotonin
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level on p,p’-DDT-induced myoclonus, rats were lesioned with
intracisternal injection of 5,7-DHT, a 5-HT neurotoxin, which
destroys serotonin neurons and depletes brain serotonin levels
(1,2). The rats were anesthetized with pentobarbital and were
pretreated with DMI 25 mg/kg IP approximately 20 minutes prior
to lesioning to protect the noradrenergic neurons (1). 5,7-DHT
was prepared on the day of use in 0.1% vitamin C normal saline
solution and protected from light. Intracisternal injection of
5,7-DHT (200 g free base in 25 pl) was performed using a
microsyringe with rats fixed on a custom designed wood block.
They were allowed to recover for 48 hours and experiments were
performed on the third day prior to development of behavioral
hypersensitivity (31,52). Control animals received intracisternal
injection of ascorbate in normal saline solution. In a concurrent
experiment, rats were sacrificed and whole brain analyzed by
HPLC to confirm our lesioning techniques.

Behavioral Assessment

On testing day, animals were housed in individual Plexiglas
cages and their behaviors were rated according to a previously
validated rating scale (54): 0: normal; 1: myoclonus of body parts
such as forepaws, ear twitches and wetdog shakes; 2: stimulus
sensitive axial myoclonus but irregular following external stimu-
lation; 3: marked stimulus sensitive axial myoclonus; 4: intermit-
tent myoclonus withoutexternal stimulation; 5: continuous myoclonus
without external stimulation; 6: intermittent convulsion or death
during the evaluation period. External acoustic stimulation was
delivered with a General Electric tape recorder (Model 3-5151B)
which produced a sound taped from a metronome at 1 tick/second
interval as previously described (54). Each observation lasted two
minutes, the first one without acoustic stimulation, the second one
with acoustic stimulation prior to intragastric treatment with
p,p’-DDT and in subsequent 30-minute intervals for 5 hours to 6
hours afterward depending on experiments and p,p’-DDT dose.

Statistical Analysis

Statistical analysis was performed using the CLINFO software
program, version 4.3, on a Digital Computer VAX/VMS at the
General Clinical Research Center at the Columbia University
College of Physicians and Surgeons. The effects of drugs on
p.p’-DDT-induced myoclonus were analyzed using the analysis of
variance. When the null hypothesis was rejected; the Student-
Newman-Keuls test was used to analyze the differences between
groups. Comparison at particular neurotransmitter levels was
made using the unpaired Student r-test.

RESULTS
Biochemistry

Effect of milacemide on monoamine levels of naive rats.
Milacemide significantly increased 5-HT levels in all areas of the
brain except the striatum, in which the increase did not reach a
level of significance (Table 1). 5-HIAA was significantly de-
creased in the cortex, cerebellum and nucleus accumbens. 5-HIAA
also decreased in other brain areas but did not reach statistical
significance. Milacemide administration increased dopamine and
decreased both DOPAC and HVA levels in the striatum (Table 2).
Norepinephrine levels were unchanged in all areas measured
(results not shown).

Effects of p,p’-DDT on monoamine levels. p,p’-DDT did not
change 5-HT levels at the time the rats experienced spontaneous
myoclonus except in the striatum where it increased. 5-HIAA
levels increased but reached a significant level only in the striatum
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TABLE 1
LEVELS OF 5-HT AND S-HIAA IN MILACEMIDE-TREATED RATS

5-HT 5-HIAA

Striatum

Control 877 = 39 778 = 37

Milacemide 983 + 28 662 + 36
Cortex

Control 195 = 6 176 = 8

Milacemide 277 = 5% 128 = 4*
Diencephalon

Control 344 + 8 451 = 13

Milacemide 594 = 19* 421 = 21
Brainstem

Control 966 * 49 1076 = 30

Milacemide 1598 + 138* 1122 = 44
Cerebellum

Control 78 £ 3 134 = 4

Milacemide 129 = 8* 140 = 7%
Nucleus Accumbens

Control 857 + 33 542 = 15

Milacemide 988 * 40* 367 = 27*

Rats were treated with milacemide 400 mg/kg IP and sacrificed 1 hour
later. Control rats received saline only. Milacemide increased 5-HT levels
significantly except in the striatum, in which 5-HT levels increased but did
not reach significance. S-HIAA decreased significantly in the cortex,
cerebellum and nucleus accumbens. 5-HIAA also decreased but did not
reach statistically significant levels in other brain areas dissected. *Denotes
p<0.05. Amount in nanogram per gram of wet tissue =S.E.M.

at this time point (Fig. 1). p,p’-DDT did not change dopamine
levels in any area except in the cortex, where they decreased.
DOPAC and HVA also did not change in the areas determined
(Fig. 2). There were no changes in the norepinephrine levels of the
p.p'-DDT-treated rats when compared with controls at the time all
of them experienced spontaneous myoclonus (Fig. 3).

Effect of Milacemide on Monoamine Levels of p,p'-
DDT-Treated Rats

In p,p’-DDT-treated rats, milacemide increased 5-HT levels in
the cortex, diencephalon, brainstem and nucleus accumbens, and
it decreased 5-HIAA level in the striatum. When compared with
vehicle-treated rats, milacemide and p,p’-DDT increased 5-HT
levels in the cortex, diencephalon, brainstem, cerebellum, nucleus
accumbens and spinal cord. 5-HIAA decreased in the nucleus
accumbens and diencephalon only (Fig. 1).

TABLE 2

EFFECT OF MILACEMIDE ON CATECHOLAMINE LEVELS
IN THE STRIATUM

Dopamine DOPAC HVA
Control 5211 = 173 1054 = 73 1262 = 52
Milacemide 6031 = 196* 244 + 18* 561 = 32*

Rats were treated with milacemide 400 mg/kg IP and sacrified 1 hour
afterward. Milacemide increased dopamine and decreased both DOPAC
and HVA levels in the striatum. *Denotes p<<0.05. Amount in nanogram
per gram of wet tissue = S.E.M.
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TABLE 3

EFFECTS OF DEPLETION OF BRAIN SEROTONIN LEVELS ON THE
ANTIMYOCLONIC PROPERTY OF MILACEMIDE

p.p’-DDT Numbers Mean Myoclonus
Dose of Scores Between
Drugs mg/kg Rats 2-5 Hours = SEM
Pretreatment With PCPA
Saline 600 6 4.29 = 1.29
Milacemide 600 6 0.62 = 0.13*
400 mg/kg
q. 2 hr
Lesioning With 5,7-DHT
Saline 400 6 4.98 = 0.33
Milacemide 400 6 3.37 £ 0.48*
400 mg/kg
q. 2 hr

After pretreatment with PCPA 400 mg/kg IP 24 hours prior to experi-
ment, rats were treated with p,p’-DDT 600 mg/kg and either saline or
milacemide IP 400 mg/kg every 2 hours. Myoclonus scores were mean
myoclonus scores between 25 hours. The myoclonus scores of milacemide-
treated rats decreased significantly compared to control animals. Intracis-
ternal injection of 5,7-DHT did not reverse the antimyoclonic property of
milacemide. Myoclonus scores were computed as the mean between 2-6
hours because here a lower p,p’-DDT dose was given. Milacemide-treated
rats differ significantly from lesioned rats that received saline only.
*Indicates p<<0.05.

In the group treated with both milacemide and p,p’-DDT, when
compared with p,p’-DDT-treated rats only, dopamine levels in-
creased in the hippocampus and diencephalon and decreased in the
spinal cord. HVA decreased significantly in the striatum. DOPAC
decreased in the striatum, nucleus accumbens, diencephalon and
brainstem (Fig. 2).

When compared with control rats treated with vehicle, dopa-
mine levels increased in the hippocampus, and decreased in the
cortex, brainstem and spinal cord. HVA decreased in the striatum.
DOPAC decreased in striatum, n. accumbens, diencephalon and
brainstem (Fig. 2).

In the group that received both p,p’-DDT and milacemide,
norepinephrine levels decreased in the cerebellum and increased in
the spinal cord when compared with p,p’-DDT-treated rats. They
decreased both in the brainstem and cerebellum when compared
with control rats (Fig. 3).

Behaviors

Depletion of whole brain serotonin levels with parachlorophe-
nylalanine (PCPA) 400 mg/kg 24 hours and 200 mg/kg 6 hours
prior to testing (33) did not affect the antimyoclonic property of
milacemide (Table 3). Intracisternal injection with 5,7-DHT did
not affect milacemide’s antimyoclonic property (Table 3). In a
parallel experiment the levels of 5-HT depletion with PCPA and
5,7-DHT in whole brain were measured by HPLC, which showed
a 50% depletion when compared with control rats (Table 4). Pre-
and cotreatment with methysergide and metergoline, which block
both 5-HT, and 5-HT, receptors and at a dose known to be central
acting (19,21), did not modify the milacemide effect (Table 5).
p,p’-DDT-induced myoclonus was suppressed by milacemide
despite cotreatment with 5-HT, receptor blockers pipamperone,
pirenperone and ketanserin (Table 6) (7, 20, 37, 61). Haloperidol
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FIG. 1. Levels of 5-HT and 5-HIAA in p,p’-DDT- and milacemide-treated rats. Rats were treated
with p,p’-DDT 600 mg/kg in warmed corn oil or p,p’-DDT and milacemide 400 mg/kg at 0 and 2
hours due to its short half life. They were killed at 3 hours; at this time point all rats displayed
spontaneous myoclonus without any seizure activity. Control rats received corn oil and saline only.
p.p'-DDT did not change either 5-HT or 5-HIAA levels except in the striatum, where it increased.
When compared with the p,p’-DDT-treated rats, milacemide increased 5-HT levels in the cortex,
diencephalon, brainstem and nucleus accumbens and it decreased S-HIAA level in the nucleus
accumbens. When compared with vehicle-treated rats, milacemide and p,p’-DDT increased 5-HT
levels in the cortex, diencephalon, brainstem, cerebellum, nucleus accumbens and spinal cord,
5-HIAA decreased in the nucleus accumbens and diencephalon only. Asterisks denotes p<<0.05
against vehicle control. Hexagons denote p<<0.05 against p,p’-DDT-treated rats. Amount in

nanogram per gram of wet tissue = S.E.M.

also did not alter milacemide’s effects (Table 5).

DISCUSSION
Effects of p.p'-DDT on Neurotransmitters

Our study of the effect of p,p’-DDT on the monoamines and
metabolites did not show any change in the levels of 5-HT,
dopamine, norepinephrine, DOPAC or HVA in any area examined
except an increase in 5-HT and 5-HIAA levels in the striatum. We
were unable to confirm the results of Hrdina et al. who reported
that norepinephrine levels decreased in the brainstem (26). In

TABLE 4
5-HT AND 5-HIAA LEVELS IN PCPA- AND 5,7-DHT-PRETREATED RATS

% %
Con- Con-
5-HT trol 5-HIAA trol (n)
Control 370 = 43 158 = 20 6)
PCPA -pretreated 156 £ 53* 42% 35 £ 6.7 22.15% (4)
Control-lesioned 507 £ 16 255 £ 16 8)
5,7-DHT-lesioned 277 * 40* 54% 131 = 21* 51% 9)

Pretreatment with PCPA or lesioning with 5,7-DHT depleted 5-HT
levels in whole brain to 42% and 54% of control animals. 5-HIAA levels
decreased to 22% and 51% of control respectively. Amount in nanogram
per gram of wet tissue = S.E.M. *Indicates p<<0.05 by unpaired Student
1-test.

agreement with a previous report, dopamine levels were un-
changed in the p,p’-DDT-treated rats (25). Although 5-HIAA
levels increased uniformly, they did not reach statistical signifi-
cance at the time when myoclonus was prominent except in the
striatum. Other investigators have reported an increase in 5-HIAA
after p,p’-DDT (26,28). Hwang and Van Woert found 5-HIAA
increased in all brain regions (28). Hrdina er al. measured only
striatal 5-HIAA (26). The differences in our data may reflect the
fact that different times of killing were chosen. Hwang and Van
Woert sacrificed the animal at 4 hours after p,p’-DDT intake and
Hrdina et al. at 5 hours. p,p’-DDT-treated rats experienced further
symptoms besides myoclonus at this time, such as hyperthermia,
running seizures and dystonic features. Hyperthermia has been
shown to increase 5-HT turnover (47). We therefore conducted our
experiments at 3 hour, where only spontaneous myoclonus is
obvious. Interestingly, Hrdina ez al. also did not find an increase
in 5-HIAA with a lower dose of p,p’-DDT at 5 hour. At this time
“‘hyperexcitability and tremor’” were present but with only a mild
increase in body temperature. Although 5-HTP decreased myoclo-
nus in the p,p’-DDT model (28,43), an increase in 5-HT levels in
the cerebellum and midbrain has been reported (28). We, how-
ever, in agreement with Hrdina ez al., did not find any change in
the brainstem 5-HT as well as other areas dissected. Similarly,
Pratt et al. reported that whole brain 5-HT level was unchanged
(43). Although steady state evaluation of the major monoamine
neurotransmitters is not the most sensitive measure of neuronal
dysfunction, these results suggest that a deficiency of norepineph-
rine, dopamine, and 5-HT may not be the mechanism of p,p’-
DDT-induced myoclonus. Since 5-HT does not have to be released
before it is metabolized to 5-HIAA (16,59), p,p’-DDT may
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FIG. 2. Dopamine levels in the p,p’-DDT- and milacemide-treated rats. Rats were treated with
p.p’-DDT 600 mg/kg PO at 0 hour. p,p’-DDT- and milacemide-treated rats received p,p’-DDT
600/mg at O hour, as well as milacemide 400 mg/kg IP at O and 2 hours. They were sacrified at 3
hours when all the rats had spontaneous myoclonus. p,p’-DDT did not change dopamine levels in all
the areas dissected except in the cortex, where they decreased. DOPAC and HV A also did not change
in the two areas determined. In the group treated with both milacemide and p,p’-DDT, when
compared with p,p’-DDT-treated rats only, dopamine levels increased in the diencephalon,
hippocampus and decreased in the spinal cord. HVA and DOPAC decreased significantly in the
areas determined, DOPAC level became not measurable in the diencephalon. When compared with
control rats treated with vehicle, dopamine levels increased in the hippocampus and decreased in the
cortex, brainstem and spinal cord. HVA and DOPAC levels decreased in the areas determined.
Asterisks denote p<<0.05 against vehicle control. Hexagons denote p<<0.05 when compared with

997

p.p'-DDT-treated rats. Amount in nanogram per gram of wet tissue + S.E.M.

interfere with 5-HT release into the synaptic cleft as suspected by
Hwang and Van Woert (28) so that a deficiency at the receptor
sites exists and 5-HIAA is metabolized intraneuronally without
being released and reuptaken.

Effects of Milacemide on Monoamines

Our results showed that milacemide at the doses used increased
brain dopamine and decreased DOPAC and HVA levels in the
striatum of naive rats. It also increased 5-HT and decreased
5-HIAA levels in all areas studied except in the striatum. An
increase in 5-HT or DA levels can be achieved either through
increased synthesis, decreased degradation, or decreased release.
A concurrent decrease of the metabolites 5-HIAA and DOPAC,
coupled with an increase in dopamine and 5-HT levels, suggests
the possibility of inhibition of monoamine oxidase, since this
enzyme is involved in both the degradation of 5-HT and dopamine
(11, 17, 18, 24). Milacemide, however, did not alter norepineph-
rine levels as reported with other MAO inhibitors, such as
pargyline, chlorgyline and tranylcypromine (18, 26, 60). Interest-
ingly, it has been shown to increase brain glycine levels (4,54).
The interaction between glycine and serotonin metabolism is
currently not well known.

Effects of Both p,p’-DDT and Milacemide on Monoamines:
Possible Mechanism of Milacemide’s Antimyoclonic Property

In the p,p’-DDT-treated rats, milacemide increased dopamine
levels in the hippocampus and diencephalon, but decreased dopa-

mine level in the spinal cord. Its effects on the norepinephrine
levels differed, with an increase in the spinal cord, decrease in the
cerebellum and no change in other brain areas studied. Hrdina et
al. reported the increase in NE level in the brainstem by the MAO
inhibitor pargyline was potentiated by treatment with p,p’-DDT
(26). We, however, obtained an opposite effect with milacemide.
Concurrent application of both milacemide and p,p’-DDT de-
creased NE in brainstem and cerebellum. Experiments by Hwang
and Van Woert have shown that pretreatment with alpha-
MPT or blockade of alpha receptors enhanced the antimyoclonic
property of 5-HTP (30). They postulated that a noradrenergic
inhibitory synapse may be located in the neural circuit connecting
a serotoninergic neuron to the final motor response of myoclonus
(30). Whether the antimyoclonic property of milacemide is medi-
ated through a noradrenergic mechanism remains to be determined.

In p,p’-DDT rats, milacemide decreased 5-HIAA and DOPAC
levels and increased 5-HT levels. At the dose used, the increase in
5-HT was most marked in the brainstem, cortex, cerebellum and
nucleus accumbens. This raised the question that the previously
reported antimyoclonic property of milacemide could be mediated
through an enhancement of 5-HT neurotransmission since 5-HTP
and drugs that increased serotonin neurotransmission improved
myoclonus in the p,p’-DDT model (28, 38, 43). However,
pretreatment with drugs that decreased serotoningeric function,
such as PCPA (33), 5,7-DHT or serotonin receptor blockers failed
to eliminate the antimyoclonic property of milacemide.

In the serotonin syndrome, which shows forepaws treading,
hyperactivity, head waving, snake tails and seizures besides
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TABLE 5

EFFECT OF METHYSERGIDE, METERGOLINE AND HALOPERIDOL ON
THE ANTIMYOCLONIC PROPERTIES OF MILACEMIDE

p.p’-DDT  Mean Myoclonus

Dose Scores Between
Drugs Drugs mg/kg 2-5hr = SEM. (n)
Pretreatment With Methysergide
Saline Vehicle 1 hr 600 4.47 = 0.32 6)
q. 2 hr prior to DDT
and at 3 hr
Milacemide Methysergide 600 1.00 = 0.27* 6)
400 mg/kg 10 mg/kg 1 hr
q. 2 hr prior to DDT
and at 3 hr
Cotreatment With Methysergide
Saline Methysergide 600 4,90 = 0.36 (6)
q. 2 hr 10 mg/kg at
time 0
Milacemide Methysergide 600 0.90 = 0.29* (6)
400 mg/kg 10 mg/kg IP
q. 2 hr at time 0
Pretreatment With Metergoline
Saline Metergoline 400 4.85 = 0.34 (5
q. 2 hr 2 mg/kg 3 hr
prior to DDT
Milacemide Meterogoline 400 1.34 = 0.36* (6)
400 mg/kg 2 mg/kg 3 hr
q. 2 hr prior to DDT
Cotreatment With Haloperidol
Saline Haloperidol 600 3.86 = 0.40 (5)
q.2hr 1 mg/kg IP
at time 0
Milacemide Haloperidol 600 1.10 = 0.26* (5)
400 mg/kg 1 mg/kg IP
q. 2hr IP at time O

Methysergide 10 mg/kg IP was given prior to and at the same time as
p,p’-DDT. Metergoline 2 mg/kg IP was given 3 hours prior to experiment.
Methysergide and metergoline have no effect on the antimyoclonic
property of milacemide. Haloperidol did not alter milacemide’s effective-
ness. *Indicates p<<0.05 by ANOVA.

myoclonus, 5-HT, receptor blockers have been reported to block
the head twitches, wet dog shakes and myoclonus (7, 20, 37, 41,
61). Based on these observations, we suspected that 5-HT,
receptors may play a role in p,p’-DDT-induced myoclonus and
tested different 5-HT, receptor blockers such as ketanserin,
pipamperone and pirenperone in the presence of milacemide.
Nevertheless, pre- or cotreatment with these 5-HT, receptor
blockers, at doses known to be centrally active as reported by
others, failed to abolish the antimyoclonic effects of milacemide.
Pretreatment with metergoline and methysergide, which block
both S-HT, and 5-HT, receptors (8, 12, 19), did not eliminate
milacemide’s antimyoclonic effects.

These data, however, need to be interpreted with caution since
serotonin is normally synthesized in excess of functional need and
excessive serotonin may be degraded by monoamine oxidase
without release into the interneuronal clefts (16,59). Indeed, there
is evidence that different pools of 5-HT exist. The large compart-
ment is thought to be a storage and reserve pool, and the smaller
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pool is often referred to as the “’functional’” pool and consists of
newly synthesized 5-HT (34). This functional pool may not have
been depleted. Although methysergide and metergoline have been
shown previously to worsen p,p’-DDT-induced myoclonus in
mice (28) and counteracted the antimyoclonic property of clon-
azepam (29) which increases cerebral 5-HT and 5-HIAA levels
(42). These assertions have been disputed by Pratt et al., who
reported that neither depletion of serotonin with PCPA (up to 35%
of control) nor blocking 5-HT with methysergide and metergoline
worsens p,p’-DDT-induced myoclonus in rats (43). It is further
not known what relationship exists between the antagonist effects
of these blockers and the increased serotonin levels by milace-
mide. Milacemide also has been shown to have antiepileptic
activities in different seizures models (10) and increased brain
glycinamide and glycine levels (4,54). The antimyoclonic prop-
erties of milacemide, therefore, could be mediated through other
mechanisms than increased serotonin transmission alone, such as
through increased brain glycine levels or its antiepileptic property.
Pretreatment with the antiepileptic agent diphenylhydantoin has
been reported to attenuate tremor induced by a lower dose of
p.p’-DDT (49). Hunter et al. also reported the effect of milace-
mide in mice and suspected the involvement of a glycinergic
mechanism in p,p’-DDT-induced myoclonus (27). The marked
effectiveness of milacemide could be due to the synergistic effects
of glycine on serotonin’s antimyoclonic property. Indeed, glycine
has been known to potentiate the anticonvulsant actions of
diazepam, phenobarbital and other anticonvulsant drugs (40, 45,
46, 50, 51).

Since milacemide also increases dopamine levels in the stria-
tum, we tested the antimyoclonic activity of milacemide in the
presence of haloperidol. Rats treated concurrently with haloperidol
and milacemide did not differ from rats treated with milacemide
only. Milacemide has also been reported to increase GABA
synthesis (57) and although GABA levels are decreased in the
p.p’-DDT models (32,39), ICV GABA, GABA agonists such as

TABLE 6

EFFECT OF THE 5-HT, RECEPTOR BLOCKERS PIPAMPERONE,
KETANSERIN AND PIRENPERONE ON THE ANTIMYOCLONIC PROPERTY
OF MILACEMIDE

p.p’-DDT  Mean Myoclonus

Dose Scores Between
Drugs Drugs mg/kg PO 2-5hr £ SEM  (n)
Saline Saline 600 5.11 + 0.36 ()]
Pipamperone Milacemide 600 0.78 = 0.26* 6)
1 mg/kg IP 400 mg/kg
q. 3 hr q.2hr
Vehicle Saline 600 4.40 = 0.41 (6)
Ketanserin Milacemide 600 1.05 + 0.14* (3)
10 mg/kg IP 400 mg/kg
q.2hr
Ketanserin Milacemide 600 0.71 = 0.17* 3)
2 mg/kg IP 400 mg/kg
q.2hr
Vehicle Saline 600 4,50 = 0.37 5
Pirenperone Milacemide 600 0.34 = 0.09* 5
500 pg/kg 400 mg/kg IP
13 q. 2 hr

Rats were treated with p,p’-DDT 600 mg/kg PO and either pipamper-
one, ketanserin or pirenperone. Rats treated with milacemide were
protected from myoclonus despite 5-HT, blocking effect. *Indicates
p<0.05 by ANOVA.
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FIG. 3. Effect of p,p’-DDT and milacemide on norepinephrine levels. Rats were treated with
p.p’-DDT 600 mg/kg or oil vehicle as control. Rats treated with both p,p'-DDT and milacemide
received p,p’-DDT 600 mg/kg at O hour and milacemide 400 mg/kg IP at 0 and 2 hours. They were
sacrificed at 3 hours. There were no changes in the norephinephrine levels of the p,p’-DDT-treated
rats when compared with control, at the time all of them experienced spontaneous myoclonus. In the
group that received both p,p’-DDT and milacemide, norepinephrine levels decreased in the
cerebellum and increased in the spinal cord when compared with p,p’-DDT-treated rats. They
decreased both in the brainstem and cerebellum when compared with control rats. Asterisks denote
p<<0.05 when compared with vehicle control. Hexagons denote p<0.05 when compared with
p.p'-DDT-treated rats. Amounts in nanogram per gram of wet tissue =S.E.M.

muscimol, acetylenic GABA, amino-oxyacetic acid or progabide
and GABA antagonists bicuculline and isoniacid have no effect on
p.p’-DDT-induced myoclonus (28, 29, 54). The mechanism of
milacemide’s antimyoclonic effect may not be mediated through
GABA.

In summary, milacemide increased brain serotonin and dopa-
mine as well as decreased their acid metabolites 5-HIAA, HVA and
DOPAC, consistent with the predicted effects of a MAO inhibitor.
Although p,p’-DDT-induced myoclonus improved with drugs that
increased serotonin transmission, detailed regional studies of dif-
ferent neurotransmitters at the time of myoclonus failed to show
alteration of either serotonin, dopamine or norepinephrine levels. A
deficiency in 5-HT is therefore not central for the induction of
myoclonus. Concurrent administration of both milacemide and
p.p’-DDT decreased NE in brainstem and cerebellum. Whether the
antimyoclonic property of milacemide is mediated through a
noradrenergic mechanism remains to be elucidated. Milacemide

also increased serotonin levels in p,p’-DDT-treated rats, but
neither depletion of brain serotonin levels with PCPA, lesioning
with the 5-HT neurotoxin 5,7-DHT or blocking with different
5-HT, or 5-HT, receptors blockers eliminate the beneficial effects
of milacemide on myoclonus. Milacemide’s antimyoclonic prop-
erty may not require endogenous serotonin or its effects on 5-HT,
and 5-HT, receptors. The antimyoclonic effect of milacemide may
be mediated through other actions of milacemide such as increased
brain glycine levels or its antiepileptic effects besides increased
brain serotonin levels. Since milacemide can prevent p,p’-DDT-
induced myoclonus in rodents, which is considered to be an animal
model of human myoclonus, it may have potential for human
therapeutic trials.
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