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Abstract

Background. It is well known that besides the typical symptoms of Parkinson’s disease, non-motor disabilities were
found to be major contributing factors to impairments in disease-related quality of life. The scope of the non-motor
manifestations of Parkinson’s disease is broad and includes depression, pain, disturbances in mood, cognition,
autonomic function, sleep, perceptual changes, and impulse control. Pain as a primary symptom is usually located
on the side of the body that is most compromised by the disease. The treatment always demands a great adjustment
of dopamine agonist, local injections of steroids, massages, physiotherapy, and analgesic therapy, which improve
the life quality of patients.

Objectives. The aim of this study was to examine the biological effects of nefopam, a non-opioid analgesic drug,
in rats.

Material and Methods. Locomotor activity, stereotypy, catalepsy, depressive behavior, and motor coordination
were examined in adult male Wistar rats after nefopam administration. Furthermore, the dopamine (DA) synthesis
rate in the frontal cortex, nucleus accumbens, and striatum after nefopam challenge was determined and microdi-
alysis of the striatum was performed.

Results. Nefopam administered in doses of 1, 5, 10, 20, and 40 mg/kg i.p. was without effect on locomotor activity
in the rats, although higher doses (20 or 40 mg/kg i.p.) evoked behavioral stereotypy. Nefopam ameliorated motor
coordination (assessed with the rotarod test) and diminished the cataleptogenic effect of SCH 23390. In biochemi-
cal studies it was shown that nefopam reduced the DA synthesis rate in the frontal cortex, nucleus accumbens and
striatum and augmented DA release in the striatum in rats.

Conclusions. These data lead to the proposal that the “behavioral-biochemical profile” of this analgesic justifies
its use in patients with motor abnormalities, for example in Parkinson’s disease (Adv Clin Exp Med 2010, 19, 1,
21-31).
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Streszczenie

Wprowadzenie. Wiadomo, ze typowym motorycznym objawom choroby Parkinsona towarzyszg inne zaburzenia,
ktdre znacznie pogarszaja jako$¢ zycia pacjentéw z tym schorzeniem. Zalicza sie do nich depresje, bol, pogorszenie
funkcji kognitywnych, zaburzenia snu oraz objawy pochodzace z uktadu autonomicznego. Spo$réd wymienionych,
bdl jest jedna z najczestszych skarg tych pacjentéw. Leczenie wymaga najczesciej korekty dawek stosowanych juz
agonistow dopaminowych, miejscowych iniekcji kortykosteroidéw, masazy, fizykoterapii oraz podawania lekow
przeciwbdlowych.

Cel pracy. Uzyskanie odpowiedzi, czy nefopam - nieopioidowy analgetyk wykazuje inne, oprdcz przeciwboélowych,
wlasciwosci biologiczne u szczurdw.

* This study was supported by the Medical University of Silesia KNW.
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Material i metody. U dorostych szczuréw samcow szczepu Wistar zbadano aktywnos¢ lokomotoryczng z oceng
stereotypii, katalepsje, badanie dziatania przeciwdepresyjnego oraz koordynacje ruchowa po podaniu nefopa-
mu w roznych dawkach. Dokonano ponadto oceny szybkosci syntezy dopaminy (DA) w korze czotowej, jadrze
pollezacym przegrody i prazkowiu po podaniu badanego leku oraz wykonano badanie mikrodializy prazkowia.
Wyniki. Nefopam stosowany w dawkach 1,0; 5,0; 10; 20 oraz 40 mg/kg i.p. (dootrzewnowo) nie wptywal na
aktywnoé¢ lokomotoryczng badanych szczuréw. Po podaniu wiekszych dawek (20 lub 40 mg/kg i.p.) obserwowa-
no u zwierzat zachowanie stereotypowe. Nefopam poprawial natomiast kordynacje ruchowa (w teécie rota-rod)
oraz oslabiat kataleptogenne dziatanie SCH 23390. W badaniach biochemicznych wykazano, ze badany lek zmniej-
szal szybkos¢ syntezy DA w korze czolowej, jadrze potlezacym przegrody oraz prazkowiu, nasilal takze uwalnianie
DA w prazkowiu u szczuréw.

Whioski. Na podstawie przeprowadzonych badan nalezy stwierdzi¢, ze ,behawioralno-biochemiczny profil” bada-
nego analgetyku przemawia za tym, ze moze on by¢ z duzym bezpieczenstwem stosowany u oséb z zaburzeniami
funkgji motorycznych, np. w chorobie Parkinsona (Adv Clin Exp Med 2010, 19, 1, 21-31).

Stowa kluczowe: nefopam, aktywnos¢ lokomotoryczna, koordynacja ruchowa, katalepsja, dopamina, szczury.

Nefopam (3,4,5,6-tetrahydro-5-methyl-1-phe-
nyl-1H-2,5-benzoxazocinehydrochloride) is a cen-
trally acting non-opioid analgesic agent with anti-
shivering effects that is structurally related to
antihistamines and antiparkinson drugs. Nefopam
inhibits the synaptic uptake of dopamine (DA),
norepinephrine (NE), and serotonin (5-HT) in an
amphetamine-like fashion. It has also been found
that this drug has affinity to serotonergic 5-HT,,,
5-HT,c, 5-HT;, a,-adrenergic, and dopaminergic
D, receptors [1]. However, it neither binds to opi-
ate receptors nor inhibits prostaglandin synthesis.
Some data suggest that descending serotonergic
pathways are involved in nefopam-induced anti-
nociception, but the detailed mechanism remains
unclear [2]. The pharmacological characteristics of
its antishivering properties resemble those of other
drugs, particularly methylphenidate hydrochlo-
ride, clonidine, and orphenadrine, which decrease
muscle rigidity and postoperative shivering.

Furthermore, Gomaa et al. [3] reported that
nefopam stimulated immune functions and
improved the defense mechanism, which may be
of future therapeutic value in diseases that need
immunological enhancement. Others demon-
strated that nefopam was more effective than car-
bamazepine, a reference antiepileptic drug, in its
ability to protect cerebellar neuronal cultures from
the neurodegeneration induced by veratridine [4].
The same group found that nefopam prevented
N-methyl-D-aspartate (NMDA)-mediated exci-
totoxicity following stimulation of L-type voltage-
sensitive calcium channels by the specific agonist
BayK8644. They concluded that the novel action
of nefopam may be important both for its central
analgesic effects and for its potential therapeutic
use in neurological and neuropsychiatric disor-
ders involving excessive glutamate release [5]. As
has been noted, excessive activation of glutamate
receptors under conditions of oxidative and meta-
bolic stress may contribute to neuronal dysfunc-

tion and degeneration in diseases ranging from
stroke, Alzheimer’s disease, and Parkinson’s dis-
ease to psychiatric disorders [6].

Dopaminergic neurons in the substantia nigra,
which control body movements, are among the most
prominent populations of neurons to degenerate in
Parkinson’s disease. Oxidative stress due to aging,
DA oxidation, and mitochondrial dysfunction may
render dopaminergic neurons vulnerable to excito-
toxicity. In fact, activation of glutamate receptors is
required for the neurotoxic actions of mitochon-
drial complex I inhibitors towards dopaminergic
neurons [7]. Moreover, an ongoing debate over the
past decade also relates to the concern of whether
L-dihydroxyphenylalanine (L-DOPA) or other
dopaminomimetics promote or reduce reactive
oxygen species formation in the brain, thereby
possibly accelerating or decelerating the progres-
sion of Parkinson’s disease [8, 9]. Furthermore, the
involvement of other system (e.g. the serotoninergic
or histaminergic) in regulating receptor sensitivity
status as well as in modulating DA release and reac-
tive oxygen species production in DA-denervated
striatum have been investigated [10-13].

One must recognize that besides the typical
symptoms of Parkinson disease (tremor, rigid-
ity, etc.), non-motor disabilities were found to
be major contributing factors to impairments in
disease-related quality of life. The scope of the
non-motor manifestations of Parkinson disease is
broad and includes depression, pain, disturbances
in mood, cognition, autonomic function, sleep,
perceptual changes, and impulse control [14].
Pain as a primary symptom is usually located on
the side of the body that is most compromised by
the disease. The main motor symptom related to
pain is rigidity, which occurs frequently during
the “off” episodes, i.e. during the period in which
the antiparkinson medication loses its effect until
the next administration of the dose. The treatment
always demands a great adjustment of DA ago-



Biological Peculiarities of Nefopam in Rats

23

nist, local injections of steroids, massages, phys-
iotherapy, and analgesic therapy, which improve
the life quality of patients [15]. Considering the
above, the aim of the present study was to analyze
the “behavioral-biochemical profile” of nefopam
to address the possible non-analgesic effects of
this drug.

Material and Methods

Subjects

All subjects were male Wistar rats (200-250 g)
obtained from the University Animal Department
(Katowice, Poland) housed in plastic cages with
free access to food and water in a well-ventilated
room at 22 + 2°C. The animals were maintained
on a 7:00 am. to 7.00 p.m. light-dark cycle. All
experimental procedures were approved by the
Local Bioethics Committee for Animal Care and
were performed in accordance with the Principles
of Laboratory Animal Care.

Open Field

The locomotor activity and stereotypy of the
rats were recorded individually for each animal
[16]. Rats were placed in an open-field chamber
that consisted of a transparent Plexiglas box (40 x
40 x 20 cm) with an automated behavioral monitor
equipped with an X-Y-Z arrangement of infrared
photoreceptor beams (16 x 16 x 8 per side) (Opto-
Varimex, Columbus Instruments, Columbus, OH,
USA). Each apparatus was connected to a com-
puter with operating software that recorded all
horizontal and vertical beam breaks. The rats were
brought into the laboratory one day before experi-
ment for adaptation. On the day of the experiment
the rats were injected with saline (1.0 ml/kg i.p.)
or nefopam (1.0, 5.0, 10, 20, or 40 mg/kg i.p.) and
placed in a chamber. The software enabled deter-
mining the distance traveled (a measure of loco-
motor activity) and repetitive motor movements
(a measure of stereotypy). The position of each rat
was determined every 100 msec. The total num-
ber of beam breaks was cumulated every 25 min
for a period of 75 min. Each group consisted of
10 rats.

Locomotor Coordination
(Rotarod Test)

The rotarod test [17] has been used to assess
motor coordination and balance alterations in
rodents. Ten minutes after saline pretreatment
(1.0 ml/kg), the rats were individually placed

on a wooden bar 3 cm in diameter. The bar cir-
culated longitudinally four times per minute and
the length of time (in sec) on the rotating bar
was recorded. Any rat remaining on the bar for
300 sec was placed back in its cage. This test was
carried out twice more on each rat, with 10 min
intervals between tests. The mean time was cal-
culated for each rat. Then the rats were injected
with nefopam (1.0, 5.0, 10, 20, or 40 mg/kg).
After 15 min, 30 min, 1 h, 2 h, and 3 h, motor
coordination was examined according to the
methods described above. Each group consisted
of 10 rats.

Catalepsy

The inclined screen procedure of Iorio et al.
[18] was used to assess SCH 23390-induced cata-
lepsy. Saline vehicle (1.0 ml/kg) or nefopam (1.0,
5.0, 10, 20, or 40 mg/kg) were administered before
SCH 23390 HC1 (0.5 mg/kg i.p.) injection. Thirty
minutes later the rats were placed in the center
of a 25 x 50 cm wire mesh screen (1.0 cm squares)
inclined 60’ from the horizontal. The time (in s)
taken for each rat to move any paw at least one
screen division was recorded (up to 60 s). Each
group consisted of 10 rats.

Porsolt Forced Swim Test

Depressive behavior was tested in the Porsolt
forced swim test [19], a standard animal test of
depression often used to show the efficacy of
antidepressants. Immobility during a forced
swim can be reduced by a range of clinically
active antidepressant drugs. Rats were individu-
ally placed in a narrow cylinder of water from
which there is no escape. After an initial period
of vigorous activity, the rats adopt a character-
istic immobile posture, which has come to be
known as behavioral despair or learned helpless-
ness. The rats in this study were habituated to the
forced swim cylinder. Each animal was placed
for 10 minutes in a cylindrical tank (50 cm high,
22 cm in diameter) filled with water (25°C) to
25 cm. No scoring of immobility was performed
during habituation. The rats were then returned
to their home cages.

One day after habituation, the rats were
administered saline or nefopam (10 mg/kg) and
one hour later placed in the cylinder for 5 minutes
to score mobility. Mobility consisted of upward-
directed movements of the forepaws along the side
of the cylinder as well as swimming in the cylin-
der. Immobility consisted of no additional activity
other than that required to keep the head above
water. Each group consisted of 10 rats.
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HPLC for Electrochemical
Detection of L-DOPA
(Indirect Method

for DA Synthesis Rate)

The synthesis rate of DA was measured by
the indirect method described by Carlsson et al.
[20] based on L-DOPA tissue accumulation after
challenge with the aromatic amino-acid inhibitor
hydroxybenzylhydrazine (NSD-1015). Rats were
administered saline (1.0 ml/kg) or nefopam (1.0,
5.0, 10, 20, or 40 mg/kg) and 30 min later NSD
1015 (100 mg/kg i.p.). Thirty minutes after the
second injection the animals were sacrificed by
decapitation and their brains immediately excised.
The corpus striatum and frontal cortex were sepa-
rated and placed on dry ice. Then the tissues were
weighed and stored at -70°C pending assay. The
frozen tissue were homogenized for 15-20 sec in
0.5 ml of ice-cold trichloracetic acid (0.1 M) con-
taining 0.05 mM ascorbic acid.

After centrifugation (5 min, 5000 x g), the
supernatants were filtered through 0.2-pm cellulose
membranes (Titan MSF Microspin filters, Scientific
Resources Inc., Eatontown, GB) and stored at —-80°C
until analysis. L-DOPA and 5-HTP levels were mea-
sured in 20-pl aliquots of the supernatants injected
onto an HPLC Rusing Gilson instrument (Gilson,
France) including a model 141 electrochemical
detector with flow cell, a model 302 piston pump
with a 5SC head, a model 802 manometric module,
thermostat, Hypersil BDS C18, 10 x 4 mm, 3 um pre-
column, and Hypersil BDS C18, 250 x 4.6 mm, 3 um
chromatographic column (ThermoQuest GB). The
working potential was +700 mV and sensitivity
was 10 nA/V. The mobil phase consisted of 75 mM
NaH,PO,, 1.7 mM 1-octanesulphonic acid, 5 uM
EDTA (all Avocado Research Chemicals Ltd.), 100
ul triethylamine (Sigma), and 9.5% acetonitrile
(Lab-Scan), adjusted to pH 3 with phosphoric acid
(Fluka). The flow rate was maintained at 0.7 ml/min
at a temperature of 22°C. Peaks were automatically
integrated by a UCI-100 universal chromatographic
interface (Dionex, Germany). Each group consisted
of 6-7 rats.

Microdialysis Procedure

Rats were anesthetized with relanium (Polfa)
(10 mg/kg i.p.) and ketamine (Parke-Davis) (80 mg/
kg i.p.) and placed in a stereotaxic frame. The der-
mis overlying the skull was incised and retracted
to expose the skull plate. A small burr hole was
drilled to allow implantation of a dialysis probe
with a 4-mm active membrane (ID 75 pm, OD
150 um; Polymicron Technologies Inc., USA) into

the right striatum (A +0.7, L +3.0, V -7.0 accord-
ing to the Paxinos and Watson stereotaxis atlas).
Two stainless steel screws were mounted near the
probe and fastened to the skull with dental cement
(Duracryl Plus, Spofa, Prague, Czech Republic).

On the following day the free ends of the probe
were connected to Teflon tubes and continuously per-
fused with artificial cerebrospinal fluid (145 mM Na*,
2.7 mM K%, 1.2 mM Ca?',151.7 CI') at a flow rate of
2.0 wl/min (Micodialysis pump, Harvard Apparatus
Model 22, GB). Samples were collected every 20 min
and injected directly onto a 3 um 150 x 3 mm column
(MD 150/RP-18, ESA, USA) using a mobile phase
consisting of 1.7 mM 1-octanesulfonic acid, 25 uM
EDTA, 100 pl triethylamine/1000 ml, and 10% ace-
tonitrile in 75 mM phosphate buffer at pH 3 and a flow
rate of 0.6 ml/min. A guard cell (+250 mV), and flow-
through electrochemical cell (E, +250, E, -175) were
used for analysis with a Coulochem (ESA, USA) data
analysis system to integrate the peak areas of NE,
DA, 3,4-dihydroxyphenylacetic acid (DOPAC), and
homovanillic acid (HVA) [21-23].

When the dialysate DA levels were constant
(at about 1.5 h from the beginning of perfusion),
the rats were injected with nefopam (10 mg/kg
i.p.). The observation was continued for 180 min.
Seven rats were used in this experiment.

Data Analysis

Group differences were analyzed by Student’s
t-test. A p value < 0.05 was taken as the level of
significant difference.

Results

Locomotor Activity
and Stereotype Behavior

Nefopam administered in doses of 1.0, 5.0, 10,
20, and 40 mg/kg did not affect locomotor activity
compared with the saline-treated rats in any of the
examined periods of time (0-25 min, 25-50 min,
and 50-75 min) (Figs. la—c). Rats challenged with
nefopam at the higher doses (20 and 40 mg/kg)
exhibited stereotypic reactions (e.g. stereotyped
walking, sniffing) compared with the control
group. In the first period (0-25 min) the differ-
ences were statistically significant for the dose of
40 mg/kg (p < 0.05), in the second period for the
doses of 10, 20, and 40 mg/kg (p < 0.05), and in the
third for 20 (p < 0.005) and 40 mg/kg (p < 0.05).

It must be added that climbing (rearing) in the
same place may also be considered as compulsive
movements (stereotypy). It was noted that nefo-
pam at a dose of 40 mg/kg significantly increased
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Fig. 1. Effect of nefopam (1, 5, 10, 20, and 40 mg/kg i.p.) on locomotor activity, stereotypy recorded in the intervals
0-25 min (Fig. 1a), 25-50 min (Fig. 1b), and 50-75 min (Fig. 1c) in rats (n = 10)

Ryc. 1. Wplyw podania nefopamu (1,0; 5,0; 10; 20 and 40 mg/kg i.p.) na aktywno$c¢ lokomotoryczna oraz zachowanie stereoty-
powe oceniane w przedziatach: 0-25 min (ryc. 1a) 25-50 min (ryc. 1b) oraz 50-75 min (ryc. 1c) u szczurdw (n = 10)
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Fig. 2. Effect of nefopam (1, 5, 10, 20, and 40 mg/kg i.p.) on the number of rearings recorded in the following inter-
vals: 0-25 min, 25-50 min, and 50-75 min in rats (n = 10). Explanations as in Fig. 1.* p < 0.05; ** p < 0.005

Ryc. 2. Wplyw podania nefopamu (1,0; 5,0; 10; 20 and 40 mg/kg i.p.) na liczbe wspig¢ oceniang w przedziatach: 0-25
min; 25-50 min oraz 50-75 min u szczuréw (n = 10). Objasnienia jak na ryc. 1. * p < 0,05; ** p < 0,005

the amount of climbing (number of rearings) in
the second period of testing (35-50 min, p < 0.05)
compared with the saline-treated rats (Fig. 2).

Motor Coordination (Rotarod
Test)

Nefopam at all doses prolonged the time on the
rod compared with the controls. Significant changes
were observed at 15 (p < 0.05), 30 (p < 0.05), 60 (p <
0.005), and 120 min (p < 0.05) after its administration
at a dose of 1.0 mg/kg); 15 (p < 0.005), 30 (p < 0.05),
and 60 min (p < 0.005) at 5.0 mg/kg ip); 15 (p < 0.05),
30 (p < 0.05), and 60 min (p < 0.005) at 10 mg/kg,
30 (p < 0.05), 60 (p < 0.005), 120 (p < 0.05), and 180
min (p < 0.05) at 20 mg/kg; and 15 (p < 0.05), 30 (p <
0.005), and 60 min (p < 0.05) at 40 mg/kg (Tab. 1).

Catalepsy

Nefopam injected at a dose of 10 mg/kg i.p.
30 min before dopamine D,/Ds receptor antagonist
SCH 23390 challenge (0.5 mg/kg i.p.) significantly
diminished the cataleptic response at 15, 30, and
45 min (p < 0.05) of observation compared with
the control group (SCH 23390 alone) (Fig. 3).

Porsolt Forced Swim Test

Nefopam administered at a dose of 10 mg/kg
did not affect immobility time compared with the
saline-treated rats (Fig. 4).

L-DOPA Assay

Nefopam administered at all the tested
doses (1.0, 5.0, 10, 20, and 40 mg/kg) reduced
L-DOPA content in the frontal cortex, nucleus
accumbens, and striatum. Significant changes
in the frontal cortex were observed after nefo-
pam injected at doses of 5.0, 10, 20 and mg/kg
(p < 0.05) and 40 mg/kg (p < 0.005) and in the
nucleus accumbens and striatum at all the tested
doses (1.0 mg/kg p < 0.05 and 5.0, 10, 20, and 40
mg/kg p < 0.005) (Fig. 5).

In vivo Microdialysis Study

Nefopam (10 mg/kg) acutely produced a sharp
increase in the striatal microdialysate DA concen-
tration of up to 206% compared with the base-
line (at 20 min), then a gradual decrease in DA
release was seen (data significant between 20-100
min, p < 0.05). In contrast, there was no difference
in DA metabolite (DOPAC and HVA) microdi-
alysate compared with the baseline data (before
nefopam challenge). Nefopam also had no effect
on NE release (Fig. 6).

Discussion

The present study demonstrated that nefopam,
besides its analgesic effect, possesses some other
biological properties. The most important finding
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Table 1. Effect of nefopam (1, 5, 10, 20, and 40 mg/kg i.p.) on motor coordination in rats (n = 10)

Tabela 1. Wplyw nefopamu (1,0; 5,0; 10; 20 and 40 mg/kg i.p.) na koordynacje ruchowa u szczuréw (n = 10)

Groups 15 30° 60’ 120° 180’
(Grupy)

Control 19.2+5.6 26.2+6.0 31.3+85 73.5 £ 20.6 121.9 £39.7
(Kontrolna)

Nefopam (LOmg/kg) | 13744393% | 138.6+404% | 198.1+374%% | 1725435:1% | 186.2£329
Control 16.3 £5.1 56.3 £25.1 84.7+37.4 177.7 £41.3 262.2 £28.6
(Kontrolna)

Nefopam (5.0 mg/kg) 171.5 + 40.0%* 179.5 + 36.8% 176.9 + 26.6%* 226.8 +25.3 229.1 £31.9
Control 182+ 4.6 40.9 +£9.1 27.8+83 91.3+£38.1 78.4 £37.5
(Kontrolna)

Nefopam (10 mg/kg) 423+ 8.0* 80.1 + 16.8* 1315 + 31.6** 102.3 £42.3 157.8 £44.2
Control 83.7 £ 36.5 104.4 + 38.7 83.8+29.3 120.1 = 38.5 80.0 £27.4
(Kontrolna)

Nefopam (20 mg/kg) | 127.6+32.8 2260 £37.0% | 2435+269%% | 2493+341% | 2527 +326%*
Control 55.3+29.1 1479 +£41.2 164.2 +£40.2 198.4+42.1 2459 + 33.7
(Kontrolna)

Nefopam (40 mg/kg) 1773 + 40.9% 259.6 + 29 9** 2495 +36.1% 250.7 +28.8 230.7 £ 33.0

* p <0.05;** p < 0.005.
* p <0,05;** p <0,005.

is that its having no effect on general locomotor
activity significantly improved motor coordina-
tion tested on the rotarod apparatus. As has been
noted, nefopam augmented DA release in the stri-
atum. A study by Rosland and Hole [24] showed
that nefopam inhibits DA, NE, and 5-HT reuptake
in synaptosomal preparations from rat forebrain,
hippocampus, and striatum. Amphetamine and
its derivatives also promote DA efflux, mainly
by reverse transport through monoamine uptake
transporter [25]. Both in vivo voltametry and brain
microdialysis studies demonstrated an increase in
DA efflux after amphetamine, which attained its
maximum response 20-40 min after injection
with concomitant reduction in DOPAC and HVA
efflux [26, 27]. The excess of DA in the synaptic
cleft produces increased locomotor activation in
laboratory animals [28].

In the present study the DA release evoked
by nefopam (10 mg/kg) was not accompanied by
locomotor activity changes; only higher doses (20
and 40 mg/kg) produced behavioral stereotypy,
as is also observed after high-dose amphetamine
challenge [29]. Nefopam is not an exception in
this case because several drugs that inhibit DA
reuptake do not affect locomotor activity (e.g.
bupropion) [30]. More interesting is that nefopam

significantly improved motor coordination. In this
case it somewhat resembles amphetamine deriva-
tives, which to some extent ameliorate both motor
and cognitive performance. Low doses of meth-
ylphenidate, which increase catecholamine release
in the prefrontal cortex, have recently been shown
to improve delayed alternation performance in
rats. Low doses of methylphenidate also improved
performance of a sustained attention task, the five-
choice attention task that similarly depends upon
the prefrontal cortex [31]. It has also been shown
that another DA agonist improved performance
and motor coordination in laboratory animals
[32]. Bergquist et al. [33] found that in unilaterally
6-hydroxydopamine-lesioned rats, a dose-depen-
dent improvement in rod performance during
perfusion of the substantia nigra with the non-
selective DA agonist apomorphine was observed.
In contrast, perfusion of the substantia nigra with
the DA D,/D; antagonist SCH 23390 dose-depend-
ently impaired rod performance. Furthermore,
the results of a study by Andersson et al. [34]
indicate that partial depletion of nigral DA stores
can significantly impair motor functions and that
increased nigral DA release can counteract minor
impairments of striataldopaminergic neurotrans-
mission.
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Fig. 3. Effect of nefopam (10 mg/kg i.p.) on catalepsy after SCH 23390 (0.5 mg/kg i.p.) administration in rats (n = 10).
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Ryc. 3. Wplyw nefopamu (10 mg/kg i.p.) na nasilenie katalepsji po podaniu SCH 23390 (0,5 mg/kg i.p.) u szczuréw

(n = 10). Objasnienia jak na ryc. 1. * p < 0,05
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Fig. 4. Effect of nefopam (10 mg/kg i.p.) on immobility time in rats (n = 10). Explanations as in Fig. 1

Ryc. 4. Wplyw nefopamu (10 mg/kg i.p.) na czas bezruchu u szczurdéw (n = 10). Objasnienia jak na ryc. 1

The present study also showed that nefopam
injected at a dose of 10 mg/kg 30 min before the
DA D,/Ds receptor antagonist SCH 23390 chal-
lenge (0.5 mg/kg) significantly diminished the
cataleptic response compared with the control
group (SCH 23390 alone). It is worth knowing that
catalepsy is regarded as a relevant animal model
of Parkinson’s disease [35]. It has been shown that
drugs that reduce the cataleptogenic response of
SCH 23390 or the haloperidol ameliorate motor
deficits in Parkinson’s disease. As mentioned in the
introduction, the incidence of severe depression is
very common in Parkinson’s disease. The use of

antidepressants in such cases is known to improve
or worsen the symptoms of this disorder. In gen-
eral, antidepressants with greater NE reuptake
inhibition (e.g. desipramine, imipramine, amitrip-
tyline, nortriptyline) reduced, whereas those with
5-HT reuptake inhibition (fluoxetine and clomip-
ramine) increased, haloperidol-induced catalepsy
[35]. In the Porsolt test the present study found
that nefopam did not affect immobility time so
that it does not possess antidepressant activity.
This is contrary to what might be expected because
drugs acting on the serotoninergic and noradren-
ergic systems, for example 5-HT or NE reuptake
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Fig. 5. Effect of nefopam (1, 5, 10, 20, and 40 mg/kg i.p.) on L-DOPA content in the frontal cortex, nucleus accum-

bens, and striatum in rats (n = 6-7)
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Fig. 6. Effect of nefopam (10 mg/kg i.p.) on the microdialysate DA, DOPAC, HVA, and NE concentration in the stria-

tum of rats (n = 7). * p < 0.05

Ryc. 6. Wplyw nefopamu (10 mg/kg i.p.) na zawartos¢ DA, DOPAC, HVA i NE w mikrodializatach prazkowia

u szczuréw (n = 7). * p < 0,05

blockers, are frequently used for treating depres-
sion and they showed antidepressant-like action
in the forced swimming test [36]. Neurochemical
studies have demonstrated that 5-HT reuptake
blockers (SSRI, e.g. paroxetine, fluoxetine) mark-
edly increase 5-HT concentration in the vicinity
of 5-HT-containing cells in the midbrain raphe
nuclei, which leads to activation of 5-HT autore-
ceptors and consequently results in inhibition of

cell firing and reduction of 5-HT release in the
forebrain. Terminal autoreceptors further limit the
increase in the level of synaptic 5-HT produced by
SSRI [37]. Another consequence of SSRI challenge
is the reduction of the rate 5-HT and DA synthesis
[38, 39]. The present study also found decreased
DA synthesis (measured by L-DOPA accumula-
tion) after nefopam administration.

In conclusion, besides some similarities in bio-
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chemical profile between nefopam and antidepres- the proposal that the “behavioral-biochemical
sants, the present study showed no antidepressant- profile” of the analgesic nefopam justifies its use
like action of the drug (in the forced swimming in patients with motor abnormalities, for example
test). Summing up, the data of this study lead to in Parkinson’s disease.
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