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Inflammatory and visceral pain perception in
rats lesioned with DSP-4 as neonates

Odczucie bélu zapalnego i trzewnego u szczuréw
z noworodkowg lezjg osrodkowego uktadu
noradrenergicznego wywotang podaniem DSP-4

Pain examination in DSP-4 lesioned rats
Badanie bolu u szczuréw z lezjg DSP-4

Eva K&rossy, Beata Adamus-Sitkiewicz, Elzbieta Nowak, Kamila Bojanek, Marta
Adwent, Rafat Muchacki, Michat Batasz, Ryszard Szkilnik

A BSTRACT

BACKGROUND:
The aim of this study was to examine the impact of the central nora-
drenergic lesion on the inflammatory and visceral pain perception after
morphine, paracetamol and nefopam administration.

MATERIAL AND METHODS:
Intact male rats were contrasted with rats in which noradrenergic system
was destroyed with DSP-4; 50 mg/kg sc on the 1st and 3rd days of post-
natal life. After 10 weeks, painful reactions were assessed by means of
formalin and writhing test. Furthermore accumulation of L-dihydroxyp-
henlalanine (L-DOPA) and 5-hydroxytryptamine (5-HTP) in some parts
of the brain were examined using HPLC/ED method.

RESULTS:
30 min after morphine (5.0 mg/kg sc) challenge rats were injected into
the right hind paw plantar surface with 50 pl 5% formalin solution. Both
groups showed the typical biphasic nocifensive response curve lasting 60
min but DSP-4 lesioned rats scored more points in the first and second pha-
se as well as the interphase period than control group. After paracetamol
(100 mg/kg ip) administration also typical biphasic nocifensive response
curve were observed however no differences between control and DSP-4
treated rats were noticed. Similar results were obtained after nefopam (20
mg/kg ip) challenge. Injections of morphine evoked similar antinocicep-
tion in visceral pain model in both tested groups (control and DSP-4).
Paracetamol elicited lower analgesia in control than in DSP-4 rats while
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nefopam was without effect. In biochemical assay, applied analgesics modified serotonin and do-
pamine synthesis rate but the effect (increase or decrease) depended on examined structure (the
prefrontal cortex, thalamus with hypothalamus and brain stem).

CONCLUSIONS:

Obtained results demonstrated that DSP-4 treatment in rats modified the antinociceptive effects
of the analgetics with distinct pharmacological prosperities and mechanism of action. It is likely
that similar nociception abnormalities may occur in patients with noradrenergic system dysfun-
ction, so it points to the requirement of analgetics dosage adjustment.

KEY WORDS:
Noradrenergic system, lesion, nociception, morphine, paracetamol, nefopam, rats

STRESZCZENIE

WSTEP:
Celem pracy byto zbadanie wptywu lezji osrodkowego uktadu noradrenergicznego na analge-
tyczne dziatanie morfiny, paracetamolu i nefopamu u szczurow.

MATERIAL | METODY:
Noworodki szczurze 1-go i 3-go dnia zycia otrzymaty neurotoksyne DSP-4 (50 mg/kg sc) natomiast
kontrola 0.9% roztwor NaCl (1.0 ml/kg sc). Po osiagnieciu wieku 10-ciu tygodni wykonano test
formalinowy oraz wicia, oznaczono ponadto szybkos¢ syntezy serotoniny i dopaminy w korze
przedczotowej, wzgbrzu z podwzgdrzem oraz pniu mozgu metoda HPLC/ED.

WYNIKI:
W tescie formalinowym stwierdzono, ze obie grupy badawcze wykazywaty typowa dwufazowa
reakcje bolowa trwajaca 60 minut, nie mniej u zwierzat z lezja reakcja ta byta znamiennie sil-
niej wyrazona niz u kontroli. Takiej zaleznosci nie stwierdzono po podaniu paracetamolu (100
mg/kg ip) lub nefopamu (20 mg/kg ip). W tescie wicia wykazano, ze efekty przeciwbblowego
dziatania morfiny nie r6znig si¢ pomiedzy badanymi grupami zwierzat. Paracetamol dziatat na-
tomiast stabiej przeciwbolowo u kontroli niz w grupie DSP-4. Nefopam nie wykazywat efektu
przeciwbdlowego w tescie wicia. W badaniach biochemicznych stwierdzono, ze stosowane leki
przeciwbblowe modyfikuja szybkos$¢ syntezy serotoniny i dopaminy oceniang zawartoscig 5-hy-
droksytryptaminy (5-HTP) i L-dwuhydroksyfenyloalaniny (L-DOPA). Uzyskane efekty, tj. wzrost
lub zmniejszenie syntezy uzaleznione byty od badanej struktury mézgu (kora przedczotowa,
wzgobrze z podwzgorzem, pien mozgu).

WNIOSKI:
Wyniki niniejszych badan wskazuja, ze uszkodzenie osrodkowego uktadu noradrenergicznego wy-
wotane podaniem DSP-4 we wczesnym okresie rozwoju osobniczego u szczuréw w rézny sposob
modyfikuje przeciwboélowe dziatanie analgetykéw o odmiennym mechanizmie dziatania. Wyda-
je sie, ze podobne efekty moga wystapi¢ u chorych z dysfunkcja uktadu noradrenergicznego, co
moze wskazywac na konieczno$¢ modyfikacji dawek stosowanych lekéw przeciwbolowych.

SEOWA KLUCZOWE:
Uktad noradrenergiczny, lezja, bél, morfina, paracetamol, nefopam, szczury
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INTRODUCTION

In a long series of studies published over a peri-
od of 5 years, we showed that central noradren-
ergic system lesion in rats have a remarkable in-
fluence on the sensitivity status of dopaminer-
gic, serotoninergic and GABA-ergic pathways
eliciting long-term supersensitivity or desensi-
tization of respective post- and/or presynaptic
receptors depending on the model applied in
a specific study. In brief, we determined that
neonatal DSP-4 treatment modifies the convul-
sions evoked by bicuculine and pentylenetetra-
zole in adult rats [1]. We also established that
administration of vigabatrine (GABA transami-
nase inhibitor) brought about an increase in
GABA level in the prefrontal cortex in control
and DSP-4 groups of animals; however, it con-
tributes a 2-fold higher increase of the extracel-
lular GABA concentration in DSP-4-lesioned
rats compared to control animals [2]. In another
study we found that neonatally DSP-4-lesioned
rats are less vulnerable to sedative-hypnotic ef-
fects of phenobarbital and ethanol, addition-
ally, there was no significant change in GABA
concentration of the prefrontal cortex, hippo-
campus, cerebellum and midbrain of DSP-4-le-
sioned rats [3]. By means of this model (per-
manent noradrenergic dysfunction) we showed
that the sensitivity to anxiolytic-like effect of
benzodiazepine (diazepam) was altered [4]. For-
merly, we also found that chemical lesioning of
noradrenergic neurons with DSP-4 greatly af-
fected central dopaminergic (e.g. reactivity of
dopamine D, and D, receptors) [5] as well as
serotoninergic systems (5-HT,, autoreceptors
desensitisation) [6, 7]. All the above indicate
to a powerful effect of chemical noradrenergic
terminals destruction on the other monoamin-
ergic and GABA-ergic pathways in the rat brain.
On the other hand one must cognize that nore-
pinephrine has a prominent role in the regu-
lation of attention, arousal, cognitive process-
es, anxiety, and nociception - all of which are
potential targets for anaesthetic and analgesic
actions. It is well-known that drugs such as
etomidate, ketamine, pentobarbital, diazepam,
halothane, etc., strongly influence noradrener-
gic system activity (e.g., NE release, NE turn-
over and NE content throughout brain) [8-10].
Conversely, there are only scarce literature data
which suggest that the monoaminergic sys-
tems play a prominent role in pain modulation
and opioid analgesia in mammals. Many of the

studies performed on this subject demonstrated
reciprocal interactions between p-opioid and
,-adrenergic and 5-HT, and 5-HT, serotoniner-
gic mediated mechanisms [11, 12]. To the best
of our knowledge there are no literature data
on the effect of DSP-4 treatment (in neonates)
and antinociceptive effect of such analgetics as
paracetamol (COX inhibitor) or nefopam (sero-
tonin uptake inhibitor). In order to clarify the
effects of DSP-4 on antinociceptive action of
these analgetics, we employed two models of
persistent pain (writhing test — visceral pain as-
sessment and formalin test — inflammatory pain
estimation), furthermore we looked into sero-
tonin and dopamine brain synthesis rate to find
contingent link between these catecholamines
and analgesic action of studied drugs.

MATERIALS AND METHODS

ANIMALS AND TREATMENT

Wistar rats (University Animal Department,
Katowice, Poland) were housed under con-
trolled environmental conditions, in a well-
ventilated room, at 22 = 2°C and under a 12
h light:12 h dark cycle (lights on from 7:00
a.m. to 7:00 p.m.). Animals received food and
water ad libitum. Offspring rats were weaned
at 21days, and segregated by sex. Experiments
were carried out in the morning in only male
rats, handled in accordance with the principles
and guidelines described in the NIH Guide for
the Care and Use of Laboratory Animals. All
procedures were reviewed and approved by the
Local Bioethical Committee for Animal Care.
The central noradrenergic system of newborn
rats was lesioned with DSP-4 (Sigma, St. Louis,
MO, USA). Rats were injected on the 1st and
3rd day of postnatal life with either DSP-4 (50
mg/kg sc) or 0.9% NaCl (1.0 ml/kg sc). DSP-
4 was dissolved in distilled water immediately
before injection. The dose and the days of in-
jection were chosen on the basis of the work
of Brus et al. [13], and were consistently prov-
en to reduce endogenous noradrenalin content
in the prefrontal cortex and hippocampus by
95-99%. Rats continued to be housed as above
until 8-10 weeks, for further experimenta-
tion.

FORMALIN TEST
Inflammator pain and analgesia were deter-
mined using the formalin test in the rat. Rats
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were placed in a clear plastic chamber (30 x 30
x 30 cm?) for 30 min to allow them to accom-
modate to their surroundings with a mirror
placed at a 45° angle beneath the floor to al-
low an unobstructed view of the paws. Then
they were removed for drug administration:
morphine (5.0 mg/kg ip), paracetamol (100
mg/kg ip) and nefopam (20 mg/kg ip). 30 min
later rats were injected into the right hind paw
plantar surface subcutaneously using a 30-
gauge syringe 50ul of 5% formalin solution.
Animals were then returned to the chambers,
and nociceptive behavior was observed im-
mediately after formalin injection. Nocicep-
tive behavior was quantified using the scale 0
— 3 points. Formalin-induced pain is biphasic.
The initial acute phase (0-10 min) is followed
by a relatively short quiescent period, which is
then followed by a prolonged tonic response
(15-60 min). A reduction of formalin-induced
behavior observed after administration of
a given drug is interpreted as an analgesic re-
sponse [14].

WRITHING TEST
Control and DSP-4 rats (deprived of food 24
h before testing) were placed individually in
clear plexiglas boxes (40 x 30 x 20 cm) and
allowed to acclimatize for 30 min. Then in-
jected with saline (1.0 ml/100g ip) and 30 min
later, administered with etacrinic acid solution
3.0mg/1ml/100g (in the left lower quadrant
of the abdomen). Etacrinic solution was pre-
pared ex tempore 3/47ethanol/water. Rat were
returned to the chamber and 10 min later con-
tractions of abdominal musculature (writhes)
were counted (contractions of the abdomen,
twisting and turning of the trunk, arching of
the back and extension of the hind limbs) for
the following 60 min with division on 10 min
intervals (10-20, 20-30, 30-40, etc.). Rat were
used once and then killed immediately [15].
According to the same paradigm, separate
groups of rats (control and DSP-4) were tested
after analgesics treatment, morphine (5.0 mg/
kg ip), acetaminophen (100 mg/kg ip) and ne-
fopam (20 mg/kg ip) respectively. The degree of
antinociception was expressed as the percent-
age decrease in the number of writhes and was
calculated according to the formula:

100x B
% inhibition of writhing = 100 - ------------
A

A — the mean number of writhes in saline-
treated control and DSP-4 rats for
appropriate observation period

B — the mean number of writhesin drug-treated
rats counted for appropriate observation
interval

L-DOPA AND 5-HTP ASSAY (AN INDIRECT METHOD
TO ASSESS DOPAMINE AND SEROTONIN SYNTHESIS
RATE)

For L-dihydroxyphenylalanine (L-DOPA) and
5-hydroxytryptophan (5-HTP) estimation
DSP-4 and control were injected with saline
(0.9% NaCl) 1.0 ml/kg ip and after 30 min
with aromatic amino acids inhibitor — hy-
droxybenzylhydrazine (NSD-1015) 100 mg/
kg ip [16]. The separate groups of control and
DSP-4 rats were administered with morphine
(5.0 mg/kg ip), paracetamol (100 mg/kg ip)
or nefopam (20 mg/kg ip) and after 30 min
with NSD-1015 100 mg/kg ip. 30 minutes
after the second injection animals were sac-
rificed by decapitation, and their brains im-
mediately excised, and placed on ice. The pre-
frontal cortex, thalamus with hypothalamus
and brain stem were separated, and placed
on dry ice. Then, tissues were weighed and
stored at -70°C, pending assay. In the exam-
ined parts of brain the content of L-DOPA,
precursor of dopamine, and 5-HTP - precur-
sor of serotonin were estimated by means of
a Gilson high performance liquid chromatog-
raphy with electrochemical detection (HPLC/
EC). In brief, samples were homogenized for
15-20 sec in ice-cold trichloroacetic acid (0.1
M) containing 0.05 mM ascorbic acid. After
centrifugation (5,000g, 5 min), supernatants
were filtered through 0.2 pm cellulose mem-
branes (Titan MSF Microspin filters, Scientific
Resources Inc., Eatontown GB) and injected
onto the HPLC/ED column. The mobile phase
was composed of: 75 mM NaH,PO,, 1.7 mM
1-octanesulphonic acid, 5 pM EDTA (Avoca-
do, Research Chemicals Ltd), 100 pl triethyl-
amine (Sigma), 9.5 % acetonitrile (Lab-Scan),
pH 3 adjusted with phosphoric acid (Fluka).
The flow rate was maintained at 0.7 ml/min,
at a temperature of 22°C, and the oxidation
potential was fixed at +700 mV, 10 nA/V sen-
sitivity. Peaks were automatically integrated by
universal chromatographic interface UCI-100.
The instrumentation included an electrochem-
ical detector model 141 with flow cell, piston
pump model 302 with head 5SC, manometric
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module model 802 (Gilson, France), thermo-
stat for STH 595 column (Dionex, Germany),
precolumn Hypersil BDS C18, 10x4 mm, 3
pm and chromatographic column Hypersil
BDS C18, 250x4.6 mm, 3 pm (ThermoQuest
GB).

DATA ANALYSIS

Group differences were assessed by an analysis
of variance (ANOVA) and the post-ANOVA test
of Newman-Keuls. A P value <0.05 was taken
as the level of significant difference.

RESULTS

FORMALIN TEST

To assess the effect of noradrenergic lesion on
analgesic action of morphine we compared the
behavioral responses to sc injection of 25 pl
(5%) of formalin into one hind paw of con-
trol and DSP-4 rats. Morphine (5.0 mg/kg sc)
was administered 30 min before formalin ap-
ply. Both groups showed the typical biphasic
nocifensive response curve lasting 60 min of
testing but DSP-4 lesioned rats scored more
points (spending more time licking/biting the
injected hind paw) in the first and second
phase as well as the interphase period of the
formalin test than control group (p < 0.05 at
5, 10, 20, 25 35, 40, 45 and 55 min) (Fig. 1a).
After paracetamol (100 mg/kg ip) administra-
tion also typical biphasic nocifensive response
curve were observed however no differences
between control and DSP-4 treated rats were
noticed (Fig. 1b). Similar results were obtained
after nefopam (20 mg/kg ip) administration
(Fig. 1c).
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Rycina 1. Wptyw podania DSP-4 na przeciwbélowe efekty mor-
finy (5.0 mg/kg sc) (Ryc. 1a), paracetamolu (100 mg/kg ip) (Ryc.
1b) oraz nefopamu (20 mg/kg ip) (Ryc. 1c)w tescie formalinowym
u szczuréw (n=10).

Figure 1. Effect of neonatal DSP-4 treatment on analgesia as-
sessed in the formalin test after morphine (5.0 mg/kg sc) (Fig.
1a), paracetamol (100 mg/kg) ip (Fig. 1b) and nefopam (20 mg/kg
ip) (Fig. 1c) administration in adult rats (n=10).

Objasnienia (Explanations):
--0--  Kontrola (Control)
~O- DSP-4
* p<0.05 Kontrola (Control) vs. DSP-4

WRITHING TEST
Injections of morphine (5.0 mg/kg sc) evoked
similar antinociception in visceral pain model
in both tested groups (control and DSP-4) (Fig.
2a). Acetaminophen (100 mg/kg ip) elicited
lower analgesia in control in comparison to
DSP-4 rats, the effect was significant at 20-30,
30-40 and 40-50 intervals of observation (Fig.
2b). Nefopam administered in a dose of 20
mg/kg ip did not reduce writhes in both exper-
imental groups, moreover even pronociceptive
action of this drug was observed starting with
30 min of testing (Fig. 2¢).

11
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5-HTP AND L-DOPA CONTENT

Equally high levels of 5-HTP in the prefrontal
cortex, thalamus with hypothalamus and brain
stem were observed between control and DSP-
4 lesioned animals (after 0.9% saline). Mor-
phine (5.0 mg/kg sc) significantly increased
5-HTP level only in the prefrontal cortex of
control rats (p<0.05). Paracetamol (100 mg/kg
ip) elevated 5-HTP content in DSP-4 group in
the prefrontal cortex but diminished in the

thalamus with hypothalamus, at the same
time no effect was observed in all tested brain
parts of control animals. Conversely, nefopam
decreased 5-HTP content in the prefrontal cor-
tex and thalamus with hypothalamus of DSP-4
rats but no effect was noted in the brain stem.
Nefopam did not affect accumulation of 5-
HTP in control rats (Fig. 3a — 3c). Also equally
high levels of L-DOPA in all examined parts
of the brain were noted between control and
DSP-4 lesioned animals after saline adminis-
tration. Morphine (5.0 mg/kg sc) did not affect
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Rycina 4. Wptyw podania DSP-4 na zawartos¢ L-DOPA w korze
przedczotowej (Ryc. 4a), wzgdrzu z podwzgorzem (Ryc. 4b)
oraz pniu mdzgu (Ryc. 4c) po podaniu morfiny (5.0 mg/kg sc),
paracetamolu (100 mg/kg jp) oraz nefopamu (20 mg/kg ip)
u szczurow (n=5 - 6).

Figure 4. Effect of neonatal DSP-4 treatment on the L-DOPA level
in the prefrontal cortex (Fig. 4a), thalamus with hypothalamus
(Fig. 4b) and brain stem (Fig. 4c) after morphine (5.0 mg/kg sc),
paracetamol (100 mg/kg jp) and nefopam (20 mg/kg ip) in adult
rats (n=5-6).

L-DOPA level in all tested structures of both
experimental groups of rats. Nefopam (20
mg/kg ip) reduced L-DOPA only in the brain
stem of DSP-4 treated animals in comparison
to control (after nefopam administration) and
DSP-4 (after saline injection) (Fig. 4a — 4c).

DISCUSSION

In the present work, we demonstrated that
DSP-4 treatment influences morphine and pa-

racetamol induced antinociception (depend-
ing on model used in a specific test) being
at the same time without effect on nefopam
mediated analgesia. It is also suggested that at
least in part, serotoninergic system seems to
be involved in perturbed analgesic effects of
morphine and paracetamol observed in the
DSP-4 treated rats.

BACKGROUND
It is worth knowing that morphine antinoci-
ception is often evaluated using innate reflex
responses to high-intensity phasic thermal
stimulation (tail flick, paw withdrawal). These
methods are problematic for investigation of
morphine, because high-intensity thermal
stimuli elicit responses that correlate with ex-
citation of A-& nociceptors that are relatively
resistant to attenuation by morphine. Inflam-
matory pain in humans and rodents produces
sensations and nocifensive responses domi-
nated by input from unmyelinated C nocicep-
tors that are highly sensitive to attenuation by
systemic morphine. For these reasons in the
current study we employed two models of per-
sistent pain: writhing test — for visceral pain
assessment and formalin test for inflammatory
pain estimation.

BEHAVIORAL STUDIES
In DSP-4 lesioned rats diminished morphine
(5.0 mg/kg sc) analgesia in the formalin test
was observed while in writhing assay no signifi-
cant changes were noted (Fig. 1a and 2a). This
is in line with Korzeniewska-Rybicka et al. [15]
who also found that pretreatment of rats either
with DSP-4 or p-chlorophenylalanine (p-CPA)
(serotonin synthesis inhibitor) did not cause
any statistical changes in rats behavior in writh-
ing test. Conversely, the same authors found
that, the selective 5-HT,, receptor agonist, 8-
OH-DPAT, potently and in a dose-dependent
way inhibited rat behavior stimulated by pain.
This receptor subtype is found in a great quan-
tity in the dorsal horns of the spinal cord, and
it is localized there mostly at the postsynaptic
sites. 5-HT,, receptors are also present in the
other brain structures, including raphe nuclei,
at both pre and postsynaptic sites. Their stimu-
lation by selective agonists was reported either
to enhance or inhibit the reactions to pain, de-
pending on animal model of pain perception
[17]. Perhaps in this specific model (visceral
pain) destruction of noradrenergic system (in

13
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the contrary to serotoninergic system) has little
influence on morphine mediate analgesia. On
the other hand Martin et al. [18] found that 14
days after destruction of noradrenergic neurons
in the locus coeruleus the behavioral response
to injection of formalin into the hindpaw dur-
ing the second phase of pain behavior were sig-
nificantly reduced. There was no change during
the first phase. These results provide evidence
that acute and persistent nociception are differ-
entially regulated by descending noradrenergic
pathways. We also showed that the noradren-
ergic lesion visibly affected the antinociceptive
effect of paracetamol (100 mg/kg ip) examined
in the writhing test (augmentation) being at
the same time without effect in the formalin
test (Fig 1b and 2b). It is likely that this is the
first report demonstrating that the permanent
noradrenergic neurotransmission disruption af-
fects the analgetic properties of paracetamol. It
was found that the fixed combination of aspi-
rin, paracetamol and caffeine produced a signif-
icant reduction in extracellular dopamine and
a dramatic increase in noradrenalin release from
the striatal slices suggesting that the mechanism
of this analgesic combination is based on the
modulation of catecholaminergic neurotrans-
mission [19]. Also paracetamol administration
significantly increased serotonin and noradrena-
lin levels in the posterior cortex, hypothalamus,
striatum, hippocampus and brain stem, but not
spinal cord [20]. Altogether, the cited above
data and the results of the present study suggest
that paracetamol affects central monoaminer-
gic neurotransmission, thereby suggesting that
monoamines (including noradrenalin) might
participate in its analgesic action. On the oth-
er hand the magnitude of analgesia elicited by
nefopam (20 mg/kg ip) administration was not
so evident, both in control and DSP-4 treated
rats in comparison to morphine or paraceta-
mol. Perhaps the dose used in this study was
too low to reveal the differences between con-
trol and lesioned rats. Nevertheless, because it
is believed that the descending serotonergic and
noradrenergic pathways are markedly involved
in nefopam-induced analgesia, obtained results
are in contrary to our expectations [21, 22]. Es-
posito et al. [23] found that reserpine (2.0 mg/
kg) which depleted noradrenalin, serotonin and
dopamine from vesicular storages, significantly
reduced the antinociceptive effects of nefopam
(40 mg/kg), which confirms that this analge-
tic acts through the monoaminergic systems.
However the same authors excluded the role for

serotonin or noradrenalin because the selective
lesion of serotoninergic (with 5.7-DHT) or no-
radrenergic systems (with DSP-4) did not affect
nefopam antinociception.

BIOCHEMICAL STUDIES
Johnston et al. [24] showed that morphine in
a dose of 10 mg/kg sc increased serotonin syn-
thesis (measured by 5-HTP accumulation) in
the medial preoptic, suprachiasmatic and arcu-
ate nuclei as well as the striatum 1 hour follow-
ing its administration. Lower dose (5.0 mg/kg
sc) stimulated serotonin synthesis only in the
arcuate nuclei. In our studies we also showed
that morphine in a dose of 5.0 mg/kg sc mod-
erately increased 5-HTP accumulation in ex-
amined brain parts of the control and DSP-4
lesioned rats. Paracetamol (100 mg/kg ip) sig-
nificantly increased 5-HTP content in DSP-4
group in prefrontal cortex but diminished in
the thalamus with hypothalamus (also signifi-
cantly) being at the same time without effect in
control animals. Courade et all. [20] also found
that paracetamol did not affect 5-HTP accumu-
lation in rats in the posterior cortex, hypothala-
mus, striatum, hippocampus and brain stem in
rats, 45 min after po administration (200-400
mg/kg). To the best of our knowledge there is
no data on noradrenergic system destruction
and paracetamol or nefopam evoked changes in
monoamine synthesis rate making the interpre-
tation of our results difficult. As we showed ne-
fopam decreased 5-HTP content in the prefron-
tal cortex and thalamus with hypothalamus of
DSP-4 rats, no effect was observed in the brain
stem. Nefopam did not affect accumulation
of 5-HTP in control rats. Since the non-opiate
analgesic nefopam inhibits monoamines up-
take (serotonin, noradrenalin, dopamine) we
expected more pronounced changes in 5-HTP
and L-DOPA accumulation. However, nefopam
acts mainly through the inhibitory descend-
ing pathways localized in the spinal cord so
that perhaps biochemical assay of this struc-
ture would reveal some changes in serotonin or
dopamine synthesis rate alternations.

CONCLUSIONS

Summing up, the results of the current study
demonstrate that noradrenergic system dys-
function caused by neonatal DSP-4 treatment
modified the antinociceptive effects of the an-
algetics with distinct pharmacological pros-
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perities and mechanism of action. It is likely dysfunction, so it points to analgetics dosage

that similar abnormalities in nociception may

adjustment.

occur in patients with noradrenergic system
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