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Abstract
Background. Whereas some studies have demonstrated the essential role of 5-hydroxytryptamine (5-HT) in tram-
adol and acetaminophen analgesia, other research has presented conflicting results. To dispel doubts, some aspects 
of the involvement of 5-HT in the antinociceptive properties of these drugs remain to be clarified.
Objectives. The aim of this study was to determine whether the serotoninergic system dysfunction produced by 
neonatal 5-HT lesion in rats may affect the antinociceptive effects of tramadol and acetaminophen administered 
in adulthood.
Material and Methods. Three days after birth, the control rats were pretreated with desipramine HCl (20 mg/kg i.p.)  
30 min before intraventricular saline – vehicle injection. A separate group received 5.7-DHT; 2 × 35 µg in each lat-
eral ventricle. At the age of 8 weeks, 5-HT and 5-hydroxyidoleaceticacid (5-HIAA) concentrations were determined 
in the thalamus and spinal cord by an HPLC/ED method. The antinociceptive effects of tramadol (20 mg/kg i.p.)  
or acetaminophen (100 mg/kg i.p.) were evaluated by a battery of tests.
Results. 5.7-DHT lesioning was associated with a reduction in 5-HT and 5-HIAA content of the thalamus (> 85% 
and > 90%) and spinal cord (> 58% and 70%). Neonatal 5.7-DHT treatment produced a significant reduction in 
the antinociceptive effect of tramadol in the hot plate, tail-immersion, paw withdrawal and writhing tests. In the 
formalin hind paw test, the results were ambiguous. 5-HT lesion was also associated with a decrease in the analgesic 
effect of acetaminophen in the hot plate and writhing tests. A similar relationship wasn’t found in the other assess-
ments conducted with the use of acetaminophen.
Conclusions. The present study provides evidence that (1) an intact serotoninergic system is required for the 
adequate antinociceptive action of tramadol, and (2) the serotoninergic system exerts a  negligible influence on 
acetaminophen-induced analgesia in rats. We hypothesize that similar abnormalities in nociception may occur in 
patients with 5-HT dysfunction (e.g. depression), so these results should be complied in analgesic dosage adjust-
ment (Adv Clin Exp Med 2015, 24, 3, 419–427).
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Pain is defined as an increased sensitivity to 
harmful stimulations and it can occur through 
both peripheral and central mechanisms. Endoge-
nous opioids generate analgesic signals in the peri-
aqueductal gray and these signals are projected to 
the rostral ventromedial medulla to be thereafter 
relayed to the dorsal horn of the spinal cord, which 

is called the descending analgesia circuit. Available 
literature data suggests that neurons producing se-
rotonin (5-hydroxytryptamine, 5-HT) also con-
tribute to the descending pain modulatory system 
[1]. Many studies have demonstrated recipro-
cal interactions between μ-opioid and adrenergic, 
and serotoninergic mediated mechanisms [2, 3]. 
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However, 5-HT is an important mediator in pain 
modulation with its distinct receptor subtypes lo-
cated at different levels of the nervous system, the 
sites of actions as well as underlying mechanism 
have not been rigorously clarified. Importantly, it 
has been demonstrated that the serotoninergic sys-
tem may participate in the antinociceptive action 
of many compounds (e.g. morphine, nefopam, 
imipramine, desipramine and others) [4–6]. 

Tramadol is an analgesic drug, and its mech-
anism of action is believed to be mediated by the 
µ-opioid receptor. A further action of tramadol has 
been identified as blocking the reuptake of 5-HT. 
Despite being introduced into clinical practice in 
the 70’s, the mechanism and biological action of 
this drug is still a matter of concern [7]. Likewise, 
the non-opiate drug nefopam acts principally by 
inhibiting 5-HT, norepinephrine (NE) and dopa-
mine (DA) uptake, and its analgesic activity could 
be modulated by the α1- and α2-adrenergic recep-
tors, the dopaminergic D2 receptors, and the seroto-
nergic 5-HT1B and 5-HT2C receptor subtypes [8, 9].  
It should be kept in mind that the therapeutic ef-
fects of antidepressant drugs (e.g. desipramine) 
have been previously attributed to the facilitation 
of central monoaminergic neurotransmission. As 
a matter of fact, they also produce analgesia by in-
creasing the activity of noradrenergic and seroto-
nergic (inhibiting 5-HT and NE reuptake) projec-
tions descending from the brain to the spinal cord 
to modulate the release of endogenous opioid pep-
tides, but the analgesic effect occurs at lower doses 

and with an earlier onset than pure antidepressant 
effects [10]. It is also worth knowing that, although 
one of the primary mechanisms of acetaminophen 
(paracetamol), induced analgesic and antihyperal-
gesic effects, relies on cyclooxygenase inhibition, 
experimental studies have reported on the con-
tribution of spinal 5-HT receptors to the antino-
ciceptive effects of this drug [11]. Recent clinical 
data indicates altered function in serotoninergic 
transmission in patients suffering from depression 
and insomnia, and furthermore, it has been dem-
onstrated that 5-HT affects pain sensitivity in hu-
mans [12]. Taking the above into consideration, 
we hypothesized that 5-HT dysfunction may result 
in impairment of the antinociceptive effect evoked 
by the examined analgesics. Therefore, the gener-
al aim of this study was to determine whether se-
rotoninergic system lesion in rats may affect the 
antinociceptive effect of tramadol and acetamino-
phen, two commonly prescribed and administered 
drugs. 

Material and Methods

Animals and Treatment
Newborn male Wistar rats (University Ani-

mal Department, Katowice, Poland) were divid-
ed into 2  groups. To produce lesion of the sero-
toninergic system, rats from the first group were 
administered 5.7-dihydroxytryptamine HCl (5.7-
DHT; Sigma Chemicals, St Louis, MO, USA), 70 
µg dissolved in 10 µL of 0.1% ascorbic acid/0.9% 
NaCl; 5 µL per side. For noradrenergic neuron pro-
tection, the rats were pretreated with 20 mg/kg de-
sipramine HCl (Sigma Chemicals, St Louis, MO, 
USA) (i.p.) 30 min before 5.7-DHT injection. Con-
trol animals were also pretreated with desipramine 
HCl and administered with the vehicle (10 µL of 
0.1% ascorbic acid/0.9% NaCl; 5 µL per side). The 
dose and the days of treatment were selected on the 
basis of the reports by Brus et al. [13], Nowak et al. 
[14] and Jośko et al. [15]. The litters remained with 
dams until the 21st day after birth and then were 
placed in individual cages. All rats had free access 
to food pellets and tap water and were housed in 
a temperature (22 ± 1°C) and light (from 6:00 AM 
to 6:00 PM) controlled room. 

This study was reviewed, approved and con-
trolled by the Local Bioethics Committee for An-
imals at the Medical University of Silesia (per-
mission no. 78/2007 issued on 11.12.2007) and 
performed in accordance with the principles and 
guidelines described in the NIH booklet “Care 
and Use of Laboratory Animals”. Behavioral and 
biochemical studies were conducted when rats 
reached the age of 8 weeks.

Hot Plate Test
Antinociception was assessed according to 

O’Callaghan and Holtzman [16], using a hot-plate 
instrument (COTM, Bialystok, Poland) with the 
plate temperature maintained at 56 ± 0.1°C. 

Each rat was placed individually with all 4 paws 
on the plate. Then the response latency to either 
a hind-paw lick or a jump was recorded. In the ab-
sence of a  response, the animals were quickly re-
moved from the 56°C hot plate at 20 s (cut-off time) 
to avoid tissue damage. The determined latency time 
for each animal was converted into the percentage 
of analgesia according to the formula: %  analge-
sia = [(Tx−T0)/(Tmax−T0) × 100], where Tx was 
the individual latency time determined at appro-
priate intervals after administration of the exam-
ined analgesics, T0 was the individual latency time 
determined before analgesic injection, and Tmax 
was 20 s. The analgesic effect was measured before 
drug administration (after saline 1.0  mL/kg i.p.)  
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and at 30, 60, 90 and 120  min after tramadol  
(20 mg/kg ip) (Pliva, Kraków, Poland) or ac-
etaminophen (100 mg/kg i.p.) (Bristol-Meyers 
Squibb, UK) injection.

Tail Immersion Test
Each rat was placed in a cone restrainer, and the 

end of the tail was immersed 5 cm in a 58.5°C wa-
ter bath. The pain threshold was measured as the 
time required to elicit a  flick of the tail. The cut-
off time was 10 s. Reaction latency (s) was used as 
a parameter reflecting the intensity of the pain ex-
perienced. Tail-flick results were expressed as % of 
analgesia = (post-drug latency − pre-drug latency) 
× 100/(cut-off time − pre-drug latency) [17]. The 
analgesic effect was measured before drug admin-
istration (after saline 1.0 mL/kg ip) and at 30, 60, 
90 and 120 min after tramadol (20 mg/kg i.p.) and 
acetaminophen (100 mg/kg i.p.) injection.

Paw Pressure Test
A  paw pressure tester (analgesimeter, probe 

tip diameter 1 mm; weight 25 g; Ugo Basile Milan,  
Italy) was used for this study. Each rat was gently 
wrapped in a towel and its left hind paw was placed 
under the weight of the apparatus, and the test was 
started. A  brisk foot withdrawal of the hind limb 
after constantly increasing pressure terminated the 
measurement, and the pressure (in grams) was re-
corded. The rats were habituated to the full proce-
dure on two consecutive days and the experiments 
were conducted on the third day. The mechani-
cal threshold was always assessed three times be-
fore drug administration to obtain a mean value. 
A  750 g  cutoff value was used to prevent tissue 
damage [17]. The following formula was used to 
count the percentage of analgesia: % analgesia =  
= [(100 × B)/A – 100], where A was pressure (g) 
as a  mean value from 3  assessments before drug 
administration, and B was pressure (g) assessed at 
30, 60, 90, 120 min after drug treatment. The anal-
gesic effect was measured before drug administra-
tion (after saline 1.0 mL/kg i.p.) and at 30, 60, 90 
and 120 min after tramadol (20 mg/kg i.p.) and ac-
etaminophen (100 mg/kg i.p.).

Footpad Inflammation Test
In the formalin test, the rats were placed indi-

vidually in clear plastic containers (30 × 30 × 30 
cm3) for 30 min to allow them to accommodate 
to their new surroundings. A  mirror was placed 
at a 45° angle beneath the chamber to provide an 
unobstructed view of the rat’s paws. The animals 
were then removed and injected with tramadol  

(20 mg/kg i.p.) or acetaminophen (100 mg/kg i.p.) 
and placed back into the containers. 30 min later, 
the rats were injected in the right hind paw plantar 
surface subcutaneously (sc) using a  30-gauge sy-
ringe 50 µL of 5% formalin solution. The animals 
were then returned to the chambers, and the no-
ciceptive behavior was observed immediately af-
ter formalin injection. Nociceptive 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 quies-
cent period, which is then followed by a prolonged 
tonic response (15–60 min). A  reduction of for-
malin-induced behavior observed after adminis-
tration of a given drug is interpreted as an analge-
sic response [17, 18].

Writhing Test
Control and 5.7-DHT lesioned rats (deprived 

of food 24 h before testing) were placed individu-
ally in clear Plexiglas containers (40 × 30 × 20 cm) 
and allowed to accommodate for 30 min. Then 
rats were injected with saline (1.0 mL/100g ip) and  
30 min later, administered with ethacrynic acid so-
lution 3.0 mg/1 mL/100 g (in the left lower quad-
rant of the abdomen). Ethacrynic solution was 
prepared ex tempore by mixing 3/47 ethanol/wa-
ter. The rats were returned to their chambers and  
10 min later contractions of abdominal muscula-
ture (writhes) were counted (contractions of the 
abdomen, twisting and turning of the trunk, arch-
ing of the back and extension of the hind limbs) for 
the following 60 min with divisions of 10 min in-
tervals (10–20, 20–30, 30–40, etc.). The rats were 
used once and killed immediately after testing [17].  
According to the same paradigm, a separate groups 
of rats (control and 5.7-DHT) were tested after tra-
madol (20 mg/kg ip) and acetaminophen (100 mg/ 
/kg i.p.), respectively. The antinociceptive effect was 
expressed as the percentage decrease in the number 
of writhes and was calculated according to the for-
mula: % inhibition of writhing = [100 – (100 × B)/A],  
where A  was the mean number of writhes in the 
saline-treated control and 5.7-DHT rats for an ap-
propriate observation period, and B was the mean 
number of writhes in the drug-treated rats counted 
at the appropriate observation intervals.

Assay of Biogenic Amines  
and Their Metabolites 
The rats were injected with saline (1.0 mL/kg i.p.), 

tramadol (20 mg/kg i.p.) or acetaminophen (100 mg/ 
/kg i.p.) and 60 min later decapitated. The thalamus 
and spinal cord were rapidly dissected and placed on 
dry ice, and weighed and stored at –70°C for pending 
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assay. The levels of 5-HT and its metabolite (5-HI-
AA) were assessed using a high pressure liquid chro-
matography with the electrochemical detection 
method (HPLC/ED). Samples were homogenized for 
15–20 s in ice-cold trichloroacetic acid (0.1 M) con-
taining 0.05 mM ascorbic acid. After centrifugation 
(5,000 g, 5 min), supernatants were filtered through 
0.2 µm cellulose membranes (Titan MSF Microspin 
filters, Scientific Resources Inc., Eatontown, UK) and 
injected into a  system that consisted of a  thermally 
controlled ASI-100 autosampler (Thermo Scientific, 
UK). For separation and detection of biogenic amines, 
a  precolumn Hypersil BDS C18, 10 mm × 4  mm  
and 3 μm (ThermoQuest, GB), column Hypersil BDS 
C18, 250 mm × 4 mm, 6 mm, 3 μm (ThermoQuest, 
GB) and an electrochemical detector analytic cell 
5010 Coulochem (ESA, Inc., USA) were used. The 
mobile phase was composed of 1.7 mM 1-octanesul-
fonic acid, 25 μM EDTA, 100 μL trietylamine/1000 
mL, and 10% acetonitrile in 75 mM phosphate buffer 
at pH 3. The flow rate was 0.6 mL/min. The applied 
potential was E1 = –175 mV and E2 = + 250 mV. The 
chromatograms were automatically integrated by 
universal chromatographic interface UCI-100. The 
data was quantified using the area under the peaks 
and external standards, using Chromeleon software 
(Dionex, Germany). The obtained results of the cat-
echolamine assay were presented in ng per gram of 
wet tissue (ng/g) [19, 20].

Data Analysis
Differences between groups were assessed by 

a  t-Student test. A p value < 0.01 and < 0.05 was 
taken as the level of significance. 

Results
Hot-Plate Test 
Tramadol (20 mg/kg i.p.) elicited a lower anti-

nociceptive effect in 5.7-DHT rats in comparison 
to control animals, and the differences were signifi-
cant at 60, 90 and 120 min of observation (p < 0.05;  
p < 0.01 and p < 0.01, respectively) (Fig. 1). 

Also, the acetaminophen produced a lower an-
tinociceptive effect in the 5.7-DHT group in com-
parison to control rats, and the effect was signifi-
cant at all observation time points, i.e.: 30, 60, 90 
and 120 min (p < 0.01; p < 0.05; p < 0.01 and p < 0.05,  
respectively) (Fig. 2).

Tail Immersion Test
In the tail immersion test we demonstrated 

that tramadol administered in a  dose of 20 mg/kg 
i.p. evoked intense and long-lasting analgesia in the 

control group (50–90% on average). As has been not-
ed, the effect in the 5.7-DHT group was far less pro-
nounced and significant differences were observed in 
all tested intervals (30 min p < 0.05; 60 min p < 0.01; 
90 min p < 0.01 and 120 min p < 0.05) (Fig. 3). 

The analgesic action of acetaminophen (100 mg/ 
/kg i.p.) in both tested groups was much less evident 
(in comparison to the tramadol study) and no signif-
icance between the tested groups was found (Fig. 4).

Fig. 1. Effect of 5.7-DHT treatment on analgesia 
assessed in hot plate test after tramadol administration 
(20 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 2. Effect of 5.7-DHT treatment on analgesia 
assessed in hot plate test after acetaminophen adminis-
tration (100 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 3. Effect of 5.7-DHT treatment on analgesia 
assessed in tail-immersion test after tramadol adminis-
tration (20 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 
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Paw Pressure Test

In the paw pressure test we showed that tram-
adol (20 mg/kg i.p.) elicited more intense analgesia 
in control rats in comparison to the 5.7-DHT group. 
The obtained difference was significant at 30, 60 and 
90 min of the observation (p < 0.05) (Fig. 5). 

The acetaminophen (100 mg/kg ip) challenge 
evoked similar antinociceptive action in both test-
ed groups (Fig. 6).

Footpad Inflammation Test

To assess the effect of serotoninergic lesion on 
the analgesic action of the examined drugs, we com-
pared the behavioral responses to sc injection of  
50 µL (5%) of formalin into one hind paw of the 
control and 5.7-DHT rats. Tramadol (20 mg/kg ip) 
was administered 30 min before formalin adminis-
tration. Both groups showed the typical biphasic no-
cifensive response curve lasting the 60 min of testing 
but the control rats scored more points (spending 

more time licking/biting the injected hind paw) in the 
second phase of the formalin test than the 5.7-DHT  
group (p < 0.05 at 25 and 30 min) (Fig. 7). 

After acetaminophen administration (100 mg/kg 
ip) a  typical biphasic nocifensive response curve was 
also observed, however no differences between the 
control and 5.7-DHT treated rats were noticed (Fig. 8). 

Fig. 4. Effect of 5.7-DHT treatment on analgesia 
assessed in tail-immersion test after acetaminophen 
administration (100 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 5. Effect of 5.7-DHT treatment on analgesia 
assessed in paw pressure test after tramadol adminis-
tration (20 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 6. Effect of 5.7-DHT treatment on analgesia 
assessed in paw pressure test after acetaminophen 
administration (100 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 7. Effect of 5.7-DHT treatment on analgesia 
assessed in footpad inflammation test after tramadol 
administration (20 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 8. Effect of 5.7-DHT treatment on analgesia 
assessed in footpad inflammation test after acetamino-
phen administration (100 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Writhing Test

Injections of tramadol (20 mg/kg i.p.) elicited low-
er analgesia in the 5.7-DHT group in comparison to 
control rats. The effect was significant at 20–30, 30–40 
and 50–60 intervals of observation (p < 0.05) (Fig. 9). 
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Acetaminophen administered at a dose of 100 
mg/kg i.p. also reduced writhes in both experimen-
tal groups, but to a much greater extent in the con-
trol group. The effect was significant at 10–20, 40–50  
and 50–60 intervals of testing (p < 0.05) (Fig. 10).

Biogenic Amines  
and Their Metabolites Content
In the HPLC/ED assay we demonstrated that 

5.7-DHT icv injection to neonates (3  days after 
birth) resulted in a  marked decrease in 5-HT and 

5-HIAA levels in the thalamus and spinal cord in 
comparison to vehicle treated rats (differences sig-
nificant at p < 0.01). Tramadol (20 mg/kg i.p.) ad-
ministered 60 min before decapitation did not affect 
5-HT and 5-HIAA (in both tested structures) in the 
control and 5.7-DHT rats in comparison to their re-
spective controls. Conversely, acetaminophen (100 
mg/kg) decreased 5-HIAA in comparison to the 
control group (5.7-DHT – saline) but there was no 
effect on 5-HT in this regard (Table 1). 

Discussion
The major finding of the present study is that 

neonatal 5.7-DHT treatment – resulting in perma-
nent destruction of serotoninergic inputs to the 
spinal cord and thalamic areas – diminishes tram-
adol- and to some extent acetaminophen-induced 
antinociception in adult rats. 

As has been noted, administration of 5.7-DHT 
neurotoxin caused a prominent reduction in 5-HT 
and its metabolite (5-HIAA) content of the thal-
amus and spinal cord, two crucial structures in-
volved in pain perception. In the thalamus, 5-HT 
and 5-HIAA were reduced to 15% and 10% in the 
5.7-DHT treated group in comparison to control 
animals, whereas in the spinal cord to 42% (5-HT) 
and 30% (5-HIAA), respectively. In agreement 
with previous studies [5], we concluded that our 
treatment caused a substantial reduction in 5-HT 
and 5-HIAA (Table 1). These findings confirmed 
that 5.7-DHT has a demolishing effect on the cen-
tral serotonergic system in rats (both in the brain 
and spinal cord) [4, 14].

According to the literature data, tramad-
ol has a  dual mechanism of action: (1) connect-
ed with the µ-opioid receptor, and (2) bound 
with the blocking of the reuptake of 5-HT [7].  
 In our study it was shown that 5.7-DHT treat-
ment significantly decreased the antinociceptive 
effect of tramadol (20 mg/kg i.p.) in the hot-plate, 
tail-immersion, paw pressure and writhing tests  

Fig. 9. Effect of 5.7-DHT treatment on analgesia 
assessed in writhing test after tramadol administration 
(20 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Fig. 10. Effect of 5.7-DHT treatment on analgesia 
assessed in writhing test after acetaminophen adminis-
tration (100 mg/kg i.p.) in rats (n = 10)

 control
 5.7-DHT 

* p < 0.05; ** p < 0.01 control vs. 5.7-DHT. 

Table 1. Effect of 5.7-DHT treatment on 5-HT and 5-HIAA content in the thalamus and spinal cord in adult rats (n = 7–8)

Structure Biogenic 
amines 
(ng/g wet 
tissue)

Treatment

saline tramadol acetaminophen

control 5,7-DHT control 5,7-DHT control 5,7-DHT

Thalamus 5-HT 697.2 ± 40.2 100.0 ± 6.5# 694.6 ± 55.4  76.7 ± 14.5# 707.7 ± 57.5  46.6 ± 4.1#*

5-HIAA 312.3 ± 23.1  32.4 ± 3.4# 279.2 ± 23.5  23.3 ± 3.6# 278.4 ± 25.5  16.6 ± 2.1#*

Spinal cord 5-HT 607.5 ± 55.3 254.1 ± 29.0# 703.6 ± 29.6 231.8 ± 50.4# 699.6 ± 52.4 170.5 ± 56.4#*

5-HIAA 419.0 ± 35.1 123.0 ± 28.0# 395.4 ± 31.0 105.8 ± 22.2# 428.0 ± 56.1  55.2 ± 7.1#*
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(Fig. 1–6, 9, 10). Ambiguous results were obtained 
in the formalin test (Fig. 7). Yanarates et al. [21] 
found that an intrathecal injection of 5.7-DHT (le-
sion of spinal 5-HT) resulted in a significant reduc-
tion of systemically administered tramadol and its 
metabolite (M1) antinociceptive and antihyperal-
gesic effects in the radiant heat tail-flick and plan-
tar incision tests in mice. In contrast, Rojas-Cor-
rales et al. [22] demonstrated that inhibition of the 
5-HT neurotransmission attained by a 5-HT1A ag-
onist (8-OH-DPAT) challenge reduced the analge-
sic effect of tramadol in two nociceptive tests: a hot 
plate test in mice and a plantar test in rats. Dürstel-
er et al. [23] showed that ondansetrone (5-HT3 re-
ceptor agonist) antagonized the analgesic effects 
of tramadol in acetic acid writhing tests in mice 
whereas Oliva et al. [24], employing the formalin 
test in mice, found that the analgesic effect of tra-
madol was prevented by the 5-HT2 receptor the 
antagonist ketanserin. They concluded that the se-
rotonergic pathway is responsible for the antinoci-
ceptive effect of tramadol in phase 2 of the forma-
lin test, and that this effect is mediated by 5-HT2 
receptors. Others demonstrated that the lesion of 
the dorsal raphe nucleus (DRN) by 5.7-DHT an-
tagonized the antidepressant-like effects of tram-
adol assessed in some unpredictable chronic mild 
stress tests in mice [25]. Taking the above into con-
sideration and keeping in mind the results of the 
present study, we can conclude that serotonergic 
system integrity is critically involved not only in 
the analgesic but also in the antidepressant-like ef-
fects of tramadol. 

For the past several decades numerous studies 
have indicated that acetaminophen was regarded 
as a preferential inhibitor of central cyclooxygenas-
es to peripheral ones, but the inhibition of cycloox-
ygenase is not sufficient to explain its antinocicep-
tive activity. Some reports imply that the analgesic 
effect of acetaminophen might come from the in-
teraction of other multiplied neurotransmitters, 
like those involved in serotonergic, opioidergic, 
noradrenergic, cholinergic, and nitric oxide syn-
thase systems [26, 27]. One of the hypotheses re-
lies on its positive action on the inhibitory activity 
of the descending serotonergic pathways on spinal 
nociceptive processing, which has been supported 
by different groups [28, 29]. Indeed, the lesion of 
the bulbospinal descending serotonergic pathways 
abolishes the antinociceptive action of acetamin-
ophen [30]. In our experiment it was shown that 
the 5.7-DHT lesion visibly affected the antinoci-
ceptive effect of acetaminophen (100 mg/kg i.p.) 

examined in the hot plate and writhing tests being 
at the same time without effect on other measure-
ments (Fig. 2 and 10). This is to some extent in ac-
cordance with Pini et al. [28] who showed that de-
pletion of brain 5-HT with p-chlorophenylalanine 
(p-CPA) prevented the antinociceptive effect of 
acetaminophen in the hot-plate test and in the first 
phase of the formalin response in rats. Converse-
ly, the same group of scientists demonstrated that 
pre-treatment with ondansetron at doses of 2 and 
4  mg/kg (5-HT3 receptor antagonist) did not af-
fect the antinociceptive activity of acetaminophen 
in the hot-plate test and in the paw pressure test in 
rats [31]. Bonnefont et al. [29] found that the oral 
administration of acetaminophen (400 mg/kg) re-
duced nociceptive behavior in both phases of the 
formalin test in rats which was totally blocked by 
an intrathecal injection of a  selective 5-HT1A re-
ceptor antagonist (WAY 100,635). In our exper-
iments we did not observe such effect (Fig. 8). 
The discrepancy may be explained by the fact that 
a much lower dose of acetaminophen was used in 
the present study. Others have also demonstrated 
that the fixed combination of aspirin, acetamino-
phen and caffeine produced a significant reduction 
in extracellular DA and a dramatic increase in NA 
release from the striatal slices suggesting that the 
mechanism of this analgesic combination is based 
on the modulation of catecholaminergic neuro-
transmission [32]. Also, acetaminophen adminis-
tration significantly increased 5-HT and NA lev-
els in the posterior cortex, hypothalamus, striatum, 
hippocampus and brain stem, but not spinal cord 
which is more or less in line with our results (no 
effect of acetaminophen in the thalamus and spi-
nal cord on 5-HT and 5-HIAA in control but a de-
crease in 5-HT and 5-HIAA in 5.7-DHT rats) [33]. 
Altogether, the data cited above and the results of 
the present study suggest that acetaminophen af-
fects central monoaminergic neurotransmission, 
thereby it can be concluded that monoamines (in-
cluding 5-HT) might to some extent participate in 
its analgesic action.

Summing up, the results of the current study 
provide evidence that (1) an intact serotoniner-
gic system is required for proper antinociceptive 
action of the tramadol, and (2) the serotoninergic 
system exerts a negligible influence on acetamino-
phen analgesia in rats. It is likely that similar ab-
normalities in nociception may occur in patients 
with serotoninergic system dysfunction, so these 
results should be complied in analgesic dosage 
adjustment. 
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