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Purpose: Our great interest in this work was study the synergism between L-tryptophan and dipyrone or
paracetamol as well as the interaction of kynurenic acid (L-tryptophan metabolite) and these analgesics
agents utilizing a robust methodology.
Methods: We performed the writhing test induced by acetic acid in mice to evaluate the antinociceptive
effect of the treatments isolated and combined (p.o. and i.p.). Dose–response curves were constructed
and the values of ED50 for treatment alone and combined were statistically compared. In addition, isobo-
lographic analysis was performed and the experimental values were compared with the theoretical val-
ues for simple additive effect.
Results: The combined treatment with L-tryptophan and dipyrone or paracetamol reduced significantly
the ED50 of these analgesics when compared to the isolated treatments. L-tryptophan alone has no antin-
ociceptive effect. L-Tryptophan increases the central amount of 5-HT and the synergism with dipyrone is
antagonized by the 5-HT depletion. The kyna has an antinociceptive dose-related effect and a synergistic
interaction with dipyrone and paracetamol verified by isobolographic analyses and confirmed by exper-
imental values of ED50 of combined treatments were statistically lower than theoretical calculated values
for simple additive effect. Melatonin antagonist receptor attenuates the antinociceptive synergism
between L-tryptophan and dipyrone.
Conclusion: Our results demonstrate that the increased 5-HT amount on the central nervous system is not
per se capable to induce antinociception. The L-tryptophan interacts synergistically with dipyrone and
paracetamol both orally and by i.p. route. This effect is dependent on the biotransformation of L-trypto-
phan to 5-HT and involves kynurenic acid and melatonin receptors.

� 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Dipyrone (dipirone or metamizol) and L-tryptophan are two
substances historically associated with pain relief. The use of dipy-
rone is controversial due to its association with serious toxic ef-
fects, particularly in the United States and other developed
countries [1–3]. However, several studies have demonstrated the
safety of the dipyrone in different populations [4–8]. Available in
countries such as Russia, Israel, Spain, Mexico and India, dipyrone
in Brazil is an over-the-counter drug defined as safe by the Brazil-
ian Public Health Surveillance System, Agência Nacional de Vigi-
lância Sanitária (ANVISA) [9–11].
Paracetamol as an analgesic of proven efficacy but higher doses
are associated with serious toxic effects. It is hepatotoxic for hu-
mans at doses above 125 mg/kg [12] and its overdose, both inten-
tional and unintentional, remains a significant public health
concern with an annual average (2000–2006) of 33.520 hospital-
izations in the US Improving efficacy without increasing adverse
effects, or decreasing adverse effects without loss of efficacy are
the main therapeutics goals of the combination of analgesic drugs.
Besides, the decrease of the availability of these drugs may be
interesting in pharmaceutical formulations.

L-tryptophan is the precursor of the neurotransmitter 5-
hydroxitryptamine (5-HT, serotonin) and the neurohormone
melatonin, both substances intrinsically linked to mood and sleep
control [13]. The major biotransformation pathway of L-tryptophan
lead to generation of kynurenines [14].

Several reports have been published on the antinociceptive ef-
fects of melatonin and 5-HT. However, the influence of 5-HT on
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pain control is controversial. Yaksh and Wilson [15] demonstrated
that the intrathecal injection of serotonin in rats, rabbits and cats
produces an elevation in nociceptive threshold measured by sev-
eral behavioural methods. In the same work, the authors also dem-
onstrated the blockage of the 5-HT antinociceptive effect by the
receptor antagonist methysergide (mixed 5-HT1 and 5-HT2). How-
ever, Schmauss et al. [16] described no involvement of 5-HT2

receptors on the antinociceptive activity of 5-HT administered by
the intrathecal route on a tail flick test. Other studies have de-
scribed the involvement of 5-HT3 receptors on pain control. Bardin
et al. [17] demonstrated that 5-HT3 antagonism caused after treat-
ment with tropisetron reverses 5-HT antinociceptive action. They
also demonstrated that the intrathecal administration of a 5-HT3

agonist has an antinociceptive effect.
All these studies used direct application of 5-HT on the central

nervous system. This manipulation may flood others neurones
where 5-HT is not a natural important neurotransmitter. Further-
more, this approach reduces the translational potential of 5-HT
studies on pain.

The kynurenine pathway is the main route of L-tryptophan
metabolism. This pathway leads to the generation of a metabolite
family that includes anthranilic acid, xanthurenic acid, quinolinic
acid and kynurenic acid (KYNA). All of these acids have neuro-ac-
tive properties [18,14]. This pathway also generates deleterious
metabolites, such as 3-hydroxykynurenine and 3-hydroxyanthra-
nilic acid, that increase oxidative stress and can cause neuronal
death. Quinolinic acid is an agonist of NMDA receptor and can ex-
ert excitotoxic effects [19]. In contrast, KYNA was described by
Heyliger et al. [20] as an antinociceptive substance with the prob-
able capacity to block glutamate receptors in thermal nociceptive
tests [21].

Serotonin cannot cross the blood–brain-barrier but L-trypto-
phan is available as alimentary supplement being a highly safety
substance that can be used as tool to increases the central 5-HT
amount and studies the central 5-HT pathway on the control of
pain. We report here that L-tryptophan in doses up to 200 mg/kg
i.p. had no antinociceptive effect in the mouse abdominal writhing
test when it was administered as the sole agent.

However, its position as precursor of 5-HT that is implicated as
main neurotransmitter in the descending pain suppression path-
way and several others biomolecules potentially involved in pain
modulation made us study the interaction of this amino acid with
dipyrone and paracetamol aiming to interfere on the different
points of pain processing to increase the antinociceptive effect of
these analgesics.

The general purpose of this study was to investigate the phar-
macological interaction of L-tryptophan on the antinociceptive
activity of the non-opioids analgesics in acute animal models of
pain. To the best of our knowledge, no investigation has been con-
ducted on the association of L-tryptophan with dipyrone or
paracetamol.
2. Materials & methods

2.1. Animals

Swiss mice (22–32 g, 5–12 animals per group) were used in
this study. Animals were kept in a temperature-controlled room
at 26 �C with a 12-h light/dark cycle and maintained with food
and water ad libitum. The experiments were approved in the
Ethical Committee on Animal Research at Federal University of
Ceará, Brazil (no. 63/2012). The study was conducted in accor-
dance with the NIH Guide for the Care and Use of Laboratory
(1985).
2.2. Drugs

L-tryptophan, kynurenic acid (Kyna), capsaicin, ruthenium red
and luzindol were purchased from Sigma Chem. Co.™ (St. Louis,
MO, USA). Acetic acid was purchased from Vetec Quimica Fina™
(São Paulo, São Paulo, Brazil), dipyrone and paracetamol were pur-
chased from Medley Indústria Farmacêutica Ltd.
2.3. Hematologic toxicity

A cell blood counter was used to evaluate blood collected in mi-
cro tubes with 20 lL of EDTA (10 g/dL). After collection, the blood
was maintained homogenised until analysis with a demi-auto-
matic apparatus (Sysmex KX-21N-Roche). The differential quantifi-
cation of leukocytes was performed utilizing panoptic staining in
blood smears (Instant-Pro� – New Prov�).
2.4. Open field test

The ambulatory behavior was assessed in the open-field test as
described previously (Archer, 1973). The open field is an acrylic
box with transparent walls and black floor
(30 cm � 30 cm � 15 cm), and its base is divided into 9 quadrants
of equal diameter. The animals were treated with L-tryptophan
(25; 50 or 100 mg/kg i.p.) or vehicle (Controls; 10 ml/kg, p.o.)
30 min before being taken individually to the open field. The num-
ber of squares crossed with all paws (crossings) were counted in a
5-min session.
2.5. Abdominal writhing test

This test was carried out according to the method described by
Koster et al. [22]. An abdominal writhe consists of a contraction of
the abdominal muscle together with a stretching of the hind limbs
induced by an i.p. injection of acetic acid (0.6% solution, 0.1 mL/
10 g) as the nociceptive agent. These abdominal writhings were re-
corded as a pain response. The animals received i.p. injection of
acetic acid 30 min after i.p. treatments with dipyrone, paracetamol
or L-tryptophan. In the oral treatments the animals were submitted
to the test 60 min after treatments with dipyrone, paracetamol, or
L-tryptophan. Five minutes after acetic acid application, the
abdominal writhes were counted over a 15-min period.
2.5.1. 5-HT brain analysis
The endogenous levels of 5-HT were assayed by reverse-phase

high-performance liquid chromatography (HPLC) with electro-
chemical detection. Briefly, a C18 reverse phase column (Shim-
pack, CLC-ODS 150 £ 4.6 mm; Shimadzu, Kyoto, Japan), an amper-
ometric detector (Shimadzu, LECD-6A) and a liquid chromatogra-
phy work station were used. The collected brains were stored at
�70 �C until the time for use (maximum of 2 weeks). The frozen
tissue was weighed and homogenised in 10% (w/v) of 0.1 M per-
chloric acid. After centrifugation (14,000 rpm, 30 min), 20 ml of
the supernatant was injected into the chromatograph. The mobile
phase (consisting of 15.7 g citric acid, 471.5 ml twice-distilled
water, NaOH sufficient to bring pH to 7.0, 3.78 mg octyl sodium
sulphate, 20 ml acetonitrile and 10 ml tetrahydrofuran) was used
at a flow rate of 0.6 ml/min. The oxidation potential was fixed at
0.85 V using a glassy carbon electrode and an Ag/AgCl reference
electrode. The peak areas of the external standards were used to
quantify the sample peaks. The values obtained were expressed
as lmol/g of tissue. In these analysis the groups were compared
by ANOVA followed by Newman-Keuls multiple comparison test.
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2.6. Protocol

Dose–response curves for the antinociceptive effect of dipyrone
or paracetamol, were obtained using 5–10 animals at each of at
least four doses. The drugs were administered by oral or intraperi-
toneal route. A least-squares non-linear regression analysis of the
log dose–response curves allowed the calculation of the dose that
produced 50% of antinociception (ED50) for each drug. Dose–re-
sponse curves were also obtained for the oral coadministration of
L-tryptophan with dipyrone or paracetamol in fixed ratio combina-
tions by gavage (ratio values given in Table 1). Dose–response
curves for the combination of L-tryptophan with dipyrone or para-
cetamol administered intraperitoneally were obtained with the
same scheme (ratio values given in Table 1) but in this case the
L-tryptophan was injected 30 min prior to i.p. injection of dipyrone
or paracetamol. The construction of dose–response curves for Kyna
i.p. or for the combination of Kyna with dipyrone or paracetamol
were performed using the same mode previously described (ratio
values given in Table 2) but in this case kyna was injected
15 min prior to i.p injection of dipyrone or paracetamol. The
ED50s of isolated treatment with dipyrone or paracetamol were
compared with respective ED50s of combined treatment with
L-tryptophan. The comparisons were made by ANOVA (extra
sum-of-squares F test). Data are expressed in the graphs as
percentage of antinociception (antinociception %) calculated in
comparison with respective vehicle-treated group (Control; CTRL)
of each experiment ± Standard Error of Mean (SEM).

Isobolographic analysis was used to determine interactions be-
tween kyna and dipyrone or paracetamol. The method has been
described previously in detail [23]. Supra-additivity or synergistic
effect is defined as the effect of a drug combination that is higher
and statistically different (ED50 significantly lower) than the theo-
retically calculated equieffect (ED50) of a drug combination with
the same proportions. Theoretical ED50s were calculated
(Add = (f)ED50, Dipyrone or Paracetamol +(1�f)ED50, Kyna, where f is the
fraction of dipyrone or paracetamol) and the statistical compari-
sons were made by t-test, the errors were estimate similarly to de-
scribed by Raffa et al. [24]. If the ED50s are not statistically
different, the effect of the combination is additive and additivity
means that each constituent contributes with its own potency to
the total effect. The interaction index was calculated as experimen-
tal ED50/theoretical ED50. If the value is close to 1, the interaction is
additive. Values lower than 1 are an indication of the magnitude of
supra-additive or synergistic interactions and values higher than 1
correspond to sub-additive or antagonistic interactions [25,23].

On the graph, the straight diagonal line indicates the line of
additivity, where there is no synergism at the ED50 values and
Table 1
ED50 values and 95% CI for the antinociceptive effect of dipyrone and paracetamo

Drug Ratio via

Dipyrone – p.o.
Paracetamol – p.o.
Dipyrone – i.p.
Paracetamol – i.p.

Combination

L-tryp + Dipyrone 1:1.4 p.o.

L-tryp + Paracetamol 1:1.5 p.o.

L-tryp + Dipyrone 1:2 i.p.

L-tryp + Dipyrone 1:1 i.p.

L-tryp + Paracetamol 1:4.12 i.p.

(ANOVA – extra sum-of-squares F test).
* p < 0.001 vs. isolated treatment (p.o.).
c p < 0.001 vs. isolated treatment (i.p.).
the location of the combination points on the left (below) side of
the additive line indicates synergistic interactions [26–28].

On the assessment of melatonin receptors participation, to
block the melatonin receptors, luzindol (10 mg/kg, i.p.) was admin-
istered 15 min before L-tryptophan (i.p.) to the group treated with
L-tryptophan before non-antinociceptive dose of dipyrone (i.p.)
(luzindol + L-trytophan + dipyrone). In order to evaluate the
involvement of 5-HT synthesis, other experiment was conducted
utilizing para-chlorophenylalanine (PCPA) for depletion of 5-HT lev-
els. The animals received PCPA (100 mg/kg, i.p.) once a day over
3 days preceding the experimental day as well as 3 h before the
experimental procedure. In these analysis the groups were com-
pared by ANOVA followed by Newman-Keuls multiple comparison
test.
3. Results

3.1. Haematological toxicity

There were no significant differences in the hematologic param-
eters analysed (neutrophils, eosinophils, monocytes and lympho-
cytes) between the groups treated with non-opioids analgesics,
L-tryptophan or any combination.

3.2. Open field

There were no significant differences in the number of crossing
between the groups in this test. Controls (treated with vehicle
10 mL/kg, i.p.): 20.50 (14–28); L-tryptophan 100, 50 or 25 mg/kg,
i.p.: 19.00(14–31); 20.25(12–30); 19.30 (22–30), respectively. Data
is described as mean with minimum and maximum number of
crossing. This suggests no interference on the spontaneous loco-
motor activity of L-tryptophan.

3.3. L-tryptophan

As shown in the Fig. 1 the treatment with L-tryptophan both or-
ally (Fig. 1A) and by intraperitoneal route (Fig. 1B) showed no
antinociceptive effect as sole agent.

3.4. L-tryptophan and dipyrone

Dipyrone was administered in four doses as the sole agent by
oral route and in six doses by i.p. route and exhibited significant
antinociceptive action and marked dose dependence with
ED50: 128.7 mg/kg (CI 95%: 92.78–178.6) and 91.20 mg/kg
l isolated and in combination with L-tryptophan in the writhing test of mice.

ED50 mg/kg (CI 95%) ANOVA

128.7 (92.78–178.6)
308.1 (256.1–370.8)
91.20 (77.39–95.78)
96.18 (76.23–121.3)

33.30*(28.05–39.54) F = 25.27 (1.37); p < 0.001

50.99*(41.96–61.96) F = 28.74 (1.46); p < 0.001

18.07c (13.25–24.67) F = 59.36 (1.78); p < 0.001

31.72c (23.10–43.56) F = 30.23 (1.78); p < 0.001

47.30c (34.00–65.82) F = 18.76 (1.44); p < 0.001



Table 2
Theoretical and experimental ED50 values with 95% CI for combinations of dipyrone or paracetamol with kyna in the writhing test of mice.

Drug Via ED50 mg/kg (CI 95%)

Dipyrone i.p. 91.20 (77.39–95.78)
Paracetamol i.p. 96.18 (76.23–121.3)
Kynurenic acid i.p. 19.51 (17.88–21.30)

Combination Via Ratio ED50 mg/kg (CI 95%) Interaction index

Kyna + dipyrone i.p. 1:2 Theoretical Experimental
60.19 (51.07–63.21) 4.34*(3.74–5.03) 0.072

Kyna + paracetamol i.p. 1:4.05 77.13 (61.13–97.27) 25.47*(18.66–34.77) 0.330

* p < 0.05 vs. Theoretical values (t-test).

Fig. 1. Effect of L-tryptophan on the number of abdominal writhing test induced by i.p. injection of 0.6% acetic acid solution. L-tryptophan presented no antinociceptive effect
after both orally (A) or i.p. treatments (B). One-way ANOVA followed by Student-Neuman-Keuls post hoc.

Fig. 2. Dose–response curves for dipyrone alone or in combination with L-tryptophan (L-tryp) given by oral (A) or i.p. route (B). The dose–response curves for paracetamol
alone or in combination with L-tryptophan (L-tryp) are shown in panel (C) for oral and (D) for i.p. route. The proportion is given in weight (dose in mg/kg): weight (dose in mg/
kg). The log dose is presented in function of active agent, dipyrone or paracetamol. All dose–response for combined treatments (L-tryp + dipyrone or paracetamol) are
statistically⁄ different from the respective isolated treatment (dipyrone or paracetamol). Data are expressed as percentage of antinociception ± SEM. ⁄(ANOVA, p < 0.05).
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(CI 95%: 77.39–95.78) for the oral and i.p. route, respectively
(Fig. 2A and B; Table 1). As cited previously L-tryptophan, in doses
up to 200 mg/kg i.p. or oral, produced no antinociceptive effect
compared with vehicle treated animals (CTRL).
Combined treatments of L-tryptophan and dipyrone would ex-
pect to have a dose–response relation theoretically identical to
the response of the active agent alone. When the combination of
L-tryptophan and dipyrone in a 1:1.4 ratio or 1:1 ratio by oral route
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and 1:2 ratio by i.p. route were tested it also exhibited significant
dose dependence analgesic activity and a pronounced potency
enhancement as indicated by the reduced ED50s of 33.30 mg/
kg⁄(28.05–39.54); 31.72 mg/kg⁄(CI 95%: 23.10–43.56) or
18.07 mg/kg⁄(CI 95%: 13.25–24.67), for treatments made in oral
or i.p. route, respectively. These results strongly suggest a synergic
interaction between the substances. Results are shown in the
Fig. 2A and B and summarized on Table 1. ⁄p < 0.001 vs. sole active
drug.

3.5. L-tryptophan and paracetamol

Paracetamol was administered in five doses as the sole agent by
oral route and in four doses by i.p. route and exhibited significant
antinociceptive action and marked dose dependence with ED50:
308.1 mg/kg (CI 95%: 256.1–370.8) and 96.18 mg/kg (CI 95%:
76.23–121.3) for the oral and i.p. route, respectively (Fig. 2C and
2D; Table 1).

When Paracetamol in combination with L-tryptophan, in a 1.5:1
or 4.12:1 ratio by oral or i.p. route respectively were tested, the
combinations also exhibited significant dose dependence analgesic
activity and a substantial potency enhancement as indicated by the
reduced ED50s of 50.99⁄mg/kg (CI 95%: 41.96–61.96) or 47.30⁄mg/
kg(34.00–65.82), for the treatments made by oral or i.p. route,
respectively. These results strongly suggest a synergic interaction
between the substances. Results are shown in the Fig. 2C and D
and summarized on Table 1. ⁄p < 0.001 vs. sole active drug.

3.6. Influence of 5-HT production on the synergistic effect

L-tryptophan (i.p.) increased the total 5-HT concentration in the
brain at doses of 25 and 100 mg/kg and PCPA decreased the 5-HT
synthesis (Fig. 3A). The depletion of 5-HT blocked the synergism
between L-tryptophan and non-antinociceptive dose of dipyrone
(50 mg/kg) (Fig. 3B). This suggests the necessity of L-tryptophan
be metabolised to 5-HT to exhibit the synergism. w⁄p < 0.05 vs.
vehicle treated group (CTRL), ANOVA, followed by Newman-Keuls
multiple comparison test.

3.7. Kyna

Previous treatment with kynurenic acid at 18.75, 25 and 50 mg/
kg resulted in a reduced number of abdominal writhings compared
to the control group ⁄(p < 0.05) showing an important antinocicep-
tive dose-related effect on the abdominal writhing test of kynure-
nic acid ED50: 19.51 mg/kg (CI 95%: 17.88–21.30) as shown in the
Fig. 4A. ⁄p < 0.05 vs. vehicle treated group (CTRL), ANOVA, followed
by Newman-Keuls multiple comparison test.

3.8. Kyna and dipyrone

This association shifts the dose–response curve of the antinoci-
ceptive effect of dipyrone to the left. The ED50 of dipyrone in asso-
ciation with kynurenic acid is significantly reduced when
compared with the values of theoretical ED50 for simply additive
effect of combination: 4.34⁄ mg/kg (CI 95%: 3.74–5.03 – showed
as the point under/left of the straight line) vs. 60.19 (51.07–63.21
– showed as the point on the straight line), respectively.
⁄p < 0.001, t-test. (Fig. 4B and Table 2).

3.9. Kyna and Paracetamol

Similar with dipyrone, the association between kyna and para-
cetamol shifts the dose–response curve of the antinociceptive ef-
fect of paracetamol to the left. The ED50 of paracetamol in
association with kynurenic acid is significantly reduced when
compared with the values of theoretical ED50 for simply additive
effect of combination: 25.47⁄ mg/kg (CI 95%: 18.66–34.77 –
showed as the point under/left of the straight line) vs. 77.13
(61.13–97.27 – showed as the point on the straight line), respec-
tively. ⁄p < 0.001, t-test. (Fig. 4C and Table 2).
3.10. Influence of Melatonin receptors on the synergistic effect

Fig. 5 presents the influence of luzindol 10 mg/kg on the capac-
ity of L-tryptophan to decrease the effective antinociceptive dose of
dipyrone. The use of the melatonin-antagonist luzindol reduced
the antinociceptive effect of drug combination L-tryptophan and
dipyrone.
4. Discussion

To the best of our knowledge, this study is the first to describe
the antinociceptive synergistic effect of combined treatment with
L-tryptophan and dipyrone or paracetamol on abdominal writhing
test. The pain mechanism underlying this model involves the re-
lease of several mediators, such as prostaglandins E2 and F2,
[29,30] histamine, bradykinin, 5-HT [31,32], and interleukins 1
and 8 [33]. Some substances, such as NSAIDs, sympathetic agonists,
narcotics and natural anti-inflammatories, are able, via different
mechanisms, to inhibit abdominal writhing in response to injec-
tion with acetic acid [34–39]. This multi-mediation is a desired
characteristic to study synergistic phenomenon for the possibilities
of the drugs studied interfere on different ways and then synergis-
tic interaction could be elucidated.

Our results indicate that L-tryptophan at the doses used in this
study did not exhibit an antinociceptive effect or reduced sponta-
neous locomotor activity. These results are in agreement with pre-
vious reports from Heyliger et al. [20] and Dennis & Melzack [40]
that described an antinociceptive effect of L-tryptophan after
administration at higher doses than used in the present study
(higher than 200 mg/kg). Our results are also in agreement with
previous studies of Curzon & Marsden [41] that showed no altera-
tions in motor activity after L-tryptophan (150 mg/kg) intraperito-
neal injection. Gibbons et al. (1981)[42] verified that the ability to
locomote on a rotating rod was not affected by L-tryptophan injec-
tions (100 mg/kg). Thereby, the effect of L-tryptophan on the noci-
ceptive test is unlikely associated with loss of motor skills or any
side effect attributed to higher doses of L-tryptophan in humans,
especially taking into account that in the combinations utilized
in this studies the highest dose of L-tryptophan was 50 mg/kg.

The characterization of interaction between L-tryptophan and
dipyrone or paracetamol was made taking account the zero effi-
cacy of L-tryptophan on the abdominal writhing test. The relative
position of curves and the statistical differences between ED50 after
isolated treatment with dipyrone or paracetamol and after associ-
ation with L-tryptophan indicates a synergic interaction between
the drugs [25].

Especially relevant is the fact that L-tryptophan did not present
antinociceptive activity as sole agent but presented a synergic
activity with dipyrone or paracetamol in both oral and i.p. routes.
We have shown that the L-tryptophan increases the 5-HT amount
on the brains of animals at 25 mg/kg and 100 mg/kg. These results
suggest that, in contrast of central application of 5-HT, the in-
creased 5-HT production on the central nervous system in conse-
quence of L-tryptophan is not per se capable to induce
antinociception.

However, the 5-HT depletion by PCPA antagonizes the synergis-
tic effect of combination of L-tryptophan with dipyrone. Despite
the increase in production of 5-HT not exhibit antinociceptive



Fig. 3. (A): The treatment with L-tryptophan at dose of 25 and 100 mg/kg, i.p. increases the central 5-HT amount in the same extension. PCPA drastically decreases 5-HT amount
on the brains analyzed. (B): Combined treatment with L-tryptophan and Dip 50, i.p. (T 50 + Dip 50) decreases the number of abdominal writhing in comparison to the vehicle-
treated group (CTRL), differently of isolated treatments (T 50 or Dip 50). The depletion of 5-HT by p-chlorophenylalanine (PCPA) blocked the synergism between
L-tryptophan (T) and non-antinociceptive dose of dipyrone (Dip 50 mg/kg). Wp < 0.05 vs. CTRL ⁄p < 0.05 vs. CTRL; One-way ANOVA followed by Student-Neuman-Keuls post hoc.
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effect the increase in the amount of 5-HT is crucial for antinocicep-
tive synergy between these drugs.

The majority of L-tryptophan is biotransformated by the kynu-
renine pathway, and one of these compounds is kynurenic acid
(Kyna). Kyna is formed from kynurenine by kynurenine amino
transferase. The compound has demonstrated several biological
activities including glutamate receptor antagonism (NMDA and
AMPA), antagonism of the a-7 nicotinic cholinergic receptor and
activation of the G-protein coupled receptor GPR35 [43–45].

Kyna has been described as being capable of inducing analgesia
during hot-plate and tail-flick tests [20] and has anti-hyperalgesic
activity following intrathecal administration [46]. Due to this, we
could not discard the hypothesis that Kyna can influence the
L-tryptophan synergic effect.

We examined the analgesic effect of Kyna. Our results demon-
strated that doses higher than 18.75 mg/kg produced an analgesic
effect during the abdominal writhing test; however, the lower
doses did not produce an analgesic effect. It is noteworthy that this
antinociceptive dose is much lower than the doses found by
Heylinger et al. [20] during thermal nociceptive tests in rats.
Furthermore, Kyna administration produces an antinociceptive
synergistic effect with dipyrone and paracetamol. Having knowl-
edge to the fact that kynurenine pathway represents a major route
for the metabolism of tryptophan these results suggest that Kyna
is, at least partly, involved in mediating the synergic effect of
L-tryptophan with dipyrone or paracetamol.

L-tryptophan is a precursor of melatonin in the pituitary gland,
and it has been shown that melatonin exerts an antinociceptive ef-
fect in several models of chemical or thermal nociception in mice.
Furthermore, according to Mantovani et al. [50] melatonin
administration produces a synergic analgesic effect with morphine
and diazepam. This suggests a possible use as an adjunct medicine
for the treatment of pain. Thus, to assess the involvement of mel-
atonin receptors on the observed L-tryptophan effect, we blocked
both melatonin receptors, MT1 and MT2.

MT1 and MT2 melatonin receptors play an important role in
melatonin induced-antinociception in nociceptive [51] and neuro-
pathic [52] pain models. Melatonin is able to inhibit forskolin-
stimulated cyclic AMP accumulation in rabbit cortex preparation
[53] and chicken spinal cord explants [54]. Melatonin modifies
K+ and Ca2+ ion channel function. Besides, the inhibitory effects
of melatonin are also extended to intracellular calcium, diacylglyc-
erol and arachidonic acid derivative levels [56].

The interaction between L-tryptophan and dipyrone appears to
involve the melatonin receptors, as pre-treatment with luzindol, an
antagonist of the melatonin receptors, was able to partially block
the effect of L-tryptophan on dipyrone antinociceptive activity. As
showed by Yua et al. [57] luzindol does not affected the nociceptive
threshold when given alone on the thermal nociceptive test, but
antagonized significantly the antinociceptive effect induced by
i.p. melatonin. Taken together, our result indicates that this syner-
gism may involve the L-tryptophan biotransformation to melatonin
and subsequently activation of melatonin receptors.

Our great interest in this work was study the synergism be-
tween L-tryptophan and dipyrone or paracetamol as well as the
interaction of kyna and these analgesic agents utilizing a robust
methodology and an in vivo approach. Therefore, others studies
must be carried out to determine what is exactly the mechanism
behind the synergism between L-tryptophan and dipyrone or
paracetamol.



Fig. 4. (A) Antinociceptive dose-related effect of kynurenic acid (Kyna). Dose-dependent antinociception produced by dipyrone i.p. (B) and paracetamol i.p. (C) isolated or in
combination with Kyna i.p. The proportion is shown as weight:weight in mg/kg. The dose (log dose) is expressed in function of dipyrone (A) or paracetamol (B). Position of
lines suggests a synergic behavior of combination. The data are expressed as percentage of reduction in the number of abdominal writhings and SEM. The isobolographic
analysis were performed for kyna interaction with dipyrone (B, right) and paracetamol (C, right) to verified the distance of synergistic effect(Combined ED50) to the line of
additivity and theoretical calculated values for ED50 (points on the diagonal line). ⁄p < 0.05 One-way ANOVA followed by Student-Neuman-Keuls post hoc.

Fig. 5. Effect of melatonin antagonist luzindol on the L-tryptophan(T 25 mg/kg)
effect on the non-antinociceptive dose of dipyrone (Dip 25 mg/kg). The previous i.p.
administration of luzindol 10 mg/kg blocks partially the synergic ability of
L-tryptophan 25 mg/kg i.p. + dipyrone i.p. 25 mg/kg treatment (Luzindol 10 + T
25 + Dip 25). Control group was treated with vehicle (CTRL). ⁄p < 0.05 vs. CTRL
group, one-way ANOVA followed by Student-Neuman-Keuls.
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The importance of these demonstrations is because synergism
is an unpredictable event both in experimental models currently
used for the study of pain, or in clinical practice. Tallarida et al.
[58] describes synergism between glucosamine and ibuprofen in
the writhing model of mice induced by acetic acid, however the
same work demonstrates that glucosamine blocks the antinocicep-
tive effect of paracetamol in this model. Genovese et al. [59] dem-
onstrated that the combined use of etanercept (Enbrel�) and
anakinra (Kineret�), an immunoglobulin soluble receptor for Tu-
mor Necrosis Factor (TNF) receptor and an antagonist of Interleu-
kin-1 (IL-1), respectively, have no advantages compared to the
alone use of each one of them for the treatment of patients with
rheumatoid arthritis. Therefore, synergism cannot be previewed
based only on the chief mechanism of action of a drug or by the
interference on two points involved in the pathophysiology of a
process.

Since the synergism is an unpredictable event, mainly when
one of the drugs does not possess any efficacy, the present
description turns especially interesting and may base subsequent
clinical studies taking into account the knowledge and availability
of substances studied here. In conclusion, our results demonstrate
that L-tryptophan interacts synergistically with dipyrone and par-
acetamol. This effect is dependent on the biotransformation of
L-tryptophan to 5-HT and involves kynurenic acid and melatonin
receptors.
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