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Abstract

Background: The overall pain experience results from the balance between the nociceptive pathway and the body’s endogenous mod-
ulation of nociception. The interaction of these systems reduces nociception. Therefore, this study aimed to evaluate how the opioid
and dopaminergic systems collaborate to inhibit pain at the peripheral level. Methods: Swiss mice (30–40 g) had their pain sensitivity
increased through paw administration of the prostaglandin E2 (2 µg). They then received opioid and dopaminergic receptor antagonists
and agonists, along with an inhibitor of endogenous opioid peptide degradation and a dopamine (DA) reuptake inhibitor. The noci-
ceptive threshold was measured using the paw withdrawal test. Groups were compared using one-way analysis of variance (ANOVA),
with p < 0.05 considered significant. Results: The nonselective opioid receptor antagonist naloxone (50 µg/paw) and the selective κ
nor-BNI (200 µg/paw; nor-Binaltorphimine) and δ naltrindole (60 µg/paw) receptor antagonists reversed the antinociception caused by
peripheral administration of DA (80 ng/paw), but not the µ-opioid receptor antagonist CTOP (20 µg/paw; D-Phe-Cys-Tyr-D-Trp-Orn-
Thr-Pen-Thr-NH2). The antinociception induced by a submaximal dose of DA (5 ng/paw) was enhanced by bestatin (400 µg/paw), an
inhibitor of endogenous opioid peptide degradation. Conversely, peripheral antinociception from submaximal doses of the µ-, δ-, and
κ-opioid agonists DAMGO (0.25 µg/paw; [D-Ala2, N-Me-Phe4, Gly5-ol]-Enkephalin), SNC 80 (5 µg/paw; (+)-4-[(αR)-α-((2S,5R)-
4-Allyl-2,5-dimethyl-1-piperazinyl)-3-methoxybenzyl]-N,N-diethylbenzamide), and bremazocine (200 ng/paw) was increased by the
DA reuptake inhibitor GBR 12783 (16 µg/paw; 1-(2-Diphenylmethoxyethyl)-4-(3-phenyl-2-propenyl)-piperazine). Furthermore, the
antinociception from these agonists’ maximum doses was reversed by dopaminergic D2 (remoxipride, 4 µg/paw) and D3 (U99194, 16
µg/paw; 2,3-Dihydro-5,6-dimethoxy-N, N-dipropyl-1H-inden-2-amine) receptor antagonists, but not by the D4 (L-745, 870, 16 µg/paw;
3-(4-[4-Chlorophenyl]piperazin-1-yl)-methyl-1H-pyrrolo[2,3-b]pyridine trihydrochloride) receptor antagonist. Conclusions: Overall,
the data suggest that opioid-mediated antinociception depends on the activation of the dopaminergic system. This demonstrates that pain
modulation can be enhanced through the interaction of these systems. Controlling pain at a peripheral level by activating endogenous
pathways could be a promising approach to pain management.
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1. Introduction
The opioid system is a key pain-relief mechanism that

functions by inhibiting pain signals. It involves three re-
ceptor types: µ, δ, and κ. When these receptors are acti-
vated, they reduce neuronal excitability, block the potential
of action transmission, and prevent the release of excitatory
neurotransmitters, thereby decreasing pain sensation [1–3].
In addition to mechanisms in the brain and spinal cord, opi-
oids can also offer pain relief at the peripheral level [4–6].
Peripheral opioid receptors are located on sensory neurons
and interact with both natural and synthetic opioid ligands
[7,8].

Although opioid analgesics are some of the most pow-
erful medications for treating severe pain, their long-term
use can lead to analgesic tolerance, addictive behaviors,
and other adverse effects such as respiratory depression and
constipation [9–11]. Therefore, it is essential to find alter-

native drugs that provide effective pain relief with fewer
side effects. A significant number of pre- and clinical inves-
tigations highlight the role of the dopaminergic system in
modulating nociception. Dysfunction of dopaminergic neu-
rotransmissionmay be associated with heightened pain sen-
sitivity. Positron emission tomography examinations used
to evaluate patients with fibromyalgia syndrome revealed
decreased dopamine (DA) synthesis and release in presy-
naptic neurons [12,13]. Additionally, clinical research indi-
cates that administering levodopa, the precursor of DA, re-
lieves pain in individuals with Parkinson’s disease [14,15].
In preclinical trials, injecting levodopa into the intrathecal
space and specific regions of the central nervous system
produced an antinociceptive effect [16,17]. Peripherally,
intraplantar administration of DA reversed Prostaglandin
E2-induced hyperalgesia in mice [18].

https://www.imrpress.com/journal/JIN
https://doi.org/10.31083/JIN44311
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0004-0115-9811
https://orcid.org/0000-0002-9628-7290
https://orcid.org/0000-0002-3794-0966
https://orcid.org/0009-0007-5917-2607
https://orcid.org/0000-0001-9723-0395
https://orcid.org/0000-0003-3891-5225


Recent research indicates that higher endogenous
dopamine levels improve the cannabinoid agonist 2-AG
(2-Arachidonoylglycerol)-induced peripheral antinocicep-
tion. It is also important to understand that the interaction
between the dopaminergic and endocannabinoid systems
plays a key role in the inhibitory regulation of nociception
at the peripheral level [19]. Similar to the endocannabinoid
system, the opioid system appears to have an additive or
synergistic effect with the dopaminergic system in the relief
of pain. Activation of µ-opioid receptors in the periaque-
ductal gray (PAG) depends on the activation of dopaminer-
gic receptors [20]. These receptors are widely found in the
ventrolateral PAG and contribute to antinociception caused
by systemically administered morphine [21,22].

This study explores whether DA-induced peripheral
antinociception involves engaging the opioid system and
identifies which opioid agonists and receptors may trigger
it. It also investigates if the dopaminergic system plays
a role in opioid-mediated peripheral antinociception. The
results indicate a possible approach to improve the effec-
tiveness of lower opioid doses in pain management, reduc-
ing side effects, while also clarifying the peripheral mech-
anisms of dopaminergic antinociception.

2. Material and Methods
2.1 Animals

Male Swiss mice (30–40 grams, 10–12 weeks old)
from the Bioterism Center (CEBIO) of the Federal Uni-
versity of Minas Gerais (UFMG) were used. The study
involved 340 animals, with five mice in each group (sam-
ple size of 5). The animals were housed in open-top cages
(OTCs) in groups of five per cage, using plastic cages mea-
suring 41 × 33 × 18 cm with sawdust bedding. They were
maintained at controlled humidity levels (between 40% and
60%) and a temperature (23 ± 1 °C), under a light/dark
cycle (6 AM–6 PM), with free access to water and ro-
dent chow (Nuvilab, Brazil). The Animal Experimenta-
tion Ethics Committee approved this study under proto-
cols 196/2018 and 129/2021, and we followed ARRIVE
2.0 guidelines. At the end of the experiments, the ani-
mals were euthanized with an intraperitoneal overdose of
xylazine (Syntec, Santana Parnaiba, SP, Brazil, 30 mg/kg)
and ketamine (Syntec; 300 mg/kg); death was confirmed by
cervical dislocation.

2.2 Drugs
Hyperalgesic: Prostaglandin E2 (PGE2; Sigma,

P-0409, St. Louis, MO, USA; 2 µg/paw) dissolved
in 10% ethanol in saline (NaCl 0.9%); opioid system
drugs: Naloxone (NX; Sigma, N-109; 12.5, 25, and
50 µg/paw) non-selective opioid receptor antagonist, dis-
solved in saline; CTOP (D-Phe-Cys-Tyr-D-Trp-Orn-Thr-
Pen-Thr-NH2; Tocris, 1578, Bristol, UK; 20 µg/paw) selec-
tive µ-opioid receptor antagonist, dissolved in saline; Nal-
trindole (NTD; Tocris, 0740; 15, 30, and 60 µg/paw) selec-

tive δ-opioid receptor antagonist, dissolved in saline; Nor-
binaltorphimine (nor-BNI; Tocris, 0347; 50, 100, and 200
µg/paw) selective κ-opioid receptor antagonist, dissolved
in DMSO (Dimethyl sulfoxide (Syntech, 01D1011.01.BJ,
Syntech, Diadema, SP, Brazil, 10% in saline); Bestatin
(Best; Tocris, 1956; 400 µg/paw) inhibitor of the enzyme
that degrades endogenous opioid peptides, dissolved in
saline; DAMGO (Sigma, E7384; 0.25 and 1 µg/paw) selec-
tive κ-opioid receptor agonist, diss/olved in saline; SNC 80
(Tocris, 0764; 5 and 20 µg/paw) δ-opioid receptor agonist,
dissolved in DMSO (10% in saline); Bremazocine (Bre;
RBI, 74100-60-0, Natic, MA, USA; 200 and 600 ng/paw)
κ-opioid receptor agonist, dissolved in saline; dopamin-
ergic system drugs: Dopamine (DA; 5, 80 ng/paw, from
Sigma, H8502) dissolved in saline; GBR12783 (16 µg/paw,
from Tocris, 0513) dopamine reuptake inhibitor, dissoved
in saline; dopaminergic receptor antagonists: D2, D3,
and D4, respectively-Remoxipride (Remo; Tocris, 0916; 4
µg/paw), U 99194 (Tocris, 1357; 16 µg/paw), and L-745,
870 (Tocris, 1002; 16 µg/paw), dissolved in saline. The
drugs were administered into the right hind paw of the mice
at doses that caused only peripheral effects. A volume of 20
µL per paw was used for each drug using insulin needles
(30G). All doses and effect timings of the drugs were deter-
mined through pilot experiments or data from the literature
[18,19,23,24].

2.3 Nociceptive Test

The pressure paw withdrawal method was used to de-
termine the nociceptive threshold [25,26]. During testing,
mice were placed on their ventral side on a table, with the
paw being tested positioned so that its plantar surface rested
on the compressive surface of the analgesimeter (37215,
37216, Ugo-Basile, Gemonio, VA, Italy). This device ap-
plied gradually increasing pressure (grams/second) until the
paw was withdrawn. The pressure (grams) at which the
paw withdrew was defined as the mechanical nociceptive
threshold. A cutoff of 150 grams was set to prevent poten-
tial injury. The threshold was calculated by averaging three
consecutive measurements. The ∆ nociceptive threshold
was obtained by subtracting the baseline measurement (pre-
drug) from the post-drug measurement. Mice were adapted
to the analgesimeter for 2 days before testing under the same
conditions as during the experiment.

2.4 Experimental Protocol

Initially, the nociceptive threshold was measured be-
fore administering any drug (basal) using the paw pressure
test. At 0 h, hyperalgesic Prostaglandin E2 (PGE2) was
administered. Literature indicates that PGE2 hyperalge-
sia peaks at 180 minutes after administration [27]. There-
fore, all other drugs were given so their peak effects aligned
with this time, when the nociceptive threshold was mea-
sured again (180 minutes). The analysis focused on the
change (∆) in nociceptive threshold, which is the differ-
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Fig. 1. Timeline of experiments. The baseline nociceptive threshold was measured before administering any drug. All drugs were
injected into the right hind paw via intraplantar injection. Prostaglandin E2 (PGE2; 2 µg) was injected into the paw at 0 hours. The
final nociceptive threshold was measured after 180 minutes. (a) Naloxone (NX; 12.5, 25, and 50 µg/paw), naltrindole (NTD; 15, 30,
and 60 µg/paw), and nor-BNI (50, 100, and 200 µg/paw) were administered along with a maximum dose of dopamine (DA; 80 ng/paw).
Bestatin (Best; 400 µg/paw) was administered with a submaximal dose of DA (5 ng/paw). (b) GBR 12783 (16 µg/paw) was administered
alongside submaximal doses of DAMGO (0.25 µg/paw), SNC 80 (5 µg/paw), and bremazocine (Bre; 200 ng/paw). (c) Remoxipride
(Remo; 4 µg/paw), U 99194 (16 µg/paw), and L-745,870 (16 µg/paw) were administered together with a submaximal dose of DAMGO
(1 µg/paw), SNC 80 (20 µg/paw), and Bre (600 ng/paw).

ence between the baseline (0 h) and the value at 180 min-
utes. All drugs were injected into the right hind paw (in-
traplantar) in a volume of 20 µL per paw, at doses causing
only local effects. These doses were based on the literature
[18,19,23,24] and pilot experiments. In the first phase, the
role of the opioid system in peripheral DA antinociception
was examined. PGE2 was administered at zero h, followed
by opioid receptor antagonists—NX, NTD, and nor-BNI—
at various doses at 135 minutes. The CTOP µ-opioid an-
tagonist was given at 145 minutes, DA (at its maximum
dose) at 165 minutes, and the nociceptive threshold was
measured (180 minutes). Bestatin (Best), an inhibitor of
endogenous opioid degradation, was given at 135 minutes,
andDA (at a submaximal dose capable of being potentiated)
at 165 minutes, with the threshold measured at 180 min-
utes (Fig. 1a). In the second phase, the involvement of the
dopaminergic system in opioid-mediated antinociception
was tested. PGE2 was administered at 0 h, the DA reuptake
inhibitor GBR was given at 140 minutes, and opioid ago-
nists DAMGO and SNC 80 (at submaximal doses) at 175
minutes. Bremazocine (Bre; at a submaximal dose) was ad-
ministered at 170 minutes, and the threshold was measured
at 180minutes (Fig. 1b). Dopamine receptor antagonists re-
moxipride (remo), U 99194, and L-745,870 were given at

150, 165, and 165 minutes, respectively. Subsequently, the
opioid agonists were administered at their maximum doses
at designated times, and the threshold was evaluated at 180
minutes (Fig. 1c). The timelines for drug administration
and experiment procedures are shown in Fig. 1.

2.5 Statistical Analysis
Data were analyzed with Prism software version 8.0.2

(GraphPad, Boston, MA, USA), and normality was con-
firmed using the Shapiro-Wilk test. Our primary outcome
variable was continuous; therefore, we comparedmeans be-
tween the control and treated groups using one-way analysis
of variance (ANOVA). Pairwise comparisons were assessed
with a Bonferroni post hoc correction for multiple com-
parisons, and effects were expressed as mean difference ±
95% confidence interval. Results were presented as mean
± standard deviation (SD) for each experimental protocol
with n = 5 animals. Only p-values < 0.05 were considered
statistically significant. All tests were one-tailed.
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Fig. 2. Participation of the opioid system in dopamine-mediated peripheral antinociception. Effect of both nonselective and se-
lective antagonists for µ, δ, and κ opioid receptors, respectively. (a) Naloxone (NX; 12.5, 25, and 50 µg/paw), (b) CTOP (20 µg/paw),
(c) naltrindole (NTD; 15, 30, and 60 µg/paw), and (d) nor-BNI (50, 100, and 200 µg/paw). Additionally, the effect of the endogenous
opioid peptide degradation inhibitor (e) Bestatin (Best; 400 µg/paw) on DA-mediated peripheral antinociception was examined. PGE2
(2 µg/paw), opioid system drugs, and DA (5 or 80 ng/paw) were administered at specific times. The nociceptive threshold was measured
at 180 minutes. * and # indicate statistically significant differences (p < 0.0001; ANOVA followed by Bonferroni test) between the
PGE2 2 µg + Veh + Veh and PGE2 2 µg + Veh + DA groups, respectively. When administered alone, opioid system drugs did not cause
hyperalgesia or antinociception (columns to the right of each graph). ns, not statistically significant; Veh 1 = saline (0.9% NaCl); Veh 2
= 10% ethanol in saline; Veh 3 = 10% DMSO in saline. (a) F (7, 32) = 485.5; (b) F (5, 24) = 567.3; (c) F (7, 32) = 473.0; (d) F (7, 32) =
376.9; (e) F (5, 24) = 508.6.
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3. Results
3.1 Participation of the Opioid System in
Dopamine-Mediated Peripheral Antinociception

To assess the role of the opioid system in DA-induced
antinociception, animals were initially pre-sensitized
with intraplantar injections of the hyperalgesic agent
Prostaglandin E2 (PGE2; 2 µg/paw). The administration
of DA (80 ng/paw) reversed hyperalgesia and restored the
nociceptive threshold to baseline levels. DA-mediated
antinociception was reversed by naloxone (NX; 12.5, 25,
and 50 µg/paw), a non-selective opioid receptor antag-
onist, in a dose-dependent manner (Fig. 2a). Similarly,
naltrindole (NTD; 15, 30, and 60 µg/paw), a selective δ

receptor antagonist, and nor-binaltorphimine (nor-BNI;
50, 100, and 200 µg/paw), a selective κ receptor antag-
onist, also reversed DA-mediated antinociception in a
dose-dependent manner (Fig. 2c,d). Conversely, CTOP
(20 µg/paw), a selective µ-opioid receptor antagonist, did
not affect DA-mediated antinociception (Fig. 2b). None of
the antagonists alone caused antinociceptive or nociceptive
effects, as shown in the right panels of each graph. Bestatin
(Best; 400 µg/paw), an enzyme inhibitor that degrades
endogenous opioid peptides, enhanced the intermediate
antinociception caused by a submaximal dose of DA (5
ng/paw). The dose of Bestatin used did not produce signif-
icant antinociception when administered alone without DA
in response to PGE2 hyperalgesia (Fig. 2e).

3.2 Role of the Dopaminergic System in Opioid-Induced
Peripheral Antinociception

To investigate the role of endogenous DA in opioid-
induced antinociception, it was used a dopamine reuptake
inhibitor GBR 12783. The results show that PGE2-induced
hyperalgesia (2 µg/paw) was partially reversed by admin-
istering submaximal doses of the µ-, δ-, and κ-opioid ag-
onists DAMGO (0.25 µg/paw), SNC 80 (5 µg/paw), and
bremazocine (Bre; 200 ng/paw), respectively. When GBR
12783 (16 µg/paw) was administered, it enhanced opioid-
mediated antinociception (Fig. 3a). Subsequently, the in-
volvement of dopaminergic receptors in opioid antinocicep-
tion was examined. The maximum doses of DAMGO (1
µg/paw; Fig. 3b), SNC 80 (20 µg/paw; Fig. 3c), and brema-
zocine (600 ng/paw; Fig. 3d) produced antinociception that
was reversed by D2 and D3 receptor antagonists, remox-
ipride (4 µg/paw) and U 99194 (16 µg/paw). In contrast,
the D4 receptor antagonist L-745,870 had no effect on the
nociceptive threshold. Fig. 3e,f show that, when adminis-
tered alone, the dopaminergic agents and their vehicles did
not affect the nociceptive threshold.

4. Discussion
This study used a pharmacological approach to clar-

ify how DA and opioids promote peripheral antinocicep-
tion by examining how these two systems interact in sup-
pressing pain at the peripheral level. The increase in no-
ciceptive response was caused by PGE2, which sensitizes

primary afferent neurons and leads to hyperalgesia to me-
chanical stimulation [27]. Previous studies have shown that
DA blocks the effects of PGE2 in this model by activating
D2 family receptors [18]. In addition to the classic roles
assigned to the dopaminergic system [28], scientific litera-
ture increasingly emphasizes DA’s role in pain modulation
[5,29,30]. Meanwhile, opioid drugs are well-established in
medicine for treating severe pain. Although highly effec-
tive, these drugs are linked to analgesic tolerance, addiction,
and physical dependence [11]. Therefore, developing new
drugs with good analgesic effects and fewer side effects,
or drugs that can enhance existing analgesics’ effectiveness
while reducing adverse effects, is a promising strategy.

Although dopaminergic analgesia is well documented,
its mechanisms are not fully understood. Therefore, our
study aimed to examine the influence of the opioid sys-
tem onDA-mediated antinociception at the peripheral level.
The interaction between the opioid and dopaminergic sys-
tems in producing analgesia in the central nervous system
has already been described, as these systems are closely
connected anatomically [31]. The periaqueductal gray
(PAG) plays a key role in nociception, often linked to opioid
activity [32]. Dopaminergic neurons in this region may be
involved in opioid analgesia [33]. Additionally, antinoci-
ception caused by activating D2 receptors in the PAG re-
quires the activation of opioid receptors [20].

At the peripheral level, we observed that antinocicep-
tion mediated by DA administration was reversed by an-
tagonism of δ and κ opioid receptors, but not by blocking
the µ receptor, demonstrating that dopaminergic antinoci-
ception does not depend on activation of this receptor. In a
similar study, peripheral antinociception induced by the an-
tipsychotic aripiprazole, a partial agonist of dopamine D2
receptors, was reversed by naloxone and naltrindole, non-
selective and selective δ-opioid receptor antagonists, re-
spectively, but not by nor-BNI, a κ-opioid antagonist [34].
Consistent with our findings, blocking µ-opioid receptors
did not affect aripiprazole’s antinociceptive effects. It is
important to note that most opioids used clinically are µ-
opioid receptor agonists, and the main adverse effects of
this drug class are related to activating this receptor [11].
Therefore, our results indicate that dopaminergic antinoci-
ception involves activating the opioid system, but without
the adverse effects linked to µ-opioid receptor activation.

Another important finding from our study was that in-
termediate antinociception caused by DA was enhanced by
bestatin, a drug that prevents the breakdown of endogenous
opioids. Since different opioid peptides prefer specific re-
ceptors, we can infer from our results that, in our model,
the opioids involved in dopaminergic antinociception are
likely enkephalins and dynorphins, because these peptides
can activate δ and κ-opioid receptors [11,35], which are in-
volved in DA antinociception. By exclusion, since µ-type
receptors were not involved, β-endorphin does not seem to
be related to this effect.
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Fig. 3. Involvement of the dopaminergic system in peripheral opioid effects antinociception. Effect of a dopamine reuptake inhibitor
(a) GBR 12783 (16 µg/paw) and dopamine receptor antagonists D2 Remoxipride (Remo; 4 µg/paw), D3 U 99194 (16 µg/paw), and D4

L-745,870 (16 µg/paw) on antinociception mediated by µ, δ, and κ opioid agonists, respectively, (b) DAMGO (1 µg/paw), (c) SNC 80
(20 µg/paw), and (d) Bremazocine (Bre; 600 ng/paw) against hyperalgesia induced by PGE2. PGE2 (2 µg/paw), opioid agonists, and
dopaminergic drugs were administered at their respective times. The pain pressure threshold was measured at 180 minutes. * and #
indicate statistically significant differences (p < 0.0001; ANOVA followed by Bonferroni test) compared to the PGE2 2 µg + Veh +
Veh or PGE2 2 µg + Veh + opioid agonist groups, respectively. When administered alone, dopaminergic system drugs did not cause
hyperalgesia or antinociception (e,f). ns, not statistically significant; Veh 1 = saline (0.9% NaCl); Veh 2 = 10% ethanol in saline. (a) F
(6, 28) = 252.8; (b) F (4, 20) = 352.6; (c) F (4, 20) = 774.2; (d) F (4, 20) = 379.0; (e) F (3, 16) = 1033; (f) F (5, 24) = 439.0.
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In the next part of our study, we explored how en-
dogenous DA influences opioid antinociception. The opi-
oid system operates through three receptor types: µ, δ, and
κ, which can produce analgesia not only via supraspinal
and spinal mechanisms but also at the peripheral level
[3,7,8]. To evaluate the opioid system, we used the agonists
DAMGO, SNC 80, and bremazocine. Previous research
has assessed the peripheral antinociceptive effects of these
agonists in hyperalgesia models induced by PGE2 or car-
rageenan [23,36,37], demonstrating that their antinocicep-
tion depends on activating the noradrenergic system, along
with the L-arginine/NO/cGMP pathway. Our findings
showed that submaximal doses of these agonists caused
moderate antinociception, which was enhanced by increas-
ing endogenous DA availability (by inhibiting its reuptake
with GBR 12783). Additionally, dopamine D2 and D3 re-
ceptor antagonists, remoxipride and U 99194, reversed the
antinociceptive effects of the highest doses of these opioids.
Consistent with our results, other studies suggest that D2 re-
ceptors interact with opioid receptors and can amplify the
analgesic effects of µ-opioid agonists [38]. Moreover, ad-
ministration of quinpirole, a nonselective D2 family recep-
tor agonist, increased the antinociceptive effect of DAMGO
in models of inflammatory and neuropathic pain [39]. Fur-
thermore, systemic delivery of R-VK4-40, a selective D3
receptor antagonist, reduced oxycodone’s tolerance and de-
pendence issues (with oxycodone being themost commonly
prescribed opioid of abuse) without diminishing its pain-
relieving effects [40].

The results of this study, along with the literature re-
view, highlight the critical role of the dopaminergic system
in pain modulation, both centrally and peripherally. Ad-
ditionally, considering the additive and/or synergistic in-
teractions between D2 receptors and opioid receptors, D2
agonists may serve as adjuvants to enhance analgesic ef-
fects and decrease the adverse effects of opioids. Overall,
these findings suggest that targeting the dopaminergic sys-
tem could offer a fresh approach for more effectivemanage-
ment of pain. This study has some limitations. First, only
the mechanical withdrawal test was employed, and addi-
tional methods such as the thermal test were not included.
Second, only male animals were used in the present exper-
iments. Potential sex differences, as well as the inclusion
of additional behavioral tests, will be considered in future
studies.

5. Conclusions
This study showed how the body’s own pain relief sys-

tems work together to influence the blocking of pain signals
at the peripheral site. Our data suggest that the opioid sys-
tem is involved in the peripheral pain relief caused by DA,
and that the dopaminergic system contributes to the analge-
sia produced by opioids. Understanding these mechanisms
provides a promising path for creating new treatments that
could be more effective than traditional options.
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