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Abstract

Background: Metamizol (dipyrone) is a widely used analgesic and antipyretic drug in sev-
eral European countries, particularly for postoperative pain management in both adult and
pediatric populations. Methods: A narrative literature review was conducted to evaluate
the efficacy, safety, and pharmacological mechanisms of metamizol in postoperative pain
management. A comprehensive search of PubMed, Scopus, and the Cochrane Library was
performed, and included articles published up to 2024. Search terms included metamizol,
dipyrone and children. Results: The available evidence indicates that metamizol provides
effective postoperative analgesia, with an efficacy comparable to that of other non-steroidal
anti-inflammatory drugs and paracetamol. Pediatric studies similarly support its effective-
ness in postoperative settings. Regarding safety, short-term use of metamizol appears to be
well tolerated, with a low incidence of serious adverse events. Mechanistic studies suggest
that metamizol exerts analgesic effects through a multimodal pathway, involving not only
cyclo-oxygenase inhibition but also modulation of opioid and endocannabinoid systems.
Conclusions: Metamizol represents an effective and generally well-tolerated option for
short-term postoperative pain management in both adults and children when used under
appropriate clinical monitoring. Current evidence supports a favorable benefit-to-risk bal-
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1. Introduction

Metamizol is an analgesic, antipyretic, and spasmolytic drug belonging to the class
of non-opioid analgesic, which are widely used in the treatment of acute postoperative
pain, oncologic pain, colicky pain, and migraine [1]. Despite longstanding concerns related
to rare but potentially severe adverse events, including agranulocytosis and anaphylactic
reactions, metamizol remains one of the most commonly prescribed analgesics in several
European countries, such as Germany, Austria, Switzerland, and Spain [2—4]. In contrast, its
use has been banned in the United States, Great Britain, and Scandinavian countries [2,5-7].

Robust evidence supports its analgesic efficacy. A Cochrane systematic review includ-
ing 809 participants demonstrated that a single oral dose of metamizol 500 mg administered
for acute postoperative pain achieved at least 50% pain relief in approximately 70% of
patients, compared with about 30% receiving a placebo [8]. Metamizol is a prodrug that
undergoes rapid hydrolysis to 4-methylaminoantipyrine (4-MAA), which represents the
main active metabolite [9]. Increasing evidence suggests that its analgesic effect is not
exclusively related to cyclo-oxygenase inhibition but also involves modulation of cannabi-
noid and opioid receptors [10]. In particular, the cannabinoid CB2 receptor, predominantly
expressed in immune cells and keratinocytes, has been implicated in its antinociceptive
mechanisms [11] (Figure 1).
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Figure 1. Mechanisms of metamizol (generated with assistance from Gemini Pro).

Despite its widespread clinical use, safety concerns persist. Agranulocytosis, defined
as a neutrophil count below 500/ uL and potentially associated with pancytopenia, repre-
sents the most feared adverse event [12]. However, available data suggest that its incidence
is low. In a multicenter study involving more than 1177 pediatric patients, adverse events
related to metamizol occurred in fewer than 0.3% of cases, with no reported episodes of
agranulocytosis [13]. Other reported adverse effects include chronic interstitial nephri-
tis and gastrointestinal disturbances, as well as anaphylaxis, bronchospasm, and toxic
epidermal necrolysis [14].

Metamizol therefore represents an important therapeutic solution in pediatrics. In
fact, literature data shows that approximately 50% of pediatric hospitalized patients are
not treated appropriately for pain [15]. This is due, on the one hand, to inadequate pain
measurement and, on the other, to the use of drugs that undertreat pain [16]. One possible
explanation is the unavailability of drugs approved for use in pediatrics [17,18]. Pediatric
pharmacology research is severely limited due to sampling, safety, and ethical issues. This
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means that the medications available to pain specialists, and indeed to pediatricians in
general, are limited and sometimes inadequate. Knowing how to properly utilize available
resources and understanding the indications, limitations, and potential uses can make all
the difference.

In this sense, metamizol may be a valuable aid for pain specialists as it can treat even
moderate pain, including visceral pain.

2. Materials and Methods

A narrative literature review was conducted to evaluate the efficacy and safety of
metamizol in both pediatric and adult populations. Clinical and observational studies
were identified through systematic searches of PubMed, Scopus, and the Cochrane Library.
Articles published up to 2024 were considered.

3. Results

The search strategy included the terms metamizol, dipyrone and children. Studies
involving pediatric and/or adult patients treated with metamizol and reporting outcomes
relevant to analgesic efficacy, postoperative use, or adverse events were eligible for inclu-
sion. Articles not available in full text were excluded.

Overall, 112 publications were screened, and 58 studies were identified as relevant and
included in the analysis. Owing to the substantial methodological heterogeneity among the
included studies, a narrative synthesis was performed, including a descriptive evaluation
of results and a critical comparison of the available literature.

4. Mechanism of Postoperative Pain

In patients undergoing surgical procedures, postoperative pain represents the most fre-
quent symptom, resulting from a complex pathophysiological response to tissue injury [19].
The postoperative inflammatory phase is characterized by increased release of endogenous
prostaglandins, particularly PGE;, which play a key role in nociceptor sensitization [20].
Experimental studies have demonstrated that metamizol inhibits carrageenan-induced
hyperalgesia, supporting its analgesic effects in inflammatory pain models [21]. Using the
same model, maximal hyperalgesia has been shown to peak approximately three hours
after inflammatory stimulation [22,23].

The nociceptive stimulus also triggers central neuronal hyperexcitability, which pro-
gressively increases in the hours and days following surgery [24]. This central sensitization
enhances synaptic pain transmission and contributes to the increased demand for analgesic
medications during the early postoperative period. Postoperative pain in pediatric patients
is well documented. An example of a painful intervention, among the most frequent in
children, is tonsillectomy in which metamizol is indicated [25-27].

5. NSAIDs: Effects of Metamizol and Its Role in Postoperative Pain

Metamizol is a non-steroidal anti-inflammatory drug with analgesic and antipyretic
properties primarily related to cyclo-oxygenase inhibition and subsequent reduction in
prostaglandin synthesis [28]. Its analgesic activity has also been associated with modulation
of the endogenous opioid system and inflammatory hyperalgesia pathways [29].

In five studies, an oral dose of 500 mg resulted in at least 50% pain relief in approx-
imately 70% of treated patients compared with about 30% in the placebo group, with a
reduced need for rescue analgesia over the following 4—6 h [8]. The role of metamizol in
pediatric postoperative pain has been further supported by a 2021 systematic review includ-
ing nine randomized clinical trials, which showed that both metamizol and paracetamol
were superior to placebo, with no significant differences between the two agents [30].
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In a prospective multicenter study involving 1177 children treated with metamizol in
the postoperative period, the incidence of serious adverse events was below 0.3%, with
no reported cases of agranulocytosis [13]. The incidence of agranulocytosis appears to
vary considerably across countries, likely reflecting differences in study methodologies,
population genetics, and the presence of polymorphic genes that remain incompletely
characterized [30]. Comparative studies in adult surgical settings indicate that metamizol
provides analgesic efficacy comparable to other NSAIDs or paracetamol. For instance, in pa-
tients undergoing breast surgery, intravenous metamizol demonstrated clinical equivalence
to intravenous paracetamol for postoperative pain control [31].

6. Spasmolytic Effect

The pharmacological and experimental bases of metamizol’s spasmolytic activity
remain heterogeneous and not completely clarified. Evidence shows that the antispas-
tic effects of metamizol derive mainly from indirect mechanisms of neurogenic nature,
rather than from a direct activity on smooth muscle. The spasmolytic activity seems to
be associated with its action on ATP-dependent potassium channels and on cannabinoid
receptors [6].

Metamizol probably reduces spasm of the sphincter of Oddi muscles by acting on
beta2-adrenoceptors [32,33].

In vitro experimental studies on smooth muscle have reported controversial effects on
the spasmolytic activity of metamizol [34]. This derives from the fact that metamizol is a
pro-drug and may not exert a direct in vitro effect on the muscle; instead, it acts through its
metabolites such as MAA [35]. However, when present, the spasmolytic effect of metamizol
only appears at very high concentrations, as in the case of the guinea pig ileum, where
metamizol at a dose of 10-100 mM showed no effect, whereas at a dose of 100-500 mM, the
drug showed a myogenic spasmolytic effect for 30 min in the ileum [36].

The difference between experimental and clinical evidence becomes particularly evi-
dent when considering the effect of metamizol in the treatment of biliary colic. In humans,
metamizol reduces the tone of the sphincter of Oddi [37], whereas the use of metamizol
in animals did not modify biliary pressure nor the myoelectric activity of the sphincter of
Oddi [38].

In the same clinical context, metamizol has proven more effective in controlling biliary
colic pain than traditional spasmolytic drugs, reinforcing the idea that its efficacy derives
from a combination of analgesic effects and visceral relaxation.

The activity of metamizol on intestinal colic remains doubtful as its effects seem to be
mediated mainly by analgesic activity [32].

7. Metamizol: New Mechanisms for a Vintage Drug

In recent years, the analgesic mechanisms of metamizol that extend beyond prostaglandin
inhibition have been increasingly recognized (Table 1). Although metamizol is generally
considered to have weak anti-inflammatory activity, its mechanism of action is not com-
pletely clarified and probably involves additional non-traditional pathways [33]. The drug
acts through a complex network of central and peripheral interactions. New metabolites ca-
pable of binding to cannabinoid receptors have been identified, suggesting the involvement
of the endocannabinoid system [6].

This observation is consistent with experimental data according to which the dipyrone
metabolite 4-methylaminoantipyrine acts as a CB1 agonist [39,40]. The direct connection
between metabolites and CB1 receptors helps to understand why metamizol produces anal-
gesia with a central component mediated by systems not typically involved with NSAIDs.
The CB1 receptor is in fact involved in analgesia, catalepsy and hypolocomotion induced
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by the administration of metamizol. In addition to the endocannabinoid system, metamizol
also appears to interact with the cyclooxygenase (COX) system in a different way com-
pared with traditional NSAIDs. Metamizol reduces prostaglandin-induced hyperalgesia,
an inflammatory mediator synthesized through activation of the COX enzyme [20]. Unlike
classical COX inhibitors, prolonged treatment with metamizol does not induce COX-2
expression, does not modify COX-1 expression, and does not cause ulcers in the gastric
mucosa [41]. The anti-inflammatory effect of the drug can also be explained by the mecha-
nism through which metamizol inhibits COX. Metamizol and its metabolites MAA and
AA, through redox mechanisms, sequester the radicals necessary for the catalytic activity
of the enzyme, modifying its oxidative state [9]. This redox mechanism appears to underlie
the modulation of TRPA1 and TRPV1 channels, which are activated and not inhibited by
MAA and AA; this mechanism involves N-terminal cysteines, which are responsible for
the activation of both channels [42-44]. Unlike classical NSAIDs, metamizol, although
classified as a “non-opioid analgesic”, exerts weak anti-inflammatory and antinociceptive
effects due to mechanisms different from simple peripheral COX inhibition [45]. Metamizol
also acts on central systems, intervening on descending pain pathways. One of the targets
is the PAG-RVM system [46]. The use of metamizol causes in rats an inhibition of the PAG
through nociceptive circuits in the spinal cord, and this mechanism appears to be mediated
by opioidergic mechanisms in the RVM [47].

After oral administration, metamizol is rapidly hydrolyzed to 4-MAA, which repre-
sents the main circulating metabolite and is responsible for most of its pharmacological
interactions. Its half-life ranges between 2.6 and 3.5 h [48].

Another mechanism that may underlie pain reduction is inhibition of COX-3, a
variant of COX-1 [49-53] that is expressed mainly in the central nervous system. In
addition to COX inhibition, the opioid and cannabinoid systems also appear to be
involved [48], particularly through cannabinoid-1 (CB1) receptors and vanilloid TRV1
receptors, which are expressed in the periaqueductal gray matter and the rostral ventro-
medial medulla [54]. In a recent study, it was demonstrated that the active metabolite of
metamizol 4-methylaminoantipyrine exerts a partially local anti-allodynic effect that is
partially dependent on CB2 receptors and kappa opioid receptors [55]. The endocannabi-
noid system is closely connected to the cyclooxygenase system, particularly COX-2. The
endocannabinoids anandamide (AEA) and 2-arachidonoylglycerol (2-AG) derived from
arachidonic acid are considered the main endocannabinoids [56,57]. In rats, administration
of metamizol has no effect on 2-AG levels but causes a reduction in AEA levels in the
RVM and spinal cord. Endocannabinoids are not only produced “on demand”, but are also
rapidly degraded by specific enzymes [58]. AEA and 2-AG are removed from the extracel-
lular space through a cellular uptake mechanism followed by enzymatic inactivation. AEA
is mainly degraded into arachidonic acid and ethanolamine by fatty acid amide hydrolase
(FAAH), while 2-AG is mainly metabolized into arachidonic acid and glycerol by monoacyl-
glycerol lipase (MAGL) [59,60]. AEA and 2-AG represent not only substrates of FAAH and
MAGIL, but also substrates of other enzymatic systems, including those of cyclooxygenases,
mainly COX-2 [61,62], as they produce prostamides and prostaglandin-glycerol esters. A
reduction in these pro-inflammatory and pro-nociceptive mediators contributes to antinoci-
ceptive activity [61]. Metamizol increases the levels of anandamide and 2-AG by preventing
their degradation by COX-2, contributing to the analgesic and antinociceptive effect of the
drug [63]. COX inhibition significantly contributes to the increase in endocannabinoid tone
because arachidonic acid mobilization increases AEA production [64]. To fully understand
the activity of metamizol and its possible adverse events, it is also necessary to consider its
role on the hepatic CYP450 system; it appears to be an inducer of CYP3A4, CYP2B6, and
CYP2C19 enzymes [65]. Enzymatic activation, although not significant, also occurs after
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administration of a single dose of metamizol and reaches its maximal effect after 5 days of
administration [66]. This phenomenon explains many clinical interactions observed with
various types of drugs, immunosuppressants, sertraline, quetiapine, oral anticoagulants
such as rivaroxaban, edoxaban, and antivirals [66]. This demonstrates that metamizol is
not only an analgesic drug with complex mechanisms, but also a drug with an interaction
profile with other substances that must be evaluated with extreme caution, especially in
polypharmacological contexts.

Table 1. Non-classical mechanism of action of metamizol.

Non-Classical Mechanisms of Action of Metamizol

Domain Key Findings Evidence [Ref]
Analgesic effects not fully explained by
Beyond COX inhibition prostaglandin suppression; involvement  Experimental studies [6,25]

of central and peripheral pathways.

Cannabinoid system

Metamizol metabolites interact with

cannabinoid receptors, contributing to Experimental and in silico studies [6,40]
central analgesia.

CB1 receptor activation

4-MAA acts as a CB1 activator to mediate

central antinociceptive effects. Experimental studies [40]

Descending pain modulation

Activation of PAG-RVM axis; involvement

of opioid mechanism in RVM. Animal studies [46,47]

COX redox modulation

Inhibition of COX activity via
redox-dependent mechanisms without Experimental studies [9,41]
COX-2 induction or gastric injury.

TRP channels

Modulation of TRPA1 and TRPV1
channels through redox-sensitive Experimental studies [42—44]
cysteine residues.

Peripheral antinociception

Local antihyperalgesic effect mediated by

CB2 and k-opioid receptors. Experimental studies [55]

Endocannabinoid tone

Indirect modulation of endocannabinoid
signaling via COX inhibition and altered = Experimental studies [59,61-64]
anandamide metabolism.

8. The Endocannabinoid System in Chronic Pain

The endocannabinoid system is one of the main modulators of chronic pain due to its
ability to influence both central sensitization and neuroinflammation (Table 2). CB1 and
CB2 receptors constitute the core of the endocannabinoid system. CB1 is predominantly
expressed in brain structures and peripheral tissues, whereas CB2 is expressed in cells of the
immune system at the peripheral level. Most of the adverse effects associated with cannabi-
noid receptor agonists are mediated by CB1 receptors [61,67]. This distribution highlights
that the endocannabinoid system is simultaneously involved in nociceptive transmission
and in the regulation of inflammatory responses. Activation of the endocannabinoid sys-
tem is associated with a limitation of neuroinflammation [68,69]. Particularly important
is the activation of CB2 receptors located in immune cells and peripheral nerves, which
are involved in reducing inflammation and hyperalgesia [70,71]. This activation is essen-
tial to counteract the persistence of painful stimuli since neuroinflammation is one of the
main causes of the transition from acute pain to chronic pain. Activation of CB1 receptors
in the latero-ventrolateral PAG and in the RVM modulates descending inhibitory pain
pathways [72,73]. The antinociceptive activity associated with CB2 receptor activation
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provides antinociceptive effects through the opioid system present on the terminals of
primary afferent neurons [74], including peripheral ones [75,76]. The endocannabinoid
system participates in pain modulation through different mechanisms. CB1 receptors
are distributed in particular at the level of the cerebellum, hippocampus, basal ganglia,
amygdala, spinal cord, and cerebral cortex [59]. This distribution allows CB1 receptors to
regulate neuronal excitability and the release of major cannabinoid neurotransmitters. CB1
activation stimulates circuits that suppress the release of neurotransmitters like GABA and
diminishes the release of neurotransmitters such as glutamate [77]. Recent studies have
underscored the increasing significance of the CB2 receptor in the pathophysiology of pain,
particularly regarding neuroimmune mechanisms. This immunomodulatory function is
essential for the regulation of neuroinflammation, despite the initial perception of the CB2
receptor as being primarily associated with immune responses [78]. The activation of CB2
receptors is correlated with the inhibition of pro-inflammatory cytokines, including IL-13
and TNF-o [79,80], a phenomenon central to preventing peripheral and central sensitization
in chronic pain. Other endocannabinoids such as anandamide and 2-AG contribute to
the regulation of nociception as retrograde messengers capable of modulating synaptic
activity. These messengers participate in the regulation of nociceptive signals through
interaction with CB1 and CB2 [81]; in particular, anandamide exerts its action by binding to
CBI1 receptors, whereas 2-AG contributes to pain modulation under conditions of stress or
tissue injury [81].

In chronic pain, an increase in circulating endocannabinoid levels is frequently ob-
served; for example, 2-AG levels are increased in chronic pain conditions [82,83]. Prolonged
activation of the endocannabinoid system over time is associated with the development of
allodynia; indeed, it has been documented that sustained production of endocannabinoids
in response to nociceptive signals renders spinal neurons more reactive to non-painful
stimuli [84]. Microglia represent a key element in the modulation of chronic pain by the
endocannabinoid system; in the presence of persistent nociceptive stimulation, microglial
cells undergo marked activation [85-87] which is accompanied by morphological and
functional changes, leading to the establishment of central sensitization processes.

Microglial activation present in chronic pain is sustained by a series of signals origi-
nating from primary nociceptive neurons, which induce a rapid proliferation of microglia
themselves. These cells acquire a functional profile of a pro-inflammatory type, corre-
sponding to the M1 phenotype [88]. In this condition, microglia become a source of
pro-inflammatory mediators such as IL-13, TNF-«, IL-6, and PGE,, which act directly on
spinal neurons, leading to central sensitization [89]. The resolution of the inflammatory
response necessitates a functional reorganization of microglia towards an M2 phenotype,
characterized by the ability to secrete mediators such as IL-10, TGF-3, IL-4, and IL-13,
which exhibits phagocytic activity with a predominantly anti-inflammatory effect [90].

In this context, the CB2 receptor assumes particular importance, because its ex-
pression is markedly increased in activated microglia [91,92] and it is able to at-
tenuate pain transmission through the control of microglial activity and the sup-
pression of neuroinflammatory processes [93]. CB2-mediated signaling is associ-
ated with a functional shift of microglia from a pro-inflammatory M1 phenotype
to an M2 phenotype with neuroprotective characteristics; this involves not only
structural modifications, but also a functional recalibration of microglia, with an in-
crease in the production of anti-inflammatory cytokines and the production of M2-
associated factors, which are associated with a reduction in neuronal hyperexcitability
linked to central sensitization processes [94]. This mechanism is essential in control-
ling the propagation of pain circuits and in preventing the stabilization of chronic
pain [91-94]. The endocannabinoid system plays a key role in this change by changing
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how microglia express the CB2 receptor, which helps to reduce nociceptive signaling
cascades [95]. On the other hand, CB1 receptor expression is very low, as shown by the

fact that Cnr1 transcripts are not found in microglia that are not activated [96].

Table 2. Endocannabinoid system in chronic pain.

Endocannabinoid System in Chronic Pain

Domain

Key Findings

Evidence [Ref]

Pain modulation

Regulates nociception, sensitization
and neuroinflammation.

Reviews [56,59]

CB1 receptors

Central modulation of neuronal excitability and
descending inhibition.

Experimental studies [59,72]

CB2 receptors

Peripheral and immune-mediated analgesia.

Experimental studies [81]

Opioid interaction

CB2 activation induces peripheral opioid-
mediated analgesia.

Experimental studies [74-76]

Endocannabinoids

Anandamide and 2-AG act as retrograde modulators of
nociceptive transmission.

Experimental studies [81]

Chronic pain state

Increased endocannabinoid levels associated with
persistent pain.

Clinical studies [82,83]

Microglia

Microglial activation sustains central sensitization.

Experimental studies [85,87,91]

CB2-microglia axis

CB2 signaling limits neuroinflammation and promotes
M2 phenotype.

Experimental studies [91-95]

9. Efficacy and Safety in Clinical Practice

The efficacy and safety of metamizol in clinical practice are supported by data from
randomized controlled trials and observational studies. A 2015 meta-analysis including
79 randomized trials found no significant differences in overall adverse events between
metamizol and placebo, paracetamol, aspirin, or other NSAIDs. Notably, metamizol was
associated with a lower incidence of neurological adverse effects, such as vertigo, dizziness,
and headache (15 vs. 57 events; RR = 0.50, 95% CI 0.27-0.92) [2]. Improved gastrointestinal
tolerability was also observed, with vomiting reported in 12 metamizol-treated patients
compared with 54 patients receiving opioids (RR = 0.48) [2].

In most included trials, treatment duration was limited, supporting the observation
that adverse events associated with metamizol are closely related to treatment length. A
large prospective study reported that metamizol was administered in 31.7% of inpatient
stays, predominantly via parenteral routes. During follow-up, three cases of agranulocy-
tosis, one case of allergic shock, and one case of rash were reported, all occurring after
prolonged administration and resolving without permanent sequelae. The risk of agranulo-
cytosis typically manifested after approximately 28 days of continuous treatment [97].

Overall, the available evidence supports the effectiveness of metamizol in postopera-
tive pain management, with fewer neurological and gastrointestinal adverse effects than
opioids and a low incidence of severe complications when used short-term in hospital
settings. Nevertheless, caution is warranted with prolonged therapy due to the potential
for delayed hematological toxicity (Table 3).

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.3390/biomedicines14020358

Biomedicines 2026, 14, 358

9of 15

Table 3. Evidence from efficacy, safety, and mechanisms of action of metamizol.

Domain Key Findings Evidence [Ref]
Effective in acute postoperative pain,
oncologic pain, colicky pain, and
Analgesic efficacy migraine. A single oral dose of 500 mg Cochrane reviews and RCTs [8]

provides >50% pain relief in ~70%
of patients.

Postoperative pain (adults)

Comparable analgesic efficacy to other
NSAIDs and paracetamol; reduced
need for rescue analgesia within 4-6 h.

Systematic reviews, comparative
trials [8,31]

Postoperative pain (pediatrics)

Effective for postoperative pain
control; similar efficacy to paracetamol
and superior to placebo.

Systematic review, observational
studies [13,30]

Mechanism—classical

Inhibition of cyclo-oxygenases with
reduced prostaglandin synthesis
(PGE,) leading to decreased
peripheral sensitization.

Experimental and pharmacological
studies [20,28]

Mechanism—non-classical

Activation/modulation of opioid and
cannabinoid systems; involvement of
CB1 and CB2 receptors; modulation of
endocannabinoid tone.

Experimental studies [6,10,98-100]

Active metabolites

Prodrug rapidly hydrolyzed to
4-methylaminoantipyrine (4-MAA);
further metabolized into active
derivatives with central and peripheral
analgesic effects.

PK/PD and experimental data
[9,10,46]

Safety—common adverse events

Generally well tolerated; lower
incidence of neurological and
gastrointestinal adverse effects
compared with opioids.

Meta-analyses, RCTs [2]

Safety—serious adverse events

Agranulocytosis is rare, typically
associated with prolonged use
(>2—4 weeks); very low incidence in
short-term postoperative use.

Observational and
pharmacovigilance
studies [7,12,13,97]

Clinical considerations

Suitable for short-term postoperative
analgesia under monitoring; caution
required for prolonged therapy and in
patients at hematological risk.

Guidelines and expert
recommendations [12]

10. Conclusions and Future Perspectives

Metamizol represents an effective analgesic option for pediatric patients in the postop-
erative setting, with a favorable tolerability profile when used short term under clinical
monitoring. Evidence indicates that metamizol provides analgesic efficacy comparable to
weak opioids while being associated with fewer neurological and gastrointestinal adverse
effects [101]. However, prolonged use may result in severe hematological complications,
particularly agranulocytosis, which typically occurs several weeks after treatment initiation.

Accordingly, the current evidence supports restricting metamizol use to short-term
interventions, with heightened vigilance during prolonged therapy or in patients with
potential hematological vulnerability. From a pharmacological perspective, emerging data
highlight mechanisms of action extending beyond COX inhibition, including interactions
with the endocannabinoid system and intracellular signaling pathways involved in pain
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modulation. These findings open new research avenues aimed at clarifying the contribution
of active metabolites to clinical analgesia and identifying genetic determinants underlying
interindividual variability in efficacy and adverse events.

Although there is robust literature in the pediatric field regarding the use of metamizol,
in some respects, it is necessary to adopt the evidence obtained from studies on the adult
population, as is necessary in the field of pediatric algology [102].

All these data indicate that it is an ideal drug for perioperative use in pediatric
patients. It has two major and important indications. The first indication is for its use in
the postoperative period in pediatric day surgery. There is now a robust body of literature
demonstrating that the primary cause of unplanned admissions following pediatric day
surgery is pain [103]. Indeed, what should be a specific activity of an acute pain service is
now delegated to the parents of children undergoing surgery to perform [104,105]. This
drug has been proven to be as effective as opioids in some cases, without the social stigma
or prejudice that unfortunately burden this class of drugs, making metamizol a valid tool
for treating postoperative pain in day surgery [101]. It should also be emphasized that
the most feared adverse reaction associated with metamizol—agranulocytosis—is linked
to prolonged use. Therefore, short-term use can be considered safe, with a risk/benefit
ratio that favors the benefits. As we have seen, this drug can treat moderate pain, even
visceral pain, and is characterized by rapid action. It should not be overlooked that the
critical period for the onset of chronic post-surgical pain is precisely the very early stages,
such as when systemic therapy is combined with regional anesthesia. Therefore, even in
this case, prolonged—and excessive—use, which could put patients at risk, is avoided.
Furthermore, metamizol’s cannabinoid activity may play a protective role in preventing
the onset of chronic pain, which is multifactorial. And here the second indication emerges:
the prevention of chronic post-surgical pain.

The use of multimodal analgesia to manage perioperative pain is now well established,
both in terms of scientific evidence and clinical practice, in order to minimize side effects
and maximize patient comfort [106,107]. Despite their limitations, NSAIDs still play an
important role in managing acute postoperative pain, especially in settings such as day
surgery. Using a drug that not only has a broad spectrum of actions, all potentially useful
for pain management, represents a significant added value for pain management.

The chronicization of acute postoperative pain has significant social and economic
implications. Poorly managed pain translates into prolonged hospitalizations, representing
a direct cost in terms of bed occupancy and increased healthcare costs. However, a patient
with inadequate pain control is at significant risk of developing chronic pain [108,109].
This leads to increased indirect costs, especially in pediatrics. A child unable to lead a
normal social life due to pain represents not only a healthcare priority, but also a burden
on the entire family. The time required for pediatric patients’ rehabilitation translates into
lost workdays for parents/guardians, who in turn, as caregivers, risk becoming ill. It
is therefore clear that investments, both in healthcare and research, aimed at combating
chronic pain translate into a winning choice in the medium to long term, resulting in
guaranteed socioeconomic savings.

Future research should prioritize large, multicenter prospective studies to better define
the true incidence of rare adverse events, identify specific risk factors, and characterize
pharmacokinetic profiles across diverse patient populations, particularly in pediatrics.
Further exploration of novel mechanisms may ultimately support the development of safer
and more selective analgesic strategies, optimizing the role of metamizol in contemporary
clinical practice.

Author Contributions: Conceptualization, A.V. and M.C.; methodology, A.V., C.D.E, A.S. and M.C;
software, A.V. and M.C,; validation, A.V. and M.C.; formal analysis, A.V., C.D.F, A.S. and M.C,;

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.3390/biomedicines14020358

Biomedicines 2026, 14, 358 11 of 15

investigation, A.V,, C.D.F, AS.,, LM, EE, T.G.C. and M.C,; resources, A.V. and M.C.; data curation,
A.V. and M.C.; writing—original draft preparation, A.V,, C.D.F, A.S. and M.C.; writing—review and
editing, A.V,,C.D.F, AS,FES., LM, EF, CC, EM., GM,, T.G.C. and M.C,; visualization, A.V. and
M.C,; supervision, A.V. and M.C.; project administration, A.V.; funding acquisition, A.V. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported also by the Italian Ministry of Health through “Current
Research funds”.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: No new data were created or analyzed in this study.

Acknowledgments: During the preparation of this work the authors used Gemini Pro in order to
create a clear explanatory figure. After using this tool/service, the authors reviewed and edited the
content as needed and they take full responsibility for the content of the publication. The authors
thank Giacomo Sollecchia for his continued collaboration.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Edwards, J.E.; Meseguer, F,; Faura, C.; Moore, R.A.; McQuay, H.J. Single Dose Dipyrone for Acute Renal Colic Pain. Cochrane
Database Syst. Rev. 2002, 2002, CD003867. [CrossRef] [PubMed]

Kotter, T.; da Costa, B.R.; Fassler, M.; Blozik, E.; Linde, K,; Jiini, P.; Reichenbach, S.; Scherer, M. Metamizole-Associated Adverse
Events: A Systematic Review and Meta-Analysis. PLoS ONE 2015, 10, e0122918. [CrossRef]

Rollason, V.; Desmeules, J.A. Use of Metamizole in Children and the Risk of Agranulocytosis: Is the Benefit Worth the Risk? Eur.
J. Anaesthesiol. 2015, 32, 837-838. [CrossRef]

Gladtke, E. Use of Antipyretic Analgesics in the Pediatric Patient. Am. J. Med. 1983, 75, 121-126. [CrossRef]

Bhaumik, S. India’s Health Ministry Bans Pioglitazone, Metamizole, and Flupentixol-Melitracen. BM] 2013, 347, f4366. [CrossRef]
de Leeuw, T.G.; Dirckx, M.; Gonzalez Candel, A.; Scoones, G.P.; Huygen, EJ.PM.; de Wildt, S.N. The Use of Dipyrone (Metamizol)
as an Analgesic in Children: What Is the Evidence? A Review. Paediatr. Anaesth. 2017, 27, 1193-1201. [CrossRef]

Hoffmann, F,; Bantel, C.; Jobski, K. Agranulocytosis Attributed to Metamizole: An Analysis of Spontaneous Reports in EudraVigi-
lance 1985-2017. Basic Clin. Pharmacol. Toxicol. 2020, 126, 116-125. [CrossRef]

Hearn, L.; Derry, S.; Moore, R.A. Single Dose Dipyrone (Metamizole) for Acute Postoperative Pain in Adults. Cochrane Database
Syst. Rev. 2016, 4, CD011421. [CrossRef]

Pierre, S.C.; Schmidt, R.; Brenneis, C.; Michaelis, M.; Geisslinger, G.; Scholich, K. Inhibition of Cyclooxygenases by Dipyrone. Br.
J. Pharmacol. 2007, 151, 494-503. [CrossRef] [PubMed]

Rogosch, T.; Sinning, C.; Podlewski, A.; Watzer, B.; Schlosburg, J.; Lichtman, A.H.; Cascio, M.G.; Bisogno, T.; Di Marzo, V.; Niising,
R.; et al. Novel Bioactive Metabolites of Dipyrone (Metamizol). Bioorg Med. Chem. 2012, 20, 101-107. [CrossRef] [PubMed]
Ahluwalia, J.; Urban, L.; Capogna, M.; Bevan, S.; Nagy, I. Cannabinoid 1 Receptors Are Expressed in Nociceptive Primary Sensory
Neurons. Neuroscience 2000, 100, 685-688. [CrossRef]

Stamer, U.M.; Stammschulte, T.; Erlenwein, J.; Koppert, W.; Freys, S.; Meifiner, W.; Ahrens, P.; Brede, E.-M.; Lindig, M.; Dusch, M.;
et al. Empfehlungen zur perioperativen Anwendung von Metamizol. Schmerz 2019, 33, 287-294. [CrossRef]

Fieler, M; Eich, C.; Becke, K.; Badelt, G.; Leimkiihler, K.; Messroghli, L.; Boethig, D.; Stimpelmann, R. Metamizole for Postoperative
Pain Therapy in 1177 Children: A Prospective, Multicentre, Observational, Postauthorisation Safety Study. Eur. |. Anaesthesiol.
2015, 32, 839-843. [CrossRef]

Arellano, F; Sacristan, ].A. Metamizole: Reassessment of Its Therapeutic Role. Eur. ]. Clin. Pharmacol. 1990, 38, 617-619. [CrossRef]
Marchetti, G.; Vittori, A.; Tortora, V.; Bishop, M.; Lofino, G.; Pardi, V.; De Marco, E.A.; Manca, G.; Inserra, A.; Caruso, R.; et al.
Prevalence of Pain in the Departments of Surgery and Oncohematology of a Paediatric Hospital That Has Joined the Project
“Towards Pain Free Hospital”. Clin. Ter. 2016, 167, 156-160. [CrossRef] [PubMed]

Andersson, V.; Bergman, S.; Henoch, I.; Simonsson, H.; Ahlberg, K. Pain and Pain Management in Children and Adolescents
Receiving Hospital Care: A Cross-Sectional Study from Sweden. BMC Pediatr. 2022, 22, 252. [CrossRef] [PubMed]

Taylor, E.M.; Boyer, K.; Campbell, F.A. Pain in Hospitalized Children: A Prospective Cross-Sectional Survey of Pain Prevalence,
Intensity, Assessment and Management in a Canadian Pediatric Teaching Hospital. Pain Res. Manag. 2008, 13, 25-32. [CrossRef]

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.1002/14651858.CD003867
https://www.ncbi.nlm.nih.gov/pubmed/12519613
https://doi.org/10.1371/journal.pone.0122918
https://doi.org/10.1097/EJA.0000000000000275
https://doi.org/10.1016/0002-9343(83)90243-7
https://doi.org/10.1136/bmj.f4366
https://doi.org/10.1111/pan.13257
https://doi.org/10.1111/bcpt.13310
https://doi.org/10.1002/14651858.CD011421.pub2
https://doi.org/10.1038/sj.bjp.0707239
https://www.ncbi.nlm.nih.gov/pubmed/17435797
https://doi.org/10.1016/j.bmc.2011.11.028
https://www.ncbi.nlm.nih.gov/pubmed/22172309
https://doi.org/10.1016/S0306-4522(00)00389-4
https://doi.org/10.1007/s00482-019-0389-8
https://doi.org/10.1097/EJA.0000000000000272
https://doi.org/10.1007/BF00278592
https://doi.org/10.7417/CT.2016.1948
https://www.ncbi.nlm.nih.gov/pubmed/27845483
https://doi.org/10.1186/s12887-022-03319-w
https://www.ncbi.nlm.nih.gov/pubmed/35513880
https://doi.org/10.1155/2008/478102
https://doi.org/10.3390/biomedicines14020358

Biomedicines 2026, 14, 358 12 of 15

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

Marchetti, G.; Vittori, A.; Cascella, M.; Mascilini, I.; Piga, S.; Petrucci, E.; Castellano, A.; Caruso, R.; Francia, E.; Stocchi, F,; et al.
Pain Prevalence and Pain Management in Children and Adolescents in an Italian Third Level Pediatric Hospital: A Cross-Sectional
Study. Ital. ]. Pediatr. 2023, 49, 41. [CrossRef] [PubMed]

Ashburn, M.A,; Caplan, R.A; Carr, D.B.; Connis, R.T.; Ginsberg, B.; Green, C.R.; Lema, M.J.; Nickinovich, D.G.; Rice, LJ.
Practice Guidelines for Acute Pain Management in the Perioperative Setting: An Updated Report by the American Society of
Anesthesiologists Task Force on Acute Pain Management. Anesthesiology 2012, 116, 248-273. [CrossRef]

Lorenzetti, B.B.; Ferreira, S.H. Mode of Analgesic Action of Dipyrone: Direct Antagonism of Inflammatory Hyperalgesia. Eur. J.
Pharmacol. 1985, 114, 375-381. [CrossRef]

Beirith, A.; Santos, A.R.; Rodrigues, A.L.; Creczynski-Pasa, T.B.; Calixto, ].B. Spinal and Supraspinal Antinociceptive Action of
Dipyrone in Formalin, Capsaicin and Glutamate Tests. Study of the Mechanism of Action. Eur. J. Pharmacol. 1998, 345, 233-245.
[CrossRef] [PubMed]

McCarson, K.E. Models of Inflammation: Carrageenan- or Complete Freund’s Adjuvant (CFA)-Induced Edema and Hypersensi-
tivity in the Rat. Curr. Protoc. Pharmacol. 2015, 70, 4-5. [CrossRef] [PubMed]

Winter, C.A; Risley, E.A.; Nuss, G.W. Carrageenin-Induced Edema in Hind Paw of the Rat as an Assay for Antiiflammatory
Drugs. Proc. Soc. Exp. Biol. Med. 1962, 111, 544-547. [CrossRef]

Kissin, I. Preemptive Analgesia. Anesthesiology 2000, 93, 1138-1143. [CrossRef] [PubMed]

Cullen, K.A.; Hall, M.J.; Golosinskiy, A. Ambulatory Surgery in the United States, 2006. Natl. Health Stat. Rep. 2009, 1-25.

Hall, M.].; Schwartzman, A.; Zhang, J.; Liu, X. Ambulatory Surgery Data from Hospitals and Ambulatory Surgery Centers:
United States, 2010. Natl. Health Stat. Rep. 2017, 102, 1-15.

Mitchell, R.B.; Archer, S.M.; Ishman, S.L.; Rosenfeld, R.M.; Coles, S.; Finestone, S.A.; Friedman, N.R.; Giordano, T.; Hildrew, D.M.;
Kim, T.W.; et al. Clinical Practice Guideline: Tonsillectomy in Children (Update). Otolaryngol. Head Neck Surg. 2019, 160, S1-542.
[CrossRef]

Hawkey, C.J. COX-2 Inhibitors. Lancet 1999, 353, 307-314. [CrossRef]

Nikolova, I; Petkova, V.; Tencheva, J.; Benbasat, N.; Voynikov, Y.; Danchev, N. Metamizole: A Review Profile of a Well-Known
“Forgotten” Drug. Part II: Clinical Profile. Biotechnol. Biotechnol. Equip. 2013, 27, 3605-3619. [CrossRef]

Stangler, M.LS.; Lubianca, J.P.N.; Lubianca, ].N.; Lubianca Neto, J.F. Dipyrone as Pre-Emptive Measure in Postoperative Analgesia
after Tonsillectomy in Children: A Systematic Review. Braz. |. Otorhinolaryngol. 2021, 87, 227-236. [CrossRef] [PubMed]
Kampe, S.; Warm, M.; Landwehr, S.; Dagtekin, O.; Haussmann, S.; Paul, M.; Pilgram, B.; Kiencke, P. Clinical Equivalence of IV
Paracetamol Compared to IV Dipyrone for Postoperative Analgesia after Surgery for Breast Cancer. Curr. Med. Res. Opin. 2006,
22,1949-1954. [CrossRef]

Collares, E.; Troncon, L.E.A. Effects of Dipyrone on the Digestive Tract. Braz. |. Med. Biol. Res. 2019, 52, e8103. [CrossRef]
Liedberg, G.; Persson, C.G. Adrenoceptors in the Cat Choledochoduodenal Junction Studied in Situ. Br. |. Pharmacol. 1970, 39,
619-626. [CrossRef] [PubMed]

Forth, W. Spasmolytic Effects of Pyrazolone Drugs. Agents Actions Suppl. 1986, 19, 169-175.

Holzer, P.; Herbert, M.K. Pro-Drugs in in Vitro Experiments. Anesth. Analg. 2005, 101, 606. [CrossRef] [PubMed]

Donnerer, ].; Liebmann, 1. Effects of Allyl Isothiocyanate, Acetaminophen, and Dipyrone in the Guinea-Pig Ileum. Pharmacology
2017, 99, 79-83. [CrossRef] [PubMed]

Brandstétter, G.; Schinzel, S.; Wurzer, H. Influence of Spasmolytic Analgesics on Motility of Sphincter of Oddi. Dig. Dis. Sci. 1996,
41,1814-1818. [CrossRef] [PubMed]

Coelho, ].C.; Senninger, N.; Runkel, N.; Herfarth, C.; Messmer, K. Effect of Analgesic Drugs on the Electromyographic Activity of
the Gastrointestinal Tract and Sphincter of Oddi and on Biliary Pressure. Ann. Surg. 1986, 204, 53-58. [CrossRef]

Rousseau, P.-N.; Bazin, P-L.; Steele, C.J. Pontine Functional Connectivity Gradients. Cerebellum 2025, 25, 1. [CrossRef] [PubMed]
Russo, S.; de Azevedo, W.F. Computational Analysis of Dipyrone Metabolite 4-Aminoantipyrine as a Cannabinoid Receptor 1
Agonist. Curr. Med. Chem. 2020, 27, 4741-4749. [CrossRef] [PubMed]

Sénchez, S.; Alarcén de la Lastra, C.; Ortiz, P.; Motilva, V.; Martin, M.]. Gastrointestinal Tolerability of Metamizol, Acetaminophen,
and Diclofenac in Subchronic Treatment in Rats. Dig. Dis. Sci. 2002, 47, 2791-2798. [CrossRef]

Chuang, H.; Lin, S. Oxidative Challenges Sensitize the Capsaicin Receptor by Covalent Cysteine Modification. Proc. Natl. Acad.
Sci. USA 2009, 106, 20097-20102. [CrossRef]

Hinman, A.; Chuang, H.-H.; Bautista, D.M.; Julius, D. TRP Channel Activation by Reversible Covalent Modification. Proc. Natl.
Acad. Sci. USA 2006, 103, 19564-19568. [CrossRef]

Macpherson, L.J.; Dubin, A.E.; Evans, M.].; Mart, E; Schultz, P.G.; Cravatt, B.F,; Patapoutian, A. Noxious Compounds Activate
TRPA1 Ion Channels through Covalent Modification of Cysteines. Nature 2007, 445, 541-545. [CrossRef]

Topuz, R.D.; Giindtiz, 0,; Karadag, C.H.; Ulugol, A. Non-Opioid Analgesics and the Endocannabinoid System. Balk. Med. |. 2020,
37,309-315. [CrossRef]

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.1186/s13052-023-01439-2
https://www.ncbi.nlm.nih.gov/pubmed/36978099
https://doi.org/10.1097/ALN.0b013e31823c1030
https://doi.org/10.1016/0014-2999(85)90383-8
https://doi.org/10.1016/S0014-2999(98)00026-0
https://www.ncbi.nlm.nih.gov/pubmed/9592021
https://doi.org/10.1002/0471141755.ph0504s70
https://www.ncbi.nlm.nih.gov/pubmed/26331888
https://doi.org/10.3181/00379727-111-27849
https://doi.org/10.1097/00000542-200010000-00040
https://www.ncbi.nlm.nih.gov/pubmed/11020772
https://doi.org/10.1177/0194599818801757
https://doi.org/10.1016/S0140-6736(98)12154-2
https://doi.org/10.5504/BBEQ.2012.0135
https://doi.org/10.1016/j.bjorl.2020.12.005
https://www.ncbi.nlm.nih.gov/pubmed/33485779
https://doi.org/10.1185/030079906X132659
https://doi.org/10.1590/1414-431x20188103
https://doi.org/10.1111/j.1476-5381.1970.tb10369.x
https://www.ncbi.nlm.nih.gov/pubmed/4394340
https://doi.org/10.1213/01.ANE.0000159022.67533.82
https://www.ncbi.nlm.nih.gov/pubmed/16037187
https://doi.org/10.1159/000452164
https://www.ncbi.nlm.nih.gov/pubmed/27756064
https://doi.org/10.1007/BF02088751
https://www.ncbi.nlm.nih.gov/pubmed/8794800
https://doi.org/10.1097/00000658-198607000-00007
https://doi.org/10.1007/s12311-025-01943-7
https://www.ncbi.nlm.nih.gov/pubmed/41420671
https://doi.org/10.2174/0929867326666190906155339
https://www.ncbi.nlm.nih.gov/pubmed/31490743
https://doi.org/10.1023/A:1021077810548
https://doi.org/10.1073/pnas.0902675106
https://doi.org/10.1073/pnas.0609598103
https://doi.org/10.1038/nature05544
https://doi.org/10.4274/balkanmedj.galenos.2020.2020.6.66
https://doi.org/10.3390/biomedicines14020358

Biomedicines 2026, 14, 358 13 of 15

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Escobar, W.; Ramirez, K.; Avila, C.; Limongi, R.; Vanegas, H.; Vazquez, E. Metamizol, a Non-Opioid Analgesic, Acts via
Endocannabinoids in the PAG-RVM Axis during Inflammation in Rats. Eur. J. Pain. 2012, 16, 676-689. [CrossRef]

Vasquez, E.; Vanegas, H. The Antinociceptive Effect of PAG-Microinjected Dipyrone in Rats Is Mediated by Endogenous Opioids
of the Rostral Ventromedical Medulla. Brain Res. 2000, 854, 249-252. [CrossRef]

Jasiecka, A.; Ma$lanka, T.; Jaroszewski, ].J. Pharmacological Characteristics of Metamizole. Pol. J. Vet. Sci. 2014, 17, 207-214.
[CrossRef]

Hohlfeld, T.; Zimmermann, N.; Weber, A.-A; Jessen, G.; Weber, H.; Schror, K.; Holtje, H.-D.; Ebel, R. Pyrazolinone Analgesics
Prevent the Antiplatelet Effect of Aspirin and Preserve Human Platelet Thromboxane Synthesis1. J. Thromb. Haemost. 2008, 6,
166-173. [CrossRef]

Pfrepper, C.; Deters, S.; Metze, M.; Siegemund, R.; Gockel, I.; Petros, S. Metamizole Inhibits Arachidonic Acid-Induced Platelet
Aggregation after Surgery and Impairs the Effect of Aspirin in Hospitalized Patients. Eur. J. Clin. Pharmacol. 2019, 75, 777-784.
[CrossRef]

Pfrepper, C.; Dietze, C.; Remane, Y.; Bertsche, T.; Schiek, S.; Kaiser, T.; Gockel, L; Josten, C.; Petros, S. Intake of Aspirin Prior
to Metamizole Does Not Completely Prevent High on Treatment Platelet Reactivity. Eur. J. Clin. Pharmacol. 2020, 76, 483—490.
[CrossRef]

Seiler, E.; Limacher, A.; Mean, M.; Beer, H.-J.; Osterwalder, J.; Frauchiger, B.; Righini, M.; Aschwanden, M.; Matter, C.M.; Banyai,
M.; et al. Derivation and Validation of a Novel Bleeding Risk Score for Elderly Patients with Venous Thromboembolism on
Extended Anticoagulation. Thromb. Haemost. 2017, 117, 1930-1936. [CrossRef]

Chandrasekharan, N.V.; Dai, H.; Roos, K.L.T.; Evanson, N.K,; Tomsik, J.; Elton, T.S.; Simmons, D.L. COX-3, a Cyclooxygenase-1
Variant Inhibited by Acetaminophen and Other Analgesic/Antipyretic Drugs: Cloning, Structure, and Expression. Proc. Natl.
Acad. Sci. USA 2002, 99, 13926-13931. [CrossRef]

Maione, S.; Radanova, L.; De Gregorio, D.; Luongo, L.; De Petrocellis, L.; Di Marzo, V.; Imming, P. Effects of Metabolites of the
Analgesic Agent Dipyrone (Metamizol) on Rostral Ventromedial Medulla Cell Activity in Mice. Eur. |. Pharmacol. 2015, 748,
115-122. [CrossRef]

Gongalves Dos Santos, G.; Vieira, W.F.; Vendramini, P.H.; Bassani da Silva, B.; Fernandes Magalhaes, S.; Tambeli, C.H.; Parada, C.A.
Dipyrone Is Locally Hydrolyzed to 4-Methylaminoantipyrine and Its Antihyperalgesic Effect Depends on CB2 and Kappa-Opioid
Receptors Activation. Eur. J. Pharmacol. 2020, 874, 173005. [CrossRef]

Pertwee, R.G. Targeting the Endocannabinoid System with Cannabinoid Receptor Agonists: Pharmacological Strategies and
Therapeutic Possibilities. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2012, 367, 3353-3363. [CrossRef] [PubMed]

Guindon, J.; Hohmann, A.G. The Endocannabinoid System and Pain. CNS Neurol. Disord. Drug Targets 2009, 8, 403-421. [CrossRef]
Topuz, R.D.; Gunduz, O.; Karadag, C.H.; Dokmeci, D.; Ulugol, A. Endocannabinoid and N-Acylethanolamide Levels in Rat Brain
and Spinal Cord Following Systemic Dipyrone and Paracetamol Administration. Can. J. Physiol. Pharmacol. 2019, 97, 1035-1041.
[CrossRef] [PubMed]

Zogopoulos, P; Vasileiou, I.; Patsouris, E.; Theocharis, S.E. The Role of Endocannabinoids in Pain Modulation. Fundam. Clin.
Pharmacol. 2013, 27, 64-80. [CrossRef] [PubMed]

Jhaveri, M.D.; Richardson, D.; Chapman, V. Endocannabinoid Metabolism and Uptake: Novel Targets for Neuropathic and
Inflammatory Pain. Br. . Pharmacol. 2007, 152, 624-632. [CrossRef] [PubMed]

Kozak, K.R.; Rowlinson, S.W.; Marnett, L.J. Oxygenation of the Endocannabinoid, 2-Arachidonylglycerol, to Glyceryl
Prostaglandins by Cyclooxygenase-2. |. Biol. Chem. 2000, 275, 33744-33749. [CrossRef]

Snider, N.T.; Walker, V.J.; Hollenberg, PF. Oxidation of the Endogenous Cannabinoid Arachidonoyl Ethanolamide by the
Cytochrome P450 Monooxygenases: Physiological and Pharmacological Implications. Pharmacol. Rev. 2010, 62, 136-154.
[CrossRef]

Manzanares, J.; Julian, M.; Carrascosa, A. Role of the Cannabinoid System in Pain Control and Therapeutic Implications for the
Management of Acute and Chronic Pain Episodes. Curr. Neuropharmacol. 2006, 4, 239-257. [CrossRef]

Pestonjamasp, V.K.; Burstein, S.H. Anandamide Synthesis Is Induced by Arachidonate Mobilizing Agonists in Cells of the
Immune System. Biochim. Biophys. Acta 1998, 1394, 249-260. [CrossRef]

Bachmann, F,; Duthaler, U.; Meyer Zu Schwabedissen, H.E.; Puchkov, M.; Huwyler, ].; Haschke, M.; Krahenbiihl, S. Metamizole Is
a Moderate Cytochrome P450 Inducer Via the Constitutive Androstane Receptor and a Weak Inhibitor of CYP1A2. Clin. Pharmacol.
Ther. 2021, 109, 1505-1516. [CrossRef]

Brinkman, D.J.; Hendriksen, L.C.; Rigter, L M.; Hollmann, M.W. Pharmacology and Relevant Drug Interactions of Metamizole. Br.
J. Clin. Pharmacol. 2025, 91, 2095-2102. [CrossRef]

Eldor, A.; Zylber-Katz, E.; Levy, M. The Effect of Oral Administration of Dipyrone on the Capacity of Blood Platelets to Synthesize
Thromboxane A2 in Man. Eur. J. Clin. Pharmacol. 1984, 26, 171-176. [CrossRef]

Pertwee, R.G. The Therapeutic Potential of Drugs That Target Cannabinoid Receptors or Modulate the Tissue Levels or Actions of
Endocannabinoids. AAPS J. 2005, 7, 64. [CrossRef]

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.1002/j.1532-2149.2011.00057.x
https://doi.org/10.1016/S0006-8993(99)02303-3
https://doi.org/10.2478/pjvs-2014-0030
https://doi.org/10.1111/j.1538-7836.2007.02800.x
https://doi.org/10.1007/s00228-019-02646-9
https://doi.org/10.1007/s00228-019-02791-1
https://doi.org/10.1160/TH-17-03-0162
https://doi.org/10.1073/pnas.162468699
https://doi.org/10.1016/j.ejphar.2014.12.022
https://doi.org/10.1016/j.ejphar.2020.173005
https://doi.org/10.1098/rstb.2011.0381
https://www.ncbi.nlm.nih.gov/pubmed/23108552
https://doi.org/10.2174/187152709789824660
https://doi.org/10.1139/cjpp-2019-0015
https://www.ncbi.nlm.nih.gov/pubmed/31283890
https://doi.org/10.1111/fcp.12008
https://www.ncbi.nlm.nih.gov/pubmed/23278562
https://doi.org/10.1038/sj.bjp.0707433
https://www.ncbi.nlm.nih.gov/pubmed/17704819
https://doi.org/10.1074/jbc.M007088200
https://doi.org/10.1124/pr.109.001081
https://doi.org/10.2174/157015906778019527
https://doi.org/10.1016/S0005-2760(98)00110-6
https://doi.org/10.1002/cpt.2141
https://doi.org/10.1002/bcp.70101
https://doi.org/10.1007/BF00630282
https://doi.org/10.1208/aapsj070364
https://doi.org/10.3390/biomedicines14020358

Biomedicines 2026, 14, 358 14 of 15

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Turcotte, C.; Chouinard, F,; Lefebvre, ].S.; Flamand, N. Regulation of Inflammation by Cannabinoids, the Endocannabinoids
2-Arachidonoyl-Glycerol and Arachidonoyl-Ethanolamide, and Their Metabolites. J. Leukoc. Biol. 2015, 97, 1049-1070. [CrossRef]
Ahn, K; Johnson, D.S.; Mileni, M.; Beidler, D.; Long, ].Z.; McKinney, M.K.; Weerapana, E.; Sadagopan, N.; Liimatta, M.; Smith,
S.E.; et al. Discovery and Characterization of a Highly Selective FAAH Inhibitor That Reduces Inflammatory Pain. Chem. Biol.
2009, 16, 411-420. [CrossRef]

Naidu, P.S.; Kinsey, S.G.; Guo, T.L.; Cravatt, B.F.; Lichtman, A.H. Regulation of Inflammatory Pain by Inhibition of Fatty Acid
Amide Hydrolase. . Pharmacol. Exp. Ther. 2010, 334, 182-190. [CrossRef]

Dogrul, A.; Seyrek, M.; Yalcin, B.; Ulugol, A. Involvement of Descending Serotonergic and Noradrenergic Pathways in CB1
Receptor-Mediated Antinociception. Prog. Neuropsychopharmacol. Biol. Psychiatry 2012, 38, 97-105. [CrossRef]

Vanegas, H.; Vazquez, E.; Tortorici, V.; Vanegas, H.; Vazquez, E.; Tortorici, V. NSAIDs, Opioids, Cannabinoids and the Control of
Pain by the Central Nervous System. Pharmaceuticals 2010, 3, 1335-1347. [CrossRef]

Ibrahim, M.M.; Porreca, F,; Lai, J.; Albrecht, PJ.; Rice, FL.; Khodorova, A.; Davar, G.; Makriyannis, A.; Vanderah, T.W.; Mata, H.P;
et al. CB2 Cannabinoid Receptor Activation Produces Antinociception by Stimulating Peripheral Release of Endogenous Opioids.
Proc. Natl. Acad. Sci. USA 2005, 102, 3093-3098. [CrossRef] [PubMed]

Beltramo, M. Cannabinoid Type 2 Receptor as a Target for Chronic—Pain. Mini Rev. Med. Chem. 2009, 9, 11-25. [CrossRef]
Valenzano, K.J.; Tafesse, L.; Lee, G.; Harrison, J.E.; Boulet, ].M.; Gottshall, S.L.; Mark, L.; Pearson, M.S.; Miller, W.; Shan, S.; et al.
Pharmacological and Pharmacokinetic Characterization of the Cannabinoid Receptor 2 Agonist, GW405833, Utilizing Rodent
Models of Acute and Chronic Pain, Anxiety, Ataxia and Catalepsy. Neuropharmacology 2005, 48, 658-672. [CrossRef]

Pertwee, R.G. The Diverse CB1 and CB2 Receptor Pharmacology of Three Plant Cannabinoids: Delta9-Tetrahydrocannabinol,
Cannabidiol and Delta9-Tetrahydrocannabivarin. Br. ]. Pharmacol. 2008, 153, 199-215. [CrossRef] [PubMed]

Cabral, G.A.; Griffin-Thomas, L. Emerging Role of the Cannabinoid Receptor CB2 in Immune Regulation: Therapeutic Prospects
for Neuroinflammation. Expert. Rev. Mol. Med. 2009, 11, e3. [CrossRef] [PubMed]

Chen, D.-].; Gao, M.; Gao, F-F; Su, Q.-X.; Wu, J. Brain Cannabinoid Receptor 2: Expression, Function and Modulation. Acta
Pharmacol. Sin. 2017, 38, 312-316. [CrossRef]

Walter, L.; Stella, N. Cannabinoids and Neuroinflammation. Br. J. Pharmacol. 2004, 141, 775-785. [CrossRef]

Zou, S.; Kumar, U.; Zou, S.; Kumar, U. Cannabinoid Receptors and the Endocannabinoid System: Signaling and Function in the
Central Nervous System. Int. J. Mol. Sci. 2018, 19, 833. [CrossRef]

Pellkofer, H.L.; Havla, J.; Hauer, D.; Schelling, G.; Azad, S.C.; Kuempfel, T.; Magerl, W.; Huge, V. The Major Brain Endocannabinoid
2-AG Controls Neuropathic Pain and Mechanical Hyperalgesia in Patients with Neuromyelitis Optica. PLoS ONE 2013, 8, €71500.
[CrossRef]

Stensson, N.; Ghafouri, N.; Ernberg, M.; Mannerkorpi, K.; Kosek, E.; Gerdle, B.; Ghafouri, B. The Relationship of Endocannabi-
noidome Lipid Mediators with Pain and Psychological Stress in Women with Fibromyalgia: A Case-Control Study. J. Pain 2018,
19, 1318-1328. [CrossRef] [PubMed]

Pernfa-Andrade, A.J.; Kato, A.; Witschi, R.; Nyilas, R.; Katona, I.; Freund, T.F.; Watanabe, M.; Filitz, J.; Koppert, W.; Schiittler, J.;
et al. Spinal Endocannabinoids and CB1 Receptors Mediate C-Fiber-Induced Heterosynaptic Pain Sensitization. Science 2009, 325,
760-764. [CrossRef]

Romero-Sandoval, A.; Eisenach, J.C. Spinal Cannabinoid Receptor Type 2 Activation Reduces Hypersensitivity and Spinal Cord
Glial Activation after Paw Incision. Anesthesiology 2007, 106, 787-794. [CrossRef] [PubMed]

Human Cannabinoid R2/CB2/CNR2 Antibody. Available online: https://www.rndsystems.com/products/human-cannabinoid-
12-cb2-cnr2-antibody-352110_mab36551 (accessed on 26 December 2025).

Shiue, S.-J.; Peng, H.-Y,; Lin, C.-R.; Wang, S.-W.; Rau, R.-H.; Cheng, J.-K. Continuous Intrathecal Infusion of Cannabinoid Receptor
Agonists Attenuates Nerve Ligation-Induced Pain in Rats. Reg. Anesth. Pain. Med. 2017, 42, 499-506. [CrossRef]

Gao, Y.-J.; Ji, R.-R. Chemokines, Neuronal-Glial Interactions, and Central Processing of Neuropathic Pain. Pharmacol. Ther. 2010,
126, 56-68. [CrossRef]

Ji, R-R;; Berta, T.; Nedergaard, M. Glia and Pain: Is Chronic Pain a Gliopathy? Pain 2013, 154, S10-528. [CrossRef]

Fenn, A.M.; Hall, ].C.E.; Gensel, ].C.; Popovich, P.G.; Godbout, ].P. IL-4 Signaling Drives a Unique Arginase+/IL-13+ Microglia
Phenotype and Recruits Macrophages to the Inflammatory CNS: Consequences of Age-Related Deficits in IL-4R« after Traumatic
Spinal Cord Injury. J. Neurosci. 2014, 34, 8904-8917. [CrossRef]

Stella, N. Endocannabinoid Signaling in Microglial Cells. Neuropharmacology 2009, 56, 244-253. [CrossRef] [PubMed]

Bie, B.; Wu, J.; Foss, ].E; Naguib, M. An Overview of the Cannabinoid Type 2 Receptor System and Its Therapeutic Potential. Curr.
Opin. Anaesthesiol. 2018, 31, 407-414. [CrossRef] [PubMed]

Xu, K.; Wu, Y; Tian, Z; Xu, Y.; Wu, C.; Wang, Z.; Xu, K,; Wu, Y,; Tian, Z.; Xu, Y.; et al. Microglial Cannabinoid CB2 Receptors in
Pain Modulation. Int. ]. Mol. Sci. 2023, 24, 2348. [CrossRef]

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.1189/jlb.3RU0115-021R
https://doi.org/10.1016/j.chembiol.2009.02.013
https://doi.org/10.1124/jpet.109.164806
https://doi.org/10.1016/j.pnpbp.2012.01.007
https://doi.org/10.3390/ph3051335
https://doi.org/10.1073/pnas.0409888102
https://www.ncbi.nlm.nih.gov/pubmed/15705714
https://doi.org/10.2174/138955709787001785
https://doi.org/10.1016/j.neuropharm.2004.12.008
https://doi.org/10.1038/sj.bjp.0707442
https://www.ncbi.nlm.nih.gov/pubmed/17828291
https://doi.org/10.1017/S1462399409000957
https://www.ncbi.nlm.nih.gov/pubmed/19152719
https://doi.org/10.1038/aps.2016.149
https://doi.org/10.1038/sj.bjp.0705667
https://doi.org/10.3390/ijms19030833
https://doi.org/10.1371/journal.pone.0071500
https://doi.org/10.1016/j.jpain.2018.05.008
https://www.ncbi.nlm.nih.gov/pubmed/29885369
https://doi.org/10.1126/science.1171870
https://doi.org/10.1097/01.anes.0000264765.33673.6c
https://www.ncbi.nlm.nih.gov/pubmed/17413917
https://www.rndsystems.com/products/human-cannabinoid-r2-cb2-cnr2-antibody-352110_mab36551
https://www.rndsystems.com/products/human-cannabinoid-r2-cb2-cnr2-antibody-352110_mab36551
https://doi.org/10.1097/AAP.0000000000000601
https://doi.org/10.1016/j.pharmthera.2010.01.002
https://doi.org/10.1016/j.pain.2013.06.022
https://doi.org/10.1523/JNEUROSCI.1146-14.2014
https://doi.org/10.1016/j.neuropharm.2008.07.037
https://www.ncbi.nlm.nih.gov/pubmed/18722389
https://doi.org/10.1097/ACO.0000000000000616
https://www.ncbi.nlm.nih.gov/pubmed/29794855
https://doi.org/10.3390/ijms24032348
https://doi.org/10.3390/biomedicines14020358

Biomedicines 2026, 14, 358 15 of 15

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.

104.

105.

106.

107.

108.

109.

Lu, C; Liu, Y,; Sun, B.; Sun, Y.; Hou, B.; Zhang, Y.; Ma, Z.; Gu, X. Intrathecal Injection of JWH-015 Attenuates Bone Cancer Pain Via
Time-Dependent Modification of Pro-Inflammatory Cytokines Expression and Astrocytes Activity in Spinal Cord. Inflammation
2015, 38, 1880-1890. [CrossRef] [PubMed]

Mecha, M.; Felit, A.; Carrillo-Salinas, EJ.; Rueda-Zubiaurre, A.; Ortega-Gutiérrez, S.; de Sola, R.G.; Guaza, C. Endocannabinoids
Drive the Acquisition of an Alternative Phenotype in Microglia. Brain Behav. Immun. 2015, 49, 233-245. [CrossRef]
Moreno-Garcia, A.; Bernal-Chico, A.; Colomer, T.; Rodriguez-Antigiiedad, A.; Matute, C.; Mato, S. Gene Expression Analysis of
Astrocyte and Microglia Endocannabinoid Signaling during Autoimmune Demyelination. Biomolecules 2020, 10, 1228. [CrossRef]
[PubMed]

Zahn, ].; Eberl, S.; Rodle, W.; Rascher, W.; Neubert, A.; Toni, I. Metamizole Use in Children: Analysis of Drug Utilisation and
Adverse Drug Reactions at a German University Hospital between 2015 and 2020. Paediatr. Drugs 2022, 24, 45-56. [CrossRef]
Silva, L.C.R.; Castor, M.G.M.E.; Navarro, L.C.; Romero, T.R.L.; Duarte, .D.G. k-Opioid Receptor Participates of NSAIDs Peripheral
Antinociception. Neurosci. Lett. 2016, 622, 6-9. [CrossRef]

Vazquez, E.; Hernandez, N.; Escobar, W.; Vanegas, H. Antinociception Induced by Intravenous Dipyrone (Metamizol) upon
Dorsal Horn Neurons: Involvement of Endogenous Opioids at the Periaqueductal Gray Matter, the Nucleus Raphe Magnus, and
the Spinal Cord in Rats. Brain Res. 2005, 1048, 211-217. [CrossRef]

dos Santos, G.G.; Dias, E.V.; Teixeira, ].M.; Athie, M.C.P,; Bonet, I.].M.; Tambeli, C.H.; Parada, C.A. The Analgesic Effect of
Dipyrone in Peripheral Tissue Involves Two Different Mechanisms: Neuronal K(ATP) Channel Opening and CB(1) Receptor
Activation. Eur. |. Pharmacol. 2014, 741, 124-131. [CrossRef] [PubMed]

Luz, M.; Valente do Amaral Lopes, S.A.; Brandao Barreto, B.; da Silva Vieira, J.; Tavares-Pereira, ].; Novaes, L.P.; Gusmao-Flores,
D. Effectiveness of Dipyrone (Metamizole) in Postoperative Analgesia: A Systematic Review and Meta-Analysis. Trends Anaesth.
Crit. Care 2025, 61, 101540. [CrossRef]

Vittori, A.; Cascella, M. Pediatric Anesthesia: The Essential Value of a Well-Supported Clinic. Children 2025, 12, 263. [CrossRef]
Margovsky, A. Unplanned Admissions in Day-Case Surgery as a Clinical Indicator for Quality Assurance. Aust. N. Z. J. Surg.
2000, 70, 216-220. [CrossRef] [PubMed]

Vittori, A.; Tritapepe, L.; Chiusolo, F; Rossetti, E.; Cascella, M.; Petrucci, E.; Pedone, R.; Marinangeli, F.; Francia, E.; Mascilini, L;
et al. Unplanned Admissions after Day-Case Surgery in an Italian Third-Level Pediatric Hospital: A Retrospective Study. Perioper.
Med. 2023, 12, 53. [CrossRef]

Vittori, A.; Iyer, R.S.; Cascella, M.; Tarquini, R.; Francia, E.; Mascilini, I.; Pizzo, C.M.; Marinangeli, F.; Pedone, R.; Marchetti,
G.; et al. Last-Minute Cancellations in Pediatric Ambulatory and Day Surgeries in Italy: Prevalence and Risk Factors. Paediatr.
Anaesth. 2025, 35, 439-445. [CrossRef] [PubMed]

Cuomo, A.; Bimonte, S.; Forte, C.A.; Botti, G.; Cascella, M. Multimodal Approaches and Tailored Therapies for Pain Management:
The Trolley Analgesic Model. J. Pain. Res. 2019, 12, 711-714. [CrossRef] [PubMed]

Marchetti, G.; Vittori, A.; Ferrari, F.; Francia, E.; Mascilini, I.; Petrucci, E.; Piga, S.; Pardi, V.; Cascella, M.; Contini, G.; et al.
Incidence of Acute and Chronic Post-Thoracotomy Pain in Pediatric Patients. Children 2021, 8, 642. [CrossRef]

Yarnitsky, D.; Crispel, Y.; Eisenberg, E.; Granovsky, Y.; Ben-Nun, A.; Sprecher, E.; Best, L.-A.; Granot, M. Prediction of Chronic
Post-Operative Pain: Pre-Operative DNIC Testing Identifies Patients at Risk. Pain 2008, 138, 22-28. [CrossRef]

Vittori, A.; Cascella, M.; Di Gennaro, P.; Marchetti, G.; Francia, E.; Mascilini, I.; Tarquini, R.; Innamorato, M.A.; Petrucci, E.;
Marinangeli, F; et al. Advanced Statistical Approaches for Predicting Pain after Pediatric Thoracotomy: A Cross-Sectional Study
Using Zero-Inflated and Poisson Models. |. Anesth. Analg. Crit. Care 2024, 4, 53. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /biomedicines14020358


https://doi.org/10.1007/s10753-015-0168-3
https://www.ncbi.nlm.nih.gov/pubmed/25896633
https://doi.org/10.1016/j.bbi.2015.06.002
https://doi.org/10.3390/biom10091228
https://www.ncbi.nlm.nih.gov/pubmed/32846891
https://doi.org/10.1007/s40272-021-00481-z
https://doi.org/10.1016/j.neulet.2016.04.029
https://doi.org/10.1016/j.brainres.2005.04.083
https://doi.org/10.1016/j.ejphar.2014.07.019
https://www.ncbi.nlm.nih.gov/pubmed/25058903
https://doi.org/10.1016/j.tacc.2025.101540
https://doi.org/10.3390/children12030263
https://doi.org/10.1046/j.1440-1622.2000.01789.x
https://www.ncbi.nlm.nih.gov/pubmed/10765907
https://doi.org/10.1186/s13741-023-00342-y
https://doi.org/10.1111/pan.15093
https://www.ncbi.nlm.nih.gov/pubmed/40084967
https://doi.org/10.2147/JPR.S178910
https://www.ncbi.nlm.nih.gov/pubmed/30863143
https://doi.org/10.3390/children8080642
https://doi.org/10.1016/j.pain.2007.10.033
https://doi.org/10.1186/s44158-024-00188-w
https://doi.org/10.3390/biomedicines14020358

	Introduction 
	Materials and Methods 
	Results 
	Mechanism of Postoperative Pain 
	NSAIDs: Effects of Metamizol and Its Role in Postoperative Pain 
	Spasmolytic Effect 
	Metamizol: New Mechanisms for a Vintage Drug 
	The Endocannabinoid System in Chronic Pain 
	Efficacy and Safety in Clinical Practice 
	Conclusions and Future Perspectives 
	References

