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Abstract
Objectives. Neuropathic pain results from a structural and functional 
dysfunction of the somatosensory nervous system, which affects 10% of 
the population worldwide. Despite the high prevalence and the increased 
research aimed at improving pain therapy, up to 50% of patients do not 
obtain satisfactory relief. Current pharmacological therapy based on the 
combination of drugs, includes tricyclic antidepressants, anticonvulsants, 
opioids and local anesthetics with multiple sites of action. Opioid is the 
choice in the management of severe and persistent chronic pain, which 
long-term use can trigger the development of tolerance and chemical 
dependence. 

Methods. To introduce a new alternative to treat neuropathic pain, this 
study investigated the analgesic action of the association of metamizole, 
widely used in Brazil, with donepezil. It was evaluated the association 
of metamizole, a nonsteroidal anti‐inflammatory drug with donepezil, an 
anticholinesterase in animal models of acute and chronic pain 

Results. In acute and inflammatory pain, the combination metamizole + 
donepezil promoted greater antinociceptive effect when compared to their 
use alone. Moreover, in a model of neuropathic pain induced by spinal 
nerve ligation, the continuous treatment with metamizole + donepezil 
reduced thermal hyperalgesia and mechanical allodynia. 

Conclusion. This association of interest as an alternative in the therapy of 
neuropathic pain.
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Introduction
Chronic pain results from persistent nociceptive signaling, which extends 

to the time of tissue lesion recovery1, and has the involvement of several 
factors including socio-demographic, psychological, clinical and biological. 
Women and the elderly have higher prevalence of chronic pain when 
compared to man and young patients2 which is also related to alcohol abuse, 
tobacco, sedentary lifestyle, weight extremes. Neuropathic pain is a chronic 
pain that has no protective or supportive function3, but rather the result of 
dysfunction in the somatosensory system, caused by direct injury or disease. 
Neuropathic pain results from modifications of the central and peripheral 
nervous systems in response to injuries in the somatosensory system, such 
as neuronal trauma, chemical toxicity (chemotherapy), metabolic diseases 
(diabetes mellitus) and infections (HIV)4. Its clinical/social importance relates 
to the complexity of the symptoms, difficulty of treatment and the decrease in 
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the quality of life of patients. There are several mechanisms 
involved in this chronic condition, changes in signaling 
pathways, sensitization of nociceptors, abnormal excitability 
of affected neurons, reduced of descending spinal inhibitory 
system4 . In the presence of a nerve injury, the decrease in the 
inhibitory response results in increased depolarization and 
excitation of neurons5. Several drugs used in the treatment of 
neuropathic pain, such as inhibitors of the norepinephrine and 
serotonin reuptake, agonists of opioid receptor, GABAergic 
agonists play important role in increasing the transmission 
of inhibitory pathways6,7. After an axonal peripheral 
nerve injury, a progressive degeneration directed to the 
neuronal body occurs along with infiltrate of macrophages, 
neutrophils, basophils, platelets, endothelial cells, fibroblasts. 
In this condition, inflammatory mediators such as bradykinin 
and prostaglandins, pro-inflammatory cytokines such as 
interleukins and tumor necrosis factorα (TNF-α), as well as 
growth factors such as neural growth factor (NGF) are also 
released. There is an increase in excitability and spontaneous 
neuronal activity, thus configuring peripheral sensitization 
and an amplification of the neuronal receptive field resulting 
in hyperalgesia8.

There is no fully effective treatment for neuropathic pain 
and 40-50% of patients do not receive adequate treatment, 
either due to difficulty in diagnosis, ineffectiveness of analgesic 
therapy, or incomplete knowledge of pathophysiology of 
this disease9,10. Considering the difficulty in the treatment of 
neuropathic pain and the tendency to direct the therapeutic 
regimen with the use of drugs with actions on multiple 
targets, or combinations of drugs with different mechanisms 
of action, greater focus will be given to drugs that act on the 
different descending inhibitory pathways related to pain. 
Metamizole, an analgesic, antipyretic and anti-inflammatory 
agent is currently in use in therapeutic scheme of acute 
and chronic pain in Latin American (including Brazil) and 
African countries, as well as in some European countries such 
as Germany, Spain, Israel and Poland. Several studies have 
demonstrated metamizole ability to attenuate pain in various 
animal models, such as chronic constriction of the sciatic 
nerve, inflammatory pain, partial ligation of the sciatic nerve, 
cancer pain and mechanical hypersensitivity due to diabetic 
neuropathy11,12. 

It is usual to introduce the use of morphine, or other 
opioids, to improve the quality of life of patients with chronic 
pain, but tolerance and addiction are serious side effects. 
Thus, it is important to investigate the association of drugs 
that may interacts in different signaling pathways involved 
in the generation and propagation of pain and decrease the 
use of opioid. Considering this alternative, it was evaluated 
the pharmacological effects of metamizole combined with 
donepezil, an anticholinesterase agent, which could optimize 
central cholinergic transmission causing an increase in the 

concentration of acetylcholine (ACh)13, and interferes with 
the descending pain inhibitory pathways.

Methods
Experimental protocols approved by the Ethics Committee 

on the Use of Animals, Universidade Federal do Rio de 
Janeiro (protocols #120/21 and 121/21).

Animals and drugs
Male Swiss mice (25 - 30 g) and Wistar rats (180 - 250 

g) kept in light/dark cycles of 12/12 h and with free access to
water and food, were transferred to experimental room 30 min 
before the beginning of the tests. Metamizole and donepezil
provided by Cristália Produtos Químicos e Farmacêuticos
Ltda (Itapira, São Paulo, Brazil) and dissolved in saline
solution at the time of use.

Acute pain tests
- Central neurogenic nociception – Hot plate test

Mice placed on a hot plate, had their reactions associated
to supraspinal responses, observed in intervals of 5 min to 
determine the latency. The maximum time of permanence of 
the animal on the hot plate during the test was 3 times the 
control latency, to avoid lesion on the paws. Five minutes 
before intravenous injection of metamizole, animals were 
treated with subcutaneous injection of donepezil. The doses 
used in this protocol were as follows: metamizole 300; 750; 
1,000 and 3,000 μmol/kg (i.v.) and donepezil 1, 3, 10 and 
30 μmol/kg (s.c.) and combination of metamizole (300 μmol/
kg, i.v.) with donepezil (3 and 10 μmol/kg, (s.c.). The results 
obtained determined the maximum effect (MPE) of each 
group: MPE (%) = (observed latency - control latency) (s) 
X100 cutt-off – control latency (s).

- Neurogenic and inflammatory nociception – Formalin test

Threshold to appear pain behavior (licking/biting/paw)
in animals was determined after intradermal formalin (2.5%) 
injection into the dorsal surface of right hind paw. The 
nociceptive response to the chemical stimulus was detected 
by determining the duration of the stereotyped reactions 
of animals in the neurogenic and inflammatory phases, in 
the absence or presence of treatment with metamizole and 
donepezil. 

Chronic pain model
Spinal nerve ligation (SNL) surgery causes symptoms of 

neuropathic pain including hyperalgesia and allodynia in 24 
to 48 hours, which persist for up to 10-16 weeks. SNL (L5 
ligation) was performed in male Wistar rats under anesthesia 
with ketamine (90 mg/kg) and xylazine (15 mg/kg). Thermal 
and mechanical hyperalgesia were evaluated before and after 
7, 10, 14, 21 days of surgery. Sham group included animals 
submitted to the same surgical protocol except for the absence 
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donepezil, 3 and 10 μmol/kg produced 42.6 ± 7.9 and 74.3 ± 
8.9%, respectively as shown in Figure 2. 

Metamizole, donepezil and the combination were tested 
in a model of inflammatory pain. Formalin-induced tissue 
damage generated responses, which were observed during 
the time that the animal remained licking or biting the 
paw. Metamizole and donepezil were administered 30 min 
before intraplantar formalin injection and time (s) of animal 
reactivity was evaluated during the neurogenic (central) and 
inflammatory (peripheral) phases. In the neurogenic phase, 
the reactivity of the animals treated with metamizole (1,000 
μmol/kg) was significantly reduced from 51.5 ± 5.1 (saline 
group) to 29.0 ± 3.9 s. In contrast, metamizole did not 
interfere with the inflammatory phase (Figure 3A).

Same profile was found with the administration of 
donepezil (Figure 3B). Low dose of donepezil (3 μmol/kg) 
showed no antinociceptive effect however, when increased 
to 10 μmol/kg significantly reduced reactivity to 13.1 ± 3.9 
s. None of the doses tested caused significant reduction in
the inflammatory phase. The combination of metamizole
(300 μmol/kg, i.v.) plus donepezil (3 and 10 μmol/kg s.c.)
was evaluated in the formalin test. In the neurogenic phase,
the administration of the combination of metamizole and
donepezil, at low dose of 3 μmol/kg, significantly reduced
the reactivity to from 53.4 ± 5.4 to 28.8 ± 4.2 s. This
combination showed no significant alteration when compared
to the administration of donepezil alone. When the dose
used of donepezil was 10 μmol/kg, a reduction in reactivity
was observed from 16.9 ± 4.9 to 2.7 ±1.5 s (Figure 4A). In
the inflammatory phase, the association of both doses of
donepezil (3 and 10 μmol/kg) with metamizole reduced the
reactivity of the animals. In the case of 3μmol/kg, donepezil
reduced the reactivity from 107.4 ± 17.2 to 53.4 ±12.7 s and
the high dose of 10 μmol/kg decreased from 114.5 ± 23.6 to
1.1 ± 1.1 s (Figure 4B).

of L5 ligation. Metamizole and donepezil were injected in 
animals with neuropathic pain for 14 days. 

Digital analgesimeter (Insight, Brazil) measured the 
tactile sensitivity (g) of the animal in response to increasing 
mechanical stimulus. Seven days after surgery, mechanical 
allodynia was observed in the animal with reduction of the 
paw removal threshold caused by L5 neuronal lesion. Thermal 
hyperalgesia was confirmed when latency of paw removal 
was decreased when stimulated by the beam of radiant light 
on its plantar surface. 

Statistical Analysis 
Data were expressed as mean ± SEM and difference 

between the groups was considered significant when p< 0.05, 
using ANOVA analysis of variance test, followed by the 
Dunnett test or Tukey's test. 

Results
Antinociceptive effects of metamizole and donepezil in 

acute pain

Administration of metamizole and donepezil promoted 
analgesic activity (MPE) in a dose dependent manner in 
the hot plate test (Figure 1). After 30 min, the intravenous 
injection of metamizole produced 37.2 ± 4.9 and 58.8 ± 6.9% 
at doses of 1,000 and 3,000 μmol/kg, respectively (Figure 
1A). Similarly, MPE of donepezil at 10 and 30 μmol/kg 
was 30.7 ± 4.6 and 50.5 ± 6.0% in 30 min of subcutaneous 
administration (Figure 1B).

Note that no antinociceptive effect was observed with 
administration of donepezil alone at a dose of 3 μmol/kg 
(Figure 1B). Then, it was tested the co-administration of 
metamizole and donepezil, and the dose of 300 μmol/kg of 
metamizole was selected because it did not produce activity 
alone. The combination of metamizole (300 μmol/kg i.v) plus 

Figure 1: Central antinociceptive activity of metamizole (A) and donepezil (B). Analgesic activity (MPE %) of metamizole and donepezil 
during 120 min, in the hot plate test. Values expressed as mean± E.P.M. (n=10/dose). *p<0.05 when compared to saline (two-way ANOVA 
test followed by Tukey's test).
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Figure 2: Central antinociceptive activity of the combination of metamizole (300 μmol/kg) plus increasing doses of donepezil. Analgesic 
activity (MPE %) of the combination in the hot plate test. Data expressed as mean± SEM (n=10/dose). *p<0.05 compared to saline (two-way 
ANOVA test followed by Tukey's test).

Figure 3: Animal reactivity in response to intraplantar injection of formalin (2.5%). Reactivity was observed in animals previously treated 
with metamizole (A) or donepezil (B). Metamizole: 300 and 1,000 μmol/kg (i.v. n=10/dose) and donepezil: 3 e 10 μmol/kg (s.c. n=10/dose). 
*p<0.05 compared to saline (two-way ANOVA test followed by Dunnett's test).

Figure 4: Reactivity after intraplantar injection of formalin (2.5%) in animals previously treated with saline, metamizole, donepezil land 
combination. Metamizol: 300 µmol/kg and donepezil: 3 and 10 μmol/kg alone or combined with metamizole (n=8/dose). *p<0.05 compared to 
saline (One-way ANOVA, Dunnett's post-test), #p<0.05 compared to treatment alone (t-Studant test).
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Discussion
This work is based on the use of combined therapy of 

metamizole (dipyrone) with donepezil because of possible 
positive interactions of metamizole with the cholinergic 
pathway, and its possible use as an alternative in the treatment 
of neuropathic pain. The prevalence of neuropathic pain 
worldwide reaches 6.9% of the population and the existing 
pharmacological therapies promote relief greater than 
50% in only 25% of patients14,15. Considering the multiple 
mechanisms of action suggested to metamizole, the possible 
interaction of this drug with agents that interfere with the 
cholinergic system could contribute to antinociceptive effects 
of greater intensity. The improvement in analgesic efficacy 
expected by such interaction would provide the eventual use 
of lower doses of the drugs and, therefore, less occurrence 
of adverse effects. Models of acute pain were used for the 
pharmacological evaluation of the different substances, to 
select the effective dose to use in the combination. Metamizole 
and donepezil demonstrated analgesic efficacy in central 
nociception models, both in the hot plate test and in the initial 
phase of the formalin test. The combination of low dose of 
metamizole (300 μmol/kg equivalent to 105 mg/kg) with 
increasing doses of donepezil resulted in increased analgesia 
and prolongation of its duration. These data reinforce the 
hypothesis that the analgesic activity of metamizole is related 
to central mechanisms, probably with involvement of the 
opioid16–20 and endocannabinoid systems21–23. The bioactive 
metabolites of metamizole (4-MAA and 4-AA) are found in 
blood plasma and cerebrospinal fluid associated to peripheral 
and central analgesic activity24. 

Antinociceptive effects of metamizole and donepezil in 
chronic pain 

Antinociceptive effects of the combination of metamizole 
plus donepezil in a neuropathic pain model was tested through 
the observation of thermal hyperalgesia and mechanical 
allodynia. Based on the profile detected in the acute pain, 
the effects of the combination metamizole plus donepezil 
were investigated in a model of neuropathic pain using the 
SNL. After the onset of neuropathic pain, which occurs 7 
days after SNL surgery, the treatment with the combination 
of metamizole (300μmol/kg) plus donepezil (10 μmol/kg) 
initiated. Latency of paw withdrawal (s) as a function of time 
(days) showed that a significant reduction from 15.9 ± 1.1 to 
7.8 ± 0.4 s indicating the appearance of thermal hyperalgesia 
(Figure 5). Three days of treatment with the combination, 
there was a significant increase in latency to 11.9 ± 1.5 s that 
remained during the 14 days of treatment with 13.4 ± 1.1 s 
on the last day.

Figure 5: Time course of the antinociceptive effect of the 
combination of metamizole (300 μmol/kg) plus donepezil (10μmol/
kg). Note the thermal hyperalgesia developed after SNL surgery. 
Data are expressed as mean ± SEM (n= 6/group). *p <0.05 compared 
to Sham (One-way ANOVA test, after Tukey's test); #p<0.05 
compared to SNL+ saline (unpaired t-test).

Figure 6: Time course of the antinociceptive effect of the 
combination of metamizole (300 μmol/kg) plus donepezil (10 μmol/
kg). Mechanical allodynia induced by SNL. Data are expressed as 
mean ± SEM (n=6/group). *p <0.05 compared to Sham (One-way 
ANOVA test, after Tukey's test); #p<0.05 compared to SNL+ saline 
(unpaired t-test).

Mechanical allodynia was also observed after 7 days of 
SNL surgery, because the mechanical stimulus threshold 
for paw removal reduced from 40.9 ± 2.4 to 21.5 ± 1.1 g.  
The animals submitted to the SNL procedure and treated 
with saline had thermal hyperalgesia and mechanical 
allodynia throughout the evaluation period. As a result of the 
treatment with the combination metamizole plus donepezil, 
there was a recovery in the paw removal threshold to  
27.1 ± 2.9 g (Figure 6).
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The central analgesic action of metamizole concerns the 
endocannabinoid system by direct activation of cannabinoid 
receptors (especially CB1) and by the indirect promotion 
of increased levels of circulating endocannabinoids. The 
increase in arachidonic acid caused by the inhibition of COX-
1 and COX-2 by metamizole would result in a greater amount 
of substrate for the synthesis of prostaglandins, prostanoids, 
leukotrienes, lipoxins and endocannabinoids23. 

Since the administration of opioid antagonists at various 
sites of the descending system reversed the antinociceptive 
effects of metamizole, reinforces the hypothesis of its 
involvement in the opioid system19. AChE inhibitors such as 
donepezil seem to promote analgesic effect predominantly 
through the activation of spinal mAChR25, especially M2 and 
M426. Antinociception is induced by increased levels of ACh 
and consequent suppression of adenylate cyclase and Cav 
channel activity25,27. The increase in ACh caused by donepezil 
would still produce indirect antinociceptive effect by the 
activation of GABAergic interneurons26–28 Thus, the increase 
of the antinociceptive effect observed with the treatment 
of combination may represent the interaction between the 
cannabinoid and opioid systems (activated by metamizole) 
and the muscarinic and gabaergic systems (donepezil).

Metamizole and donepezil when tested alone, did not 
provoke antinociceptive activity in the inflammatory phase 
of the formalin test. This phase reflects the sensitization 
of neurons in the dorsal horn of the medulla, due to the 
development of inflammation, central sensitization and 
increased generation of nociceptive impulses by afferent 
neurons29. The formalin stimulus evokes spinal release of 
the excitatory neurotransmitters glutamate and substance 
P that, through their receptors (NMDA and neurokinin-1, 
respectively), initiate a signaling cascade leading to the 
facilitation state in sensory neurons30. When this stimulus 
is persistent, it results in the activation of TRPA1 cation 
channels, highly expressed in a subpopulation of C-type 
nociceptors31. The administration of the combination in a 
model of SNL, resulted in improvement of the neuropathic 
pain condition. In the thermal hyperalgesia test, there was a 
significant improvement in pain, represented by an increase 
in the latency of paw removal, from the third day of treatment 
for the association with donepezil. The improvement in 
mechanical allodynia, represented by the increase in the 
threshold for movement of the stimulated animal's paw, 
occurred after 10 days of treatment for the combination of 
metamizol plus donepezil. 

The improvement of thermal hypersensitivity and 
mechanical allodynia, induced by treatment with the 
combination of metamizole plus donepezil, can be attributed 
to central effects. After the maintenance of a nerve injury, 
the cholinergic terminals would become less excitable and 

the inhibitory cholinergic tone would be decreased32. Drugs 
approved for the treatment of chronic neuropathic pain, 
involves the spinal activation of α2 adrenergic receptors and 
subsequent release of ACh at the spinal level33,34. These actions 
would be based on the increase of descending adrenergic 
and cholinergic tone, through the activation of mAChR and 
nAChR by donepezil. The combination with metamizole 
and consequent activation of the opioid and cannabinoid 
systems would provide relief from neuropathic pain with the 
use of lower doses than usual. Metamizole can interferes on 
microglial activity and the development of neuropathic pain, 
which is based on the inhibition of the activation of microglia 
and spinal macrophages, causing a decrease in the levels of pro-
nociceptive cytokines11. Similarly, donepezil directly inhibits 
microglial inflammatory activity by reducing the production 
and release of inflammatory mediators and, consequently, 
blocks the amplification of neuroinflammation35. Th us, 
the improvement of hypersensitivity and allodynia present 
in neuropathic pain may be due to inhibition of microglial 
activity, combined with pre- and postsynaptic medullary 
mechanisms.
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