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Background: Nefopam has been known as an inhibitor of the reuptake of monoamines, and the noradrenergic 
and/or serotonergic system has been focused on as a mechanism of its analgesic action. Here we investigated 
the role of the spinal dopaminergic neurotransmission in the antinociceptive effect of nefopam administered 
intravenously or intrathecally.

Methods: The effects of intravenously and intrathecally administered nefopam were examined using the rat 
formalin test. Then we performed a microdialysis study to confirm the change of extracellular dopamine 
concentration in the spinal dorsal horn by nefopam. To determine whether the changes of dopamine level are 
associated with the nefopam analgesia, its mechanism was investigated pharmacologically via pretreatment with 
sulpiride, a dopaminergic D2 receptor antagonist.  

Results: When nefopam was administered intravenously the flinching responses in phase I of the formalin 
test were decreased, but not those in phase II of the formalin test were decreased. Intrathecally injected 
nefopam reduced the flinching responses in both phases of the formalin test in a dose dependent manner. 
Microdialysis study revealed a significant increase of the level of dopamine in the spinal cord by intrathecally 
administered nefopam (about 3.8 fold the baseline value) but not by that administered intravenously. The 
analgesic effects of intrathecally injected nefopam were not affected by pretreatment with sulpiride, and neither 
were those of the intravenous nefopam.

Conclusions: Both the intravenously and intrathecally administered nefopam effectively relieved inflammatory 
pain in rats. Nefopam may act as an inhibitor of dopamine reuptake when delivered into the spinal cord. 
However, the analgesic mechanism of nefopam may not involve the dopaminergic transmission at the spinal 
level. (Korean J Pain 2016; 29: 164-71)

Key Words: Analgesia; Dopamine; Microdialysis; Nefopam; Spinal cord; Sulpiride.



Kim, et al / Dopamine in Nefopam Analgesia 165

www.epain.org

INTRODUCTION

Nefopam is a centrally-acting, non-opiate, non-ster-

oidal antinociceptive drug of the benzoxazocine class [1]. 

It was developed in the 1960s and widely used in many 

countries including Korea, for the relief of moderate to se-

vere pain [2-6]. Although the analgesic action mechanisms 

of nefopam are not fully understood, previous studies have 

suggested that the inhibition of the reuptake of mono-

amines in the central nervous system is involved in its 

effects. Nefopam was reported as an inhibitor of nor-

epinephrine and serotonin reuptake at analgesic doses in 

mice [3]. However, there are some controversies about 

their roles in the nefopam-produced analgesia. An al-

pha2-adrenoceptor antagonist RX821002 inhibited nefo-

pam antinociception in the tail immersion test and the ab-

dominal constriction assay [7]. In another report, an al-

pha2-adrenoceptor antagonist yohimbine did not sig-

nificantly alter the analgesic effect of nefopam but the 

5-HT (5-hydroxytriptamine)1B receptor antagonist 

GR127935, and 5-HT2C receptor antagonist RS102221, par-

tially reversed nefopam antinociception, in the writhing and 

formalin tests, respectively [8]. In a recent study, spinal 

noradrenergic modulation was shown to play an important 

role in the nefopam analgesia against inflammatory pain 

in rats [9]. Therefore the roles of noradrenergic or seroto-

nergic components of monoaminergic transmission in the 

nefopam analgesia remain unclear.

Alternatively, the nefopam analgesia might also be 

mediated by dopaminergic transmission [1]. However there 

is a paucity of data about the involvement of dopamine in 

the antinociceptive action of nefopam. Dopamine depletion 

induced by 6-hydroxydopamine and desipramine markedly 

reduced the nefopam analgesia measured with hot plate 

tests in the rats [2]. Contrastingly, the dopaminergic D2 

receptor antagonist sulpiride did not affect nefopam an-

algesia in the mice writhing test, but attenuated nefopam 

analgesic activity in the formalin test [8]. To the authors’ 

knowledge, the efficacy of nefopam as an inhibitor of dop-

amine reuptake has not been evaluated in vivo.

The purpose of the current study was to evaluate the 

role of dopaminergic neurotransmission in the antinocicep-

tive effect of nefopam. We examined the analgesic effect 

of intrathecally or intravenously delivered nefopam using 

the formalin test and we performed the microdialysis study 

to measure the level of extracellular dopamine in the spinal 

dorsal horn after nefopam administration. Also, we inves-

tigated its pharmacological mechanism using a dop-

aminergic receptor antagonist.

MATERIALS AND METHODS 

The current study was approved by The Institutional 

Animal Care and Use Committee of the authors’ university. 

Experiments were conducted using male Sprague-Dawley 

rats (225-250 g) housed in a temperature-controlled 

(22-23oC) room with an alternating 12-hour light/dark 

cycle. Access to water and food were allowed to access 

freely. For intrathecal drug administration, a poly-

ethylene-10 (PE-10) catheter was implanted into the in-

trathecal space to deliver the experimental drugs as de-

scribed by Yaksh and Rudy [10]. Under inhalational anes-

thesia with sevoflurane, the dorsal part of the neck was 

dissected to expose the atlantooccipital membrane through 

which a PE-10 catheter was introduced and advanced cau-

dally 8.5 cm to the level of the lumbar enlargement. The 

external end of the catheter was tunneled to the top of 

the head and plugged with a piece of wire. Any rats ex-

hibiting motor deficits after the surgery were sacrificed 

immediately with an anesthetic overdose. Each rat was 

given a subcutaneous injection of 5 ml saline before the 

end of the surgery, and the animals were housed in in-

dividual cages for recovery at least of 5 days.

As a nociceptive test, the formalin test was performed 

by an investigator blinded to the experimental drug. Rats 

restrained in a cylinder were injected with 50 l of 5% for-

malin solution into the plantar surface of the hindpaw us-

ing a 30 gauge needle, as described previously [11]. The 

formalin injected animals exhibited a characteristic flinch-

ing response, which represents initial acute nociception 

(0-9 m, phase I, acute pain) by direct stimulation of the 

peripheral nociceptors, and a following facilitated state of 

spinal dorsal horn neurons as well as peripheral sensitiza-

tion (10-60 m, phase II, facilitated pain) [12]. This behavior 

was quantified by periodically counting the number of 

flinches of the injected paw. The flinches were counted for 

1-min periods from 1 to 2 min, 5 to 6 m, and every 5 m 

thereafter, up to 60 m. 

Nefopam hydrochloride (AcupanⓇ, provided by Pharmbio 

Korea Co., Ltd.) and sulpiride (dopaminergic D2 receptor 

antagonist; Tocris Cookson Ltd., Bristol, UK) were used in 

this study. The vehicle for the drugs was saline. Intrathecal 
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administration of the experimental drugs was performed 

using a hand-driven gear-operated syringe pump through 

an implanted catheter in a volume of 10 l, followed by 

flushing the catheter with 10 l of saline. Intravenous in-

jection was performed by puncturing the tail vein using a 

30 gauge needle.

On the day of the experiments, the rats were acclim-

atized in the formalin test chamber for 20 m, and were 

randomly allocated into one of the experimental groups. To 

examine the analgesic effect of nefopam, nefopam was in-

jected intrathecally (3, 10, or 30 g) or intravenously (1 

mg/kg or 3 mg/kg) 10 m prior to the formalin test (n = 

5 per group). Doses of the nefopam were chosen based 

on a pilot experiment in which the maximum dosage that 

did not cause side effects such as sedation or death was 

determined (e.g., 10 mg/kg intravenous nefopam caused 

the death of the rats). We performed a spinal microdialysis 

study to the measure the change in the extracellular level 

of dopamine after nefopam administration. Then, to de-

termine whether the change of dopamine level was asso-

ciated with the analgesic mechanism of nefopam, we ad-

ministered sulpiride intravenously (3 mg/kg, n = 5) or in-

trathecally (100 g, n = 5) 10 m before nefopam admin-

istration, and the formalin test was performed 10 m 

thereafter. The doses of sulpiride were determined by a pi-

lot study as a maximum dosage that did not affect the 

control formalin response or cause side effects.

Microdialysis studies were performed as described pre-

viously [13]. The rats were anesthetized with sevoflurane 

in 100% oxygen. The right femoral vein was cannulated for 

intravenous administration of lactated Ringer’s solution at 

a rate of 1 ml/h. The rectal temperature was controlled at 

37-38oC with a heating pad placed under the abdomen. 

After performing thoracolumbar laminectomy and sub-

sequent exposure of the L3 to L5 segment of the spinal 

cord, the dural surface was covered with mineral oil and 

the rat was placed in a stereotaxic holder. After opening 

the dura, a microdialysis probe (OD, 0.22 mm; ID, 0.20 

mm; length, 1 mm; Eicom Co., Kyoto, Japan) was placed 

into the superficial layer of the dorsal horn by advancing 

at an angle of 30oC and to a depth of 1 mm using a micro-

manipulator (model MM-3; Narishige, Tokyo, Japan). The 

probe was perfused with Ringer’s solution (147.0 mmol/L 

NaCl, 4.0 mmol/L KCl, and 2.3 mmol/L CaCl2) at a con-

stant rate (1 l/m) using a microsyringe pump (ESP-64; 

Eicom Co.). After 120 min of constant perfusion, two sam-

ples were consecutively collected to determine the basal 

dopamine concentrations in the dialysate [13]. To measure 

the change of dopamine level by intrathecally injected ne-

fopam, Ringer’s Solution with nefopam (0.1 mM) was per-

fused, and for measuring those by systemically admini-

stered nefopam, 3 mg/kg of nefopam was injected through 

the femoral vein catheter. Thereafter, the 15-min fractions 

of perfusate were collected into an autoinjector (EAS-20; 

Eicom Co.). The samples (15 l) were injected automatically 

into the HTEC-500 system (Eicom Co.) to analyze the 

dopamine concentrations by high-performance liquid 

chromatography (HPLC) with electrochemical detection. 

The chromatographic conditions were as follows. The mo-

bile phase was comprised of 0.1 mol/L ammonium acetate 

buffer (pH 6.0), methanol (7：3 vol/vol) containing 0.05 

mol/L sodium sulfonate, and 50 mg/L EDTA-2Na. The col-

umn was an EICOMPAC CAX (2.0 × 200.0 mm; Eicom 

Co.). The working electrode was glassy carbon (WE-3G, 

Eicom Co., flow rate 0.25 ml/min). The detector voltage 

and temperature were set at 0.45 V and 35.0oC, 

respectively. The retention time for dopamine was 7.1 min 

and the detection limit was 50 fg per injection (information 

provided by Eicom Co.).

Data are shown as means ± SEM. The time-response 

data of the behavior produced by formalin are presented 

as the number of flinches. The dose-response data are 

presented as a percentage of the control for each phase: 

% of control = Total flinching number with drug in phase 

1(2) / Total flinching number of control in phase 1(2) × 100. 

The dose-response data were compared using one-way 

analysis of variance (ANOVA) with T3 Dunnett adjustment 

for post hoc analysis. The antagonistic effects of nefopam 

were analyzed using an unpaired t test. Microdialysis data 

were analyzed using repeated-measures ANOVA with 

Bonferroni adjustment for post hoc analysis. A P value ＜ 

0.05 was considered to indicate a statistically significant 

difference.

RESULTS

An injection of formalin into the subcutaneous space 

of the paw of the vehicle (control) group evoked a biphasic 

pattern of flinching, with an early response lasting 5 to 10 

m (phase I), and after a quiescent interval of 5 to 10 m, 

a subsequent late response of up to 60 m (phase II). Figs. 

1 and 2 show the time course and dose response curves 
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Fig. 2. Time-response (A) and dose-response data (B) of intrathecally administered nefopam on flinching behavior during 
the formalin test. Each drug was administered 10 min before the formalin test. Data are presented as the number of flinching
or the percentage of control. Intrathecally administered nefopam reduced the flinching responses in both phases of formalin
test in a dose dependent manner. Each line or bar represents mean ± SEM of 5 rats. *P ＜ 0.05 †P ＜ 0.001 compared
to control.

Fig. 1. Time-response (A) and dose-response data (B) of intravenously administered nefopam on flinching behavior during 
the formalin test. Each drug was administered 10 min before the formalin test. Data are presented as the number of flinching
or the percentage of control. Intravenously administered nefopam reduced the flinching responses in phase I at a dose of 
3 mg/kg. Each line or bar represents mean ± SEM of 5 rats. *P ＜ 0.05 compared to control.

of the intravenous and intrathecal nefopam administered 10 

m prior to the formalin injection. In response to the intra-

venous injection of nefopam at 3 mg/kg the flinching count 

was decrease to 60% of control in phase I but not in phase 

II of the formalin test (Fig. 1). When intrathecally injected, 

nefopam reduced the flinching responses dose-dependently 

in both phases of the formalin test with a maximum reduc-

tion at 30 g being 49% and 44% of the control in phase 

I and phase II, respectively (Fig. 2).

The microdialysis study revealed a differential effect of 

intravenous and intrathecal nefopam on the extracellular 

dopamine concentration in the spinal dorsal horn. The 

baseline dopamine concentration in the vehicle and nefo-

pam groups before intravenous injection was 11.8 ± 1.1 

ng/l and 9.3 ± 0.7 ng/l, and that before intrathecal in-

jection was 21.0 ± 4.2 ng/l and 13.0 ± 1.8 ng/l, 
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Fig. 3. Microdialysis study measuring extracellular dopamine
level at the spinal dorsal horn after intravenous (3 mg/kg)
or intrathecal (30 g) delivery of nefopam. Data are 
presented over time as a percent change from the baseline
(n = 5 in each group). *P ＜ 0.05 compared to baseline 
(BL) value.

Fig. 4. The effects of intravenous pretreatment with intravenous sulpiride (3 mg/kg) on the analgesic effect of intravenous
(3 mg/kg) nefopam (A), or those with intrathecal sulpiride (100 g) on intrathecal (30 g) nefopam (B). The antinociception
produced by nefopam was not attenuated by sulpiride. Each line or bar represents mean ± SEM of 5 rats.

respectively. A statistically significant difference was not 

exhibited between the groups. The extracellular concen-

trations of dopamine in the spinal dorsal horn did not 

change significantly after intravenous administration of 

nefopam. However, after intrathecal administration of 30 

g nefopam, the dopamine concentrations increased within 

15 m after injection, peaked at 30 m to approximately 3.8 

fold the baseline value, and gradually decreased thereafter. 

In the vehicle treated rats, the dopamine concentrations 

of the dialysates after injection did not show a significant 

change over time (Fig. 3).

Nevertheless, the analgesic effects of intrathecally in-

jected nefopam were not affected by pretreatment with 

sulpiride in both phases of the formalin test, and neither 

were those of the intravenous nefopam (Fig. 4).

DISCUSSION

In the current study, both intravenously and intra-

thecally administered nefopam reduced pain behavior in-

duced by formalin. The microdialysis measurement of dop-

amine revealed that intrathecally but not intravenously de-

livered nefopam increases the extracellular level of dop-

amine in the spinal dorsal horn. Nevertheless, the blockade 

of the dopaminergic D2 receptor did not affect the effects 

of intrathecally administered nefopam. These results in-

dicate that the analgesic mechanism of nefopam may not 

involve the dopaminergic transmission at the spinal level, 

although nefopam may act as an inhibitor of the dopamine 

reuptake when delivered into the spinal cord.

Nefopam has been known as an inhibitor of the reup-

take of monoamines including dopamine [1,3]. Neverthe-

less, to the authors’ knowledge, this is the first study to 

measure the change of the extracellular level of dopamine 

in the spinal dorsal horn in vivo. Because nefopam was 

found to cross the blood-brain-barrier readily and enter 
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the brains scanned by PET after intravenous injection of 

radiolabelled nefopam [14], we assumed that both the in-

travenous and intrathecal nefopam would increase the 

dopamine level. However, only intrathecally delivered nefo-

pam increased the level of dopamine, which could not be 

exhibited by the dosage of intravenous administration in 

the current study. Although the data are not included in 

the analysis, intravenous injection of nefopam at 10 mg/kg 

or higher doses apparently exhibited further decrease of 

flinching behavior in the formalin test and increase of 

dopamine levels in the microdialysis study, but frequently 

caused sedation, respiratory depression, and/or death, as 

documented previously. Therefore, the intravenous dose of 

nefopam in the current study (3 mg/kg) might have been 

insufficient to reach an appropriate concentration in the 

spinal cord to inhibit dopamine reuptake. In other words, 

intravenous administration of the nefopam could not in-

crease extracellular dopamine levels at the spinal cord be-

cause of the dose-limiting side effects.

On the other hand, it is noteworthy that the dop-

aminergic D2 receptor antagonist did not attenuate the ef-

fect of intrathecally delivered nefopam which at the same 

time increased extracellular dopamine in the spinal dorsal 

horn, because the dopaminergic system in the spinal cord 

has been shown to modulate nociceptive transmission 

through the activation of D2 receptors [15]. However, in 

numerous reports, supraspinal rather than spinal pathways 

have been implicated in the modulation of pain modulation 

through dopaminergic neurotransmission [16-19]. Dopa-

mine did not produce reliable antinociceptive effects when 

pain is evoked by phasic stimuli measuring spinal reflexes 

such as the tail-flick test [17]. However, dopamine agonists 

produced analgesic effects when using tonic stimuli, sug-

gesting a supraspinally mediated mechanism [18]. 

Intrathecal administration of D2 receptor agonist quinpirole 

at a relatively large concentration exhibited only 

short-lived antinociceptive effects, while low systemic in-

jection of the same agent could induce analgesic effects 

lasting more than 48 hr [19]. Collectively, supraspinal 

rather than spinal pathways are thought to play a major 

role in the analgesic action of dopamine [18]. Intrathecally 

delivered nefopam in a volume of 20 l in the current study 

may spread no more proximally than the basal cistern and 

would be confined to the spinal cord [20,21]. Therefore in-

trathecal nefopam could not activate the supraspinal dop-

aminergic pathway to affect the nociception although it 

might have elevated the extracellular level of dopamine in 

the spinal cord. Consequently, we can speculate that dop-

aminergic modulation may not be a working mechanism for 

the effect of intrathecally administered nefopam. In the 

literature, the involvement of the dopaminergic system in 

the action mechanism of nefopam has been inconsistently 

reported. The D2 receptor antagonists haloperidol [6] or 

sulpiride [22] did not modify the antinociceptive effect of 

nefopam in the writhing test, which are consistent with the 

results of the current study. However, as described earlier, 

selective depletion of dopamine in the brain by 6-hydrox-

ydopamine and desipramine attenuated nefopam's an-

algesic effect [2]. In another study, sulpiride blocked nefo-

pam analgesic effect at 3 mg/kg but not at 10 mg/kg in 

the mice formalin test [8]. However, in the same study with 

the writhing test, sulpiride (10 mg/kg) did not modify an-

algesic effects produced by any doses of nefopam [8]. The 

discrepancy between our data and these contrasting re-

ports may result from methodological differences in the 

experiments such as the routes of drug delivery, the types 

and doses of drugs administered, and the types of stimuli 

utilized, which may determine the involvement of supra-

spinal and/or spinal pathways.

The analgesic action mechanisms of nefopam have 

been focused on the inhibition of the uptake of monoamine 

in the synaptic cleft [8]. According to the result of the cur-

rent study, the dopaminergic system is not thought be in-

volved in nefopam's analgesia, at least for its applicable 

dose without significant side effects in rats. As described 

above, the noradrenergic and/or serotonergic system may 

be associated with nefopam's effects, although further in-

vestigations including in vivo evaluation of those trans-

mitters' change are warranted. In addition, the gluta-

matergic system, transient receptor potential vanilloid sub-

type 1, and voltage-sensitive calcium channels have been 

suggested as possible pathways that underlie the nefopam 

analgesia [22-24].

There are some limitations to this study. First, al-

though the analgesic effect produced by intravenous nefo-

pam was not reversed by dopaminergic D2 receptor antag-

onists, the involvement of supraspinal dopaminergic path-

way(s) could not be excluded. Pharmacological inves-

tigations utilizing supraspinal administration of nefopam 

are needed in a future study. Second, the intrathecally ad-

ministered nefopam showed analgesic effects on both 

phases but the intravenous one exhibited an anti-
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nociceptive effect on only phase I of the formalin test; 

thus, the differential mechanism of the systemic and spinal 

action of nefopam on acute and facilitated pain states 

should be considered in a future study. Finally, the action 

mechanism of nefopam could not be determined by the 

current study. Thus, further studies are needed to inves-

tigate the role of those possible mechanisms described 

above in nefopam-induced analgesia.

In conclusion, both the intravenously and intrathecally 

administered nefopam effectively relieved inflammatory 

pain in rats. Nefopam may act as an inhibitor of dopamine 

reuptake when delivered into the spinal cord. However, the 

analgesic mechanism of nefopam may not involve the dop-

aminergic transmission at the spinal level.
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