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INTRODUCTION
Oxaliplatin is a third-generation platinum-based chemothe­

rapeutic agent, which when coupled with 5-fluorouracil and 
leucovorin (FOLFOX) is one of the most effective chemotherapy 
regimens for colorectal cancer [1]. Oxaliplatin plays a major role 
in FOLFOX treatment, and it is widely used as it does not cause 
nephrotoxicity and ototoxicity compared to other platinum-
based drugs such as cisplatin and carboplatin [2-4]. However, 
side effects including paraesthesia and dysesthesia of the hands 
and feet, aggravated by cold stimulation, limit its clinical usage 
[4,5]. About 90% of oxaliplatin-treated patients rapidly develop 

significant pain without motor dysfunction during or shortly 
after a single infusion peaking at the first 24~48 h [6]. Since no 
optimum drug without side effects is available to date, an effort to 
develop an efficient therapeutic method is critically needed.

Acupuncture has been proven to be clinically efficacious in 
various types of pain, and electroacupuncture (EA) is a procedure 
that combines acupuncture with electric current stimulation. 
The analgesic effect of acupuncture or EA on different types 
of pain has been reported in humans and rodents [7,8]. Studies 
performed in animals have shown that EA significantly relieves 
behavioral signs such as hyperalgesia and allodynia in peripheral 
nerve injury-induced neuropathic pain models [9-11]. Clinical 
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ABSTRACT This study was performed to investigate whether the spinal cho
linergic and serotonergic analgesic systems mediate the relieving effect of elec
troacupuncture (EA) on oxaliplatin-induced neuropathic cold allodynia in rats. The 
cold allodynia induced by an oxaliplatin injection (6 mg/kg, i.p.) was evaluated by 
immersing the rat’s tail into cold water (4oC) and measuring the withdrawal latency. 
EA stimulation (2 Hz, 0.3-ms pulse duration, 0.2~0.3 mA) at the acupoint ST36, 
GV3, or LI11 all showed a significant anti-allodynic effect, which was stronger at 
ST36. The analgesic effect of EA at ST36 was blocked by intraperitoneal injection 
of muscarinic acetylcholine receptor antagonist (atropine, 1 mg/kg), but not by 
nicotinic (mecamylamine, 2 mg/kg) receptor antagonist. Furthermore, intrathecal 
administration of M2 (methoctramine, 10 mg) and M3 (4-DAMP, 10 mg) receptor 
antagonist, but not M1 (pirenzepine, 10 mg) receptor antagonist, blocked the effect. 
Also, spinal administration of 5-HT3 (MDL-72222, 12 mg) receptor antagonist, but not 
5-HT1A (NAN-190, 15 mg) or 5-HT2A (ketanserin, 30 mg) receptor antagonist, prevented 
the anti-allodynic effect of EA. These results suggest that EA may have a significant 
analgesic action against oxaliplatin-induced neuropathic pain, which is mediated by 
spinal cholinergic (M2, M3) and serotonergic (5-HT3) receptors. 
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trials have also demonstrated the effect of acupuncture on 
chemotherapy-induced peripheral neuropathy (CIPN) [12,13]. 
For several decades, many research groups have concentrated 
their efforts on clarifying the anti-allodynic mechanism of EA. 
Not only spinal opioidergic receptors but also non-opioidergic 
receptors (e.g. noradrenergic, serotonergic, cholinergic, GA­
BAergic) have been reported to mediate the analgesic effect 
by activating the central descending pain inhibitory system. 
Our previous studies, using peripheral nerve-injured rats, have 
demonstrated that each of these endogenous analgesic systems 
take part in the effect of EA [9,11,14,15].

In a study conducted in our laboratory, it has been demon­
strated that EA significantly diminishes cold allodynia induced 
by a single oxaliplatin injection via the opioidergic pathway, but 
not via the noradrenergic pathway [16]. The analgesic effects of 
EA and morphine involved opioidergic receptors; however, their 
analgesic actions were not identical. The pain relieving effect of 
morphine was stronger in the first 30 minutes, but it diminished 
rapidly compared to that of EA. Thus, we supposed that other 
non-opioid analgesic systems such as cholinergic and serotonergic 
as well as opioidergic systems may play an important role in the 
relieving effect of EA on oxaliplatin-induced neuropathic pain, as 
previously published articles that used a different pain model also 
demonstrate [9,14].

Cholinergic and serotonergic systems are known to be involved 
in the mechanism of pain attenuation [17], and articles reporting 
that EA attenuates pain via spinal cholinergic and serotonergic 
receptors have been published [15,18]. Cholinergic activities are 
classified into two main receptor types which are muscarinic and 
nicotinic receptors. Both these receptors are located in the dorsal 
horn of the spinal cord where nociceptive processing occurs 
[19] and both muscarinic and nicotinic receptors have several 
subtypes, of which analgesic mechanisms have not yet been 
clearly identified yet [20,21]. Serotonin is known to have spinal 
anti-nociceptive effects, which are dependent on the receptor 
subtypes [22,23]. Among the several subtypes of serotonin 
receptors, 5-HT1, 5-HT2 and 5-HT3 receptors are known to be 
commonly implicated in the spinal pain processing [20,22,24,25].

In this article, we examined the effect of EA on oxaliplatin-
induced cold allodynia in rats and determined which cholinergic 
and serotonergic receptor subtypes mediate the anti-allodynic 
effect of EA.

Methods

Experimental animals

Young adult male Sprague-Dawley rats (210~250 g, 7-week-
old, Daehan Biolink, Chungbuk, Korea) were housed in cages 
(3~4 rats per cage) with water and food available ad libitum. The 
room was maintained with a 12 h-light/dark cycle (light cycle; 

08:00~20:00, dark cycle; 20:00~08:00) and room temperature 
kept at 23±2oC. All animals were acclimated to their environment 
for 1 week prior to any experiments. All procedures involving 
animals were approved by the Institutional Animal Care and 
Use Committee of Kyung Hee University (KHUASP(SE)-15-088) 
and were conducted in accordance with the guidelines of the 
International Association for the Study of Pain [26].

Oxaliplatin injection

As described previously [3,27], oxaliplatin (Sigma, St Louis, 
MO, USA) was dissolved in a 5% glucose (Sigma, USA) solution 
at a concentration of 2 mg/ml and was intraperitoneally (i.p.) 
administered at 6 mg/kg. 

EA stimulation

To determine the optimal acupoint for the treatment of oxa­
liplatin-induced neuropathic pain, EA was administered at three 
different acupoints after a single injection of oxaliplatin: Quchi 
(LI11), Zusanli (ST36), and Yaoyangguan (GV3). After baseline 
cold sensitivity was measured, rats were randomly divided into 
three groups and EA was administered. LI11 is located at the 
depression medial to the origin of extensor carpi radialis, at 
the lateral end of the cubital crease [28]. ST36 is located in the 
tibialis anterior muscle, 5 mm lateral and distal to the anterior 
tubercle of the tibia [14]. GV3 acupoint is located between the 
spinous processes of the fourth and fifth lumbar vertebrae [28]. 
EA stimulation at ST36 is known to produce analgesic effects 
on various types of pain, including neuropathic pain, through 
activation of the endogenous analgesic systems.

EA stimulation at acupoints was carried out by connecting 
the output terminals of the electrical stimulator (Nihon Kohden, 
Japan) to the two acupuncture needles. Constant rectangular 
current pulses (2 Hz, 0.3-ms pulse duration) were applied for 20 
min (Fig. 1a). To exclude the stress effect that might be induced by 
EA stimulation itself, the intensity was adjusted according to the 
muscle twitch threshold (0.2~0.3 mA). 

Drug treatment

To investigate the role of cholinergic receptors in the analgesic 
effect of EA in oxaliplatin-administered rats, three different 
agents were intraperitoneally administered with EA treatment: 
Normal Saline (NS), atropine (non-selective muscarinic ace­
tylcholine receptor antagonist, 1 mg/kg, Sigma), and mecamy­
lamine (non-selective nicotinic acetylcholine receptor antagonist, 
2 mg/kg, Sigma). 

Furthermore, to clarify which muscarinic acetylcholine re­
ceptor subtypes mediate the analgesic effect of EA, pirenzepine 
(M1 receptor antagonist, 10 mg), methoctramine (M2 receptor 
antagonist, 10 mg) and 4-DAMP (M3 receptor antagonist, 10 
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mg) were injected intrathecally (i.t.). In addition, to observe the 
effect of various serotonergic receptor subtypes in the analgesic 
mechanism of EA, NAN-190 (5-HT1A receptor antagonist, 15 
mg), ketanserin (5-HT2A receptor antagonist, 30 mg), and MDL-
72222 (5-HT3 receptor antagonist, 12 mg) were administered (i.t.). 
Pirenzepine, methoctramine, and 4-DAMP were dissolved in 50 
ml of NS. NAN-190, ketanserin, and MDL-72222 were dissolved 
in 50 ml of 20% DMSO. All chemicals were obtained from Sigma 
Chemical Co., USA. To administer the antagonists intrathecally 
with direct lumbar puncture, rats were anaesthetized with 
isofluorane and placed on a board in such a way that the spine 
is curved at the level of the L3~L5 vertebrae. A 1-ml syringe 
was used to deliver the drugs directly to the spinal cord. Tail or 
paw flicking was considered as a demonstration of the correct 
placement of the needle. This method is known to show no motor 
dysfunction- or stress-induced changes in pain scores [29,30]. 
The doses of each antagonist was selected based on previously 
published studies [9,14,25,31-33], and the antagonist itself at the 
concentration used in this study did not affect the behavior after 
intrathecal administration (Supplementary figure 2).

Behavioral test

To determine whether cold allodynia was induced, cold 
immersion test was carried out as described previously [9,32,33]. 
Each animal was gently immobilized in a plastic holder and its 
tail was drooped for proper application of cold water stimuli. 
The rats were adapted to the holder for 2 days before starting 
behavioural tests. The tail was immersed in 4oC water, and then 
the tail withdrawal latency (TWL) was measured with a cut-
off time of 15 seconds. Before the cold allodynia assessment, 
a beaker containing the water was put in an ice filled box. We 
measured the temperature of the water before each assessment 
to make sure that the temperature is well maintained at 4oC. The 
cold immersion test was repeated five times at 5 min intervals. 

The average latency was taken as a measure for the severity of 
cold allodynia; a shorter TWL was interpreted as more severe 
allodynia. Because a previous study [16] demonstrated that a 
significant cold allodynia sign is induced at day three and lasted 
up to day seven after a single oxaliplatin (6 mg/kg, i.p.) injection, 
all our tests were conducted at day three after the oxaliplatin 
injection. 

Statistical analysis

All data are presented as mean±S.E.M. Paired t-test was used 
for statistical analysis. In all cases, p<0.05 was considered to be 
statistically significant. 

Results

Acupoint specific effect of EA on oxaliplatin-induced 
cold allodynia in rats

To determine the optimal acupoint of EA for oxaliplatin-
induced cold allodynia, rats were randomly divided into three 
groups: LI11, GV3, and ST36. The anti-allodynic effects of EA at 
different acupoints (LI11, GV3, or ST36) are shown in Fig. 1. TWL 
of all groups was significantly increased after EA stimulation 
(LI11: p<0.05, Fig. 1B; GV3: p<0.01, Fig. 1C; ST36: p<0.001, Fig. 
1D). Comparison of the withdrawal latency change (%) after EA 
administration at LI11, GV3, and ST36 showed that the potency 
of EA anti-allodynia was significantly greater in GV3 and ST36 
groups than in LI11 group (Fig. 1E). The significant analgesic 
effect of EA at both ST36 and GV3 lasted until one hour after the 
administration (Supplementary figure 1).

Fig. 1. Experimental schedule and 
acupoint specific effect of EA on 
oxaliplatin-induced cold allodynia. 
(A) Behavioral tests for cold allodynia 
were performed before and 20 min after 
EA treatment in the three groups: (B) 
LI11 (n=8), (C) GV3 (n=6), and (D) ST36 
(n=10). The effect of EA at LI11, GV3 and 
ST36 significantly increased the TWL. (E) 
Potency of EA against cold allodynia was 
significantly greater at GV3 and ST36 
comparing with LI11. Data are presented 
as mean±S.E.M.; ***p<0.001, **p<0.01, 
*p<0.05; by paired t-test.
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Effects of non-selective muscarinic and nicotinic 
acetylcholine receptor antagonists on EA-induced 
anti-allodynia

To assess which acetylcholine receptors mediate the suppressive 
effect of EA at ST36 on cold allodynia, atropine (non-selective 
muscarinic receptor antagonist) or mecamylamine (non-selective 
nicotinic receptor antagonist) was administered intraperitoneally 
to oxaliplatin-injected rats. NS was injected as control. In the NS 
group, there was a significant increase in TWL (p<0.01, Fig. 2A), 
which demonstrates the analgesic effect of EA on oxaliplatin-
induced cold allodynia in rats. An injection of atropine (1 mg/
kg, i.p.) markedly blocked the analgesic effect of EA (p>0.05, Fig. 
2B), whereas an injection of mecamylamine (2 mg/kg, i.p.) did 
not alter the anti-allodynic effect of EA (p<0.01, Fig. 2C). Neither 
atropine nor mecamylamine itself changed the TWL after 
intraperitoneal administration (data not shown). This indicates 
that muscarinic acetylcholine receptors, but not nicotinic ace­
tylcholine receptors, are involved in the relieving effect of EA on 
oxaliplatin-induced cold allodynia in rats.

Effects of spinal muscarinic acetylcholine receptor 
subtype antagonists on EA-induced anti-allodynia

To determine which muscarinic receptor subtypes in the spinal 
cord play an important role in mediation of the analgesic action 
of EA, selective muscarinic acetylcholine receptor antagonists: 
pirenzepine (M1 receptor antagonist), methoctramine (M2 
receptor antagonist), and 4-DAMP (M3 receptor antagonist) were 
injected intrathecally 20 min before treatment with EA (Fig. 3). 
The injection of NS or pirenzepine did not block the relieving 
effects of EA on cold allodynia (p<0.01 Fig. 3A, B), whereas 
injection of methoctramine and 4-DAMP completely blocked 

the analgesic effect of EA (p>0.05, Fig. 3C, D). These data suggest 
that spinal M2 and M3 acetylcholine receptor subtypes, but not 
M1 receptor subtype, are involved in the analgesic effect of EA on 
cold allodynia evoked by oxaliplatin in rats.

Effect of spinal serotonergic receptor subtype 
antagonists on EA-induced anti-allodynia

To clarify which serotonin receptor subtypes are involved in 
the analgesic effect of EA on oxaliplatin-induced cold allodynia, 
NAN-190 (5-HT1A receptor antagonist), ketanserin (5-HT2A 
receptor antagonist), and MDL-72222 (5-HT3 receptor antagonist) 
were administered intrathecally 20 min before treatment with 
EA. DMSO was injected in the control group. In the DMSO 
group, there was a significant increase in TWL (p<0.05, Fig. 4A), 
showing the analgesic effect of EA on oxaliplatin-induced cold 
allodynia. NAN-190 and ketanserin did not block the analgesic 
effect of EA (Fig. 4B, C), whereas MDL-72222 significantly 
blocked the analgesic effect of EA (Fig. 4D). These results indicate 
that spinal 5-HT3 receptors are involved in the analgesic effect of 
EA on oxaliplatin-induced cold allodynia in rats, whereas 5-HT1A 
and 5-HT2A receptors are not involved in the analgesic effect of 
EA.

Discussion
Peripheral neuropathy triggered or aggravated in cold con­

Fig. 2. Effects of non-selective muscarinic and nicotinic acetyl
choline receptor antagonists on EA-induced anti-allodynia. Rats 
with cold allodynia induced by a single injection of oxaliplatin were 
randomly divided into three groups. The behavioral tests for cold 
allodynia were performed before an intraperitoneal injection of 
antagonists and after EA treatment: (A) NS (n=5), (B) atropine (n=5), and 
(C) mecamylamine (n=7). The analgesic effect of EA at ST36 was blocked 
by intraperitoneal injection of atropine (non-selective muscarinic 
receptor antagonist, 1 mg/kg), but not by intraperitoneal injection of 
mecamylamine (non-selective nicotinic receptor antagonist, 2 mg/kg). 
Data are presented as mean±S.E.M.; **p<0.01; by paired t-test.
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Fig. 3. Effects of spinal muscarinic acetylcholine receptor subtype 
antagonists on EA-induced anti-allodynia. The behavioral tests 
for cold allodynia were performed before the intrathecal injection of 
receptor antagonists and after EA treatment in four groups: (A) NS (n=4), 
(B) pirenzepine (n=6), (C) methoctramine (n=8), and (D) 4-DAMP (n=7). 
Methoctramine (M2 receptor antagonist), and 4-DAMP (M3 receptor 
antagonist) blocked the analgesic effect of EA, whereas, NS and 
pirenzepine (M1 receptor antagonist) did not block the analgesic effect 
of EA. Data are presented as mean±S.E.M.; **p<0.01; by paired t-test.
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ditions after administration of oxaliplatin is an adverse side effect 
that limits the widespread use of the substance. Anticonvulsants, 
serotonin-norepinephrine reuptake inhibitors, and topical li­
docaine are recommended as first line treatment options, but it 
has been suggested that they cause side effects such as sedation, 
dizziness, and cardiac complications [34,35]. Thus, there is a need 
for better therapeutic options. EA is commonly used in oriental 
medicine to treat various diseases [8,36]. Recently, it has been 
reported to be a safe and effective treatment method for CIPN 
[12,13], and a study from our laboratory has demonstrated the 
effect of EA in a rat model of oxaliplatin-induced neuropathic 
pain [16].

This study, firstly, presents experimental evidence suggesting 
that the analgesic effect of EA is acupoint-specific. Low frequency 
stimulation with EA (2 Hz, 0.3-ms pulse duration, 0.2~0.3 mA) 
at the acupoint (ST36 or GV3) proximal to the tail showed a 
greater anti-allodynic effect, than EA administered at the distal 
acupoint (LI11). Although EA administered at LI 11, ST36 or GV3 
acupoint all had a significant analgesic effect, ST36 was used in 
our experiments, as the potency of EA anti-allodynia was greater 
in ST36 group. Also, 2 Hz was chosen, as low frequency was more 
effective than high frequency in our previous studies (i.e. 2 Hz 
and 100 Hz, respectively) [9,37]. 

For many years, our laboratory has conducted various ex­
periments to elucidate the analgesic mechanism of EA in different 
neuropathic pain rat models, and involvement of opioidergic 
and non-opiodergic receptors (e.g. noradrenergic, serotonergic, 

cholinergic, GABAergic) has been reported [9,11,14,37]. How­
ever, little is known about the mechanism of EA in CIPN. 
Previously, we have demonstrated that opioidergic receptors, 
but not adrenergic receptors, mediate the analgesic effect of EA 
on oxaliplatin-induced neuropathic pain in rats [16]. But the 
involvement of other non-opioid receptors located at the spinal 
cord has not yet been clarified. Therefore, in this study, we have 
focused on the spinal cholinergic and serotonergic systems. 

Our results demonstrate that muscarinic acetylcholine 
receptors, but not nicotinic acetylcholine receptors, are involved 
in the anti-allodynic effect of EA. Specifically, spinal M2 and M3 
acetylcholine receptors, but not M1 acetylcholine receptors, were 
found to mediate the effect of EA. Also, spinal 5-HT3 receptors, 
but not 5-HT1A or 5-HT2A receptors, were shown to mediate the 
analgesic action of EA against oxaliplatin-induced cold allodynia 
in rats. These results suggest that the analgesic effect of EA is 
mediated by M2, M3 acetylcholine receptors and 5-HT3 receptors 
in the spinal cord. The analgesic effect of EA at GV3 was also 
blocked by M2, M3, or 5-HT3 receptor antagonist (Supplementary 
figure 3), suggesting that EA administered at GV3 and ST36 
have a same analgesic pathway at the spinal level. Based on our 
previous results, we suppose that EA action on oxaliplatin-
induced neuropathic pain is similar to that of EA action on nerve 
injury induced neuropathic pain as they are both mediated by 
muscarinic acetylcholine and serotonergic receptors present at 
the spinal level. However, subtle differences also exist between the 
results on nerve-injury and oxaliplatin model: on nerve-injury 
model, M1 receptor antagonist blocked the anti-allodynic effect 
[14], whereas on oxaliplatin model M2 or M3 receptor antagonist 
blocked the effect. Also, 5-HT3 receptor antagonist was shown to 
prevent the analgesic effect of EA on both pain model, whereas on 
nerve-injury model, 5-HT1 receptor antagonist also blocked the 
effect of EA [9].

Both muscarinic and nicotinic acetylcholine receptors are 
located in the spinal dorsal horn, but muscarinic receptors have 
been reported to be more important in the regulation of pain. 
Five classes of muscarinic receptors have been identified (i.e., M1-5) 
but the subtypes implicated in spinal nociceptive transmission 
and modulation are mainly M1, M2 and M3 [20,21]. Our results 
do not concur with previously published studies which suggested 
that M1 mediates the analgesic effects of EA in nerve-injured rats 
[14]. However, an article has reported that as M2 and M3 binding 
sites, but not M1 binding sites, are localized in the superficial 
laminae of the dorsal horn where nociceptive Aδ and C fibers 
terminate, either or both of these muscarinic receptor subtypes 
may modulate antinociception [38]. Serotonin has been reported 
to produce receptor specific and dosage specific anti-allodynic 
effects. They are known to be mediated by the descending pain 
inhibitory system including the periaqueductal gray, nucleus 
raphe magnus, and spinal serotonergic receptors. Of the seven 
serotonin receptor subtypes (5-HT1-7) reported, 5-HT1, 5-HT2, and 
5-HT3 receptors have so far been the most commonly implicated 

Fig. 4. Effect of spinal serotonergic receptor subtypes antagonist 
on EA-induced anti-allodynia. The behavioral tests for cold allodynia 
were performed before the intrathecal injection of antagonists and 
after EA treatment in four groups: (A) DMSO (n=4), (B) NAN-190 (n=6), (C) 
ketanserin (n=8), and (D) MDL-72222 (n=6). MDL-72222 (5-HT3 receptor 
antagonist) completely blocked the analgesic effect of EA; however, 
DMSO, NAN-190 (5-HT1A receptor antagonist), and ketanserin (5-HT2A 
receptor antagonist) did not alter the anti-allodynic effect of EA. Data 
are presented as mean±SEM.; ***p<0.001, **p<0.01, *p<0.05; by paired 
t-test.
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in spinal anti-allodynic processes [20,22,25]. In a previous study 
conducted in rats with nerve injury-induced neuropathic pain, 
5-HT1 and 5-HT3 receptors, but not 5-HT2 receptors, were shown 
to be involved in the effects of EA [9]. However, in this study, 
5-HT3 receptors, but not 5-HT1 or 5-HT2 receptors was found to 
mediate the effect of EA. These discrepancies in results might be 
due to the difference in the type of pain model used (nerve injury 
vs. oxaliplatin). 

Furthermore, results from our former and present experiments 
demonstrate that opioidergic, cholinergic, serotonergic anta­
gonists, all completely abolished the analgesic effect of EA on 
oxaliplatin induced neuropathic pain in rats. Although we 
cannot explain all the details of the process, hitherto complex 
interrelationships between opioid, cholinergic, and serotonergic 
systems at the spinal or supraspinal level have been suggested. For 
example, microinjection of morphine, which effect is most likely 
mediated via opioid receptors, into the periaqueductal grey has 
been found to evoke the release of serotonin from the spinal cord 
[39,40]. Also, other article reported that systemic morphine causes 
spinal acetylcholine release in animals and humans, suggesting 
that spinal endogenous acetylcholine plays an important role 
in mediating the analgesic effect of systemic morphine [41,42]. 
Thus, based on these results, we can suppose that opioidergic, 
cholinergic, and serotonergic system are related in the anti-
allodynic effect of EA on oxaliplatin-induced neuropathic pain in 
rats.

Bee venom acupuncture (BVA) and EA both stimulate peri­
pheral nerves. However, they differ in stimulation means, as 
BVA stimulate chemically, and EA electrically. Moreover, BVA 
has been suggested to produce analgesic effect by activating 
mostly Aδ fibers and capsaicin-insensitive primary afferents [43], 
whereas EA effects are known to be produced by stimulation of 
Aβ, Aδ, and C fibers [36]. BVA is reported to produce its analgesic 
effect via spinal adrenergic, nicotinic, and serotonergic receptors, 
but not via muscarinic and opioidergic receptors in rats with 
oxaliplatin-induced cold allodynia [32,33,43,44]. Meanwhile, our 
previous results [16] indicate that the relieving effect of EA on 
oxaliplatin-induced cold allodynia does not involve the activation 
of noradrenergic and nicotinic receptors, but the activation of 
opioid, muscarinic and serotonin receptors. Taken together, these 
findings suggest that EA and BVA could have somewhat different 
mechanisms of action in the anti-allodynic effects on oxaliplatin-
induced neuropathic pain.

This study clearly demonstrates a key role of the cholinergic 
and serotonergic inhibitory systems in the relieving effects 
of EA on oxaliplatin-induced neuropathic cold allodynia. It 
also provides basic evidence for the use of EA as an alternative 
therapeutic option in the management of oxaliplatin-induced 
peripheral neuropathy, and presents the possibility of combined 
use of EA and well-known analgesics, such as morphine, se­
rotonin agonists, serotonin selective reuptake inhibitors, 
cholinesterase inhibitors, and antidepressants, to decrease their 

side effects and increase their analgesic effect. For example, the 
combination of EA stimulation with low doses of intrathecal 
neostigmine (cholinesterase inhibitor) yielded a synergistic anti-
allodynic effect without apparent side effects in a rat model of 
neuropathic pain [45]. 

In conclusion, the findings of the present study demonstrate 
that EA administration at acupoint proximal to the site of the 
measurement significantly attenuates the cold allodynia induced 
by a single injection of oxaliplatin in rats compared to EA 
administered at the distal acupoint. This anti-allodynic effect of 
EA is shown to be mediated by spinal M2 and M3 acetylcholine 
receptors, and 5-HT3 serotonergic receptor. Thus, based on 
these results, we propose that EA treatment can be a potential 
therapeutic option for oxaliplatin-induced neuropathic pain.
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