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Anti-nociceptive effects of low dose ketamine in mice may be mediated by the
serotonergic systems
Meral Erdinc, Emre Uyar, Ilker Kelle and Hasan Akkoc

Department of Medical Pharmacology, Dicle University, Diyarbakir, Turkey

ABSTRACT
OBJECTIVE: In pain management, alternative medications are necessary due to the
development of tolerance to traditional opioid analgesics. Literature data suggest that N-
methyl-D-aspartate (NMDA) receptor antagonizing drugs can induce antinociception, and can
reduce the opioid requirement. Ketamine is a non-competitive NMDA receptor antagonist
drug and has well-known antinociceptive properties. The drug acts not only on NMDA
receptors but also has effects on the monoaminergic system and non-NMDA glutamatergic
receptors which have vital roles in the regulation of pain. This study was conducted to
investigate the serotonergic and glutamatergic involvement in low-dose ketamine (20 mg/
kg) analgesia in mice.
METHOD: The effects of serotonin were suppressed with two different ways; either the
serotonin was depleted with p-chlorophenylalanine (pCPA, 150 mg/kg/d; 4 days) or the
serotonin receptors were blocked with methiothepin (0.1 mg/kg), and α-amino-3-hydroxy-5-
methyl-4-isoxazole propionic acid (AMPA) receptors were antagonized with GYKI-52466
(20 mg/kg). Fluoxetine (20 mg/kg; 7 days) was used to increase the serotoninergic activity.
We used a hotplate (HP) test to measure pain reaction latencies. Furthermore, we tested
sustained analgesic effects of ketamine for six consecutive times (1-hour break between each
test).
RESULTS: In our experiment, ketamine treatment increased pain reaction latencies, yet it failed to
increase the latencies when combined with antiserotonergic drugs, e.g. pCPA and methiothepin.
The latencies were increased with AMPA receptor blockade, yet ketamine did not increase the
analgesic effect of the AMPA receptor antagonist, i.e. GYKI-52466. In consecutive tests,
ketamine was effective for 5 h, and the peak effect was seen at the 3rd-hour test.
CONCLUSION: Our data suggest that the activity of the serotonergic system and AMPA receptors
are necessary for ketamine to produce antinociceptive effects. In painmanagement, ketamine can
offer an alternative option to traditional analgesics and may be useful to reduce opioid tolerance.

ARTICLE HISTORY
Received 23 November 2018
Accepted 4 April 2019

KEYWORDS
Ketamine; antinociception;
opioid tolerance;
serotonergic system;
glutamatergic system

Introduction

Traditional opioid analgesics are common and pre-
ferred therapies in pain management. However, the
development of tolerance and hyperalgesia can discre-
dit the analgesic potency of opioid drugs [1]. Searching
for alternative analgesic medications to be used alone
or as adjunct therapies to reduce opioid usage and pre-
vent tolerance development are priorities of research
and drug development.

Previous studies have reported that a variety of
N-methyl-D-aspartate (NMDA) receptor antagonist
drugs can induce antinociception [2,3]. Ketamine is a
non-competitive NMDA receptor antagonist with
unique properties. It was introduced almost half a cen-
tury ago to serve as a mono anesthetic drug providing
analgesia, amnesia, loss of consciousness and immobility
[4]. However, reported significant side effects led to a
diminishment in the role of ketamine in anesthesia [5].
It was continuously studied in the desire to find an
alternative therapy to treat chronic and perioperative

pain. Current research indicated that low-dose ketamine
could produce profound analgesia with fewer side effects
[6]. Despite that, the analgesic mechanism of action of
ketamine is still not entirely clear.

A growing body of evidence suggests that glutamater-
gic mechanisms are involved in the production of pain
[7]. Administration of excitatory amino acid receptor ago-
nists can induce pain in animal models [8] while antago-
nizing these receptors can produce antinociception [9].

Numerous studies suggest that perception of pain is
closely related to serotonin. Alterations in serotonin levels
in the brain lead to pain-altering effects [10]. It is reported
that ketamine increases serotonin-mediated transmission
[11]. Therefore, interactions of ketamine with the seroto-
nergic system may be a way to explain its effects on pain.

The present study was performed to reveal the
involvement of serotonergic and glutamatergic systems
in ketamine analgesia and to test prolonged effects of
ketamine on pain. A hotplate (HP) test was used to
measure reaction latencies to the stress of heat.
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Methods

Animals

104 male inbred BALB/c mice weighing 35–45 g and
10–12 weeks old were used in this experiment. The ani-
mals were housed in an animal colony facility for two
weeks before the testing day and maintained at con-
stant room temperature (22 ± 2) under standard lab-
oratory conditions (12-h light/dark cycle, light onset
at 07:00 h). All animals received tap water and food
pellets ad libitum. The mice were naive about the pro-
cedure and tested individually. Experiments were per-
formed between 09:00 and 15:00 h. All procedures in
this study complied ethically according to The Euro-
pean Community Council Directive 86 (24 November
1986; 86/609/EEC) with the approval of the local Ethics
Committee (DUHADEK, Approval date: 2014, Num-
ber:2014–12).

Experimental groups and drug administration

Drugs obtained from Sigma (St. Louis, MO, USA) were
dissolved in saline and administered intraperitoneally
(i.p.) in a volume of 0.1 ml/10 g body weight. Mice
were separated into 14 groups (n = 8) and were treated
with fluoxetine (20 mg/kg, 7 days) and a serotonin
depleting agent; p-chlorophenylalanine (pCPA,
150 mg/kg, 4 days) or %0.9 saline. Drugs were adminis-
tered once daily until the experiment day. A serotonin
antagonist; methiothepin (0.1 mg/kg), an α-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid
(AMPA) receptor antagonist; GYKI-52466 (20 mg/
kg), an analgesic; metamizole (500 mg/kg); and keta-
mine (20 mg/kg) were administered 60 mins before
the test procedure. Doses of the drugs were selected
according to previous studies. An HP test was per-
formed for a single time for these groups. Three groups
(vehicle, metamizole, and ketamine) were separated in
order to test the sustained analgesic effect of ketamine.
The HP test was performed for 6 consecutive times
with a 1-hour break between each test [12].

Hotplate test

TheHP test was used tomeasure pain reaction latencies.
Mice were individually placed into a square glass
container on a hot plate (maintained at 55 ± 0.1 C).
Mice were kept on the test apparatus for 60 s if no reac-
tion were recorded. The time passing to lick the hind
paws or jumping was recorded and considered as the
index of pain reaction, and the test ended afterward.

Statistical analysis

The results of the single HP test were evaluated using
one-way analysis of variance (ANOVA) followed by a
post hoc Tukey test if significant differences were

detected. To test the differences in the repeated trials
of the same drug or vehicle treatment applied mice,
we used one-way, within-subjects ANOVA. The data
are presented as mean values and ± SEM. Differences
were considered statistically significant if the p-value
was less than 0.05.

Results

In the HP test, pain reaction latencies were increased
with metamizole (p < 0.01), ketamine (p < 0.01), fluox-
etine (p < 0.01), fluoxetine-ketamine (p < 0.05), GYKI-
52466 (p < 0.05) and GYKI-52466-ketamine (p < 0.05)
compared to control group (Figure 1). Latencies were
higher in GYKI-52466-ketamine combination com-
pared to GYKI-52466 alone, but the difference was
not statistically significant (Figure 2).

In consecutive tests, ketamine increased pain reac-
tion latencies in the 1st, 2nd, 3rd, 4th and 5th-hour
tests compared to vehicle-treated group (p < 0.05 for
all). In the 6th hour test, the difference did not reach
statistical significance. Metamizole increased reaction
latencies in the 1st (p < 0.01), 2nd (p < 0.05) and 3rd
(p < 0.05) hour tests. The difference did not reach stat-
istical significance in the last 3 tests. In the 1st hour test,
latencies were higher in the metamizole treated group
while in the 2nd-hour and the following tests, latencies
were lower in metamizole group compared to ketamine
group, although the differences were not significant.
We also examined pain latency differences between
each hour test, although no significant difference was
observed (Figure 3).

Discussion

In this study, pain reaction latencies in the HP test were
increased with serotonin-enhancing drugs, e.g. keta-
mine and fluoxetine. On the other hand, ketamine
failed to increase pain reaction latencies when com-
bined with a serotonin receptor antagonist; methiothe-
pin and a serotonin depleting agent; pCPA. These
results indicate that ketamine analgesia is closely
associated with the presence of serotonin and the
activity of serotonin receptors.

Changes in serotoninergic transmission result in
altered pain perception [13]. Animal studies have noted
that serotonin-enhancing drugs induce analgesia [14]
while suppression of the serotonergic system can inhibit
the analgesic effects of the drugs [15]. Studies also
pointed out that ketamine inhibits serotonin reuptake
and increases serotonin transmission in the brain [11].
These changes appear to be necessary for ketamine to
express its antinociceptive effects. In this manner,
monoaminergic interactions of ketamine may be a way
to explain its antinociceptive mechanism of action.

In the present study, GYKI-52466, a non-competi-
tive AMPA receptor antagonist, exhibited
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antinociceptive effects while a combination with keta-
mine did not make a significant difference. An increas-
ing body of evidence suggests that glutamatergic
mechanisms and glutamate receptors are involved in
the regulation of pain, i.e. pain transmission [16].
Studies implied that glutamate acts as a nociceptive
neurotransmitter. In animal and human studies, it is
suggested that AMPA receptor agonist administration
increases pain [17] while antagonist drugs were
reported to produce specific analgesic effects [18].
Studies reported that ketamine administration
increases glutamatergic transmission on AMPA recep-
tors [19]. Ketamine-induced antinociception that
increases AMPA receptor activity indicates that differ-
ent mechanisms are involved in antinociceptive effects
of ketamine and GYKI-52466.

In our experiment, the antinociceptive effect of
ketamine lasted for 5 h and the peak effect was seen
at the 3rd-hour test. When the short plasma half-life
of ketamine is considered, its pain-diminishing
effects last much longer. The main metabolite, norke-
tamine, has a more extended plasma half-life than
ketamine [20]. It is stated that the metabolites of keta-
mine (norketamine, dehydronorketamine, and hydro-
xynorketamine) may play an essential role in its
sustained analgesia [21].

Patients with chronic pain often have tolerance to
traditional analgesic drugs due to constant use, and
they suffer from enhanced pain sensitivity [22].
Alternative medications with a different mechanism
of action, such as NMDA and AMPA receptor antag-
onists [23] may promise a new aspect to reduce or to

Figure 1. The latency of the hind paw licking or jumping of groups on the hot plate test. Each column represents the mean ± SEM
of 7–9 mice. *p < 0.05; **p < 0.01; compared with control group. One-way ANOVA; post hoc Tukey test was used for statistical
analysis.

Figure 2. The latency of hind paw licking or jumping of groups on the hot plate test. Each column represents the mean ± SEM of 7–
9 mice. *p < 0.05 compared with control group. One-way ANOVA; post hoc Tukey test was used for statistical analysis.
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replace opioid usage in pain management. Many
studies have emphasized that ketamine might be ben-
eficial for patients with conditions like acute pain, peri-
operative pain, chronic pain, and cancer-related pain
[24–26]. However, some studies reported that keta-
mine has little or no opioid-sparing effect [27]. Several
factors may contribute to variations in the results
including differences in premedication, pathologic
conditions, age, genetic polymorphism and dose range.

The neuropharmacology of ketamine is still com-
plex. The drug interacts with a variety of binding
sites, including NMDA, nicotinic [28], muscarinic
[29], monoaminergic [30] and opioid receptors [31].
These various interactions may contribute to keta-
mine’s anesthetic, analgesic, sedative, and mood-alter-
ing properties [32].

Even though the antinociceptive effects of ketamine
have been reported in various preclinical and clinical
studies, physicians have an ongoing debate on its use
in adult patients. Most cited concerns are its psychotic
effects, restrictions and inadequate literature on adult
use compared to children [33]. Due to the conflict
about its risk-benefit ratio, ketamine is still acknowl-
edged as a controversial analgesic drug.

Limitation

We aimed to assess the potential involvement of sero-
tonergic and glutamatergic systems after a single-dose
S (+)-ketamine administration. Analgesic effects of
repetitive ketamine administrations and tolerance
development potential of the drug are yet not clear.
In further studies, the effects of R (−)-ketamine and
its metabolites along with different receptor blockers
should be examined. The best dose and application fre-
quency to relieve pain, along with its side-effects should
be elaborately investigated in further studies.

Conclusion

Our results provide evidence that the antinociceptive
effect of ketamine is closely associated with the exist-
ence of serotonin and the activity of serotonin recep-
tors. If serotonin is depleted or its receptors are
blocked, ketamine analgesia tends to disappear.
AMPA receptor blockage was shown to reduce the
sense of pain, yet a combination with ketamine did
not induce more analgesia. With its long pain-relieving
effects, ketamine can be considered as a good candidate
for future pain therapy protocols.

With its public antinociceptive properties, keta-
mine may provide an alternative therapeutic option
for the practitioner and the patient in pain manage-
ment. Still, clinical benefits and risks should be
clarified to consider its widespread use. More studies
should be performed to reveal the underlying mech-
anisms of ketamine analgesia and the influence of its
metabolites in this outcome. In light of the latest
findings, indications of ketamine may need to be
reviewed.
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