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Abstract
Background. Glutamate N-methyl-D-aspartate (NMDA) receptors are known for their importance in the 
perseverance of chronic neuropathic pain. Ketamine, an intravenous anesthetic agent, is a non-competitive 
blocker of NMDA receptors. Applied in anesthetic doses, ketamine has anti-nociceptive effects in various 
animal pain models.

Objectives. The objective of this study was to investigate the anti-nociceptive effect of ketamine in acute 
and neuropathic pain models in rats.

Material and methods. To study the anti-nociceptive effect of ketamine on acute pain, 40 Wistar rats were 
divided into 5 groups (n = 8): control, positive control group and 3 experimental groups treated intraperitone-
ally (ip.) with 30 mg/kg bw, 40 mg/kg bw and 50 mg/kg bw ketamine, respectively. The anti-nociceptive 
effect was evaluated in hot plate, analgesy-meter and formalin tests. The model of neuropathic pain was 
induced by left sciatic nerve ligation. Twenty-four Wistar rats were divided into 3 groups (n = 8): sham-control 
group, model group and ketamine-treated group subsequently tested in hot plate and analgesy-meter tests.

Results. In the hot plate test, the rats treated with ketamine presented increased reaction latency at the 
120th min and 180th min compared to the controls. In the analgesy-meter test, ketamine produced an anti-
nociceptive effect at the 60th min compared to the controls. In the formalin test, the paw licking time across 
the early phase of testing was reduced in the rats treated with the 2 higher doses of ketamine. In a neuropathic 
pain model, ketamine increased the reaction latency at the 120th min and 180th min compared with the model 
group in the hot plate test. In the analgesy-meter test, in the ketamine-treated animals the paw withdrawal 
threshold increased at the 60th min compared with the model group.

Conclusions. Our results suggest that ketamine produces peripheral anti-nociceptive effect in an acute 
pain model. Also, it relieves thermal and mechanical allodynia after 14 days of treatment in a neuropathic 
pain model.
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Pain is a subjectively unpleasant sensory and emotional 
experience caused by actual or potential tissue damage. 
It is classified by different criteria: duration, pathophysiol-
ogy and anatomical localization. Depending on its dura-
tion, pain can be classified as acute or chronic. According 
to the pathophysiological mechanisms that cause it, pain 
could be nociceptive or neuropathic.1

Pain management is of great importance in clinical prac-
tice. Conditions involving acute or chronic pain account 
for a large proportion of presentations to the family general 
practitioner and in the emergency ward. There is evidence 
of the critical role of the excitatory neurotransmitter glu-
tamate in the development and perseverance of chronic 
neuropathic pain.2 Glutamate acts pre- and postsynapti-
cally through the activation of diverse receptors: N-methyl-
D-aspartate (NMDA), alpha-amino-3-hydroxy-5-meth-
yl-4-isoxazolepropionic acid (AMPA), kainate (KA), and 
metabotropic receptors.

Ketamine, an intravenous anesthetic agent, is a non-
competitive blocker of NMDA receptors.3 Ketamine pro-
duces anti-inflammatory, antioxidant and immunosup-
pressive effects. The mechanism of action of ketamine 
has been associated with binding to the phencyclidine 
site in  the glutamate receptor.4 It affects opioid, do-
paminergic and cholinergic transmission.5 The effect 
on the glutamate mediation determines its analgesic, 
dissociative and neuroprotective effects, and by acting 
on opioid receptors, ketamine produces dysphoric ef-
fects. The sympathomimetic action is mediated by the 
response of the central and peripheral monoaminergic 
systems. Blocking the central and peripheral cholinergic 
mediation contributes to the anesthetic and psychomi-
metic action.6 Ketamine has been shown to antagonize 
the effects of dopamine on dopamine type 2 (D2) recep-
tors.7 Ketamine supplied in anesthetic doses has neu-
roprotective effects in various animal models of brain 
injury. This effect is caused by a blockage of NMDA 
receptors and reduced influx of Ca2+ ions through the 
receptor channels.8

Chronic pain is caused by tissue damage that continues 
after the lesion has healed. For this reason, it is not caused 
by the activation of nociceptors, has no protective effect 
and lowers the quality of life of patients.

Neuropathic pain has been described as “the most 
terrible of  all tortures which a  nerve wound may in-
flict”. The  damaged nerve fibers in  neuropathic pain 
send incorrect signals to the pain centers. Neuropathic 
pain is characterized by sensory abnormalities such as 
an unpleasant abnormal sensation (dysesthesia), an in-
creased response to painful stimuli (hyperalgesia) and 
pain in response to a stimulus that does not normally 
provoke pain (allodynia).

The present study aims to  investigate the anti-noci-
ceptive effect of ketamine in acute and neuropathic pain 
models in rats.

Material and methods

Animals

Male Wistar rats with an average weight between 200 g 
and 220 g were used. The animals were housed under stan-
dard laboratory conditions: a 12:12 h light/dark cycle, room 
temperature of 26 ±1°C, and free access to food and water. 
After surgery, the animals were housed separately. The ex-
periments were performed after the protocol was approved 
by the Animal Ethics Committee of the Medical University 
of Plovdiv (Bulgaria) and Bulgarian Food Safety Agency, and 
in compliance with the European Directive 2010/63/EU.

Experimental design

The anti-nociceptive effect of repeated doses of ketamine 
was studied in the 1st series of experiments. The animals 
were randomized into 5 groups (n = 8). The control group 
received only saline, the positive control group was treated 
with metamizole 150 mg/kg bw, and the 3 experimental 
groups were treated with ketamine in doses of 30 mg/kg bw,  
40 mg/kg bw and 50 mg/kg bw, respectively. All agents 
were dissolved in saline as a vehicle and injected intraperi-
toneally (ip.) for 14 days. Three nociceptive tests were used: 
hot plate test, analgesy-meter and formalin test.

The effect of repeated doses of ketamine on the neuro-
pathic pain model was studied in the 2nd series of experi-
ments. A chronic constriction injury of the sciatic nerve 
model was used. After the operation, the animals were 
randomly allocated to receive ip. saline (model group) or 
ketamine 50 mg/kg bw. To study the analgesic effect of ket-
amine in neuropathic pain, hot plate and analgesy-meter 
tests were used.

Hot plate test

The original hot plate set up (Ugo Basile S.R.L., Ger-
monio, Italy) was used. The temperature of the hot plate 
surface was set to 55 ±0.5°C. The reaction latency as well 
as the time between when the animals were placed and the 
onset of paw-licking or jumping behaviors were measured 
in seconds. To minimize tissue damage, a cut-off time 
of 30 s was adopted. 

Analgesy-meter test

Mechanical nociceptive testing was conducted using 
an analgesy-meter (Ugo Basile). The rats were tested at the 
60th min, 120th min and 180th min after ip. administration 
of the test substance. The force of the pressure was cali-
brated at 10 g/cm at a max force of 250 g. The force of the 
pressure at which the animal withdrew the test paw was 
expressed in conditional units (cm). The maximum pos-
sible pressure was 25 cm.
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Formalin test

In this method, formalin (0.1 mL, 2%) was injected into 
the plantar surface of the left hind paw. Each animal was 
placed in an observation chamber and the nociceptive 
response was recorded for a period of 30 min. The sum 
of time (in seconds) spent licking and biting the injected 
paw in the first 10 min is known as the early or acute phase. 
The period between 20–30 min is considered the late or 
chronic phase.

Chronic pain model

The model of neuropathic pain was designed according 
to the model of chronic constriction injury (CCI) of the sci-
atic nerve described by Bennett and Xie.9 The animals were 
anesthetized with pentobarbital sodium (50 mg/kg bw, ip.), 
which provided anesthesia for 20–40 min. The left sciatic 
nerve was found deep within the biceps femoral muscle. 
The nerve was gently removed from the surrounding tis-
sues and 2 ligatures 2 mm apart were made. The sham 
control was subjected to identical left foot dissection with-
out ligation of the sciatic nerve. After the operation, the 
animals were allowed to recover for 1 week.

Statistical analysis

The data obtained from the nociceptive tests was statis-
tically processed with SPSS v. 17.0 (IBM Corp., Armonk, 
USA). Results were represented as the mean ± standard 
error of the mean (SEM). Comparison of the results for 
each score to the respective control group was performed 
using an independent sample t-test. A value of p < 0.05 
was considered statistically significant. The Shapiro-Wilk 
test was applied as a normality test. In distributions dif-
ferent from normal, the Mann-Whitney U test was used 
for inter-group evaluation.

Results

Acute pain model

Effects on thermal nociception
The average latency of the controls in the hot plate test 

was between 7 s and 10 s. The metamizole-treated rats 
significantly (p < 0.05) increased the reaction latency at the 
120th min and the 180th min compared with the control 
group. The animals treated with ketamine in all doses 
showed an increase in latency at the 120th min and 180th 
min (p < 0.05) compared with the respective day controls 
(Fig. 1).

Effects on mechanical nociception
In the analgesy-meter test, the control animals’ average 

pressure reaction was between 7 cm and 9 cm. The ani-
mals treated with metamizole showed a significant increase 
(p < 0.05) in latency at the 60th min, 120th min and 180th 
min compared with the controls. The lower doses of ket-
amine of 30 mg/kg bw and 40 mg/kg bw did not exert sig-
nificant changes on the reaction latency. The rats treated 
with ketamine in a dose of 50 mg/kg bw increased the paw 
withdrawal threshold at the 60th min (p < 0.05) compared 
with the control group (Fig. 2).

Effects on chemical nociception
In the controls, the duration of paw licking across the 

early phase was 35.37 ±4.02 s, and 47.75 ±6.3 s across the 
late phase. The paw licking time did not decrease in the 
metamizole-treated group during the 2 phases of the test 
compared to the control group. In the group treated with 
ketamine in a dose of 30 mg/kg bw, the time of paw licking 
did not significantly change in either phase of the forma-
lin test compared with the controls. The paw licking time 
in the animals treated with the 2 higher doses of ketamine  
(40 mg/kg bw and 50 mg/kg bw) decreased only across the 

Fig. 1. Anti-nociceptive effect of ketamine in hot-
plate test and acute pain model

* p < 0.05 compared with the control group.
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early phase of testing (p < 0.01) compared with the control 
group (Fig. 3).

Neuropathic pain model

Effects on thermal nociception
In the hot plate test, the average latency of the sham 

control was between 14 s and 18 s. The model group signifi-
cantly increased the latency time at the 60th min (p < 0.01) 
compared to the sham control. The animals treated with 
ketamine at a dose of 50 mg/kg bw significantly increased 
latency at the 120th min and 180th min (p < 0.05) compared 
to the model group (Fig. 4).

Effects on mechanical nociception
In  the mechanical paw pressure test, the average la-

tency of the sham control was between 9 cm and 12 cm. 

The  model group did not show a  significant increase 
in the pressure reaction as compared to the sham control. 
The group treated with ketamine 50 mg/kg bw showed 
increased (p < 0.05) latency of pressure reaction at the  
60th min as compared to the model group (Fig. 5).

Discussion

The  present study showed that ip. administration 
of ketamine produced an anti-nociceptive effect in mod-
els of acute and neuropathic pain. Ketamine exhibited 
more potent activity in regard to  inhibiting thermal 
nociception (allodynia) than mechanical nociception. 
Thus, we assume that systemic ketamine does have 
an  analgesic effect in  normal and neuropathic pain 
conditions.

Fig. 2. Anti-nociceptive effect of ketamine 
in analgesy-meter test and acute pain model

* p < 0.05 compared with the control group.

Fig. 3. Anti-nociceptive effect of ketamine 
in formalin test

* p < 0.01 compared with the control group.
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Anti-nociceptive effect  
of ketamine on acute pain

In  the present study, all doses of  ketamine showed 
a significant anti-nociceptive effect in the hot plate test. 
Koizuka et al. found that in normal rats ketamine pro-
duces anti-nociceptive effects through the activation 
of monoaminergic descending inhibitory pathways for 
acute thermal pain.10 Our findings are in  agreement 
with those of  other authors, who reported a  well-de-
fined anti-nociceptive effect of ketamine in other no-
ciceptive test with thermal stimulus –  infrared rays.11 
We also observed that the highest dose of  systemic 
ketamine produced early anti-nociception in the acute 
pain model with mechanical stimulus. The  results 
of the present study are consistent with previously re-
ported results.12 This effect has been reported at dos-
es lower than ours – 7.5 mg/kg bw and 10 mg/kg bw  
single dose, as well as in  a  model of  hyperalgesia 
caused by  intraplantarly injected prostaglandin E2. 

The analgesic effect of ketamine was found in postop-
erative pain in a number of clinical and experimental 
studies.13

The nociception response in the formalin test is biphasic. 
In the initial acute period of about 10 min (phase 1), the 
registered behavioral changes were due to axially activated 
primary afferent nerve terminals. These changes are me-
diated by activation of the transient receptor potential 
ankyrin 1 (TRPA1) channels.14 The 2nd phase of the forma-
lin test reflects the central sensitization of neurons in the 
dorsal horn and peripheral sensitization of nociceptors 
by formalin-induced local inflammatory response.15 Our 
results indicate that ip. treatment with higher doses of ket-
amine significantly reduced nociceptive scores in the early 
phase of the formalin test. In contrast, Bulutcu et al. found 
a significant anti-nociceptive effect in the single systemic 
intrathecal administration of ketamine only during the late 
phase of the formalin test.12 Perhaps this difference is due 
to the different route of administration of ketamine. Our 
results allow the conclusion that ketamine can be a reliable 

Fig. 5. Anti-nociceptive effect of ketamine 
in analgesy-meter test and neuropathic pain 
model

* p < 0.05 compared with the model group.

Fig. 4. Anti-nociceptive effect of ketamine in hot-
plate test and neuropathic pain model

0 p < 0.01 compared with sham control; * p < 0.05 
compared with the model group.0
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analgesic in pain caused by chemical agents immediately 
after the onset of the damage rather than at a later stage 
in the development of the pain response.

Anti-nociceptive effect  
of ketamine on neuropathic pain

The CCI of the sciatic nerve is associated with intra-
neural edema, focal ischemia and Wallerian degeneration. 
Behavioral changes, like mechanical and thermal hyper-
algesia, chemical hyper-reactivity and cold allodynia, are 
likely to develop within a week.17

Traumatic injury of the sciatic nerve in rats is a com-
monly used model for the study of peripheral nerve dam-
age. There is data in the literature regarding the involve-
ment of  NMDA receptors in  the pathogenesis of  pain 
in peripheral tissues or nerves.18,19 These receptors are 
found in the peripheral myelinated and unmyelinated so-
matic nerve fibers, spinal cord and cerebellum.20 They play 
a role in the process of central sensitization. Accordingly, 
NMDA receptor antagonists such as ketamine effectively 
reduce pain responses in animal models and influence 
pain in clinical trials.19,21

In the model of neuropathic pain, ketamine at the studied 
dose showed an anti-nociceptive effect in the “hot plate” 
test. Burton et al. found that ketamine administration re-
sulted in a sustained delay in the development of allodynia 
associated with spinal nerve damage in rats.22 Other au-
thors have found that the introduction of the short-acting 
NMDA antagonist reduces the development of  opiate 
tolerance, a condition associated with the development 
of NMDA receptor hyperalgesia.23 In experimental mod-
els, intrathecal or systemic administration of ketamine 
reduces hyperalgesia and inflammatory disease caused 
by peripheral nerve damage.24,25 Other authors have re-
ported that ketamine does not exhibit an anti-nociceptive 
effect in acute thermal pain in rats when administered 
intrathecally.26 The anti-nociceptive effect of ketamine was 
also found in acute pain observed in thermal pain stimu-
lus applied to the tail.27 This effect results from a block-
age of NMDA receptors and reduced influx of Ca2+ ions 
through the receptor channel.

In the nociceptive test with mechanical paw pressure, 
ketamine showed an  early and short-lasting analgesic 
effect. Koizuka et al. found that ketamine reduced the 
hypersensitivity of neurons at an early stage in postop-
erative pain model in rats.10 The same authors found that 
pretreatment with the α2-receptor or serotonin receptor 
antagonists reduced the effect of ketamine in this model. 
These results suggest that activation of monoaminergic 
downstream inhibitory pathways occupies an important 
place in the mechanisms of analgesic efficacy of ketamine 
in this pain model.

Mei et al. reported that in a model of neuropathic pain 
induced by spinal cord ligation, the intrathecal introduction 
of ketamine reduced mechanical allodynia.28 These authors 

observed that the intrathecal injection reduced astrocytic 
activity in the dorsal neurons in the lumbar spinal cord, 
as measured by the immunohistochemical method. These 
results allowed them to conclude that the inhibition of as-
trocyte activation by blocking NMDA receptors on the 
astrocyte membrane is probably a new mechanism in the 
analgesic efficiency of ketamine at the spinal level.

Our results suggest that ketamine showed an anti-no-
ciceptive effect in both the acute pain tests and chronic 
neuropathic pain model. Various experimental models 
of peripheral nerve damage have detected the involvement 
of nociceptive C-fibers in mechanical and thermal hyperal-
gesia in neuropathic pain. Vogelaar et al. observed reduced 
mechanical and thermal sensitivity in the damaged area 
after damage to the sciatic nerve.17

Conclusions

In conclusion, the present study revealed that systemic 
administration of ketamine produced anti-nociception 
in models of acute pain. Ketamine relieved mechanical and 
thermal allodynia in a chronic neuropathic pain model. 
These observations make ketamine an attractive alterna-
tive in the treatment of acute and chronic pain.
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