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ABSTRACT

Background: The study was done with the objective to evaluate synergistic activity of ketamine induced general
anesthesia by memantine in wistar albino rats.

Methods: The wistar albino rats of either sex were divided into four groups of five animals. Group 1 received
ketamine 40 mg/kg, group 2 received ketamine 80 mg/kg, group 3 received ketamine 40 mg/kg along with memantine
10 mg/kg and group 4 received 80 mg of ketamine along with memantine 10 mg/kg to evaluate the synergistic
activity of ketamine induced general anesthesia by memantine. The sleep latency time and duration of sleep were
measured in all the groups.

Results: The sleep latency time of group 4 is significantly decreased (p<0.001) compared to all other groups. The
duration of sleep of group 4 is significantly increased (p<0.001) compared to group 1 and group 3, but less than that

of group 1.
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Conclusions: Memantine possess synergistic activity of ketamine induced general anaesthesia.

INTRODUCTION

Ketamine is a general anaesthetic agent which produces
dissociative anesthesia. Dissociative anaesthesia is
characterised by complete analgesia combined with
amnesia and catatonia with or without loss of
consciousness. It is an NMDA receptor antagonist. It acts
on the cerebral cortex, particularly limbic system. In sub
narcotic doses it has analgesic property.’ Low dose
ketamine can also be used as an anti-depressant in
refractory cases.’

Memantine is an uncompetitive NMDA receptor
antagonist. It protects the neurons from glutamate-
induced excitotoxicity. It is used as an adjunct or an
alternative to cholinesterase inhibitor in Alzheimer’s

disease and other types of dementia. It delays the clinical
deterioration in  patients with  moderate-severe
Alzheimer’s disease.>*

NMDA receptor is a pentamer which is a ligand gated ion
channel. It is composed of two different subunits and has
six modulatory sites. It shows high permeability to Ca®*
and Na’. It is distributed in the wider areas of brain
including spinal cord, hippocampus, cerebral cortex and
glial cells. One of the modulatory sites of NMDA
receptor is a site within the channel that binds
phencyclidine, ketamine and memantine. NMDA
receptor plays an important role in long term adaptive
changes like synaptic plasticity as well as pathological
changes like excitotoxicity in brain. It also plays an
important role in learning and memory. Over stimulation
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of NMDA receptor results in excitotoxicity in brain, that
leads to apoptosis and neurodegeneration.>*

The channel-blocking NMDA antagonists broadly fall
into two categories. They are dissociative anesthetic-like
agents and low-affinity antagonists. Dissociative
anesthetics at low doses cause hyperlocomotion,
stereotypies and ataxia; at higher anesthetic doses they
induce a state of immobility, analgesia, and amnesia.’

Aims and objectives

The primary objective of this study was to evaluate the
potentiation of general anesthetic activity of ketamine by
memantine and the secondary objective was to evaluate
the potentiation of general anaesthetic activity of low
dose ketamine by memantine.

METHODS
Animals

In our study 20 wistar albino rats of either sex weighing
120-150g were used. All the animals were allowed for
free access of water, food, and ad libitum All the animals
were housed at a temperature of 28+2°C, and dark: light
cycle of 12:12 hr. The research was started after the
Institutional Animal Ethical Committee (IAEC) approval
(IAEC-3/Pharmacology/05/16)).

Grouping

All the animals were divided into 4 groups of 5 animals
each with 90% of confident interval.

Group 1: Received 0.5 ml of distilled water orally and
ketamine 40 mg/kg i.p.°

Group 2: Received 0.5 ml of distilled water orally and
ketamine 80 mg/kg i.p.

Group 3: Received memantine 10 mg/kg orally and
ketamine 40 mg/kg i.p.’

Group 4: Received memantine 10 mg/kg orally and
ketamine 80 mg/kg i.p.

Minimal handling was done to avoid stress and suffering
of the animals. To avoid external stimuli to animals,
experiments were conducted in a quiet place with dim
light.

Drugs
Drugs used in this study are memantine (crescent),

ketamine (neon), and distilled water. Ketamine was used
to induce general anesthesia. Low dose ketamine is used

in the dose of 40 mg/kg and high dose ketamine is used in
the dose of 80 mg/kg. It is given through intraperitoneal
(i.p.) route. Dose of memantine is chosen according to the
research by Lee et al.” Distilled water and test drug
memantine was given through oral route. Normal saline
was used to dissolve the test drug. Just before the
experiment, drug solutions were prepared freshly. Intra
peritoneal injection dose and oral dose is calculated
according to the formula:®

Animal weight (g) X Animal dose (mg)

Dose (g) = 10008

Assessment of potentiation of general anaesthetic
activity of ketamine

The method employed in this study was described by
Vogel.® All the test drugs were given orally after 12hr
fasting. After 1 hr of administration of test drugs,
ketamine (40 mg/kg or 80 mg/kg, i.p.) was given to
induce sleep. The onset time of sleep (loss of righting
reflex) was noted for all the animals. After induction of
sleep, rats were placed in its back. At the end of sleep
cycle, the animals come to its normal posture (recovery
of righting reflex). The time interval between the
intraperitoneal injection of ketamine and start of sleep
was recorded as latency time (min). The interval between
loss of righting reflex and recovery of righting reflex was
measured as sleeping time (min).

Statistical analysis

Software ANOVA followed by post hoc test was used to
analyze the data. In this study p<0.05 was considered as
significant. All the results found were expressed as
MeanzSEM.

RESULTS

Table 1 shows the onset lag time and duration of sleep.
Group 1 showed 6.4+0.4 min onset lag time. Compared to
group 1, Group 2 showed significant reduction in onset
lag time (3.6+0.24 min). Group 3 showed 3.4+0.92 min of
onset lag time which is almost equal to ketamine 80mg
group. Group 4 showed highly significant reduction
(p<0.001) in onset lag time 2+0.447 min compared to
other three groups.

The duration of sleep of ketamine 40 mg group is
16.8£1.46 min. Ketamine 80 mg group showed highly
significant (p<0.001) increase in duration of sleep
(80.6£2.78 min) compared to all other groups. Group 3
(ketamine 40 mg and memantine 10 mg) showed
significant increase in duration of sleep (21.4+2.97 min)
compared to group 1, but less than that of group 2 and 4.
Duration of sleep of group 4 is significantly increased
compared to group 1 and 3 but less than that of group 2.
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Table 1: Onset lag time and duration of sleep.

Group 1 Ketamine 40 mg
Group 2 Ketamine 80 mg
Group 3 Ketamine 40 mg + memantine 10 mg
Group 4 Ketamine 80 mg + memantine 10 mg

**p<0.01, ***p<0.001. Results were expressed as Mean+SEM.

DISCUSSION

NMDA receptor antagonists are commonly used in
Parkinsonism, influenza (amantadine), alzheimer’s
disease  (memantine), anticonvulsant  (eliprodil).
Memantine is a non-competitive and use dependent
antagonist of NMDA receptors.*°

Ketamine is a short-acting anaesthetic drug without
serious undesirable side effects, such as respiratory or
cardiovascular depression.**

In our previous study we found that Amantadine, a
NMDA receptor antagonist accentuates the general
anaesthetic activity of ketamine 40 mg/Kg and ketamine
80 mg/kg. Memantine is structurally similar to
amantadine, with the exception of two methyl groups that
are substituted for carbon atoms at the 3- and 5-positions.®
So we aimed this study to find out the synergistic activity
of memantine and ketamine. Even though memantine’s
structure is similar to amantadine, synergistic action of
memantine is lesser than that of amantadine. Morris et al
also stated in their study that, like many other NMDA
antagonists, memantine behaves as a dissociative
anaesthetic at supratherapeutic doses.> Memantine did
not potentiate the duration of sleep of ketamine 80 mg/kg
similar to that of amantadine.

Ishikawa et al studied the effects of memantine on sleep
architecture. In this research they investigated the effects
of memantine on polysomnography (PSG) variables and
Behavioural and psychological symptoms of dementia.
They included 12 patients in this study, all the patients
received 20 mg/day memantine. PSG demonstrated a
longer total sleep time p<0.01, increases in sleep
efficiency (p<0.01) and time spent in stage Il. They also
found that memantine decreased nocturnal awakening, the
periodic limb movement index, and time spent in stage I.
They have concluded that memantine was effective in
reducing fragmented sleep.”

Ishida et al hypothesized that memantine may be useful
for the treatment of excessive daytime sleepiness. They
studied the effect of memantine on excessive sleepiness
after 6 h of sleep deprivation in adult rats. They compared
the effect with methylphenidate. They also evaluated the
involvement of the dopaminergic system in the
wakefulness-promoting effect of memantine. They
chronically implanted electrodes for electroence-
phalogram (EEG) and electromyogram (EMG) into the

Onset lag Duration of sleep
6.4+0.4 16.8+1.46
3.6+0.24** 80.6+2.78***
3.4+0.92** 21.442.97**
2+0.447%** 57+ 7.83***

cortex and dorsal neck muscle of adult male rats and
recorded EEG and EMG. They observed compensatory
excessive sleepiness after sleep deprivation, memantine
and methylphenidate caused a significant increase of sleep
latency compared with the control group. They also found
out that memantine increased total awake time and
significantly decreased total non-rapid eye movement
sleep and rapid eye movement sleep times. Although the
effect of memantine was significantly suppressed by D,
receptor antagonist SCH 23390 (0.1 mg/kg, i.p.), D,
receptor antagonist raclopride had no antagonistic effect
(1 mg/kg, i.p.). From these results, they concluded that the
effect of memantine on sleepiness after sleep deprivation
was similar to that of methylphenidate, and D, receptor
may be involved in the effect of memantine.™

Naoyuki et al, observed two cases of sustained
unconsciousness after long term use of memantine. Both
cases developed consciousness disturbance after long
term administration of memantine. One case showed
myoclonus in the extremities. MRI, and electro-
encephalogram did not show any potential cause of
consciousness disturbance and myoclonus other than
memantine. They concluded that elevated blood
concentration of memantine may be responsible for the
unconsciousness in those cases. They compared their
results with mechanism of ketamine, and postulated that
memantine exerts a sedative effect in a similar manner to
ketamine. They also concluded the case report with an
advice to take care of elderly and renal failure patients
when memantine is administered.™

Emik et al studied intraperitoneal administration of
memantine on recovery, cognitive functions, and pain
after propofol anaesthesia in female Wistar albino rats.
They found that the duration of recovery of memantine
and propofol group (Group MP) was significantly shorter
than the propofol alone group (Group P) (p<0.001). They
concluded that memantine provided shorter recovery
times, better cognitive functions, and reduced
postoperative pain. The authors deduced from this study
that early recovery from propofol anesthesia, is due to the
common interaction of both agents on the NMDA
receptor rather than to an increase in the elimination
rate.’® Our study also showed that the recovery of
ketamine 80 mg and memantine 10 mg is faster as
compared to that of ketamine 80 mg alone. This effect
might be due to common interaction of both agents on
NMDA receptor rather than the elimination rate. Johnson
et al and Sabino et al found that pharmacokinetic
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differences between ketamine and memantine do not
make a major contribution to their differential behavioral
effects in rodents.”8

Rahimzadeh et al compared efficacy of oral memantine
inpost operative pain relief in patients undergoing
dacryocystorhinostomy. They deduced that sedation scale
one hour after the operation was significantly greater in
the memantine 20 mg group than the placebo (p<0.001).
The sedation scores in 6 hours after the surgery were
similar in both groups. The authors concluded that,
memantine can be administered to patients whose
condition and type of operation allows early discharge.*®

The onset lag time of ketamine 40 mg/kg and memantine
10 mg/kg is almost equal to ketamine 80 mg/kg. The
onset lag time is significantly reduced by ketamine 80
mg/Kg and memantine 10 mg/kg combination compared
to all other group. This shows that memantine potentiates
the onset lag time of ketamine in both doses.

NMDA receptor antagonistic activity at the cortex and
subcortical area of brain where ketamine acts is the cause
of potentiation of actions of ketamine by memantine.?

In our study we only monitored the latency time and the
duration of sleep. Respiratory rate, cardiac activity,
locomotor activity and electro encephalography during
the anaesthesia were not monitored. We didn’t study the
effects after recovery from anesthesia.

CONCLUSION

Memantine potentiates the actions of ketamine. The
recovery from high dose ketamine and memantine is
faster than with high dose of ketamine. This might be due
to its effect on other receptors. Further studies are needed
to prove its effects on behavioural changes, cognitive
function and locomotor activity after recovery.
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