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Introduction

The previous study?, in our laboratory, has de-
monstrated that the concentrations of norepineph-
rine(NE) and dopamine(DA) were decreased by
ketamine and morphine administration in mouse
brain. Many studies have suggested that ketamine?#
, like morphine>”, interferes with the monoamine
metabolism and increases the rate of its turnover
in the striatum.

Ketamine, a dissociative anesthetic agent, is
known to induce post-anesthetic mood change, co-
nfusion and irrational behavior in some humans. In
rat, ketamine produced dose-related analgesia, sti-
mulation of locomotor activity and stereotyped
behavior*'. Also, it was observed that analgesia
produced by ketamine was antagonized by nalo-
xone'2~ W, Thereafter, the antagonism of ketamine-
induced analgesia by naloxone has been confirmed
by De Simoni et al’*'®, But the relationship between
ketamine and opioid receptor on the cataleptic re-
sponse have been conflicted yet'”. The tolerance
to cataleptic behavior response of ketamine'®® and
cross-tolerance with morphine has been reported.
Also, the brain dopaminergic system has been ac-
cepted as important substance which causes ste-
reotyped behavior and change of motor activity in
animal®.

In our attempt, we were to study whether na-
loxone and the presumptive changes of the cate-
cholamine level induced by several drugs(apomo-
rphine, haloperidol, reserpine and a-methyl-p-tyro-
sine) determine influences on the analgesic effect
and locomotor activity by ketamine administration.

And, the relationship between ketamine and opioid
antagonist or presumptive changes of the analgesic
action and motor activity by agents that can alter
the concentration of catecholamine were investiga-
ted.

Materials and Methods

Animals used for this study were ICR mice wei-
ghing 25—30g of either sex. The animals were
housed under standardized conditions for 3 weeks
before the test they allowed. The food and water
were given ad libitum. The mice were divided into
7 groups. The experimental groups are followings.

(a) Control groups: Saline, naloxone, apomor-
phine, haloperidol, reserpine, or a-methyl-p-tyrosine
(a-MPT) was alone injected.

(b) Ketamine groups: 20, 40, 60, or 80mg/kg
of ketamine was injected.

(c) Naloxone pretreatment group: 5mg/kg of
naloxone was injected to 20mg/kg and 80mg/kg of
ketamine group.

(d) Apomorphine pretreatment group: 400pg/
kg of apomorphine was injected to 20mg/kg and
80mg/kg of ketamine group.

(e) Haloperidol pretreatment group: 200ug/kg
of haloperidol was injected to 20mg/kg and 80mg/
kg of ketamine group.

(f) Reserpine pretreatment group: 5mg/kg of
reserpine was injected to 20mg/kg and 80mg/kg of
ketamine group.

(g) a-MPT pretreatment group: 250mg/kg of
o-MPT was injected to 20mg/kg and 80mg/kg of
ketamine group.

Analgesia was assessed by the modified tail-flick
method as previous described?” in immediately, 30,
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60, 90, and 120 minutes after intraperitoneal inje-
ction of each drug. The reaction time for basal co-
ndition was controlled to be 2-3 seconds. The flick
response was recorded through an electronic sto-
pwatch.

All behavioral tests were carried out between 9
AM. and 12 AM. in a dim illuminated room mai-
ntained at a temperature of 20+2°C. Immediately,
30, 60, 90, and 120 minutes after intraperitoneal
injection of each drug, mice were examined in pe-
rspective boxes(42cmX42cm X 32cm). The activity
was assessed by counting the numbers of interru-
ptions of the invisible infrared light beam occuring
in each 5 minutes period. Then, the numbers of
activity were checked by animal activity monitoring
system that was purchased from Omnitech elect-
ronucs, In.(Columbus, Ohio 43228) and interpretated
by computerized analyzer. The parameters of be-
havior change test in this study were locomotor
activity and stereotyped behavior.

The drugs used in these experiment were ke-
tamine(Yuhan Co.), naloxone(Sigma Chemical Co.),
apomorphine(Sigma Chemical Co.), haloperidol(Si-
gma Chemical Co.), reserpine(Sigma Chemical Co.),
and a-MPT(Sigma Chemical Co.). All drugs were
administrated intraperitoneally and all solution of
drugs were given in volumes of 10ml/kg.

The data obtained were expressed as the mean

+S.E. The means of the responses recorded at each
time were compared with each control group using

Student’s t-test, and p<0.05 was taken as the level
of significance.

Results

Effects on analgesic action

Ketamine caused a dose-dependent increase in
tail-flick latency(TFL) above control value. Espe-
cially, administration of ketamine (80mg/kg) caused
a significant ncrease of analgesic action(Table ],
Fig 1). Naloxone alone did not affect an analgesic
action, but apomorphine, haloperidol, reserpine, or
a-MPT caused a moderate increase of analgesic ac-
tion(Table 1), The ketamine(20mg/kg)-induced
analgesic action was not affected significantly by
above drugs. But naloxone and reserpine inhibited
the increase of ketamine(20mg/kg)-induced anal-
gesic action slightly. Haloperidol, apomorphine, and
a-MPT potentiated the increase of ketamine(20
mg/kg)-induced analgesic action slightly(Table 2).
The ketamine(80mg/kg)-induced analgesic action
was inhibited significantly by naloxone or halope-
ridol and slightly by apomorphine. Reserpine and
a-MPT administration did not affect the increase
of ketamine-induced analgesic action(Table 3).

Table 1. Effects of ketamine, naloxone, apomorphine, halopenidol, reserpine, and o-MPT on the analgesic action

Time(mimn.) 0 30 60 90 120

Treatment
Control(saline) 2.20+0.13 2.23+0.12 2.19+0.20 2.12+0.10 2.00+0.13
Ketamine (20mg/kg) 2.20+0.20 2.60+0.15 2.55+0.45 2671+0.24 2.631+0.11*

(40mg/kg) 2.40%0.35 2.50+0.18 2.27+0.18 3.03+0.39* 2.68+0.34

(60mg/kg) 2.08+0.16 2.93+0.57 2.48+0.17 3.15+0.15** 3.05+0.30**

(80mg/kg) 3.32+0.91 348+0.29%  398+049**  3.60+0.65* 4.00%0.35*
Naloxone (5mg/kg) 2.00+0.12 2.16+0.20 2.20+0.60 2.01+0.18 2.08+0.24
Apomorphine  (400ug/kg) 278+0.33 2.7340.12 3.38+0.58 2.75+0.19* 2.68+0.23*
Haloperidol  (200ug/kg) 2.90%0.16* 2.62+0.36 2.60+0.11 2.4610.14 2.84+0.02**
Reserpine (5mg/kg) 2.40%0.10 2.50+0.30 255+0.15 2.40+0.10 2.40+0.10*
o-MPT (250mg/kg) 2.81+0.27 2.58+0.20 2.76+0.20 2.82+0.27* 2.83+0.23**

Data are expressed as Mean +SE.
* 1 p<0.05, ** : p<0.01
a-MPT . a-methyl-p-tyrosine
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Fig 1.Changes of tail-flick latency by ketamine administration.

O0——0 : Control, &—A [ Ketamine 20mg/kg.
®——@ : Ketamine 40mg/kg, &—A : Ketamine 60mg/kg.
o——0 . Ketamine 80mg/kg, * 1 p<0.05 **. p<0.01

Table 2. Effects of naloxone, apomorphine, haloperidol, reserpmne, and o-MPT on the ketamine (20mg/kg)-mduced
analgesic action

Pretreatment Time(min.) 0 30 60 % 120

Control (ketamine) 2.20+0.20 2.6010.15 2.55+0.45 2.67+0.24 2.63+0.11
Naloxone 2.57+0.25 242+0.27 2.49+0.09 2.50+0.66 2.30+0.27
Apomorphine 2624039 403+1.11 3.28+0.15 3.25+0.55 2.8520.50
Haloperidol 2.90+0.40 3.28+0.29 2.77+0.27 2.85+0.17 3.15+0.22
Reserpine 2.33+0.43 2.53+0.40 2.40+0.32 2.40+0.49 2.30+0.52
a-MPT 427+121 3.07+1.34 3.43+0.56 350+0.12** 2404022

» p<0.01

Table 3. Effects of naloxone, apomorphine, haloperidol, reserpine, and o—MPT on the ketamine (80mg/kg)-induced
analgesic action

M 0 30 60 90 120

Control (ketamine) 3.32+0.91 3.48+0.29 3.98+0.49 3.60+0.65 4.00+0.35
Naloxone 3.76+0.40 2.88+0.45 244+0.15* 2.90+0.10 3.23%0.13
Apomorphine 3.23£0.51 4.45+1.76 3.38+0.13 2.60-+0.09 2.63+0.18**
Haloperidol 2.84+0.15 2.8840.21 2.65+0.19* 2.80+0.15 2.86+0.22*
Reserpine 3.60+0.40 3.60+0.40 3.70+0.10 3.52+0.45 3.20+0.21
a-MPT 2.75+0.86 2.53+0.73 2461021 2.30+0.12 3.04+047

* 1 p<0.05, ** : p<0.01
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Effects on locomotor activity

Ketamine alone(20mg/kg and 40mg/kg) produced
time-related variety effects that exhibited increase
of locomotor activity at early time after injection
(<60minute) and decrease of it at late time after
injection(120 minute). But, administration of keta-
mine (80mg/kg) showed increase of locomotor ac-
tivity(Table 4, Fig 2). Naloxone or apomorphine
exhibited a moderate increase of locomotor activity.
a-MPT exhibited a decrease of locomotor activity
significantly(Table 4). The change of ketamine(20
mg/kg)-induced locomotor activity was not inhibited
by naloxone, but inhibited only by a-MPT(Table
5). The increase of ketamine(80mg/kg)-induced
locomotor activity was not affected by naloxone, but
inhibited by apomorphine, haloperidol, reserpine,
and a-MPT significantly(Table 6).

Effetcs on stereotyped behavior

The ketamine-induced stereotyped behavior exhi-
bited similar to the change of locomotor activity.
At early time after ketamine (20mg/kg and 40mg/
kg) injection(<60minute), stereotyped behavior
showed a increase, but at late time, showed a de-
crease significantly. In high does (80mg/kg) of ke-
tamine, stereotyped behavior did not show signifi-
cant different changes(Table 7, Fig 3). Ketamine
(20mg/kg)-induced stereotyped behavior was not
affected by above drugs except haloperidol and
a-MPT (Table 8). The ketamine(80mg/kg)-induced
stereotyped behavior was not affected by naloxone
or a-MPT and moderately inhibited by apomorphine
and significantly inhibited by reserpine and signi-

ficantly increased by haloperidol(Table 9).
Discussions

Recent reports have suggested that the analgesic
action and locomotor stimulant action of ketamine
could be mediated by opioid receptor’?-¥. However,
other evidences indicate that ketamine has negl-
gible affinity for specific opioid receptors and not
antagonized by naloxone using detection ketamine

binding to opioid receptorl017222)

In light of these conflicting finding, the purpose
of the present study was to reexamine the analgesic
action and locomotor stimulant effects of ketamine
and to determine whether such actions are influe-
nced by the opioid antagonist, naloxone, or mo-
noaminergic system.

This study has confirmed the previous finding*!V
that subanesthetic doses of ketamine produces
analgesia and excitatory effects including regular
and highly stereotypic locomotor phenomenon in
unlesioned rats. To examine the effects of various
doses of ketamine, at five different times after in-
jection, a dose/time-dependent analgesic effect and
behavioral change have been estabilished. In this
study, ketamine produced a dose-dependent anal-
gesia, and naloxone or haloperidol partially inhibited
the analgesic effect of ketamine (80mg/kg). The
pretreatment of apomorphine produced a decrease
of analgesic effect of ketamine (80mg/kg) slightly.
Reserpine, haloperidol, and o-MPT did not signi-
ficantly affect the change of tail-flick latency(TFL)
induced by ketamine.

Many studies have suggested a possible relatio-
nship between analgesia and brain catecholamine
metabolism. There are also confliciting on the im-
portances of different monoaminergic systems in the
spinal cord??, brain stem?”, and forebrain®?" as well
as in the injuried tissue?®. The pain induced by
thermal stimulation is strongly modulated by mu
receptor agonist®*® in brain stem and spinal cord
through the serotonergic receptor in spinal cord®.
A a preliminary study? in our laboratory demons-
trated that ketamine caused decrease of brain NE
and DA concentration, especially DA concentration
in mice. Also, there were a few conflicted studies
that the ketamine-induced analgesia was produced
by opioid receptor.

It has been noted by many authers that the open
field behavior is very complex and not representative
of many particular domains of behavior. But, it is
true that brain dopamine systems play an important
role in open-field locomotor activity and exploratory
behavior®. Therefore, we were to explain in some

detail how dopaminergic system may affect explo-
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Table 4. Effects of ketamine, naloxone, apomorphine, haloperidol, reserpine, and o-MPT on the locomotor activity

Time (min.) 0 30 60 90 120

Treatment
Control (saline) 31414259 30.20+3.00 28.90+5.00 30.00+2.02 27.60+0.93
Ketamine (20mg/kg) 44.00+4.39*  4529+7.55 22.60+4.93 15.67+4.48%*  11.25+6.21*

(40mg/kg) 55.67+6.02**  5255+4.05**  38.50+8.86 14.33+9.87*  12.00+5.78*

(60mg/kg) 56.75+6.98**  49.00+6.29 54.50+1047*  39.00+9.29 21.33+7.42

(80mg/kg) 5550+7.86*  59.00+7.93*  60.75+9.28*  56.67+8.09**  5500+280**
Naloxone (5mg/kg) 40.00+3.29 35.00+2.60 42.00+6.60 42.30+3.26™  41.60+7.20
Apomorphine  (400pg/kg) 46.50+5.00*  49.25+15.27 26.50+4.44 35.75+6.43 21.25+1.97
Haloperidol  (200pg/kg) 42.17+6.14 36.83+4.85 23.50+7.50 25.83+8.72 18.83+7.51
Reserpine (5mg/kg) 44.80+12.68  3240+12.27 39.67+8.36 32.80+2.08 21.40+0.93
a-MPT (250mg/kg) 27.50+3.82 27.70+5.05 28.10+6.82 13.10£2.87**  9.40+1.86**

x5 p<0.05, **  p<0.01
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Fig 2. Changes of tail-flick latency by ketamine administration.
&0 : Ketamine 20mg/kg.

O0——=0 . Control,

®—@  Ketamme 40mg/kg,

0—0 ! Ketamine 80mg/kg, *:

p<0.05, **:

A—A Ketamine 60mg/kg.
p<0.01
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ratory behavior. It is important to emphasize that stereotyped behavior in treated group of ketamine

many different classes of drugs may influence ex- 80mg/kg. But, the changelessness or decrease of
ploratory behavior. Apomorphine, haloperidol, re- stereotyped behavior supported by the observation
serpine, and o-MPT as those drugs were employed that apomorphine blocks latent learning®"
in this study. The overactivation of DA receptor by The effect of monoamine depletion with reserpine
apomorphine with direct agonist caused slight in- produced decrease of locomotor activity and ste-

crease of locomotor activity and changelessness of reotyped behavior by ketamine significantly. The

Table 5. Effects of naloxone, apomorphine, haloperidol, reserpine, and a-MPT on the ketamme (20mg/kg)-induced
locomotor activity

Time(min.)

Pretreatment 0 30 60 %0 120
Control (ketamne) 44004439  4529+755 22.60+4.93 15.67+4.48 11.25+6.21
Naloxone 435041262 45.75+7.12 3400+11.23  18.33+11.39 12.33+7.84
Apomorphine 4450+11.31 38.17+1153 23.3345.16 15.50+4.07 13.83+3.22
Haloperidol 2950+10.65 24.00+2.27* 22.25+3.42 16.50+1.55 15.00+3.03
Reserpine 51.00+1344  39.75+11.22**  3350+6.06 25.00+841 5.75+2.50
a-MPT 52004802  1450+3.93*  11.75+4.94 8.75+345 13,50+5.61
*1p<0.05, ** . p<0.01

Table 6. Effects of naloxone, apomorphine, haloperidol, reserpme, and a-MPT on the ketamine (80mg/kg)-induced
locomotor activity

Time(min.)
Pretreatment 0 30 60 90 120
Control (ketamine) 55.50+786  59.00+7.93 60.75+9.28 56.67+8.09 55.5045.89
Naloxone 49.83+7.16  41.00+6.13 42.17+5.38 45.00+854 44.00+11.22
Apomorphine 36254970  3850+13.17  3500+4.88*  41.25+14.34  32.25+8.35%*
Haloperidol 2667+627  2233+526%  29.00+6.30*  5467+10.19  46.33+7.59
Reserpine 32004080  240040.10**  2350+236**  1350+4150*  125+0.21*
a-MPT 37.30+12.19 2800+7.22%  3250+12.80  32.25+4.89*  24.75+6.17**
*1 p<0.05, **: p<0.01

Table 7. Effects of ketamine, naloxone, apomorphine, haloperidol, reserpine, and a-MPT on the stereotyped be-

havior
\\Time (min.) 0 30 60 90 120
Treatment
Control 34.20+0.20 36.70+2.90 31.20+420 3600270  33.00+5.60
Ketamine (20mg/kg) 4800+155**  33.67+4.70 2717+4.80  16.00+2.08**  15.75+4.94**
(40mg/kg) 42.17+3.53* 42.50+6.59 25674514  15.00+551*  7.50+0.63**
(60mg/kg) 31.17+7.05 39.50+6.16 28.83+4.85 26331410  3125+7.78
(80mg/kg) 39.83+5.39 33.83+9.54 31.50+819 3300208  22.00+10.00
Naloxone (5mg/kg) 30.60+6.20 32.00+5.90 36204820 28424320  27.80+5.60
Apomorphine  (400ug/kg) 32.25+3.45 37.25+9.94 23504210  22.75+0.85* 21.50+155
Haloperidol ~ (200ug/kg) 34.83+2.44 25.33+2.72* 25.17+495  21.33+0.37*  18.33+£2.80**
Reserpine (6mg/kg) 30.20+4.98 28.20+8.34 1860+6.62  10.80+598**  3.00+0.10**
a-MPT (250mg/ke) 26.40+3.00 32.6342.00 27304285  21.90+2.58* 2230+2.25

*: p<0.05, ** : p<0.01
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Fig 3. Changes of tail-flick latency by ketamine administration.

O——o0 : Control, o&—"A | Ketamine 20mg/kg.
0—@ : Ketamine 40mg/kg, 4&——& ! Ketamine 60mg/kg.
O0—0 [ Ketamine 80mg/kg, * . p<005 *. p<0.01

Table 8. Effects of naloxone, apomorphine, haloperidol, reserpine, and a-MPT on the ketamine (20mg/kg)-induced
stereotyped behavior

Time(mimn.) 0 30 60 90 120

Pretreatment

Control (ketamine) 48.00+1.55 33.67+4.70 27.17+4.80 16.50+2.08 15.75+4.94
Naloxone 45.00+5.24 34.40+445 24.00+4.73 15.00+9.54 11.67+5.36
Apomorphine 37.50+5.25 36.50+6.56 26.83+3.35 21.50+3.01 24.83+5.68
Haloperidol 42.25+6.09 30.50+2.84 20.25+3.07 19.75+3.84 28.50+2.75*
Reserpine 31.75+7.52 29.75+4.15 30.50+1.50 20.75+6.80 9.00+4.14
a-MPT 24.00+6.76**  24.50+6.49 14.00+4.69 16.50+2.25 19.00+2.27

*. p<0.05, *: p<0.01

Table 9. Effects of naloxone, apomorphine, haloperidol, reserpine and a-MPT on the ketamine (80mg/kg)-induced
stereotyped behavior

Time(mun.) 0 30 60 90 120

Pretreatment

Control (ketamine) 39.83+5.39 33.83+9,54 3150+8.19  33.00+2.08 22.00+10.00
Naloxone 37.80+7.36 42.75+2.81 40404506  40.3319.70 32.65+4.80
Apomorphine 25.00+10.52 32.75+7.33 19754626  27.25+9.57 14.25+3.97
Haloperidol 29.00+6.30 40.50+1.80 42.75+559  48.17+196 46.00+3.80*
Reserpine 31.67+10.84 17.50+4.63 16.2540.78 850+4.84*  13.50+1.90
a-MPT 31.25+9.58 35.50+5.87 38004502  26.25+4.13 24.75+5.11

* 1 p<0.05, ** . p<0.01
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effect of dopamine antagonist, haloperidol, and a-
MPT produced moderate changes of locomotor ac-
tivity and stereotyped behavior. Naloxone did not
affect the behavioral change of ketamine.

The results obtained from this study, suggest
that analgesic action of ketamine may be due to
opioid receptor and its locomotor activity is inf-
luenced by brain monoaminergic system rather than
opioid receptor. But, we did not obtain significant
results on the ketamine-induced stereotyped be-

havior.
Summary

In this study, we were to examine the analgesic
action and changes of motor activity by ketamine
and its mechanisms. Ketamine caused the dose
dependent increase of analgesic action and loco-
motor activity, but did not exhibit significant effect
on stereotyped behavior. Naloxone inhibited the
increase of ketamine-induced analgesic action, but
did not inhibit increase of locomotor activity. Apo-
morphine and haloperidol inhibited the increase of
ketamine-induced analgesic action and locomotor
activity. Reserpine and a-MPT did not affect ke-
tamine-induced analgesia, but inhibited increase of
ketamine-induced locomotor activity.

The results of this study suggest evidence that
analgesia of ketamine may be due to opioid receptor
and its locomotor activity is influenced by brain
monoaminergic system rather than opioid receptor.
We did not obtain significant results on the keta-

mine-induced stereotyped behavior.
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= Abstract=

A Study on the Ketamine-induced Analgesia
and Locomotor Activity in Mice

Department of Pharmacology, School of Medicine,
Keimyung University, Taegu

Soo Kyung Kim, MD; Seong Ryong Lee, MD

Ketamine produced an analgesia at subhypnotic doses in the absence of significant behavioral effect.
Ketamine also produces a variety of behavioral change at anesthetic dose. The analgesia produced by ketamine
has been known to ascribed to interaction with opioid receptors. The recent studies have shown that ketamine
interferes with metabolism of brain monoamines. In this connection, to elucidate further the mechanism
of analgesic action, locomotor activity and stereotyped behavior of ketamine, we have examed the effect
of naloxone(5mg/kg), apomorphine(400ug/kg), haloperidol(200pg/kg), reserpine(5mg/kg) and a-methyl-p-
tyrosine(a-MPT, 250mg/kg) on the analgesia and behavioral change of ketamine.

In this study, we were obtained that ketamine(20mg/kg or 80mg/kg i.p) caused a dose-dependent increase
in tail-flick latency(TFL) and moderate increase of locomotor activity and slight change of stereotyped
behavior. The analgesic action of ketamine(80mg/kg) was inhibited by naloxone or haloperidol and not
affected by apomorphine, reserpine or a-MPT. The increase of locomotor actwity of ketamine(20mg/kg
or 80mg/kg) did not affected by naloxone, moderately inhibited by apomorphine and significantly by reserpine,
haloperidol, or a-MPT. The stereotyped behavior of ketamine(20mg/kg or 80mg/kg) was not affected by
naloxone or apomorphine and significantly inhibited by reserpine or a-MPT and increased by haloperidol.

These results suggests that analgesia of ketamine may be due to opioid receptor and locomotor activity
or stereotyped behavior was influenced by brain monoaminergic system partially.

Key Words . Analgesia, Behavioral change, Ketamine



