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Abstract

There is scarce information regarding the effects of anesthetic doses of the non-competitive N-methyl-p-aspartate receptor
antagonist ketamine on anxiety. The current study evaluated the acute effects of intraperitoneally (i.p.) administered anes-
thetic ketamine (100 mg/kg) i.p. on anxiety in rats. For this purpose, the light/dark and the open field tests were utilized.
The effects of anesthetic ketamine on motility were also examined using a motility cage. In the light/dark test, anesthetic
ketamine, administered 24 h before testing reduced the number of transitions between the light and dark compartments and
the time spent in the light compartment in the rats compared with their control cohorts. In addition, ketamine was found to
exert a depressive effect on rats’ motility. In the open field test, animals treated with anesthetic ketamine 24 h before testing
spent essentially no time in the central area of the apparatus, decreased horizontal ambulatory activity, and preserved to a
certain extent their exploratory behaviour compared to their control counterparts. The results suggest that, in spite of its
hypokinetic effect, a single anesthetic ketamine administration apparently induces an anxiety-like state, while largely pre-
serving exploratory behaviour in the rat. These effects were time-dependent they since they were extinguished when testing
was carried out 48 h after anesthetic ketamine administration.
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Introduction

The non-competitive antagonist of the N-methyl-p-aspar-
tate (NMDA) receptor ketamine is a dissociative anesthetic
known for its strong psychotomimetic effects in humans and
animals [1, 2]. Ketamine is commonly utilized in clinical
and veterinary medicine in anesthesia and perioperative
analgesia [3]. Anesthetic ketamine does not exert a depres-
sant action on cardiovascular and respiratory system [4]. By
contrast, it can induce undesired effects such as dysphoria,
agitation and cognitive impairments [5].

Conflicting information is available, however, regarding
the role exerted by this NMDA antagonist on anxiety. Spe-
cifically, both anxiolytic [6—8] and anxiogenic [6, 7, 9, 10]
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effects of treatment with sub-anesthetic doses of ketamine
have been reported. Interestingly, these effects on anxiety
of sub-anesthetic ketamine cannot be attributed to changes
in locomotor activity. Alternatively, sub-anesthetic doses
of ketamine were reported being ineffective in influencing
anxiety and rodents’ motor functions [11, 12].

At the moment, there is scarce information concerning
the role of anesthetic ketamine in anxiety. In a previous
study aiming to assess the effects on anxiety of anesthetic
ketamine, performed 48 h after its administration, no effect
of ketamine was observed, either in the elevated plus maze
or in the new object exploration test, two behavioural proce-
dures utilized to evaluate anxiety in rodents [13]. In addition,
the authors did not show differences in terms of locomotor
activity between vehicle and anesthetic ketamine-treated ani-
mals [13]. Importantly, the short-term effects of anesthetic
ketamine on anxiety have not been studied up to date.

Taking into consideration the above evidence, the current
experiment was designed in order to examine the short-term
effects of the anesthetic ketamine on anxiety in rats. Subse-
quently, we thought it would be of interest to detect when the
effects of anesthetic ketamine on anxiety were extinguished.
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For these studies, the light/dark box and the open field
tests were used. The light/dark box test is a behavioural para-
digm that is based on the natural aversion of rodents to stay
in brightly illuminated areas and the conflicting tendency
of animals to explore new spaces [14]. The open field test
involves an encounter of the rodent with new open spaces
and trigger behavioural and physiological reactions related
to anxiety [15]. In addition, motor activity was also tested
as an independent parameter of the potential effects of keta-
mine on locomotion that might affected rats’ performance
in the light/dark test [16].

Materials and Methods
Animals

Male 3-month-old albino Wistar rats (Hellenic Pasteur Insti-
tute, Athens, Greece) that weighed 250-300 g were utilized
in this experimentation. Rats were housed in Makrolon cages
(47.5 cm length X 20.5 cm height X 27 cm width) three per
cage, in a climate-regulated environment (21 + 1 °C; 50-55%
relative humidity) under a 12 h/12 h (lights on at 7:00 AM)
light/dark cycle with free access to food and water.

The procedures that involved animals and their care were
conducted in accordance with international guidelines and
national and international laws and policies (EEC Council
Directive 86/609, JL 358, 1, December 12, 1987; NIH Guide
for Care and Use of Laboratory Animals, NIH publication
no. 85-23, 1985).

Drugs

Ketamine hydrochloride (Sigma, St. Louis, MO, USA) was
dissolved in saline (NaCl 0.9%) and injected intraperito-
neally (i.p.) at the anesthetic dose of 100 mg/kg, in a volume
of 1 ml/kg. Control animals received isovolumetric amounts
of the vehicle solution (saline).

Light/Dark Test

The light/dark box apparatus consisted of a wooden box
(48 cm length X 24 cm height X 27 cm width) divided into
two equal-size compartments by a barrier that contained a
doorway (10 cm height X 10 cm width). One of the cham-
bers was painted black and was covered with a lid and the
other chamber was painted white and illuminated with a
60-W light bulb positioned 40 cm above the upper edge
of the box. The test was carried out as described previ-
ously [17]. On the test day, the animals were transported
to the darkened test room and remained undisturbed in
their home cages for 2 h. Then the rats were placed in
the middle of the lit chamber, facing away from the dark
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compartment. The rats were allowed to freely explore the
apparatus for 5 min. The latency to enter (with all four
paws) the dark compartment, number of transitions and
the amount of time spent in the light and dark chambers
were recorded.

Locomotor Activity Test

Spontaneous locomotor activity was assessed in an activ-
ity cage (Ugo Basile, Varese, Italy). The device con-
sisted of a box made of Plexiglas (41 cm length X 33 cm
height X 41 cm width). Every movement of the animal
produced a signal caused by variations in the inductance
and capacitance of resonance circuitry of the apparatus.
The signals were then automatically converted into num-
bers that reflected motor activity counts. Changes in motor
activity counts represent a standard behavioural assay for
evaluating the effects of drugs on motility. The procedure
used was described previously [17]. On test day, naive
animals were transported to the darkened test room and
left in their home cages for 2 h. Thereafter, each rat was
placed into the locomotor activity cage and spontaneous
locomotion was recorded for 5 min.

Open Field Test

Anxiety and motor behaviour were recorded with comput-
erized activity monitoring (ENV515, Activity Monitor, v.
5; Med. Associates) in a transparent open activity box, as
previously described [18-20].

The open activity box (40 cm length x40 cm
height x40 cm width) was equipped with three 16-beam
infrared arrays, two located on the X and Y axes for posi-
tional tracking and one on the Z axis for rearing detection.
On the test day, the rats were transported to the testing room
and remained undisturbed in their home cages for 2 h. Each
rat was then placed in the same corner of the open field
arena and its behaviour was recorded for 1 h. The param-
eters recorded were horizontal activity (ambulatory distance,
expressed in centimeters), vertical activity (number of verti-
cal counts) and time spent in the central area of the appara-
tus (expressed in seconds). Ambulatory distance reflects the
animal’s overall motor activity that corresponds to walking.
The number of vertical counts (rearings) is a measure of
the animal’s reactivity to a novel environment [21] and the
amount of the time spent in the central area of the open field
arena is regarded as a measure of anxiety [15].

To avoid the presence of olfactory cues, all the testing
apparatuses (light/dark box, open field arena and motility
cage) were thoroughly cleaned with 20% ethanol and then
wiped with dry paper after each trial.
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Experimental Protocol

Experiments were conducted between 9:00 AM and 3:30 PM
during the light phase of the light/dark cycle. Behavioural
testing was performed 24 or 48 h following treatment [22].
Anesthetic state was defined as loss of righting reflex and
movement. Time to gain the righting reflex was the param-
eter recorded for evaluating recovery from anesthesia. Data
evaluation was performed by two experimenters who were
unaware of the pharmacological treatment of each animal.

Experiment 1: Short-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Light/Dark
Test

Naive rats were randomly divided into two experimental
groups (10 rats per group), as follows: vehicle and ketamine
100 mg/kg. Ketamine and vehicle were administered 24 h
before testing.

Experiment 2: Short-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Locomotor
Activity Test

Naive rats were randomly divided into two experimental
groups (10 rats per group), as follows: vehicle and ketamine
100 mg/kg. Ketamine and vehicle were administered 24 h
before testing.

Experiment 3: Short-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Open Field
Test

Naive rats were randomly divided into two experimental
groups (7 rats per group), as follows: vehicle and ketamine
100 mg/kg. Ketamine and vehicle were administered 24 h
before testing.

Experiment 4: Long-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Light/Dark
Test

Naive rats were randomly divided into two experimental
groups (8 rats per group), as follows: vehicle and ketamine
100 mg/kg. Ketamine and vehicle were administered 48 h
before testing.

Experiment 5: Long-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Locomotor
Activity Test

Naive rats were randomly divided into two experimental
groups (8 rats per group), as follows: vehicle and ketamine

100 mg/kg. Ketamine and vehicle were administered 48 h
before testing.

Experiment 6: Long-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Open Field
Test

Naive rats were randomly divided into two experimental
groups (9-10 rats per group), as follows: vehicle and keta-
mine 100 mg/kg. Ketamine and vehicle were administered
48 h before testing.

Statistical Analysis

Data were expressed as the mean+ SEM. Light/dark and
motility data were analyzed using the Student independent ¢
test. This statistical test is utilized for analyzing the signifi-
cance of the difference between two means. Overall effects
of ketamine (0—60 min) on open field data were analyzed
using the Student’s independent ¢ test. Data were also ana-
lyzed with two-way repeated measures analysis of variance
(ANOVA) with the treatment (ketamine) as between-sub-
jects factor and time (10 min time bins) as within-subjects
factor. Post-hoc comparisons between treatment means were
made using Tukey’s test.

Values of p<0.05 were considered statistically significant
[23].

Results

The righting reflex disappeared in rats that received 100 mg/
kg ketamine within 8 min after treatment. Ketamine-treated
animals recovered from their anesthetic effects (time to
gain their righting reflex) within 30 min following drug
administration.

Experiment 1: Short-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Light/Dark
Test

The effects of anesthetic ketamine on animals’ performance
in the light/dark test are illustrated in Fig. 1. Anesthetic keta-
mine did not influence the latency to enter the dark compart-
ment (p> 0.05, not significant (n.s.)) (Fig. 1A). Analysis of
number of transitions results (Fig. 1B) revealed an effect of
treatment. Anesthetic ketamine-treated rats made fewer tran-
sitions compared with their control counterparts (p < 0.05).
Total time spent in the light compartment by ketamine-
treated animals was significantly lower as compared to that
spent by the vehicle-treated animals (p < 0.05, Fig. 1C).
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Fig. 1 Light/dark test. Vehicle and ketamine were injected intraperi-
toneally 24 h before testing. Results are expressed as mean + SEM. A
Latency to enter the dark chamber. B Number of transitions. C Time

Experiment 2: Short-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Locomotor
Activity Test

Anesthetic ketamine-treated animals expressed a signifi-
cantly lower locomotor activity as compared to the vehicle-
treated animals (p < 0.05, Fig. 1D).

Experiment 3: Short-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Open Field
Test

The results of the open field test are shown in Fig. 2 and
Table 1. Animals that received anesthetic ketamine exhibited
increased anxiety compared with their vehicle-treated coun-
terparts, when tested 24 h post-injection, that was accompa-
nied by lower levels of horizontal ambulatory and vertical
activity.
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spent in the light chamber. D Locomotor activity counts. *p <0.05
compared to the vehicle-treated group

Specifically, analysis of 24 h open field data in 10 min
bins (Fig. 2) showed a significant treatment x time inter-
action for the center time [F 5 65)=10.2, p<0.001] and for
horizontal ambulatory activity [Fs ¢p,=10.6, p<0.001].
Main effects of treatment [F, |,)=6.3, p=0.03] and time
[F(s.60)=47.5, p<0.001] were observed for vertical counts.

During the open field test, ketamine-treated rats essen-
tially spent no time in the central zone of the test arena,
at any time point recorded, with the exception of the first
10 min period, when they were present in the center for
approximately 3 s. In contrast, their control counterparts
spent 10x more time in the center and maintained this
behaviour throughout the first 40 min of the test (p <0.01,
Fig. 2A).

During the test, both treatment groups gradually
decreased their horizontal ambulatory activity. Ketamine-
treated rats had approximately 50% lower ambulatory dis-
tance in the beginning of the test, compared with vehicle,
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Fig.2 Open field test. Vehicle and ketamine were injected intraperitoneally 24 h before testing. Results are expressed as mean+SEM. A Time
spent in the central zone. B Ambulatory distance. C Vertical activity counts. *p <0.05 compared to the vehicle-treated group

Table 1 Open field activity

Ketamine-24 h Vehicle-48 h Ketamine-48 h

Time frame Vehicle-24 h

recorded 24 h or 48 h after one

anesthetic ketamine injection

In rats 0-60 min 83.3+9.9
0-60 min 5929.6 +115.3
0-60 min 144.7+26.1

Time spent in the central zone (s)

48+£20%
Ambulatory distance (cm)
2036.1 +£277.8*

62.7+11.0 63.2+18.0

5009.3+£394.1 5405.5+£758.1

Vertical counts (number of rearings)

75.6£19.8* 120.1+18.2 133.8+19.7

The values are mean + SEM. * p<0.01 vs. vehicle

and exhibited very little ambulation thereafter. Ketamine-
treated rats had significantly lower ambulatory activity com-
pared with vehicle, during the first four time bins (p <0.01,
Fig. 2B).

Finally, vertical activity gradually decreased in both treat-
ment groups and was lower in ketamine-treated rats, but the
difference did not reach statistical significance at any time
point (Fig. 2C).

Cumulative behavioural measures such as total time spent
in the center of the open field, total horizontal ambulatory
activity and total vertical activity were significantly lower

in ketamine-treated rats compared with their vehicle-treated

cohorts (p<0.001, p<0.001 and p=0.03 respectively)
(Table 1).

Experiment 4: Long-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Light/Dark
Test

Treatment with anesthetic ketamine had no effect on ani-
mals’ performance in the light/dark test assessed 48 h fol-
lowing its administration. Specifically, anesthetic ketamine

@ Springer
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did not affect the first entry into to the dark chamber
(Fig. 3A), the number of transitions between the two com-
partments (Fig. 3B) or the time spent in the light chamber
of the apparatus (Fig. 3C) (p>0.05).

Experiment 5: Long-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Locomotor
Activity Test

The statistical results of motor activity data revealed that
anesthetic ketamine injected 48 h before testing did not influ-
ence rats’ motility (p>0.05, Fig. 3D).

Experiment 6: Long-Term Effects of Anesthetic
Ketamine on Rats’ Performance in the Open Field
Test

The results of the open field test carried out in rats 48 after
the administration of anesthetic ketamine are reported in

>

12 1 B Vehicle-48 h

XY Ketamine (100 mg/kg)-48 h)

Latency to enter the dark chamber (s.)
()}

o
i~/

100 +

I Vehicle-48 h
XY Ketamine (100 mg/kg)-48 h

Time spent in the light chamber (s.)

Motor activity (counts/5 min.)

Fig. 4 and Table 1. The findings indicate that treatment with
ketamine did not influence rats’ performance in this test.

Discussion

The light/dark test is a behavioural paradigm designed to
evaluate the anxiolytic- and anxiogenic-like action of drugs
in rodents [15]. It is a rapid procedure, is easy to use and
does not require training of animals. In addition, to not
requiring training, the light/dark test does not require food
or water deprivation [24]. Transitions between the light and
dark chambers are considered an index of activity/explo-
ration because habituation over time is observed with this
measure, while the time spent in each chamber of the appa-
ratus is considered an index of aversion or attraction [25].
Acute treatment with anesthetic ketamine, 24 h before
testing, produced an anxiogenic-like effect in rats in the
light/dark test. In this context, it has been observed that
anesthetic ketamine did not influence the latency of the first
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I Vehicle-48 h
ENY Ketamine (100 mg/kg)-48 h

10 A

Number of transitions
[=)}

1000 -
I Vchicle-48 h
Ketamine (100 mg/kg)-48 h
800 +
600 ~
400 -
200 -
0

Fig.3 Light/dark test. Vehicle and ketamine were injected intraperitoneally 48 h before testing. Results are expressed as mean+SEM. A
Latency to enter the dark chamber. B Number of transitions. C Time spent in the light chamber. D Locomotor activity counts
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Fig.4 Open field test. Vehicle and ketamine were injected intraperitoneally 48 h before testing. Results are expressed mean+SEM. A Time
spent in the central zone. B Ambulatory distance. C Vertical activity counts

entry into the dark chamber but decreased both the number
of transitions between the dark and lit chamber and the time
spent by rats in the light chamber of the apparatus com-
pared to their control cohorts. These results indicate that
the reduced time spent in the lit chamber of the light/dark
box by the rats that received ketamine was partially due to
a drug-induced consistent reduction of locomotor activity.
Drugs that affect general motor function may affect per-
formance in anxiety tests because of changes in motoric
activity that are unrelated to any anxiogenic- or anxio-
lytic-like effects of the compound. Thus, the assessment
of motor activity in rodents after administration of a test
drug is required to evaluate the possibility of nonspecific
motoric effect that may confound the interpretation of the
results from the anxiety tests. The present locomotor activity
findings clearly propose that anesthetic ketamine depressed
animals’ motility in the motor activity test when injected 24
before testing. These motility results are in agreement with
previous findings in which administration of anesthetic doses
of ketamine (100-150 mg/kg) reduced rats’ motor activ-
ity 24 h following treatment [26, 27]. On the other hand,
anesthetic ketamine (150 mg/kg) assessed at different time

frames (24, 48 and 72 h) after its administration did not alter
mouse locomotor activity [28]. The species utilized (mouse
vs. rat used in the other studies) and the age of animals (7
months-old mice vs. 3-month-old rats utilized in our studies)
may underlie this discrepancy.

Interestingly, acute administration of anesthetic ketamine
48 h before testing had no effect on any measure in the light/
dark box test and did not influence animals’ motor abilities
assessed in the motor activity cage.

The open field test is a neophobic test of anxiety and is
based on rodent’s natural tendency to avoid open spaces.
Therefore, the amount of time spent in the central area of
the apparatus reflects the anxiety-like state of rodents [15].
This procedure also evaluates responses to novelty and
alert exploratory behaviour by measuring vertical activity
(rearings) [18, 21], as well as overall locomotor activity
by measuring ambulation (walking). Further, if the rats
have not been previously placed in the open field chamber,
as is the case for the current study, this test also assesses
animal response to novelty [18]. Exploratory behaviour,
mostly corresponding to vertical activity but also to ambu-
latory activity, is more prominent during the first half of
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the test and gradually declines, as the animal habituates to
the environment. Vertical activity in response to novelty
has been previously used as a differentiating factor when
characterizing drug-induced effects on behaviour [18].

Anesthetic ketamine induced an anxiogenic-like effect
in the open field test, 24 h after its administration. In par-
ticular, rats that received ketamine essentially did not
spend any time in the central zone of the open field at any
time point recorded, as compared to the vehicle-treated
rats.

On the other hand, anesthetic ketamine administration
decreased but did not block ambulation compared with the
vehicle. Ambulatory distance expressed by ketamine-treated
rats was approximately 50% lower, respect to that expressed
by vehicle-treated animals, during the first 20 min of the test,
and dropped to very low levels thereafter. This suggests, that
in spite of their overall lower ambulation, ketamine-treated
rats exert their motor profile during the first phase of the test,
when they encountered a novel environment. Finally, alert
exploratory behaviour and response to novelty, as meas-
ured by the number of vertical counts, was overall lower in
ketamine-treated rats, compared with their vehicle-treated
counterparts, but the difference did not yield a statistical
significance at any time point of the test.

Overall, these findings show that a single anesthetic keta-
mine administration is followed, at 24 h post-treatment, by
an anxiety-like behavioural profile that is accompanied by
decreased ambulation, while exploratory behaviour is sus-
tained. Thus, we can postulate that the avoidance of the open
field center was not merely a side-effect of the ketamine-
induced hypokinetic phenotype but may be a specific mani-
festation of an anxiety-like state.

Ketamine-treated rats tested 48 h after treatment did not
show any difference as compared to their control cohorts in
all variables of the open field test.

As a whole, results here presented suggest that the behav-
ioural effects of anesthetic ketamine were dependent on the
time between the injection and testing since the effects were
present at 24 h but were absent 48 h after treatment. The
anxiogenic effect observed 24 h after treatment could be
considered prominent, given that ambulatory and explora-
tory activities were preserved to a certain degree. Thus, it
is reasonable to suggest that the anxiety-like state, observed
in the open field and the light/dark tests, was not a resid-
ual effect of the decreased ambulation but an independent
behavioural response.

Moreover, our results of the experiments performed 48 h
after treatment with anesthetic ketamine are in agreement
with a previous study in which anesthetic ketamine was also
found ineffective to influence rats’ anxiety levels, as deter-
mined with the elevated plus maze test, and to influence
movement time in an arena, when it was administered 48 h
before testing [13].
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As we have already mentioned the impact of anesthetic
ketamine on anxiety remains largely unexplored. Our results
suggest that the behavioural effects of ketamine persist for
24 h (but disappeared after 48 h) indicating that this time
point of its administration is crucial for its action.

The mechanism(s) by which anesthetic ketamine pro-
duces its unwanted behavioural effects has yet to be clari-
fied. It has been reported that anesthetic ketamine produces
its unwanted behavioural effects by acting, at least in part, as
antagonist to the NMDA receptor [29]. Based on consistent
experimental findings it cannot be ruled out that target sites
other than NMDA receptors might mediate the actions of
anesthetic ketamine such as the GABA , receptor [30] and/
or the nicotinic cholinergic receptor [3].

Additionally, experimental evidence suggests that anxi-
ety is related to oxidative stress [31] and c-fos expression
in the limbic system [32]. Interestingly, ketamine at anes-
thetic doses was found to increase oxidative stress [33] and
to induce marked c-fos expression in rodents [34].

The exact role of anesthetic ketamine in anxiety is dif-
ficult to interpret based on the above reported data. It is
important to emphasize that the effects of anesthetic keta-
mine on anxiety were evaluated in the elevated plus maze,
the new object exploration [13], the light/dark box and the
open field test (present study). These paradigms are uncondi-
tioned exploration-driven anxiety-related tests that are based
on the conflict between the desire to explore and avoidance
of new spaces [35]. To our knowledge, the effects of anes-
thetic ketamine on anxiety were not tested by utilizing con-
ditioned non-exploration-driven anxiety-related tests, such
as ultrasonic vocalization and stress-induced hypothermia or
conditioned operant conflict paradigms such as the Geller-
Seifter and Vogel conflict tests [35].

Finally, the effects of anesthetic ketamine on anxiety were
observed in behavioural studies conducted in male rats [13,
present study]. Of note, no study has addressed the effects
of anesthetic ketamine on anxiety-like behaviour in female
animals up to date. Importantly, is well documented that the
prevalence of anxiety for women is approximately twice that
for men [36]. Exploring the effects of anesthetic ketamine on
anxiety by utilizing female rodents might be of high trans-
lational relevance. Further research, therefore, is needed to
definitively clarify the role of this dissociative anesthetic in
anxiety disorders.

Conclusions

In summary, studies herein presented indicate a time-
dependent anxiogenic-like action of anesthetic ketamine
revealed in the light/dark box and the open field paradigms
in rats which however was accompanied by a decrease but
not blockade of motor activity.
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