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McCANN, D. J., R. A. RABIN AND J. C. WINTER. Interactions of clonidine with phencyclidine and ketamine: Studies
of radial maze performance and righting reflex in rats. PHARMACOL BIOCHEM BEHAV 26(1) 23-28. 1987.—Rats
were trained to obtain food pellets in an 8-arm radial maze until a criterion of 89% efficiency, i.e., all arms entered within 9
arm entries, was reached in S consecutive sessions. Decreases in efficiency caused by phencyclidine (PCP: 4to 9 mg/kg, [P,
15 min before testing) or ketamine (25 mg/kg, IP, 5 min) were attenuated when subjects were pretreated with clonidine (0.05
mg/kg, IP, 30 min). However, significant improvements in performance in the maze were not observed when clonidine (0.05
to 0.4 mg/kg, IP) was administered 15 min after PCP (9 mg/kg, IP, 45 min). Subsequent studies of righting reflex demon-
strated an increased frequency and duration of anesthesia when clonidine (0.05 mg/kg, IP) was administered 15 minutes
before PCP (12.5 to 50 mg/, IP) or ketamine (50 to 100 mg/kg. IP). When clonidine (0.05 mg/kg, IP) was administered 15
minutes before |*H|PCP (40 uCi/kg, [P). brain levels of tritium were reduced by 42 to 55%. The present findings do not
support the suggestion that clonidine may be useful in the treatment of PCP intoxication. The data do indicate that

pretreatment of surgical patients with clonidine may reduce the dose of ketamine required for anesthesia.
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Radial maze

Righting reflex Anesthesia

INITIAL clinical trials of phencyclidine (PCP) revealed sev-
eral advantages of the drug over more conventional anes-
thetics: pharyngeal and laryngeal reflexes were unchanged
and there was minimal depression of the cardiovascular and
respiratory systems [6]. However, the use of PCP as an anes-
thetic in humans was abandoned due to the frequent occur-
rence of emergence delirium, a state characterized by exci-
tation, hallucinations, and irrational behavior during the re-
covery period. Similar emergence reactions limit the useful-
ness of ketamine, the only dissociative anesthetic currently
available for use in humans. While PCP is no longer used
clinically, the treatment of PCP intoxication in drug abusers
is a common therapeutic challenge [13,14]. Thus, a drug
capable of antagonizing certain effects of PCP might be use-
ful as an adjunctive medication for improved dissociative
anesthesia or as a treatment for PCP intoxication.

Tang and Franklin [16] recently suggested clonidine as a
potential treatment for PCP intoxication. This was based on
their observation that clonidine blocks the disruptive effects
of PCP on a shock avoidance task in which rats are required
to make a light-dark discrimination in a Y-maze. However,

the efficacy of clonidine as a PCP antagonist seems not to
apply to all behavioral variables. Clonidine does not block
PCP-induced disruption of rotarod performance or PCP’s
anticonvulsant effects [18]. Tests of clonidine’s ability to an-
tagonize the discriminative stimulus properties of PCP in rats
produced intermediate results; greater than 50% PCP-
appropriate responding was observed with all doses of
clonidine which were combined with the training dose of
PCP [18].

It has previously been demonstrated that PCP disrupts
the performance of rats in a radial maze [8,10]. Results of
preliminary experiments indicate that ketamine affects rats
in a similar manner (McCann and Winter, unpublished). The
initial purpose of the present investigation was to evaluate
the ability of clonidine to antagonize the effects of PCP and
ketamine in a radial maze. In addition, the interactions of
clonidine with PCP and ketamine were examined with re-
spect to effects on righting reflex. Finally, in an effort to
explain the resulting behavioral data, the effects of clonidine
pretreatment on levels of PCP and PCP metabolites in rat
brain were examined.

'Requests for reprints should be addressed to David J. McCann, State University of New York at Buffalo, Department of Pharmacology and

Therapeutics, School of Medicine. 127 Farber Hall, Buffalo, NY 14214.
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METHOD
Animals

All subjects were male Fischer 344 rats obtained from
Charles River Breeding Laboratories, Inc. (Wilmington,
MA) at approximately four weeks of age. They were housed
in pairs under a natural light-dark cycle and had free access
to water in the home cage. Subjects were gradually reduced
to 75-80% of their expected free-feeding weight and main-
tained at that level by limiting access to dry food to two
hours per day.

Apparatus

The radial maze was similar in design to that which was
described by Olton and Samuelson [11,12]. It consisted of a
central hub, 34 cm in diameter, with eight 8 cm by 9 cm
arms radiating from it. The aluminum walls of each arm were
10 ¢cm high at the center of the maze and sloped to a height of
6 cm at the end of the arms. At the end of each arm and along
the sides, extending 20 ¢cm toward the center of the maze,
pieces of clear Plexiglas increased the total height of the
walls to 13 cm. The rest of the maze was constructed entirely
of aluminum, with the exception of the food wells which
were plastic cups 1.5 cm deep with a diameter of 2 cm. One
food well was located at the end of each arm. The entire
maze was elevated 46 cm from the floor.

Procedure

Training in the radial maze. At the beginning of each
training session a subject was placed in the center of the
maze with a 45 mg food pellet (P. J. Noyes Company, Lan-
caster, NH) located at the end of each arm. For the first
session only, a pellet was also placed a short distance from
the starting point to encourage exploration. Arm entries, de-
fined as four paws within an arm, were scored by visual
observation. The amount of time required to make the first
eight arm entries was also recorded. A session lasted until all
eight arms were entered or 10 minutes had elapsed. When a
subject entered all eight arms during a session, then per-
formance was analyzed in terms of efficiency. Efficiency
was defined as the percentage of arm entries which were
correct (not reentries) out of all arm entries made while
completing the maze, i.e., 8/total number of arm entries.
expressed as a percentage. Performance was also analyzed
in terms of rate, defined as the number of arm entries made
per minute during the first eight arm entries of a session.
Each subject received training sessions three times a day, 1
to 2 hours apart, on Mondays and Thursdays or Tuesdays
and Fridays (six sessions per week). Stable performance was
assumed to be present when subjects reached a criterion of
89% efficiency in five consecutive sessions. Training was
continued for a maximum of 30 sessions; subjects which did
not reach criterion performance within this time were ex-
cluded from the experiments.

Ten subjects (Group 1) which had participated in previous
studies in the radial maze were used to evaluate the abil-
ity of clonidine pretreatment to prevent the disruptive effects
of ketamine on performance in the maze. These subjects
received no drug treatments for at least 3 months prior to the
study. In addition, two groups of subjects were trained im-
mediately prior to the present experiments. Group II (N=15)
was used to evaluate the ability of clonidine pretreatment to
prevent the disruptive effects of PCP on performance. Group
III (N=15) was used to evaluate the ability of clonidine,
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administered 15 minutes after PCP, to reverse the effects of
PCP.

Drug tests in the radial maze. After training, subjects
performed in the maze two times a day on Mondays and
Thursdays or Tuesdays and Fridays. No injections were
given prior to the first session each day, a session identical in
design to a training session. When a subject performed with
at least 89% efficiency in its first session, a test session was
given 1 to 2 hours later in which the effects of vehicle or drug
injections were evaluated. When a subject performed with
less than 899 efficiency in its first session, no injections
were given prior to its second session. Test sessions lasted
until all 8 arms were entered or for a maximum of 10 minutes.
In addition to rate and efficiency, performance during test
sessions was analyzed in terms of the number of entries
made to previously visited arms (reentries) during the first 8
arm entries of a session. This additional measure of perform-
ance was needed when high doses of PCP prevented some
subjects from completing the maze during a test session {(no
efficiency values could be calculated for these subjects).

Righting reflex tests. Following injections of PCP or
ketamine, subjects were tested for the presence of a righting
reflex every 5 minutes for 1 hour or until a righting reflex was
regained. Righting reflex was considered absent when a sub-
ject failed to place all four paws in contact with a flat surface
3 seconds after being placed on its back. Data were ex-
pressed as the percentage of subjects anesthetized (righting
reflex lost) and the mean duration of anesthesia.

Measurement of tritium levels in rat brain after adminis-
tration of [P H]PCP. Subjects received 40 uCi/kg of [*H]PCP
in a solution which also provided 4 mg/kg unlabeled PCP.
Fifteen minutes after injections of [*H]PCP, subjects were
killed by decapitation. Brains were then immediately re-
moved and dissected as described by Glowinski and Iversen
[5]. However, no effort was made to separate the hypothal-
amus from the midbrain and the six resulting brain regions
were cerebellum, cortex, hippocampus, medulla. mid-
brain/hypothalamus, and striatum. Each brain region was
weighed and then dissolved by incubating at 55°C for 24
hours in 1 ml/100 mg protosol (NEN Research Products,
Boston, MA). Radioactivity was measured in glass scintilla-
tion vials using a constant ratio of 15 ml scintillation fluid: 1
ml protosol: 100 mg tissue. Background radioactivity was
determined by using brain tissue from a subject not injected
with [*HJPCP. Data representing total radioactivity minus
background were expressed as disintegrations per minute
(DPM)/100 mg tissue. Efficiency of counting ranged from 26
to 33%.

Drugs

Phencyclidine HCI was provided by the National Institute
on Drug Abuse, Rockville, MD. Clonidine HCI was obtained
from Boehringer Ingelheim Ltd., Ridgefield, CT. Both drugs
were dissolved in saline. Ketamine HCl (Vetalar, Parke-
Davis) was obtained as a 100 mg/ml solution and diluted with
saline as needed. [Piperidyl-3,4-*H(N)]phencyclidine (spe-
cific activity 47.6 Ci/mmol) was obtained from NEN Re-
search Products, Boston, MA. All drugs were injected [P in a
constant volume of 1 ml/kg of body weight.

Statistics

In behavioral experiments, clonidine treatments were
counterbalanced with their corresponding control treatments
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FIG. 1. Effects of clonidine (0.05 mg/kg) administered (A) alone
(N=25), (B) prior to 25 mg/kg of ketamine (N=10), and (C) prior to 4
mg/kg of PCP (N=15) in an 8-arm radial maze. Clonidine, ketamine
and PCP were injected IP 30, 5 and 15 min before testing, respec-
tively. Each value represents the mean of 1 determination in each
subject. Left scale: efficiency (hatched bars). Right scale: rate of
responding (open bars). *¥*p<0.01; ***p<0.005; ****»<0.001.

in a crossover design. Behavioral data corresponding to
clonidine treatments were compared with control data by
means of individual applications of the Wilcoxon signed
ranks test for paired data. Where the use of an analysis of
variance (ANOVA) is indicated, the Friedman two-way
ANOVA by ranks was used. Concentrations of tritium in rat
brain after clonidine and [*H]PCP were compared with con-
trol data by means of individual applications of the 7-test.
Differences were considered to be significant if they would
be expected to arise by random sampling alone with a
probability less than 0.05.

RESULTS

All rats used in the radial maze experiments became
highly efficient in obtaining the eight food pellets available
during each training session. After 30 training sessions, two
out of 42 subjects failed to reach a criterion of 89% efficiency
in five consecutive sessions and were not included in the
experimental groups. The mean number of sessions to
achieve that criterion was 19 for Group 1 (N=10), 13 for
Group II (N=15), and 16 for Group III (N=15).

Figure 1 shows the effects of 0.05 mg/kg of clonidine
when administered by itself in Groups I and II (panel A),
prior to ketamine in Group 1 (panel B), and prior to phency-
clidine in Group II (panel C). All statistical comparisons
were made between clonidine treatments and their corre-
sponding controls in each panel. While efficiency (hatched
bars, left scale) was not altered by clonidine alone, the de-
creases in efficiency caused by 4 mg/kg of phencyclidine and
25 mg/kg of ketamine were significantly attenuated by pre-
treatment with clonidine. Rate (open bars, right scale) was
decreased by clonidine in each comparison. However, only
the decreases observed when clonidine was administered by
itself and prior to PCP were significant.

When the effects of clonidine pretreatment were eval-
uated with higher doses of PCP in Group 11, the performance
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FIG. 2. A. and B. Dose response relationship for PCP alone (15 min
before testing; open circles) and in combination with clonidine pre-
treatment (0.05 mg/kg, 30 min before testing; closed circles) in an
8-arm radial maze. Each point represents the mean of 1 determina-
tion in each of 15 subjects. Abscissa: dose of PCP expressed on a log
scale. Ordinates: A—reentries during the first 8 arm entries of a
session: B—rate of responding. *p<0.05; **p<0.01; ***,<0.005;
*HAEH <(0.001.

of some subjects became so disrupted that they failed to
complete the maze within a 10 minute session. As a result,
values for efficiency could not be determined for all subjects.
However, all subjects made at least 8 arm entries during each
session. Figure 2, panel A, shows the resulting data in terms
of the number of entries made to previously visted arms
(reentries) during the first 8 arm entries of each session.
Values corresponding to 4 mg/kg of PCP represent a re-
statement of the data shown in Fig. 1, panel C. Effects of
each dose of PCP on reentries (open circles) were signifi-
cantly attenuated by pretreatment with 0.05 mg/kg of
clonidine (closed circles). Figure 2, panel B, shows that
clonidine significantly decreased rate when combined with
all but the highest dose of PCP. In terms of reentries, an
analysis of variance showed no significant difference be-
tween 4 saline test sessions given to the subjects during the
course of the study. Rate during saline test sessions de-
creased significantly with time.

In Fig. 3 are seen the results of experiments in Group 111
designed to test the ability of clonidine to reverse the disrup-
tive effects of 9 mg/kg of PCP. PCP was administered 45
minutes before test sessions and clonidine was administered
15 minutes after PCP. This is in contrast with the im-
mediately preceding study in which PCP was administered
15 minutes before test sessions and clonidine was adminis-
tered 15 minutes before PCP. Panel A shows that no signifi-
cant reduction in the mean number of reentries was observed
when 0.05 to 0.4 mg/kg of clonidine was administered after 9
mg/kg of PCP. In terms of both reentries and rate, analyses
of variance showed no significant difference between 4 test
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FIG. 3. A. and B. Dose response relationship for clonidine adminis-
tered 15 min after PCP (9 mg/kg, 45 minutes before testing) in an
8-arm radial maze. Points corresponding to PCP in the absence of
clonidine represent the means of 4 determinations in each of 15
subjects. All other points represent the means of 1 determination in
each of at least 14 subjects. Hatched lines represent the range of
means from 4 saline test sessions in all subjects. Abscissa: dose of
clonidine expressed on a log scale. Ordinates: A—reentries during
the first 8 arm entries of a session; B—rate of responding. *One of 15
subjects did not make 8 arm entries. ***p<0.005.

sessions in which subjects received 9 mg/kg of PCP in the
absence of clonidine. Two horizontal hatched lines represent
the range of means observed during 4 saline test sessions
given during the course of the study. Rate (panel B) was
significantly reduced by all doses of clonidine. When 0.4
mg/kg of clonidine was combined with 9 mg/kg of PCP, one
subject failed to make 8 arm entries during a 10 minute test
session; this subject exhibited a loss of righting reflex. Loss
of righting reflex was never observed after 9 mg/kg of PCP in
the absence of clonidine.

Figure 4 shows the results of studies designed to further
test the ability of clonidine to increase the anesthetic effects
of PCP and ketamine in 8 subjects from Group II. The dose-
response relationships for PCP (open circles) and ketamine
(open squares) on the percentage of subjects which lost their
righting reflex (panel A) and the mean duration of this effect
(panel B) were shifted to the left when 0.05 mg/kg of
clonidine was administered as a pretreatment (solid circles
and squares). The duration of anesthesia following 50 mg/kg
of PCP and 100 mg/kg of ketamine was significantly in-
creased by clonidine.

In Table 1 are the results of a study designed to evaluate
the possibility of a pharmacokinetic interaction between
clonidine and PCP. Two groups of three rats received 40
uCi/kg of [BH]PCP in a solution which also provided 4 mg/kg
of unlabeled PCP. Fifteen minutes prior to injections of
[*H]PCP one group received 0.05 mg/kg of clonidine and the
other group received saline. Pretreatment with clonidine re-
duced concentrations of tritium by 42 to 55% in all brain
areas 15 minutes after injections of [*H]JPCP. Concentrations
of tritium in whole brain were reduced by 46%.
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FIG. 4. A and B. Dose response relationships for PCP alone (open
circles), PCP in combination with clonidine (0.05 mg/kg, 15 min
before PCP: closed circles), ketamine alone (open squares) and
ketamine in combination with clonidine (0.05 mg/kg, 15 min before
ketamine; closed squares) in tests for righting reflex. Each point
represents the mean of 1 determination in each of 8 subjects.
Abscissa: dose of PCP or ketamine expressed on a log scale. Ordi-
nates: A—percentage of subjects anesthetized; B—duration of
anesthesia. *p<0.05; **p<0.01.

DISCUSSION

The present results do not support the suggestion by Tang
and Franklin [16] that clonidine be used to treat the psycho-
logical disturbances in acute PCP intoxications. Although
pretreatment of rats with clonidine was able to attenuate the
disruptive effects of PCP on performance in a radial maze,
clonidine was unable to reverse these effects when adminis-
tered 15 minutes after PCP. In addition, the increased fre-
quency and duration of anesthesia caused by PCP in the
presence of clonidine suggest that clonidine could cause a
loss of consciousness in PCP intoxicated patients.

The attenuation of PCP’s effects in the maze after
clonidine pretreatment is explicable by an alteration of the
pharmacokinetics of PCP by clonidine. Lower concentra-
tions of tritium measured in brain tissue when clonidine was
administered prior to [*H]PCP suggest decreased rates of
absorption of PCP or decreased distribution of PCP and its
metabolites to the brain. It is likely that a similar mechanism
of interaction was responsible for the reported block of
PCP’s disruptive effects in a Y-maze [16], reductions in
PCP-appropriate responding in drug discrimination tests
(18], and attenuation of the increase in glucose metabolism
caused by PCP in specific mouse brain areas [18]. In each of
these studies PCP’s effects were reduced when clonidine
was administered at the same time as PCP. No attempts to
reverse PCP’s effects were reported. A similar effect of
clonidine pretreatment on the pharmacokinetics of ketamine
is likely to have caused the attenuation of ketamine’s effects
in the radial maze.

The increased frequency and duration of ketamine
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TABLE 1

EFFECT OF CLONIDINE PRETREATMENT ON THE
CONCENTRATION OF TRITIUM IN RAT BRAIN AFTER INJECTION
OF [*H]PCP

DPM/100 mg Tissue®

Saline Clonidine
Brain Area Control 0.05 mg/kg
Cerebellum 1247 + 125 728 = 81*
Cortex 1699 = 169 883 + 1167
Hippocampus 1330 = 31 689 + 135%
Medulla 1228 + 135 684 + 105*%
Midbrain/Hypothalamus 1427 = 79 776 = 88%
Striatum 1483 = 95 667 + 57t
Whole Brain 1464 + 123 792 + 100t

Saline or 0.05 mg/kg of clonidine was injected IP 15 min before 40
uCi/kg of [*H]PCP. Subjects were killed 15 min after [3H]PCP injec-
tions. ®Means + S.E.M., N=3 for each group. *p<0.05, *p<0.01,
1p<0.005.

anesthesia observed after clonidine pretreatment in rats
suggest that pretreatment of surgical patients with clonidine
would allow lower doses of ketamine to be used. In addition,
rats showed decreased muscle tone and did not vocalize dur-
ing anesthesia when clonidine was administered prior to
ketamine or PCP. These findings suggest that the quality of
ketamine anesthesia may be improved by pretreatment of
surgical patients with clonidine. Interestingly, in veterinary
medicine xylazine is often used with ketamine to decrease
the required anesthetic dose, decrease hyperactivity during
the recovery period, improve muscular relaxation, and im-
prove analgesia (e.g., [1, 17, 19]). Both xylazine and
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clonidine are agonists at alpha,- and alpha,-adrenergic recep-
tors, with xylazine showing a higher selectivity for the alpha,
subtype than clonidine [9]. Experience with xylazine in hu-
mans has come only through incidents of poisoning (e.g.,
[3.4]).

The ability of clonidine to reduce anesthetic requirements
is not limited to dissociative anesthetics; requirements for
halothane are also reduced by clonidine [2,7]. Interactions of
clonidine with ketamine have not previously been reported.
However, some surgical patients may have undergone
ketamine anesthesia in the presence of clonidine; to avoid
rebound hypertension, withdrawal of clonidine from patients
receiving chronic antihypertensive therapy is not recom-
mended prior to surgery [15]. Reports of such cases would be
especially useful in determining the safety of the drug com-
bination.

In summary, the present results illustrate the potential
benefit of attempts to reverse, as well as prevent, the effects
of PCP (or other drugs) when evaluating potential
antagonists. The ability of clonidine pretreatment to at-
tenuate effects of PCP in a radial maze appears to result from
clonidine-induced decreases in the rate of absorption of PCP
from its injection site or decreases in the fractional distribu-
tion of PCP and its metabolites to the brain. The failure of
clonidine to reverse PCP’s effects on efficiency in the maze
and the greater frequency and duration of anesthesia ob-
served after clonidine pretreatment should discourage at-
tempts to treat PCP intoxication with clonidine. On the other
hand, pretreatment of surgical patients with clonidine may
allow lower doses of ketamine to be used and improve the
quality of ketamine anesthesia.
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