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DARNELL,R J.T C McCLOSKEY ANDR L COMMISSARIS Convulsant versus typical barbiturates Effects
on locomotor activicy PHARMACOL BIOCHEM BEHAV 24(3) 727-731, 1986 — The present studies examined the
effects of a typical (secobarbital) and a convulsant (cyclohexylideneethyl-5-barbituric acid [CHEB]) barbiturate on
spontaneous locomotor activity in rats Admunistered alone, secobarbital produced a mild stimulation of activity at a
low (2 5 mg/kg) dose, and a dose-dependent depression of locomotor activity at higher (5-20 mg/kg) doses Surprs-
ingly, the convulsant barbiturate CHEB produced a depression of locomotor activity at all subconvulsant doses tested
(2 5-20 mg/kg) IP administration of CHEB was also observed to produce abdominal muscle contractions (writhing)
In a second experiment, 1t was found that the writhe-inducing compound para-phenyl-quinone (PPQ) did not affect
locomotor activity, indicating that the depression of activity produced by CHEB was not secondary to 1ts writhe-
producing effects In a third experiment, the ‘‘barbiturate antagomist™ potential of CHEB was examined Treatment
with 10 mg/kg CHEB did not significantly alter the depression of locomotor activity produced by 10 mg/kg secobarbi-
tal These data suggest that (1) typical and convulsant barbiturates are not strict opposites in terms of all of their
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behavioral actions and (2) CHEB may not be effective as a ‘‘barbiturate antagonist *’

Barbiturates CHEB

Locomotor Activity Secobarbital PPQ

Cyclohexylideneethyl-5-barbituric acid
Wnthing

‘‘Barbiturate antagomist’’

BARBITURATES are non-selective depressants of the cen-
tral nervous system They have a wide spectrum of actions
including sedative-hypnotic, muscle relaxant, anxiolytic
and, for most barbiturates, anti-convulsant properties [7]
This spectrum of actions 1s similar to that of the ben-
zodiazepines Since the introduction of the benzodiazepines,
the barbiturates have not been used as extensively as they
once were, pnmarily because of their relatively narrow
therapeutic index

The mechanism(s) by which sedative-hypnotic agents
produce therr effects has been studied extensively over the
last decade Perhaps the major breakthrough tn ths area has
been the 1solation and investgation of the benzodiazepine
receptor and the GABA-benzodiazepine receptor complex
([18], see also review by [151) The discovery of the specific
benzodiazepine antagomst, Ro15-1788, and subsequent
functional studies in rats employing the use of this com-
pound, have provided clear and convincing evidence that
most, 1If not all, of the effects of benzodiazepines are
mediated through actions upon benzodiazepine receptors [9,
12, 13] In contrast, the behavioral effects in rats of the non-
benzodiazepine sedative-hypnotics pentobarbital and meth-
aqualone are not reversed by co-administration of the ben-
zodiazepine antagonist Ro15-1788 [13]

It has been reported that barbiturates exert actions on the
chlonde 1onophore within the GABA-benzodiazepine recep-
tor complex ([14,16], see review by [15]) The barbiturate-
induced increase i chlonde permeability and resultant
membrane hyperpolanization has been suggested to account
for many of the behavioral actions of barbiturates. However,
data addressing this hypothesis are lacking. principally
because a barbiturate antagonist does not currently exist

Although an analogous *‘barbiturate antagomst’’ has not
yet been 1dentified, there do exist agents which are
categorized as ‘‘atypical’’ or convulsant barbiturates [1-6, 8,
10, 11] Perhaps the most notable of these 1s
cyclohexylideneethyl-5-barbituric acid (CHEB) Although
this agent has been shown to be pro-, rather than ani:-
convulsant, the effects of this agent on the remaining aspects
of the spectrum of barbiturate effects (sedative-hypnotic,
anxiolytic) have not been reported Moreover, interaction
studies examining the ‘‘barbiturate antagonist’ potential of
this agent have not been conducted

The present studies were designed (1) to determine the
acute effects of the convulsant barbiturate CHEB (and the
typical barbiturate secobarbital) on locomotor activity 1n rats
and (2) to examine the possibility that CHEB might have
potential as a '‘barbiturate antagomst *’

'Requests for reprints should be addressed to Randall L Commussans, Dept Pharmaceutical Sciences, College of Pharmacy and AHP,

Wayne State Unmiversity, Detroit, MI 48202
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FIG 1 The effects of secobarbital on spontaneous locomotor activ-
ity in rats Left Panel Time course for the effects of 20 mg/kg seco-
barbital (filled circles) and saline (open circles) administration on
locomotor activity Each symbol and vertical bar represents the
mean=+SEM for eight subjects Secobarbital significantly depressed
activity relative to controls Right Panel Dose-dependent effects of
secobarbital on locomotor acivity Each column and vertical bar
represents the mean+SEM net change i activity (secobarbital
minus saline) for eight subjects Secobarbital tended to increase ac-
tivity at the lowest dose employed (2 5 mg/kg), higher doses resulted
1n a dose-dependent depression of locomotor activity *p <0 05 with
respect to vehicle treatment, one-way ANOVA

GENERAL METHOD
Subjects

The subjects were male Sprague Dawley (Charles River,
Inc , Portage, MI) rats weighing 225-250 g at the start of the
expeniments The subjects were housed 1n groups (four per
cage) and were given food and water ad lib in a chmate-
controlled environment Lighting in the ammal room was
maintained on a 12 hr hight 12 hr dark cycle (lights on 0600—
1800 hr) Testing was conducted between 1000 and 1400 hr

Apparatus

Locomotor activity was tested in a chamber (45x45%x30
cm) with an 8x8 gnd of infrared photocell activity ematters
and detectors spaced 5 cm apart along the X and Y axes
(Coulbourn Instrument Co , Lehigh Valley, PA) The appa-
ratus was used to measure three kinds of activity hnearly-
directed, total (directed + non-directed) and vertical (rear-
ings) The activity momitors were connected to a printer
(Datalogger 8000-1, Coulbourn Instrument Co ) which was
programmed to report accumulated activity counts at either
3 or 5 minute 1ntervals for up to one hour, depending upon
the particular experiment In the present studies, no treat-
ment differentially affected total, vertical or directed loco-
motor activity, therefore, the effects of vanous treatments
on directed activity only are presented 1n the present paper

Drugs

Secobarbital sodium (Sigma Chemical Co, St Lours,
MO) was prepared in 0.85 percent saline in doses from
2 5-20 mg/kg CHEB (courtesy of Dr Hal Downes, Univer-
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FIG 2 The effects of the convulsant barbituraie CHEB on locomo-
tor activity Left Panel Time course for the effects of 20 mg/kg
CHEB (filled circles) or vehicle (open circles) administration on
locomotor activity Each symbol and vertical bar represents the
mean+SEM for eight subjects CHEB significantly depressed loco-
motor activity relative to controls Right Panel Dose-dependent ef-
fects of CHEB on locomotor activity Each column and vertical bar
represents the mean+SEM net change 1n activity for eight subjects
CHEB admimstration resulted 1n a depression of locomotor activity
at all doses tested, *p<<0 05 with respect to vehicle treatment, one-
way ANOVA

sity of Oregon, Portland, OR) was prepared in a 0 5 percent
cornstarch suspension in doses from 2 5-20 mg/kg All of
these doses were below the threshold for convulsions
produced by CHEB when administered IP 1n a comstarch
suspension IP admimstration of 40 mg/kg produced convul-
sions n approximately one third of the subjects exammed
Phenyl-para-quinone (PPQ, 0 02 percent solution [Sigma
Chemical Co ]) was prepared 1n a 5 percent ethanol solution
in saline Secobarbital and CHEB were administered 1n a
volume of 1 0 ml/kg body weight PPQ was administered in a
5 ml constant volume All drugs were administered intraperi-
toneally All control subjects received appropnate vehicle
jections

Staustical Analvses

Cumulative activity counts over the test sesston were
used for statistical analyses, the effects of single doses of
drugs were compared to the appropnate control] by one-way
ANOVA with repeated measures The effects of CHEB
treatment on secobarbital-induced depression of activity
were assessed by two-way ANOV A with repeated measures

EXPERIMENT | ACUTE EFFECTS OF SECOBARBITAL AND CHEB
ON LOCOMOTOR ACTIVITY

Procedure

Expenment | was designed to determine and compare the
effects on spontaneous locomotor activity of a typical barbi-
turate, secobarbital, and a convulsant barbiturate, CHEB
These experiments employed a standard *‘crossover’” design
which 1s described below On Test Day 1, half of the subjects
recerved vehicle imjection while the other half received a
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FIG 3 Time course for the effects of treatment with the wnthe-
inducing agent PPQ on locomotor activity Each symbol and vertical
bar represents the mean+SEM obtained from eight subjects PPQ
treatment (filled circles) had no effect on locomotor activity com-
pared to vehicle-treated (open circles) controls

dose of the particular drug under investigation One week
later (Test Day 2) this procedure was repeated, except that
the treatments were reversed Thus, each rat served as his
own control with respect to drug versus vehicle injection
Each dose of each drug was studied 1n a separate group of
eight subjects In all test sessions, activity was recorded
every 5 minutes for a 30-minute period starting immediately
after injection

Results

The effects of secobarbital on locomotor activity are
shown in Fig 1 The left panel of Fig 1 illustrates the time
course for the effects of saline or 20 mg/kg secobarbital on
locomotor activity Saline-treated subjects were very active
1n the first interval and displayed a progresstve decrease in
activity over the course of 30 mmnutes Treatment with 20
mg/kg secobarbital did not disrupt this habituation, but ac-
tuvity levels were depressed relative to saline-treated sub-
Jects at all ime penods after the first interval

The right panel of Fig 1 illustrates the dose-dependent
effects of secobarbital on locomotor activity There was a
moderate stimulation relative to saline controls seen with the
low dose of secobarbital (2 5 mg/kg), this effect was not
statistically significant, F(1,7)=4 31, ns There was a de-
pressant effect with the 5, F(1,7)=322, ns, 10,
F(1,7)=5 82, p<0 05, and 20, F(1,7)=13 62, p<0 01, mg/kg
doses, the intensity of this effect was dose-dependent

Figure 2 illustrates the effects of the convulsant barbitu-
rate, CHEB, on locomotor activity The left panel illustrates
the time course for the effects of 20 mg/kg CHEB or its
vehicle (cornstarch) As can be seen, vehicle-treated sub-
jects displayed a typical habituation curve CHEB-treated
subjects were markedly depressed relative to controls
throughout the test session, interestingly, this decrease 1n
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FIG 4 The effects of CHEB co-treatment on the depressant effects
of secobarbital Time course for the effects of 10 mg/kg secobarbital
(filled circles) or saline (open circles) administration on locomotor
activity in CHEB (10 mg/kg, nght panel)- or vehicle (left panel)-
treated subjects Each symbol and vertical bar represents the
mean+SEM obtained from 16 subjects Secobarbital sigmficantly
depressed locomotor activity relative to saline CHEB treatment did
not significantly affect this secobarbital-induced depression of lo-
comotor activity

activity was particularly impressive during the first interval
post-injection

The dose-response curve for the effects of CHEB on ac-
tivity 1s shown 1n the right panel of Fig 2 As can be seen,
CHEB produced a decrease n activity at all doses tested
The CHEB-induced depression of locomotor activity was
statistically significant for the 2 5, F(1,7)=7 34, p<0 05, 5,
F(1,7)=8 20, p<0 05, and 20, F(1,7)=13 56, p<0 01, mg/kg
doses, but not for the 10 mg/kg dose, F(1,7)=5 20, n s The
magnitude of this depression was highest at the 20 mg/kg
dose

EXPERIMENT 2 WRITHING AND LOCOMOTOR ACTIVITY

An interesting observation associated with CHEB admin-
istration was the production of ‘‘wnthing,”” or abdominal
muscle contractions, with the IP admimistration of this com-
pound This ‘‘wnthing’” was not produced by the CHEB
vehicle and was similar in topography to the writhing
produced by the administration of the local irmtant phenyl-
para-quinone (PPQ, [17]) Therefore, a second study was
designed to evaluate the possible contnibution of this wrnth-
ng to the locomotor depressant effects observed with CHEB

Procedure

The present series of investigations were designed to
examine the possible relattonship between wnthing per se
and locomotor activity In this study, the locomotor effects
of the wnithe-inducing compound PPQ or its vehicle were
determined 1n a group (N=8) of subjects, this study em-
ployed a standard ‘‘crossover’’ design (see Experiment 1)
The PPQ dose employed in the present study, 0 02 percent 1n
a 5 percent ethanol solution, has been demonstrated to
produce a significant increase 1n writhing in our laboratory
(unpublished data) and other laboratories [17]
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Results

Figure 3 illustrates the effects of the penpherally-acting
wnthe-inducer PPQ or its vehicle on locomotor activity
Treatment with a writhe-inducing dose of PPQ does not sig-
nificantly affect locomotor activity, F(1,7)<1 0, n s There-
fore, 1t 1s unlikely that the decrease in locomotor activity
produced by CHEB admunistration (Experiment 1) 1s secon-
dary to 1its wnthe-inducing effects

EXPERIMENT 3 CHEB AS A ' BARBITURATE ANTAGONIST "’
Procedure¢

The purpose of this experiment was to determine the
“‘barbiturate antagomist’’ potential of the atypical barbiturate
CHEB In this experiment subjects (n=16) were given each
of four different treatments CHEB (10 mg/kg) + secobarbi-
tal (10 mg/kg), CHEB + saline, cornstarch + secobarbital or
cornstarch + saline These 4 test sessions were balanced
across subjects and were conducted at weekly intervals The
secobarbital or saline treatments were administered 15 min-
utes, and the CHEB or cornstarch treatments 10 minutes
prior to the start of testing Activity was momnitored for 15
minutes 1n 3-minute intervals

Results

The results are shown 1n Fig 4 The left panel of Fig 4
tllustrates the depressant effects of 10 mg/kg secobarbital
relative to saline 1n cornstarch-treated subjects The nght
panel illustrates the effects of secobarbital versus saline in
subjects treated with 10 mg/kg CHEB As expected. seco-
barbital treatment significantly reduced activity relative to
saline-treated controls, F(1,15)=12 54, p<001 Again,
CHEB treatment sigmificantly decreased activity relative to
cornstarch treatment, F(1,15)=12 30, p<0 01 CHEB treat-
ment had a tendency to reduce the depressant actions of
secobarbital, but this effect was not statistically significant,
F(1,15=235,ns

GENERAL DISCUSSION

Secobarbital treatment produced an anticipated mild
stimulation of activity at the lowest dose, and a dose-
dependent depression of activity at higher doses Surpris-
ingly, CHEB administration failed to increase activity at any
of the doses employed Rather, CHEB administration re-
sulted 1n a decrease n activity at all doses tested These
similar effects of CHEB and secobarbital on locomotor ac-
tivity are surprising in light of the opposite effects of typical
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and convulsant barbiturates on convulsive thresholds [1 2
8] Thus, these typical and convulsant barbiturates dare not
strict opposites 1n terms of their behavioral actions The lo-
comotor effects of other convulsant barbiturates have not
yet been examined Similarly, the effects of CHEB or other
convulsant barbiturates on another behavioral aspect of the
spectrum of typical barbiturate effects (1 e . anti-anxiety ac-
tions) have not yet been investigated

The opposite effects of typical barbiturates and CHEB on
seizure threshold and convulsive states [1, 2. 8], combined
with the simufarities 1n the effects of secobarbital and CHEB
on locomotor activity, suggest that a somewhat different
mechanism of action may mediate these two actions of
CHEB

The results of Experiment 2 suggest that the writhing and
the locomotor depressant effects of CHEB are independent
actions, since PPQ treatment produces writhing similar to
that seen with CHEB but has no depressant effect on loco-
motor activity Thus, 1t can be concluded that the wnthing
per se caused by CHEB administration 1s not responsible for
the decreased activity observed with this agent

The mechanism for this CHEB-induced wnithing remains
undetermined Pretreatment with the anti-inflammatory
agent aspirin (40 mg/kg) completely prevents PPQ-induced
writhing. but appears to be considerably less effective n
preventing CHEB-induced wnthing (unpublished data),
these data suggest that CHEB 1s not producing writhing via
local irntant effects

In Experiment 3, it was shown that CHEB co-
administration failed to significantly reduce the locomotor
depressant effects of 10 mg/kg secobarbital This finding
suggests that CHEB may not be effective as a **barbiturate
antagomst ' It should be noted. however, that the present
studies employed only one dose of CHEB at a single pre-
treatment time, 1t 1s possible that more extensive dose and
time course studies would provide a different result
Moreover. the potential of other convulsant or atypical bar-
biturates to serve as “‘barbiturate antagonists™ has not been
explored to date
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