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Abstract. General anesthetics, ganglionic blocking agents, anticonvulsants, and
antioxidants have been shown to afford protection from seizures caused by exposure to
hyperbaric oxygen. In the present study cats were exposed to 5 ATA oxygen in pairs in a
hyperbaric chamber until both the control and pretreated cat convulsed or for a maximum
120 min exposure. Small amounts of four common antiepileptic agents and propylene glycol
in amounts far less than previously reported (0.1 to 0.2 ml/kg) were initially tested for
potential anticonvulsant activity. Two agents, clonazepam and propylene glycol, offered
significant protection in delaying the onset of seizures whereas carbamazepine, valproic
acid, and trimethadione appeared to hasten the onset of seizure activity. The time to seizures
was increased nearly five times by clonazepam and over three times by very small amounts

of propylene glycol.

Protection from seizures due to exposure
to oxygen at high pressure (OHP) has been
widely reported to result from general
anesthetics (1), antioxidants (2, 3), GABA
inhibitors (4, 5), ganglionic blocking com-
pounds (6), and others (7, 8). Our purpose
in the present study was to determine
whether low doses of several common
antiepileptic agents offered protection from
OHP-induced seizures and whether very
small doses of propylene glycol (PG) also
might protect. Because previous studies
showed that 2 ml’kg PG were effective
against OHP-induced seizures (1), we were
interested in determining whether far
smaller amounts also would ameliorate the
somatic response in cats exposed to 5 at-
mospheres absolute (ATA) of OHP. In
order to determine whether any residual
neurological damage had occurred after
OHP a group of cats were observed for
signs of ataxia or paralysis as indicators of
residual brain damage.

Methods. Thirty-eight young adult cats
were exposed in pairs to 5 ATA of 100%
oxygen. A pretreated cat and its control
were exposed to OHP until both cats con-
vulsed or for a maximum of 120 min. A
flow-through system was used with soda
lime so that CO, levels remained below 1%.
The exposure chamber was previously de-
scribed by Bean (9). A 3-min flush was fol-
lowed by a 3-min compression to 60 1b

gauge pressure. Four antiepileptic agents or
PG in amounts far less than previously re-
ported were administered orally in gelatin
capsules 120 min prior to exposure. The
carriers given to controls were either saline,
polyethylene glycol (PEG) 200, or PG.
Drugs and doses were as follows: clonaze-
pam, 0.03 and 0.06 mg/kg; PG, 0.1-0.2
ml/kg; carbamazepine, 5.6 mg/kg; valproic
acid, 120 mg/kg; and trimethadione, 120 mg/
kg.! Doses were approximately two to three
times the clinically recommended levels.
Preliminary groups consisting of two cats
given each drug and two nontreated con-
trols were exposed to OHP in order to deter-
mine whether there was any evidence of
protection. Any agent showing such protec-
tion was tested further. Because OHP at 4
ATA or more has been shown to result in
residual brain damage in rats and mice but
not in guinea pigs, rabbits, or man (10), we
also examined a group of 17 cats (chosen
randomly) for signs of ataxia or paralysis
following OHP exposure. In addition, in
order to determine the extent of any pul-
monary damage, lungs from 12 cats were ex-
amined following OHP. These lungs were

! Valproic acid and trimethadione were kindly
supplied by Abbot Laboratories, clonazepam by
Hoffman—LaRoche, Inc., and carbamazepine by
Geigy Pharmaceuticals.
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excised, blotted dry, weighed, dried for 24
hr at 70°, and reweighed. The statistically
applicable data in these experiments were
confined to tests of two of the drugs which
showed initial evidence of protection. Stu-
dent’s ¢ test was employed to compare mean
times to convulsions of control and pre-
treated cats (11).

Results. The results showed that clo-
nazepam and also PG in very low doses
offered significant protection against OHP-
induced seizures. All five controls given
only PEG 200 convulsed within the 120-
min exposure period as did six additional
controls without any carrier. The aver-
age time to onset of seizures was 29.4 =
15.5 min in control cats given PEG 200
whereas 0.06 mg/kg clonazepam delayed
the onset of seizures for at least 120 = 0 min
(P < 0.001). In a second series, six un-
treated cats convulsed after 18.5 = 4.2 min
OHP and 0.06 mg/kg clonazepam-pretreat-
ed cats only after 101.7 = 7.9 min (P <
0.001) (Table I). Five cats given only 0.03
mg/kg clonazepam in PG did not have sig-
nificant protection from OHP-induced
convulsions. PG alone, however, in very
low doses (0.1—-0.2 ml/kg) did offer signifi-
cant seizure protection. Saline-treated
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controls convulsed after 14.0 = 3.1 min
OHP whereas PG-treated cats remained
seizure free for 46.5 + 17.0 min (P < 0.01).
Three other antiepileptic anticonvulsants
given in low doses to two cats each ap-
peared to offer no protection. These agents,
carbamazepine, valproic acid, and trimetha-
dione, actually shortened the time to on-
set of convulsions.

The general response of most cats to
oxygen exposure at 5 ATA usually began
with piloerection occurring within 5 min
after pressurization. Two types of behavior
were then noted that eventually led to sei-
zures. Within 30 min of pressurization,
most cats exhibited shaking or head move-
ments which were closely followed by con-
vulsions. On the other hand, about 25% of
the cats showed no physical signs at all until
after 30 min or more had elapsed and then
began very active washing and licking mo-
tions. Although many of these cats eventu-
ally convulsed, other signs such as shaking
and head movements often intervened. In
both groups the advent of seizures was ini-
tiated with clonic leg jerking. The eyes ap-
peared glassy, the pupils were dilated, and
stringy saliva drooled from the mouth. This
was followed by sharp, rapid back-to-front

TABLE I. EFFECT OF PRETREATMENT ON OHP-INDUCED CONVULSIONS

Time to convulsion (min)

Dose

Agent (mg/kg) Carrier n Mean + SEM P value
Control — PEG* 200 5 29.4 + 15.5
Clonazepam 0.06 PEG 200 5 1200 = 0 <0.001
Control — —_ 6 18.5 = 4.2
Clonazepam 0.06 PG?® 6 101.7 £ 7.9 <0.001
Control — — 5 23.8 + 8.1
Clonazepam 0.03 PG S 71.2 = 23,1 n.s
Control —_ — 7 14.0 = 3.1
PG 0.1-0.2 — 8 46.5 + 17.0 <0.01
Control — — 2 14
Carbamazepine 56-11.2 Saline 2 13
Control — — 2 14
Valproic acid 120 Saline 2 13
Control — — 2 42
Trimethadione 120 Saline 2 14

Note. n = number of cats.
@ Polyethylene glycol.
® Propylene glycol.
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head jerks that gradually increased in se-
verity and frequency as the cats settled into
a squatting position on the floor of the
chamber. The ears were laid back with
the head lowered between outstretched
forelimbs. Gradually the whole body be-
came involved in clonus until violent, ex-
plosive muscular discharges caused many of
the cats to collide repeatedly with the walls
of the chamber. However, some cats that
appeared to be on the verge of seizures be-
came nauseous instead and developed dry
vomiting behavior with no vomitus actually
expelled.

Five control cats which experienced
moderate to severe convulsions were ap-
parently completely normal when examined
within 48 hr of exposure without any signs
of ataxia or paralysis related to residual
brain damage. Five additional control cats
and seven clonazepam-pretreated cats ex-
amined within 6 days of OHP exposure also
were completely normal in appearance and
behavior.

Lung wet wt/dry wt ratios were unaf-
fected by these OHP-induced seizures.
Calculations showed ratios for six normal
nonconvulsed controls to average 4.96 +
0.1 compared to 4.82 + 0.1 for six cats ex-
posed to OHP until severe seizures had oc-
curred.

Discussion. The results from the present
study showed that both clonazepam and PG
delayed the onset of OHP-induced seizures.
While others (1) reported seizure protection
from PG, the doses were higher by a factor
of 10—20 times those used in the present
study. Our results suggest that the other
three antiepileptic drugs tested, car-
bamazepine, valproic acid, and trimethadi-
one, may not be effective against OHP-in-
duced seizures. All three drugs appeared to
hasten rather than delay the onset of sei-
zures (Table I). However, because of the
very limited sample size their possible pro-
tective action cannot be entirely ruled out.

The effects of clonazepam and PG do not
appear to be synergistic, the time to sei-
zures being virtually the same when given
together vs clonazepam alone. Clonazepam
did, however, offer better protection than
PG. Clonazepam at both 0.03 and 0.06
mg/kg produced some loss of motor control
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and apparent disorientation prior to as well
as during exposure. It is possible that pro-
longed administration would reduce such
effects. In contrast, PG appeared to pro-
duce no adverse effects on the cats before
or during exposure. Larger amounts of PG
(1 mlkg in two cats) also had no adverse
effects but in our tests in cats did not in-
crease the time to seizures.

Both PG and clonazepam may protect
against OHP-induced seizures by main-
taining CNS y-aminobutyric acid (GABA)
activity at near-normal levels. GABA nor-
mally acts to prevent convulsions but is de-
pleted during OHP exposure (12). PG
maintains GABA activity near normal by
conserving brain GABA levels although the
mechanism remains unclear (13). Clonaze-
pam appears to render any GABA present
in the brain more effective by facilitating
GABA receptor function. The benzodiaze-
pine receptor sites in the brain, when oc-
cupied by clonazepam, may function by dis-
placing an endogenous GABA-inhibitor
substance (GABA-modulin) from GABA
receptor sites. GABA-modulin displace-
ment increases the affinity of GABA recep-
tors for their agonist and helps to maintain
normal GABA-ergic transmission at times
when GABA stores may be depleted (14).

Many other agents have offered at least
some protection from OHP-induced con-
vulsive seizures. These have included
antioxidants (3), general anesthetics (1, 15),
and ganglionic blocking agents (6). While
there may be some question concerning the
mechanisms through which the sympathet-
ics may influence the response to OHP ex-
posure (16), there is general agreement that
the sympathetics do have a definite influ-
ence. Adrenalectomy delays the onset of
convulsions, thus providing a degree of
protection (17). Furthermore, administra-
tion of sympathetic blocking agents prior to
OHP exposure results in decreased lung
damage (6). A direct sympathetic neural in-
fluence on the lungs during OHP exposure
also has been suggested (18).

Lung damage from mechanical head in-
jury may share a common autonomic
mechanism with OHP. This head injury
also produces seizures and lung damage in
rats (19) and seizures and less lung damage



48 OHP SEIZURE PROTECTION

in squirrel monkeys (20) that are amelior-
ated by sympathetic blockers. In cats, head
injury causes a striking increase in cir-
culating catecholamines (21) but results in
only minor gross lung damage. However,
both OHP and head injury produce severe
gross lung damage in rats (19). While rats
and mice exposed to OHP routinely de-
velop severe lung damage (22) the incidence
is far less common in cats (23, 24). In the
present study there was no increase in lung
weights or change in gross lung appearance
in cats.

We examined 17 cats for residual brain
damage due to OHP exposure. Although
two control cats convulsed severely and
continuously for over 1 hr and were still
paralyzed immediately after decompression
and removal from the chamber, they ap-
peared normal within 48 hr. Eight other
control cats and seven clonazepam-pre-
treated cats observed within 6 days of
exposure also were normal in appearance
and behavior. The observation that cats
may be less susceptible than rats and mice
to residual brain damage (23) was supported
by the absence of ataxia and paralysis 1—6
days postexposure. In contrast rats and
mice were found to be highly susceptible to
residual brain damage at pressures of oxy-
gen above 4 ATA (10, 25) which was poten-
tiated by the anticonvulsant action of bar-
biturate anesthesia. The absence of any re-
sidual CNS damage in cats resembles the
response found in guinea pigs, rabbits, and
humans. Our results therefore concur with
those of van den Brenk and Jamieson (10)
who did not find permanent residual or
potentiated brain damage in species larger
than the rat. In summary, both clonazepam
and small amounts of PG offered seizure
protection. PG gave the added advantage of
avoiding the mild loss of motor control as
seen with clonazepam.
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