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The Involvement of the Central Cholinergic and Endorphinergic

Systems in the Nitrous Oxide Withdrawal Syndrome in Mice

J. Rupreht, M.D.,* B. Dworacek, M.D.,* R. Ducardus,t P. I. M. Schmitz, Ph.D.,+ M. R. Dzoljic, M.D., Ph.D.§

The nitrous oxide withdrawal syndrome in mice was used as an
experimental model to examine some of the factors which may play
a role in postanesthetic excitation. Predisposition to nitrous oxide
withdrawal convulsions as judged by duration of susceptlblhty was
decreased significantly after pretreatment with the cholinesterase
inhibitors, physostigmine and galanthamine, or with the opiate re-
ceptor blocking agent naloxone. Results are disciissed in relation
to the central anticholinergic syndrome, endorphin release, and
disturbances which follow nitrous oxide anesthesia in humans and
animals. (Key words: Anesthetics, gases: nitrous oxide. Antagonists,
miscéllaneous: galanthamine; physostigmine. Antagonists, narcotic:
naloxone. Brain: acetyicholine; endorphms. Enzymes: cholinester-
ase. Recovery: delirium.)

PATIENTS DEMONSTRATING EMERGENCE DELIRIUM
after general anesthesia have been treated successfully
with physostigmine salicylate.! This type of delirium is
a part of the very complex clinical picture described by
Longo? as the central anticholinergic syndrome (CAS).

Considering the possible factors promoting this syn-
drome in our patients, we suspected that nitrous oxide
might have a significant facilitatory role in the etiology
of CAS.>* An animal model for study of the factors
involved in CAS is not yet established. However, an
excitatory syndrome in mice after exposure to nitrous
oxide (and other anesthetics) has been described.®® This
syndrome is characterized by signs of excitation such as
grimacing, violent jerking, twirling, convulsions, etc.,
and is elicited by gently lifting the mouse by the tip of
the tail. Smith et al.,” suggested that the same patho-
physiologic mechanisms involved in this withdrawal syn-
drome might contribute to the occurrence of emer-
gence delirium following anesthesia in humans.

In this study, we used the nitrous oxide withdrawal
syndrome in mice as an experimental model to examine
certain factors which may play a role in postanesthetic
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excitation. Specifically, we examined the role of the cho-
linergic and endorphinergic systems. These transmit-
ter/modulator systems were considered mainly because
of the therapeutic value of physostigmine in the treat-
ment of CAS, and because of recent evidence suggesting
a role for enkephalins in certain postanesthetic
phenomena.®

Methods

Male mice, F, R, breed, 25 + 4 g, were used. Mice
of this breed were chosen because we could reliably
provoke nitrous oxide withdrawal convulsions in them.
The experiment involved exposure of mice to a mixture
of 1.4 atm nitrous oxide, and 0.6 atm oxygen for a
period of 60 min. Each mouse was used only once. None
displayed convulsions prior to the anesthetic exposure.
The pressure chamber used, was a 500-ml glass bell with
an attachment for fresh gases, a manometer, and an
overflow valve. Soda lime was placed in the bell to en-
sure the elimination of CO, (monitored by an infrared
analyzer). The gas temperature in the bell was held at
22° C with the aid of a waterbath in which the bell was
immersed. The mice were placed one at a time into the
chamber for exposure to the gas mixture. After 60 min,
the pressure was reduced to ambient pressure over a
period of one minute. Then, each mouse was lifted
gently from the bell and tested for withdrawal convul-
sions every five minutes until no convulsions were ob-
served for two consecutive tests. The convulsive move-
ments consisted of twirling and jerking with extension
and flexion of the legs. During testing, the mice were
lifted and held by the tail for up to ten seconds. The
test was considered negative if convulsions did not occur
within this time. The rectal temperature of mice at the
end of the exposure was always above 34° C (34.5 + 0.4)
and was not influenced by the drugs administered. Mice

in the control group showed the same decrease in rectal:

temperature without detectable changes in behavior.
All experiments were performed between 0930 and
1200 h by a technician who was unaware of the drug
treatment. Each experimental group consisted of 12
mice.

DRruGs

The following commercially available drugs were
used: physostigmine salicylate, galanthamine hydrobro-
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mide, and naloxone hydrochloride. Drugs were dis-
solved in 0.9% NaCl and were injected intramuscularly
either 1 min before, or 1 min after exposure of mice
to the gas mixture. The drugs dosages were expressed
in the terms of their salts, and were administered in a
volume of 0.05 ml.

STATISTICAL EVALUATION

In order to test whether the mean duration of pre-
disposition to convulsions in the four pretreated groups
and that in the non-pretreated group were equal, a one-
way analysis of variance (ANOVA) was performed.
Comparisons between each of the four pretreated
groups separately with the non-pretreated group are
based on Tukey’s 95% confidence intervals for con-
trasts. The same analysis was performed for the four
groups in which the agent was administered after ex-
posure to NyO and for the group which was not treated
after the exposure.

Results
OVERALL COMPARISONS

Among the groups which received saline, physostig-
mine, galanthamine, naloxone, or no agent, before ex-
posure to NyO, a highly significant difference in dura-
tion of predisposition to convulsions was seen (F 4, 55
= 38.9, P < 0.0001). The analogous overall comparison
among the groups which received an agent after ex-
posure to N;O and the one which received none, also
reveals a highly significant difference in duration of pre-
disposition to convulsions (F 4, 55 = 42.8, P < 0.0001).

CONTROL

None of the mice displayed a convulsion prior to the
anesthetic exposure if lifted and held by the tail for up
to ten seconds. However, all mice subjected to this pro-
cedure demonstrated a convulsive pattern during the
withdrawal period which followed an exposure to ni-
trous oxide for 60 min. The average time period during
withdrawal in which the convulsions could be elicited
in the nontreated mice was 64.6 min (table 1). For sa-
line-treated mice given either before exposure to ni-
trous oxide or after it was discontinued, the periods of
susceptibility were 52.1 and 61.2 min, respectively.
These times did not differ significantly from that ob-
served in untreated mice.

PHYSOSTIGMINE

In the group of mice pretreated with physostigmirie
(0.4 ug/g) the period of susceptibility during with-
drawal was decreased significantly (17.5 min). A similar
significant decrease was observed when the same dose

NITROUS OXIDE WITHDRAWAL SYNDROME
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TABLE 1. The Influence of Drugs on the Duration of
Predisposition to NoO-Withdrawal Convulsions (min; Mean * SD)

Agent Agent
Administered before Administered afier
Agent Exposure to N,O Exposure to NoO
None 64.6 + 16.8 64.6 + 16.8
Saline (50 ul/g) 52.1 + 8.9 61.2 + 6.8
Physostigmine
(0.04 pg/g) 17.5 £ 6.2 23.7 £ 3.1%
Galanthamine
(50 ug/g) 33.3 + 4.4% 67.5 + 12.5
Naloxone
(0.8 ug/g) 23.4 % 13.4% 729 £ 6.6

* Denotes significant difference compared with the nontreated
group, as follows from Tukey's 95% confidence intervals (n = 12, all
groups). All drugs were administered intramuscularly.

of physostigmine was given in the first minute after ni-
trous oxide was discontinued (23.7 min).

GALANTHAMINE

This alkaloid (5 ug/g), which has anticholinesterase
properties and which easily penetrates the blood-brain
barrier, significantly decreased the period of time in
which the seizure phenomena could be elicited (33.3
min) when administered before the animals were ex-
posed to the gas mixture. The same dose of galantham-
ine administered in the first minute of the withdrawal
period failed to affect significantly the time period in
which the animals were predisposed to convulsions
(67.5 min).

NALOXONE

Naloxone (0.8 pg/g) administered to mice before
exposure to nitrous oxide, decreased significantly the
time of predisposition to convulsions. One mouse did
not convulse at all during a period of 100 min, while
others started to convulse 5 min after the exposure to
the gas was discontinued. The average time during the
withdrawal period in which the animals retained the
tendency to convulse was significantly less than in the
control group (23.4 min). However, the same dose of
naloxone, administered in the first minute after N,O
was discontinued, failed to ihfluence the duration of
time in which the convulsant phenomena could be elic-
ited.

Discussion

In these experiments the time of susceptibility to
withdrawal convulsions in mice following nitrous oxide
was decreased significantly after pretreatment with the
cholinesterase inhibitors, physostigmine and galantham-
ine, or the opiate receptor blocking agent naloxone.

The cause of such postanesthetic excitation (the with-
drawal syndrome) is not known. Presumably, these phe-
nomena are a reflection of the complex interaction of
anesthetics on excitatory and inhibitory synaptic trans-
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mission.”!! Specific information concerned with the
functional activity of the transmitter systems during the
withdrawal period following nitrous oxide is limited.
Recent data indicate that some anesthetics such as hal-
othane, enflurane, and ketamine reduce the turnover
rate of acetylcholine in all regions of the rat brain ex-
amined.'! However, nitrous oxide (75%) had no effect
on acetylcholine turnover in the rat brain.'?

That the cholinesterase inhibitors used in the present
study decreased the time of predisposition to convul-
sions following exposure to nitrous oxide suggests a
possible important role for central cholinergic trans-
mission in the modulation of the neuronal activity re-
sponsible for the postanesthetic excitatory withdrawal
phenomena. The anticonvulsant effect of the cholin-
esterase inhibitors during a withdrawal period might be
a direct one, via normalization of the inhibited cholin-
ergic system, or an indirect one, by acting on other
transmitter/modulator systems via a hyperactive cho-
linergic system.

The explanation for the differences in action between
physostigmine and galanthamine observed in this study
is not known, but the possibility that each drug possesses
specific and different pharmacodynamic characteristics
is not excluded.

Based upon our clinical experience in the treatment
of CAS we concluded that the beneficial effect of phy-
sostigmine is related exclusively to cholinesterase inhi-
bition.'*!* Furthermore, we observed in our patients
that nitrous oxide might be a precipitating factor for
the postanesthetic excitation as a part of CAS.>* The
results of this study indicate that physostigmine and
galanthamine decreased susceptibility to nitrous oxide
withdrawal convulsions in mice. All of this suggests the
possibility of using the nitrous oxide withdrawal syn-
drome in mice as an animal model for CAS in humans.
At present we would like to encourage this idea and a
further search for additional relationships between CAS
in humans and the proposed animal model.

The anticonvulsant effect of naloxone given to mice
before exposure to NoO also could be explained by a
cholinergic dysfunction caused by nitrous oxide. Namely,
it has been postulated that nitrous oxide releases en-
dorphins,® which may in turn decrease the release of
acetylcholine.'® Therefore, the anticonvulsant effect of
naloxone, similarly to physostigmine, might be ascribed
to normalization of the cholinergic system. However,
other explanations related to the monoaminergic sys-
tem(s) are also possible. Endorphins and exogenous opi-
ates are reported to inhibit activity of some central nor-
adrenergic nuclei'® and reduce transmitter release from
cerebrocortical noradrenergic nerve endings.'”'® Func-
tional insufficiency of the noradrenergic system facili-
tates seizure activity.'® Thus, an anticonvulsant effect
of naloxone might be due to inhibition of the endor-
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phin-induced changes in noradrenergic functional ac-
tivity. However, since endorphins are modulators of
various transmitter systems, the anticonvulsant effect of
naloxone might be much more complex than that sug-
gested above. Despite these uncertainties, the anticon-
vulsant effect of naloxone during withdrawal from ni-
trous oxide might be of significant value in suggesting
further studies of the role of endogenous opioid sub-
stances in postanesthetic excitatory phenomena.
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