PHYSOSTIGMINE AND NITROUS OXIDE IN ANAESTHESIA

Fysostigmine en lachgas in anesthesie

PROEFSCHRIFT

TER VERKRIIGING VAN DE GRAAD VAN DOCTOR
IN DE GENEESKUNDE
AAN DE ERASMUS UNIVERSITEIT ROTTERDAM
OP GEZAG VAN DE RECTOR MAGNIFICUS
PROF. DR. M.W. VAN HOF
EN VOLGENS BESLUIT VAN HET COLLEGE VAN DEKANEN,
DE OPENBARE VERDEDIGING ZAL PLAATSVINDEN CP
VRIIDAG 4 OKTOBER 19385, DES NAMIDDAGS,
TE 15.45 UUR

DOOR

JOZE RUPREHT

Geboren te PireSica



BEGELEIDINGSCOMMISSIE

PROMOTOREN

OVERIGE LEDEN :

: Prof. Dr. LL. Bonta

Prof. Dr. W, Erdmann

Prof. Dr. M.W. van Hof
Prof. Dr. J. Jeekel



-3

Anaesthesia is more tham applied physiology. Its good
results depend on applying physiclogic thinkinmg to the
clinical serring in terms of maintaining body

homeostasis.

Carlos Parsloe, Survey, 28: 193-193, 1984.

This Thesis is based on clinical observations of patfients during
anaesthesia and recovery from armaesthesla at the University
Hospital Dijkzigt, Rotterdam and on experiments performed at the
Department of Pharmacology of the Medical Faculry, Erasmus

University, Rotterdam under the guildance of Dr. M.R. Dzoljic.
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PREFACE

"....sine n}la hypothesi et fal-
laci auxilio librorum rerum pro—
prietates proprils oculis ita
quaeruntur, ac si de illis nemo
hominur scripsisset unquam .

(Johannes Antonius Scopoli,
1771)*

Recovery from anaesthesiz may be swooth and uneventful or distur—
bed. Disturbed recovery rveflects derangements of motor or psy-
chic functions, on their own or In combination.

The central anticholinergic syndrome is frequently the cause of
disturbed recovery from anaesthesia. The syndrome consists of
many signs aund symptoms, all of them caused by drugs capable of
central antichelinergie activity. These drugs include atropine-
like substances, antidepressants, antihistamines, anti-Parkinson-
ian drugs, general anaesthetic agents, antiemetics ané antipsy—
chotics, oplates, tranquillizers and several others. The patient
with the central anticholinerglic syndrome way be cliamically
elither excited or depressed and sometimes appears quite normal
but with superimposed amnesia. The syndrome consists of confu-
sion, agitariom, Trestlessuess, halluclinations, dysarthria, de-
lirium, amnesia, speech disturbances, somnolence, stupor or co-

ma. Central hyperpyrexia may be observed and there may be va—

*®

Johanunes Antonius Scopoll deliberately, broke with the old ha-
bit of copying unproved facts from one book to the other (1).
Scopeli was a famous botanlst and C. ven Linné made him Ifmmor-
tal by namlng 2 solanaceous plant Solanum somniferum alterum af-
ter him: Hyosclamus scopolii (2). The substance scopolamine, de~
riving from this plant, now called Scopolla carniolica Jacg., is
still widely used and is one of the most potent agents to produ—
ce the central anticholinergic syndrome.

REFERENCES

L. Scopoli, JA. De Hydrargyro Idriensi Tentamina Physico-Chymi-
co-Medica. J.T.C. Schlegel {ed.). Joann. Guil. Bartumg, Jenae
et Lipsiae, 2nd Ed., p 10, 1771.

2. Soban, D. The origin of scopolamiue. In: Progress in Anasthe-
siology. T-B. Boulton et al. (eds.). Excerpta Medica Founda—
tion- Amsterdam, pp 193-194, 1970.
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rious peripheral signs of anticholinergic action. These signs
may be present in any given combination or degree. As a rule,
the central antichelinergic syndrome is diagmesed when two peri-
pheral and one central antichelinergic signs are present. The
peripheral signs confirm the etiology Ef the central sign.
I

Physostigrine is the drug of choice for the treatment of the cen-
tral anticholinergic syndrome. Tt was established that 9.04 mg
kgnl 1s the optimal and maximal initial dese of physostigmine
in anaesthetic practice. However, in the treatment of intoxica-
ted patients, a higher initial dose may be necessary. Although
various side effects of physostigmine have been described, the
drug proved to be very safe when used preperly. There are now on—

ly a few well-known contraindications teo its use.

In patients treated with physcstigmine durlng recovery from anac—
sthestz, the analgesia-preserving property of the drug was obser—
ved- The sounolent but not the analgesfc effects of opiates were
reversed by physostigmine. Several experimental studies, ours io-
cluded, Indicate that physostigmine itself is capable of produ—
cing analgesia. The present data indicate a possible Interazctien
of physestigmine with the 5-BT transmission system (see pp 36
and 82-91).

The use of physostigmine during recovery from anaesthesia shor-
tened the stay in the recovery room. Patients who regain all
their capacities after physcstigmine do not need intensive care
which can thus Be reserved for others who do. Understandiag of
the central anticholinergic syndrome made preventive measures
possible. The replacement of the centrally active atroplne gul—
phate by its exclusively peripherally active methyl-congener re-
sulted In a deecreased Incidence of the central anticholinergic

syndrome fn our hospltal.

In some patients, disturbed recovery from anaesthesia was mar—

ked, with intermittently-cccurring rhythmical convulsive rese-
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lessness, piloerection azd, in conscious patients, with a vary-
ing degree of apprehension. This clinical picture did not fit
well d1nto any of the previously known disturbances of recovery,
belng also distinet from the central antichelinergic syandrome.
It was postulated that withdrawal of the patient from prolonged
exposure to nitrous oxide could produce this specific clinical
pilcture. Physestigmine only partly amellorared this type of un-—
rest. Thus, a predominantly anticholinergic aeticlogy was exclu-
ded. Readministration of subanaesthetic concentrations of ni-
trous oxide or of pethidine, however, promptly abolished the
rhythmic convulsant behaviour. It was hypothesised that toleran—
ce teo some effects of nitrous oxide way develop In the patient
during exposure, vesulting in nitrous oxide withdrawal signs.

Tolerance to the effects of nitrous oxlde was studied in an expe—
rimental model, wusing rats. It was established that individual
effects of nitrous oxide follow an Independent course during ex-
posure, each requiring a different length of exposure before the
animal becomes tolerant. Qur interest was subsequently directed
towards the study of tolerance to the nitrous oxide analgesie ef-
fect In rats. It was established that enkephalinase inhibitioa

prevents the development of this tolerance in these animals.

Alongside the study of tolerance to nitrous oxide cn an experi-
mental model, we investigated the existence of, and time needed
for development of tolerance to the anaesthetic and analgesic ef-
fects of mnitrous oxide in volunteers. The results fndicate that
tolerance may develop ro both the analgesic and anaesthetic ef-
fects of anaesthetic comcentrations of nitrous oxide. The old
clinical impression that a patient may regain cousclousnmess du—
ring a prolonged nitrous oxide anaesthesla has thus been proved
right. Observant analgesic supplementation during proloaged ni-
trous oxide anaesthesla alsc appears mandatory in order to com—
pensate for the development of tolerance. Ia the future, how-
ever, the Intra—zunaesthetic use of enkephaliaase inhibitors may
eliminate much of the practical relevance of tolerance to ni-

trous oxide.
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PART ONE
DISTURBED RECOVERY FROM ANAESTHESIA

CHAPTER 1.
DISTURBANCES OF RECOVERY FROM ANAESTHESIA

1.1. Some General Aspects.

The term recovery from anaesthesia will be used in this study to
denote the clinical state of a patient following anaesthesia in-
duced by the central actiom ;f pharmacological agents. Recovery
from such methods as electro—anaesthesia, acupuncturial and hyp—
notic analgesia etc., such Is vot included in this context. Cli-
nically, & patient's recovery from anaesthesia starts at rhe mo-

ment when anaesthetic agents are discontinmued or reverged.

The aetiology of disfurbed recovery from anaesthesia and the fea—
sibllity of treating it have been recogunized relatively recent—
ly. Earlier authors classified postoperative behavioural changes
under psychotic disorders (Cobb and McDermotr, 1938). These au-
thors concluded that routine administration of sedatives may re—
sult in postopérative delirious states. However, no therapeutic
fmprovements occurred for years afrer this observation. Instead,
a vrather indiscriminate administracion of depressant or analep~
tic drugs ({e.g., amiphenazecle, bemegride, nikethamide, micoren,
plerotoxin, cardiazol, methyl-phenidate) was recommended for
treatment of disturbed recovery from anaesthesia (Lee and Atkin-
son, 1964}.

Three wmain features of disturbed recovery from anaesthesia are
usually eacountered: postanaesthetic exclitement or agitation;
prolonged recovery; and postanmaesthetic depression. For reasons
urknown, it was the postanaesthetic excitement rather than the
depression, which attracted amaesthetists in the past (Eckenhoff
er al., 1961l; Bastron and Moyers, 1967; Heiser and Gillin,
1971). Cousequently, for years the treatment of emergence deli-

rivm (Eckenhoff et al., 1961) or emergence excitement (Smiler et
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al., 1973) preceded the treatmeat of depression or of prolonged

recovery.

The essential preregquisites for the understanding of disturbed
recovery were Longo's experimental findings on the behavioural
and electrocorticographic effects of anticholimergic drugs
(Longo, 19563 Lougo, 1962; 1Longo, 1966). The atropine-induced
dissociarion between the electroencephalogram and behaviour was
established. TFor numerous behavioural effects of anticholinergic
agents, Longo ceolned a collective name, "the central anticholi-
nergic syndrome™. This term was soosn in use to describe the dis-
turbed recovery from anaesthesia czaused by anticholinergic drugs

(Duvoisin and Katz, 1968).

Besides drupgs, the physiological and psycholeogical coadition of
the patient, or an intercurrent disease, may alse¢ modify recove-
ry. The anaesthetic technique may be of importance. Several syn—
dromes and pharmacological states may mar the postanzestheric
phase. 5States like hypothermia, haemerrhagic conditiens or chan—
ged neuromuscular function also imfluence recovery but should be

recognized early and corvected appropriately.

1.2, Moter Disturbances

Postanaesthetic motor restlessness has been referred to as spas-—
ticity or shivering. According o Soliman and Gillies (1972},
these terms may nort describe the same phenomeoon. Spasticity Is
indicative of the presence of an upper motor neurcone lesion (su—
prasplnal). Coarser shivering was explained as gross muscular ac—
tivity, almed at restoring body temperature by increasiag heat

production.

Heat loss during anaesthesia may delay recovery by slowing down
elimination of anaesthetric agents. Such patients shiver duriag
rewarming. However, active warming-up of patients during anaes-

thesia will prevent this type of shivering (Pflug et al., 1978).
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A fine and a coarse type of shivering were discerned after halo—
thare and amitrous oxide anaesthesia (Cohen, 1967). The drop in
body temperature was not correlated with the incidence of shive-
ring. Length of anaesthesia, however, was positively correlated
(Cohen, 1967; Tammisto and Tigerstedt, 1979). Cohen (1967) sug~
gested that drop of body temperature is not the mechanism by
which halothame wmight produce shivering. He did not discuss the
role of nitrous oxide in producing shivering. Holdcroft and Hzll
{1978) also observed that postanaesthetic motor unrest was not
related to heat less during amaesthesia. We found that shivering
may cease when the patient fully regains consciousness, in spite
of hypothermia (Rupreht awod Dworacek, 1976). Subsequently, it
has Dbeen confirmed that shivering Is not solely dependent on the
lowered body temperature (Tammisto and Tigerstede, 1979; Nilssom
and Himberg, 1982; Admiraal et al., 19853). It is of interest to
note that meperidine (pethidine) promptly arrests shivering
(Claybon and Hirsh, 1980; Roy et al., 1983). These findings may
indicate thar alterations in the endogenous opioid system are im-
volved in postanaesthetic shivering, which mighr be a subject
for further study. Other morphinomimetics than pethidine also at-
tenuate shivering but to a lesser degree (see Chapter 11). This
might Imply the role of stereospecificity for this effect.

1.3. Psychological Disturbances

Adverse emotional responses are a well known problem im recove-
ry¥y. Personality changes followling surgery wers recognized early
(Dupuytren, 1834). Postoperative dJdisturbances of bekaviour may
occur after a Jlucid interval in recovery and progress te serious

personality changes.

Mental disorders 1ike fighting behaviocur or depression may be a
sign of a disturbed body-mind scheme. This alteration is general-
ly associated with stress which may occur after surgery or anaes—

thesia. Postoperative psychological changes may couvert from meu-
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rotic emotional responses into true psychotic behaviour. Postope~
rative depression or pronounced agitation may also be a sigan of

pre—existent psychlatric disorders. Psychiatric attention 15 nee—

ded in such cases.

Hypoxia of the central nervous systea has long beern recognized
as a cause of restlessness, delirious behaviour, loss of appro-
priate contact with surroundings, amnesia, confusliom and irrita~
Pility. buring recovery, cyanosis may be present but Is o¢ften un—
detectable (Hillary, 1983). Hypoxia of the brain may be caused
by insufficient ventilatfon, inappropriate positioning of the
head, or inadequate cireulation. Ischaemic or hypoxic periods
which the patient may have suffered during surgery and anaesthe—
sia can be followed by delayed recovery or changes of behaviour.
Cerebral hypoxia remains a consistent bazard, particularly where
hypotensive techaiques are employed to help the surgeon. Postano—
xic encephalopathy may occur days or even weeks after virtual re—
covery of a patient who has suffered from cerebral hypoxia (Plum
et al., 1962). Even mild central hypoxla may be a cause of pro—
longed recovery, vtestlessness, delirious behaviour, loss of ap~
propriate contset with surroundings and amnesia. Cerebral hypo-
%xia wust be suspected and treated, which makes subsequent diffe-
rential diagmosis of dizturbed recovery easier (Rupreht and Dwo—
racek, 1977).

Among several metabolic derangements which can mar recovery from
anaesthesia 1s thyrotoxic erisis (Selenkow and Hollander, 1963)
which 1s also called thyrotoxlc storm (Ingbar, 1966). It is of-
ten marked by agitatiom, restlessness, delirium and prostrationm.
Hypothyroldism, ou the other hand, may resulr in proloaged reco—
very and unexpected depression following anaesthesla (abbott,
1967). Adrenocortical insufficiency may be followed by prolonged
postoperative unconsciousness (Morss and Baillie, 1958). While
corticosteroid-insufficiency results in depression of feunctions,
the patients to whom c¢orticoids are administered may respond

with euphoria, excitation and increased motor activity (Goodman
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and Gilmau, 1970). Diabetic coma, nonketotic hyperosmelar coma,
but also hypoglycaemla, if not recognized early, may all not on—
ly delay, but eventuyally preveat, recovery £rom anaesthesia
(Denlinger, 1983). Febrile diseases can cause narrowing of the
patient’s sensorivm and hallvcinations. In these states, anticho—
linergics tend further to decrease cons¢lousness. An acute or a
provoked attack of porphyria may alse result in persomality chan—
ges, hysteria, confusional states, coma, or eplleptic seizures
(Macalpine and Bunter, 1969). In systemic metabollc encephalopa—
thy, inereased permeabllity of the blood-brain barrier may be
present. This faclilitates increased penetration of drugs into
the brain so that recovery from anazesthesia may be prolonged
(Freeman et al., 1962).

1.4. Drug-Induced Disturbances
Acute or chreonic¢ intoxications, whether accideatal, volumtary or
jatrogenic, mway contribute to the complexity of the dlifferential

diagnosis of disturbed recovery from amaesthesia.

Psychosomatic disorders caused by illicit drug (ab)use (oplates,
barbiturates, tetrahydrocannabiol, psylocibla, mescalin, phency-
clidine, cocaine, etc.) may be especially difficult to recognise
and treat because the intake may not be koown or admitted and,
nowadays, the use of mixtures of psychoactive agents is extreme—
ly widespread (Rupreht, 1982).

Opiates, when still present after anaesthesia, may prolong reco—
very and cause tranquil somnelence or mild hallucimations. Thelr
effects may correctly be diagnosed and treated by oplate antago~
nists or physostipgmine. Inadequate analgesia, however, wmay also

cause disturbed recovery from amaesthesia.

Barbiturares may cause restlessness although usually the plasma
concentration during the peried of postanaesthetic recovery is
to0 low to Influence the central nervous system (Dundee, 1955).
Lemniscal pailn pathways are relatively uvnaffected by barbitura—

tes, which may explain cortical excitement and sensory responsi-



—16-

veness during light barbieurate wnarcosls. The described stimula-
tory effect of barbiturates on nociception may thus be due te un-
equal suppression by barbiturates of various asceuding pathways.
In rare c¢ircumstances, barblturates may influence the patient's
behaviour for hours during recovery from anaesthesia. The symp~
toms may vary from euphoria or drowsiness to irritability and de—

pressivity.

Delirium from diglitalisz toxicity (Mariort, 1968) or the classi-
cal aleohel delirium may occasionally endanger the operated pa—
tient and complicate the plcture of the central anticholinergic

syndrome.

1.5. Ondine's Curse*, Pickwick's Syndrome**, Narcolepsy and a
Full Bladder

Varlous other states may interfere with recovery from anaesthe—

sia. For example, in Ondine's curse, the automaticity of the

* The term "Qudine's cyrse™ derives from a German legead, descri-
bing the beautiful water oymph, Ondine, who, haviapg been jilted
by her mortal husband, took from him all automatic functioas, Te—
quiring him to remember to breathe. When he finally fell asleep
he died. :Oplates, e.g., in high dosages will usually produce
apnoea before consclousness is lost.

*% Pickwickian syndrome, a term often used rather lLoosely. It
should be reserved for very obese patients who have an Increased
PCO,, without evidence of lung disease.

The” term derives frem dJubbing by “the Pickwickian syndrome”™ of
some extremely obese patieats, suffering from hypoventilatien,
obesity, somnolence, polycythaemie and excessive appetite. The
first described Pickwickian, in this sense, is the far boy, Joe,
in Charles Dickens's "Pickwick Papers”.

Apart from the obesity, the cliniecal features are similar to tho-
se 1in patients with idiopathic hypoventilation; in the fully de-
veloped f£orm rhey include marked obesity, somnolemce, twitching,
cyanosis, perlodic respiration, secondary polycythaemia, right
ventricular hypertrophy and right—sided heart fallure.

Some investigators have suggested that the Pickwickian indivi-
dual 1is simply a patient with idiopathic hypoventilation who
happens to be obese. The cause of the hypoventilatioen is not
clear but presumably Is related to the high energy cost of mo-
ving the chest wall. The association of marked somnclence and
voracious appetite suggests that, in some cases, there is an ab-
normality in the central nervous system.
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respiratory centre fails while the patient is awake (Severing-
haus and Mitchell, 1962). 5imilarly, in rare clrcumstances, post—
anaesthetic recovery is disturbed by a flattemed ventilation re—
sponge curve and periods of apnoea with disturbed consciousness.
Such symptoms can be foﬁnd in patients with Pickwick's syndrome,
overdese of oplates or poliomyelitis (Wunnm, 1981).

Sleep paralysis occurs in some narcoleptic patients and is cha-
racterized by inablility to execute any voluntary activity while
fully awake. The postoperative pericd in these patients 1s cha—
racterized by irregularity of respiratiou and an unusual glassy—
eyed stare.

Incidentally, physostigmine was found to be a very efficient the-
rapeutic agent for this affliction (Scollo-Lovizzari, 1970).

A full bladder, which may occur te anybody, may be a cause of nu-
merous troubles during recovery. It may cause central anticholi-
nergic syndrome~like restlessness and cardiovascular problems.
In such patients, vagal ton= appears to be heightened during re-
covery from anaesthesia, and hypotension and bradycardia may be
encountered. The distended bladder is also the origin of intense
pain amd wmay result in restlessness and hypotension. On the o~
ther hand, untreated pain may lead to tachycardia or arrhych-
mias. We have seen restless patients, in whom acute heart decomw-
pensation was diagnosed, become perfectly calm, cooperative and

healthy postoperatively when the overfilled bladder was emptied.

1.6. Central Anticholinergic Syndrome

After anaesthesfa, patients may have unexpected delay in mental
arousal. In many cases, where trearmenr of motor, psychelogical
or drug-induced digturbances does mot Tesult in restoration of
the patient™s consclious and cooperative state, the disturbed re-
covery from anaesthesia may be due to the central anticholiner-
glc actior of drugs. Behavioural and somatic symptoms of anticho-

linergics are numerous and unpredictable. They have been named

the "¢entral anticholinergic syndrome~.
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Varfous -terms, nowadzys obsolete, have been used to describe the
central anticholinergic syndrome: postanaesthetic delirium (Breb-
ner and Hadley, 1976; Eckenhoff et al., 196l), postanaesthetic
depression, emergence sltnation, emergence delirium (Bastron and
Hoyers, 1967), postoperative somnolence and adverse postanaesthe—
tic effects (Brebner and Hadley, 1976). Nowadays the term cen—
tral antichelinergle syndrome Is preferred because it indicates
the aetiology of the disturbed state. The term was coined by Lom-
go (1966) when he wrote about behavicural and electroencephalo-
graphic effects of atropine and related compounds. He observed
that anticholinergics may cause dissoclation of behaviour from
the EEG—-pattern, and called this phenomenon EEG-behaviour dissc—
ciation. Lomgo's work, a continuation of earlier Italian stu-
dies, established that gross changes of behaviour may result
from the administration of anticholinergics, without concomitant
changes of the EEG (Loeb et al., 1960; Longo, 1956; Lougo,
1962).

In the analysis of the postanaesthetic disturbances it was con—
cluded that the postanaesthétic excitation Is not a simple re-
versal of Guedel's induction stage I1I (Arrtusio, 1964). It was
suspected that anticholinergiecs mighr be the causative factor
(Eckenhoff, 1961).

A myriad drugs are productive of the central aanticholipergic syn-
drome (Takle 1). Most of them are given for other reasous than
their anticholinergic effect. Granacher and Baldessarini (1970)
reported that at least 500 drugs capable of inducing central an-
ticholinergic effects were oz sale in the USA. Such drugs may
play a role in the central anticholinergic syndrome during reco~
very from anaesthesia (Breivik, 1975). Ketamine, benzodiazepines
and nitrous oxide are nowadays thought capable of central anti-
cholinergic effects (Rupreint, 1950a; Rupreht, 1980Db). It has al-
50 been shown that psilecybin causes predominantly central anti-~
cholinergic sywptoms (van Poorten et z2l., 1982).
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Table 1. Drugs and Chemicals That May Produce the Central Anri-
cholinergic Syndrome.

Antidepressants (Amitriptylline, Desapiramine,
Inipramine, etc.)

Antihistamines (Phencthiazines, Butyrophenones,
ete.)

Antispasmodics (Promethazine, Orphenadrine, etc.)

Antiparkinson agents (Propantheline, etc.)

Ophthalmic preparations

Belladoona alkaloids

Opicid agents

Anaesthetic agents (imclu-

ding gases) (Nzo, ecyelopropane, etc.)

Warfare chemicals (incapacitants: glycolate esters,
like the psychotomimetic drug
Ditran; Quinuclidinfum)

Toxlic plants

Tranquillizers (benzodiazepines)

Hypunotics

Psylocibine

In the presenile dementia or in Alzheimer’s disease the central
cholinergie system #tay be deranged (Peters and Levin, 1977; Thal
et al., 1983) to such a degree that the symptoms of the disease
resemble the anticholinergic action of drugs. In these patients
even traces of anticholinergic drugs may cause complete block of

central cholinergic functioun.

Sclentific interesr in the central action of antichelinergic com—
pounds is of rather recent date, but part of this knowledge is
very old. Central anticholinergic polsoning has been used in the
popular drug lore of many peoples and is now becoming the study
of ethnopharmacologists. The anticholinerglic action of substan—
ces played an Important xole in states of separate reality
{Castaneda, 1968), in the effects of “plants of the gods” (Schul-
tes and Hofman, 1980) or simply “parcotic plants™ (Emboden,
1979).

Signs of the Cemtral Anticholinergic Syndrome
The popular mmestic trick for signs of a c¢lassical anticholiner-

glc plcture reads: blind as a bat, dry as a bonme, mad as a har-
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ter, hot as fire, red as a beetroot. Unfortunately, there 1s on—
ly one central signs, "mad”, included in this description and,

as 1t happens, this madness must be further particulazrised in
order to match the reality better. In effect, central signs actu-
ally form the bulk of an anticholinergic ¢linical picture. Symp-
toms of the central anticholinergic syadrome in recovery peried
are exclratory or depressive. Together with central symptoms, va—
rious peripheral signs can be observed. Lomgo (1966) described
drowsiness, coma, nonaggressive excitement, ataxia and asynergia
as the most prominent signs of the cenrral antickelinergic syo—
drome. Many symptoms have been added since, both to the central
symptoms {Table 2) and to peripheral ones (Table 3).

Table 2. Central Symptoms of the Central Anticholinergic

Syndrome .

- disorientatien ~ emotional instability

- ataxia ~ motor unrest; excitation

~ asynergia, incoordinated movements — perseverations

~ delirium — agitation

- hallucinations - restlessness

- SEupor — headache

- cona - convulslons

- delay in mental arousal after « delusions aad illusions
anaesthesia - paranoid ideations

— thought impairment - toxic psychosis (In psy-

~ disturbances of short—-teram memory chiatry)

~ amnesia - d&j2 wvu symptom

— drowsiness — resplratory depression

- gom-aggressive excitement - hyperalgesia

- gpeech difficulties ~ central hyperpyrexia
Eremor EEG~behaviour dissocia~
crying tion

— logorrhoea

- weakness

Table 3. Peripheral Symptons of Anticholinergic Poisoning

~ myadriasis - increased body temperature

- photophobia - retention of urine

~ tachycardia - weak or absent gastroenteral

- keart arrhythnias motility

— dry aouth -~ oedema of the uvula (scmetimes)

- speech difficulties
— dry and red skin
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1.7. Own Observations and Experience of Diagnostic Features,
Incidence and Therapy of the Central Anticholinmergic Syno—
drome

Awong the diagunostic features of the central amticholinmergiec syn—

drome, drowsiness and coma, or restlessness, are wost striking

during the patlent’s recovery from anaesthesia. When iy is rea—
sonable to assume that the anaesthetic drugs have been metaboli-
zed, excreted, antagonized or pharmacolegically inactivated by
redistribution — and the patient is still not reactinmg appropria-
tely to the surroundimgs — the central anticholinergic syndrome
way be considered as a possible cause of the disturbed recovery.

After excluding other common causes of disturbed recovery from

anaesthesia, the anaesthetist may suspecr the presence of the

central anticholinergic syndrome on the grounds of given anticho—

Iinergics (diagnosis per exclusicnem) and eventually proceed to

adwinistering & centrally active cholinergic agent (e.g-, physor

stigmine) and waiting for the disappearance of the anticholiner—
gic signs (diagnosis ex iuvantibus). In view of the present fmr
possibilicy of diagnosing the central anticholinergic effects in—

strumentally, this approach has proved very practical and safe.

The spectrum of symptomatology of the cenrrsl anticholinergic
syndrome 1s wide, varying from the deeply comatose patient,
through sluggish reaction to questions, to apparently normal re-
sponses but with a superimposed amnesla and disorientation. Va—
rious other symptoms may be superiamposed;: incoordinated move—
aents, tremor, inadequate reactions to external stimuli, crying
or logorrhoea. The delirious behaviour of patienmts during recove-
ry becomes evident with the first signs of restless arousal and
it demands quick dintervention (Fig. 1). In this period, painm
should be excluded or treated and one must also treat any exls—
ting hypoxia. Further examination of the patient in such 2 condi-
tion 1is wsually of lictle help. Sometimes a low pulse rate may
be found, but this will iuncrease after treatment with physostig—
mine- The glze and reacrion of the pupils can be normal or chan—

ged by previously admiﬁistered drugs. The pupillary signs have



P2
become of practically ne value In contemporary znaesthesia when

agents with potent and possibly opposing action on the ocular
signs, are often used. ’

Diagnostic criteria of the central anticholinergic syndrome

As & general rule, two peripheral and ome central signs of antl-
cholinerglc activity (see Tables 2 and 3) are sufficleat to jus—
tify the diagnosis of the syundrome.

Ty

Fig. 1. Central antichelinergic syndrome in one of our patients
(1979), 30 minutes after anaesthesia. Note that two per—
sons were needed to protect the patient and the operated
site. It was concluded that atropine sulphate was the
main canse of the disturbed recovery. Physostigmine sa-
licylate (2 mg) was given Intravenously and the patient
was awake and behaving normally withiz 3 minutes. At
that time, no residual effects of anaesthetics or auay
‘paln were traceable.

The diagnosis of the ceantral anticholinergic syndrome in our pa=
tients was first based on the patlent's clinical state and on
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the agents given before and during anaesthesia (Rupreht and Dwo-
racek, 1976}- Whea centrally active aoticholinergics had been
used, the development of the syndrome was suspected iu patients
whoe did not recover promprly and smoothly. BHalf an hour of
recovery (mean walting vime) was zllowed before considering the
diagnosis of the central anticholinergic syndrome. Physostigmine
(0.04 mg/kg) was then administered and the disappearance of the
syndrome was required for the definite counfirmation of the

diagnosis.

In the group of 200 patients where the central anticholinergic
syndrome was diagnosed and confirmed, six different aanticholiner—
gic drugs or comblnations of drugs were discerned: atroplne,
atropine-prowethazine,  atropine~droperidel, atrepine~diazepam,
scopolamine, atropime-~chlorpromazine. Qeccaslonally, several sywmp—

toms were seen in one patient (Table 4).

Table 4. Symptoms of the Central Aaricholinergic Syndrome
in a Group of 200 Diapnosed Cases.

SYMTPOM NUMBER
drowsiness, depression 121
restlessuess 57
shivering 27
confusion 20

speech disturbance
central hyperpyrexia
ataxia
hallucinations
violence

R W

We studied the incidence of the cemtral anticholinergic syndrome
in a prospective follow up of general and regional anaesthetic
procedures. 3585 patlents were recovered, 1720 males and 1865 fe—

males, from various types of anaesthesia (Rupreht and Dworacek,
1976).

The dfagnosis of the central anticholinergic syndreme In our rea-

sonably large amount of clinical material, was established by
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the anaesthetist who was on duty in the recovery area or by the
patient's ;wn anaesthetist. The diagnosis was confirmed by the
positive effect of physostigmine. Those cases of the central an—
ticholinergic syndrome which were diagnosed but where treatment
with physostigmine could mot be performed (because of contraindi~
cations) were excluded from the statistics because we iIncluded
only these with a double—established diagnosis of the central an—
ticholinergic syndrome.

The central amticholinerglc syndrome was diaguosed ia 9.L% of
the patients who were given general anaesthesiz (Table 5) and in
3.3%Z of the patients who were operated upon under a regional
biock. The incideance of the central anticholinergic syndrome was
not dependent on age or sex (Table 5), nor was there any diffe—
rence im the frequency of the syndrome within groups of patients
receiving either atropine sulphate, diazepam or enflurane (Table
6). Regional anaesthesia oxr block was performed on 271 patients,
whe were sedated with a benzodliazepine and received atropine. 9
cases of central anricholinergic syndrome were diagnosed in the~
se patients (3.3%).

Table 5. Age Distribution of Patients and Incidence of Central
Anticholinergic Syndrome after General Anaesthesia.

AGE Nr. Patients Male Female Nr. CAS ZCAS 4CAS ZCAS
(years) nale female
0- 5 22 14 8 1 4.5 7 -
615 120 59 61 il 9.6 10 8.1
16~50 2139 966 1173 221 10 10 10

> 51 1304 773 531 104 7.9 6 9.6
Total 3585 1812 1773 EEY 9.4 8.3 6.9

Table 6. Relation: Drugs Used and Incldence of the Central Anti-
cholinerpic Syndrome {*).

Drug Nr. Anaesthetics Nr. CAS % CAS
Atropine sulph. 2763 270 9.7
Diazepam 1052 93 8.8
Enflurane 1043 98 9.3

*These anaesthesias were glven in a 10-month period 1977-1578.
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In a comparable review of patient material, where only "post—
anaesthetic excitement” was recorded, 14.436 patients were follo—
wed. 6% males and 5% females showed “excitement” during the reco—
very (Eckenhoff et al., 1961). In this report no mention is made
of the symptoms of depression whichk may be a form of the central
anticholinergic actlon. Other reports of disturbed recovery from
anaesthesia alse give a varying incidence depending on the de-
gree of agitation stedied. The range was 3-20% (Smessaert et
al., 1960; Artusie, 1964). Breivik (1975) found the central anti-
chelinergic syudrome 1in 1% of his parients, while Holzgrafe et
al. {1973) reported 11.2% of postanaesthetic "reactions to scopo-
Jamine™. Several of these authors did not include all the signs
of anticholinergic action fn the disrurbances they deseribed. Am-
nesla was not considered a “disturbance™ but a2 "mormal occurrenm—

ce”™ of the postanaesthetic state.

Treatment of the central anticholinergic syndrome requires the

elevation of the acetylcholine level fa the brain. This can be
achieved by administraticn of physostigmine salicylate, galantha-
mine hydrobromide (Baraka and Harik, 1977), 4—aminopyridine {Rup—
reht, 1981) or tetrahydroaminacrine (Mendelson, 1975). ALl these
drugs can penetrate fato the brain and cause am Increase of the
acetylcholine level. Galanthamine hydrobromide and tetrahydro—
aminacrine are uot readily available and no considerable knowled-
ge has beeu gathered on their applicability in the treatment of
the central anticholinergic syndrome (Rupreht, 1980b). 4—aminopy~
ridine, on the other hand is so aselective in its actions (Thes-
leff, 1980) that the advocation of fts use in this therapeutic
field failed (Rupreht, 1981l; sece also Chapter 9).

For the specifiec, tertiary cholinesterase ighibitor physostig—
mine, it was established that the optimal initial dose is 0,04
mg kg-l (Rupreht and Dworacek, 1976). This dose must be given
either 1.m. or slowly f.v. iInto an cpen drip so that rhe drug is
evenly flushed into the circulatiom. I.v. administrationm should

not exceed 1 mg physostigmine per win. The drug in a dose of
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0.04 og kgml iz inactivated within 90-120 wmin (Rupreht and
Dworacek, 1976; Dworacek et al., 1979; Atkinsoa et 2l., 1982).
This means that physostigmine injection must be repeated after
90-120 min if the signs of the anticholinergic syndrome recur.

Physostigmine acts rapidly, resclving the symptoms of the cem—
tral anticholinergic syndrome withinm 30 sec = 10 min. Tn a later
study (Neumark and Riegel,” 1981) it was fouand that physostigmine
was centrally active within 9 + 4.5 min after administration.

The speed and the intensity of the physostigmine—induced effect
depends on the anticholinergic specificicty of the CNS—active
drug {the respomse Is clear~cut in the case of pure anticholiner—
gilcs), the circulatory state of the parient, aad the presence of
other psychoactive drugs. In patients with benzediazeplae-indu—
ced depression Improvement following the administration of physo-
stigmine is sometimes sluggish and incomplete, and may be unpre-
dictable (Rupreht, 1980a). When there iz ao iaprovement of the
psychic condition after 10 min, the diagnosis of ceatral choli-
nerglec block {central anticholinergic syndrome) must be dropped
or one must consider whether the patilent is extremely intoxica—
ted with tricyclic antidepressants or belladonna alkaloids and
therefore requires additional physostigmine. Many patients, how—
ever, are relleved from the central anticholinergic syndrowe so

rapidly that they wake up “"on the physostigmine~needle”.

In another study {(Grote et al., 1981} it was found thar 2 mg phy—
sostigmine shortened lorwerazepam—induced sleep from 120 min to
5-12 win when given at 130 min after administration of lormetaze—
pam. After neurolept anaesthesia, all patlents were in good con—
tact with their surroundings when given physostigmine. These who
were not given physostigmine were net able to converse until 90
mic afrer the end of anaesthesia (Neumark and Riegel, 1981).

Treatment of the central hyperpyrexia—-symptom of the centrzl an-
ticholinergic syndrome with physostigmine in some of our pa—

tients can be illustrated by the following two Case Reports.
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Case I: - A 79 year old very ill lady, body weight 80 kg, was
scheduled for emergency cholecystectomy. She was febrile, rectal

temperature: 39.3°C. Blood pressure was 180/100 mm Hg, pulse
rate 100 per minute. She was given 0.5 mg atropine sulphate as
premedication and anaesthesia was Iinduced with 0.15 mg fentanyl
and 250 mg thiopental.

Succinylcholine 50 mg was used to facilitate the intubation, 4
ng pancuronium was administered for prolonged relaxatiom. The pa—
tient was ventilated with nitrous oxide (60 VolZ) - oxygen nixru—
re. The operation lasted sixty minutes, in the course of which
the patient received additiomal 0.3 mg fentanyl and 100 mg thio—
pental. The residual relaxation was reversed by 2 mg neostigmine
mixed with 0.5 mg atropine sulphate. The ventilatory and circula-
tory condition in the postoperarive period was satisfactory. How—
ever, the patient did nor regain comsciousness for 2 hoaurs after
the operation. She did not react to pain stimuli. The rectal tem—
perature was &0-3°C, and the hands were cold.

Physostigmine salicylate 3 mg was administered and within five
minutes we could talk to the patient who appeared fully con—
scious and cooperative. She started to swear profusely. Withia
sixty mninutes the rectal temperature dropped to 35.3%¢. She re-
ceived additional (1 mg) physostigmine salicylate, 120 minutes
after the first dose, and the recral temperature decreased fur-
ther to 38.2°C in the following two hours (Fig. 2).

atropine 0.5 mg |physostigmine physostigmine 1 mg
fentany! 0.15 I mg
thigpentore 250
temp. foulse | suxamelhoniums0
(°C) irate |pancurcnium 4
N, 0/Q, = 21
neostige
mine 2 mg
atropine
a1 o.5mg v

- “/

39+

oo temp.
-+ ./‘/.“\.JA"'A

a0 pulse

x‘l‘1 'i'z
e e o
* T e

operation coma awake and coPpcrmive
T T T T T T T T

5 1% 17 1z 19 20 21 22 23 25 time (hours)

374

-

%, 7% years, ASA [, acute cholecystitis, Ischacmic heart and
obstructive lung disease

Fig. 2: Central hyperpyrexia complicating the snaesthetic
course. It was probably caused or aggravated by atropine
sulphate. The invelvement of the central cholinergic
transmlssion was established after physostigmine resul-
ted fn prompt resolution of hyperpyrexia. Note that neo—~
stignine was administered before physostigauine but did
not resolve the increase of the body temperature (detal-
led description in Case Report 1)-.
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Case TII: =~ A 38 year old lady was anaesthetized for a curettage

after a septic abortion. She received 0.5 mg atropine sulphate,
250 wmg thiopental and 70 VolZ nitrous oxide in oxygen during in—
duction. Rectal temperature was 38.4°C. Following the wvery
short procedure she became very agitared while the remperature
increased to 41.5°C. We carefully administered physcstigmine
salicylate 3 mg intravecously and within six minutes she was com—
pletely aware of her surroundings and cooperative. She started
to sweap profusely, the pulse rwate dropped from 120 min =~ to
90 min ". The blood pressure remained unchanged. The rectal
temperature decreased to 39. 5°C within 90 minutes. She recelved
a further 2 mg physostigmine salicylate intravenously and thirty
minutes later the temperature dropped to 38.1°C, at which level
it remained for the following two days, during which time the pa—
tient was treated with antiblotics.

These two case reports are instructive because they Indlicate how
difficult 1t 1is to differentiate between central and peripheral
increase iu body temperature. Weostigmine, devoid of central ac-
tion, did not affeet the Increase Iin body temperature. However,
administration of the tertiary anticholinesterase, physostigmine
resulted In the Immediare return of the temperature to mormal.
We concluded that a ceantral anticholinergic effect was one of
the facrtors causing the hyperpyrexia, which could thus be speci-
fically treated with physostigmine. Knowledge of this possibili-
ty is Important. In spaesthesia and in toxicology comatose pa—
tients may suffer from central hyperpyrexia, which is a hazardu-
ous clinical problem and wmay cost the patient's life. The ¢lini~
cal sitwation in this respect has now been greatly improved be—
cause doctors early suspect that changes of behaviour may be due
to the central effects of antichollinergics. These effects call
for the administration cof physostigmine which clears the plcture
of the anticholizergic syndrome, includiag elevated body tempera-

ture of central origin.

In the thermoregulatory ceutre in the rostral part of the hypo—
thalamus (Hemingway and Price, 1968) numerous cholinergic synap—
ges have been identified (De Maar, :1956). It is probable that
the ©blocking of muscarinic sites in the thermoregulatory ceater
disturbs the rtemperature regulation, not by setting the thermo-
stat higher (these patients do nor shiver) but perhaps by block
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ing d1ucoming #nformation from the periphery. Administration of

physostigmine probably eliminates such disturbances of the cen—
tral cholinergic function.

Arousal after physostigmine is wsually pleasant to the patient.

We have not observed psychic depression after the administration
of physostigmine for the treatment of the ceatral anticholiner—
glc syndrome. Ou the contrary, patients in whom crying_aud unhap—
piness, or depressive anxlety, were a part of the ceatral anti-
cholinergic syndrome, calmed inte a positive attitude after phy-
sostigmine had been given them. This also happened in numercus
cases of tricyclic amtldepressant intoxication treated wich phy—
sostigmine. Although mot particularly happy or grateful, such un-
fortunate suicidally wmiserable patients were obvicusly not more

depressed on waking-up than before the ingestion of the overdo-

S2a

The analgesic state of the patient 1s improved after arcusal

from the central anticholinergic syodrome. The patient reacts ap—
propriately rto the situation and i{s better gble te communicate
his discomfort. Im additicon, the analgesic actlon of physostigmi-
ne has been documented iu experimental medicine (Flodmazk and
Wramner, 1945). It has beeun suggested that this effect of physo~
stigmine is based on its interaction with the 5-HT transmission
systen (Afiello~Malmberg et al., 1979). The analgesic action de-
pendent on the 5-HT system (Yaksh, 1979) canmgot be antagonized
with elther atropine or nunalcxome (Wefnstock et al., 1980;
Rupreht and Dzoljic, 1983).

Physostigmine can safely be given to patients with glaucoma. Im
a vreview of more than 1000 parients following anasesthesia for
eye surgery, no untoward effects of physostigmine were recorded
{Dworacek, 1982).

Cardiovascular activicy Is wusually dIncreased by physostigmine

{Rupreht and Dworacek, 1976) provided that the drug 1s neot given
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to a hypercapmnic or hypoxic patient. In this last respect, the
same precautions are necessary as with neostigmine (Riding and
Robinseon, 1961). In the abseace of hypercapnia and hypoexia, slow-
ly given physostigmine causes cardiovascular stimulation. These
observations are backed by experimental fiandings thar physostig-
aine causes a release of adremalime from the suprarenal gland
{Schnelder et al., 1980; Schneider et al., 1982). Physostigmine
alse causes a central pressor response (Brezeunoff, 1973; Janow—
ski et al., 1983). There 1s evidence that central, predominantly
muscarinic acetylcholine - catecholamine linkages in the poste—
rior hypothalamus, the brain stem, and the medial wmammilary nu—
elei are in part responsible for the central cholinezgically me—
diated increase iIn blood pressure (Brezenoff and Giuliano,
1982).

Other side effects of physostigmine during recovery from anaeg-
thesia are: nausea, vomiting, sweating, gastrointestinmal and uro~
genital thypermotility and diplopla. Whereas symptoms such as
sweating, swmooth muscle motility and dipleopiz are rarely of any
considerable concern, the occurrence of nausea and vomiting

needs ¢lose attention and preventive measures.

Factors which stimulate npausea and vomitiag are: rapid Imjec-
tion, fuli stomach, concomitant drugs, hypercarbia, hypoxia and

operatlons which stimulate the vagus.

Factors which prevent wnausea and vomiting are: empty stomach,
slow injection (less than 0.015 ug kg-l minﬁl) and auntieme—
tic agents (Haloperidol, Metoclopramide, Alizapride etc.).

Concomitant e¢linical sitwarions way primarily contribute to mauv—
sea after physostigmine: operations on the ear, brain or abdo-
wen; patlent’s continuling medication; the presence of hypercar-
bia. It has been suggested that the incidence of nausea is dose-
dependent (Bidway et al., 1979}, 2 wmg physostigmine causing nau—

sea and 1 mg not. However, a review of several thousaads of ad-
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ninfsrrations of physostigmine 41im wvarious dosages and routes
does . wot support these findiogs (Dworacek et al., 1979). The
route of administration of physostigmine does not ianfluence its
onset of action but apparently is fmportant in decreasing the ia—
cidence of early vomirimg. Inmtramuscular injectfion of physostig—
mine does not diminish the imcidence of nausea (15%) but does al~
most always eliminate wvomitiang. According to our own follow-up
of patieuts, it is essential to inject physostigmine slowly aand
evealy, thus probably preventing excessive peak concentrratiouns
which appear to be the cause of trouble. Cur recommended dose
and speed of injection of physostigmine, f.e. 0.04 nmg kg-l
and uwot faster than 1 mg min_l, have been widely practised and
cited in the standard anacsthetic literature (Atkinso& et al.,
1982).

Contraindfcations to treatment with physostigmine used re be di-
vided inte relative and abseolute ones. The present clinical and
experimental knowledge of physostigmine enables clinicians preci-
sely to delineate stares in which adainistration of this drug
should be withheld. Until recently, it was not fully appreciated
thar the pharmacological effects of physostigmine are different
from titose of neostigmine. Perhaps because of that, several "re-
lative” contraindications =To physostigmine were cited. These
were: bradycardla and hypotension, asrima, diaberes mellitus, me—
chanical obstructions of the intestinal or gemitourinary tract
and glaucoma treated with topilcal organophosphorous compounds.
In own experience, no patient with these relative contraindica—
tions suffered untoward effects from physostigmine, provided
that the drug was injected slowly in the absence of hypexia or
hypercapnia (Rupreht and Dworacek, 1976; Rupreht and Dworacek,
1977).

However, there are four e¢linlcal states in which physostigmine
is (absolutely) contraindicated: closed craniocerebral injuries,
ayotonla dystrophica, iIntoxications with cholimesterase dohibi—
tors, aud intoxicatiouns with barblturates.
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In <¢losed craniccerebral injuries, the levels of acetylcholine
may he high and a tertiary belladormna alkalofd is the tight
therapeutic agent (Lechner, 1956)}. Patients with amyotonia atro—
phica or myotonle muscular dystrophy states are often encounte—
red by anaesthesiologists. It is well-known that these patlents
should not be given cholinesterase—inhibitors, which may aggrava-
te the muscle wezkness (Miller and Lee, 1981). The sensorium in
patients intoxicated by cholinesterase—inhibiters is often narro-
wed. These agents usually also act centrally and physostigmine
is certainly contraindicated. Coma caused by barbiturates is a
state which has tecently been added to the (absolute) contraindi-
cations Lo physostigmine (Daunderer, 1980). In the case of barbi-
turates, the steres of acetylcholime in the brain are imcreased
and physostigmine may cause worsening of the picture zand someti-
mes counvelsions. In anaesthetic practice we observed that physo—
stigmine 1n the presence of barblturates does not "wakemup”™ the
patlent. Actually, cne often gets an Impression that physostigmi-
ne lengthens the sluggishness and sleepiness caused by barbitura-
tes. This was the reason why, from the very begluning of treat—
menk of the central anticholinergic syndrome during recovery, we
losisted that any previcusly given barbiturates must be counside-
red ao longer to be acting centrally before physostigmine was gi-
ven (Rupreht and Dworacek, 1976; Rupreht and Dworacek, 1977).

4 contemporary review of data about physostigmine is given in
Table 7.

Table 7: Physostigmine: A contemporary (1985) profile.

Preparation rhysostigmine salicylate, 170, 1 ml anpoules,
stabllized with Na—-thiosulphate.

Origin Physostigma venenosum {Balfour}-Western Africa

Source MERCK (substance); Univ. Hospital Dijkzigt,
Pharmacy; Anticholium; Kéhler Chemie, FGR-

Indicaticns Besides Central Anticholinergic Syndrome: inm—

toxications with anticholinergically active
substances, heroln overdose, morphine de~—
pression, differential diagnosis of coma,
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Table 7 (contd.)

Indications Alzheimer discase {dementla syndromes), cen—
tral hyperpyrexia, alcohol peoisoning, mitrous
oxide withdrawal syndrome, laryngospasm, keta—
mine hallucinatfons, psylocyblne Introxica—
tions, stereotaxic procedures in general

anaesthesia -1

Dose {maximal, 0.04 mg kg *; slowly: < 0.015 ug kg

initial) mis - (treatment of the central antfcholi-

nerglc syndrome).

Route l.v.: 1.a.;

Effect onset: within 30 sec ~ 10 min.
duration: 90-120 min.

Activity Cholinesterase inhibitior (centrally active!l)

analgesia (5~HT pathway?)
Contraindications closed cerebral injuries, barbiturate coma,
ChE-inhibitor toxicity, dystrophic myotonia;
Acceptance excellent. Recovery stay ¢am be shorrened.

1.8. Use of Physostigmine by the Dutch Anaesthetists.
Before 1974, the therapeutic use of physostigmine in anaesthesia

was unknown in the Netherlands.

A questiopnaire was sent in 1584 re the Dutch anaesthecists as-

king them whether they wused physestigmine, how often, which

brand and whether they used the quatermary methyl-atropime bro-
|

mide (the use of this drug is one way of decreasing the inciden—

ce of the central anticholinergic syndreme in anaesthesia).

62% of the anaesthetists who replied unow use physostigmive, 177
of them the preparatios Anticholium (Dr. F. Kthler Chemie). The
local pharmacy~shop prepares physostigmine for 83Z of users. 20%
of anaesthetists used physostigmine less than 10 times per year,
14% more than 50 times, others between these two extreems. 30%

of the anaesthetists used the quaternary derivative of atropine.

The replies to the questicnnaire avre informative and show that
the therapeutic value of physostigmine is now widely known and

accepted. However, a further increase in the use of quaternary
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atropine Is mandatory in order still more to decrease anticholi-
nerglc disturbances of recovery from anaesthesla.

1.9. Addendum: Brief History of Physostigmine.

The black beaa-like seeds of Physostigma venenosum (Balfour)
(Fig. 3) were brought from the Calabar region of West Africa to
Europe by a British medical offilcer Daniel {Koelle, 1968). A
pure alkaleid was isolated by Jobst and Hesse in 1864 and was na-
med physostigmine. A year later, Vee and Leven isolated the same
substance, which they called eserine, probably because the beans
were called "esére” (Dragstedt, 1945). Possibly the first recor-
ded therapeutic use of the pure drug was in ophthalmology (La-
quer, 1877). However, the activity of an unidentified substance
from Calabar beans was well-described earlier (Christison, 18553
Fraser, 1863). TFraser used the term "ordeal beans™ and reported

that the drug served as a truth drug In West Africa. The accused

Physestigma venenosum {Balfour)

cr, €00
NH N GH OH

NH

+

H,C

Physostigmine salicylate

Figure 3: Physostigma venenosum {Balfour) is a woody climber
native to tropical West Africa (a leaf and blossom
shown left); its seeds are rich in a rertiary alkaloid
physostigmine (structural formula of physostigmine
salicylate oun the right).

was forced to swallow a quantity of beans and was laid close te
the campfire. Two issues were possible: early vomiting, survi-

val and proclamation of lnnocence or slow cholinergic intoxica-
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tion, proceeding from sweating and dfarrhoea to compromised brea—
thing, coma with seizures and death. Evidently, Justitia had

been blinded by looking into the troplcal sun for enlighrment! A
year after Fraser's report (1863), the extract of the Calabar
beans was used in Prague as a "specific antidote” against atropi-
ne poisoning (Kleinwichter, 1864). Kleinwichter's observations
were published 1o Berlin, within 22 days (Fig. 4). In spite of
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Figure 4: The heading of the Berlimer Xlinische Wochemschrift
of 12 September 1864, with a fraction of the text of
Doctor Klelnwichter's report on the actlon of the
extract of the Calabar bean against Intoxication with
atropine. Note, however, that only 22 days passed be-
tween this lmportant clinical fiuding and {ts publica-
tion. "1.j." is short for "laufendes Jahr™, meaning:
"this year, current year™ (according to van Gelderen's
Dults—Mederlands Woordenboek, lst Ed., Grouingen,
1906) .

Kleinwdchter'™s explicit mentlon that the Calabar—extract could
become a potent and rellable antidote for Intoxication with atro-
plue (Fig. 5), this knowledge somehow went into oblivion. Physo-
stigmine remained in use in ophthalmology and was later replaced
by a syothetic cholinesrerase inhibitor, neostigmine. The use of

physostigmine iIn antficholinergic poisoning remained ummentioned
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Az beide Kraske ans anserer Austalt foritrasmportivt wur-
detr, glaubte ich kaom, dass letzterwihnter jebend nach Fause
kommen werde, 5o bedenbend waren die Affectioner, Gepen-
wirtige, vein zofliipe wnd vorsochaweise eingeleitcle Thernpic
smit Calabar bel Atrepiurergiftang sollte nicht ausser Acht ges
lassen werdent, Tch planbe picht, dnss die beobachteten Wirs
koogen dem Zulnlle zumschreiben seien; dic Folgen steliten sich
m rasch uod za dentlich ein, als dass man dea Crusaloexms
hitte verkenpen kdomen. Jedenfalls wire es schr wichtip, um
daz Sachverhiliniss oljectiv fy Al blrciche uod gesane
Versucha mit Calabar aly Antidot des Atropios vorzunehmen,
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cationen w.uen. wenn sich dip Wirkung des Calabar bewihrte,
Gherflissiz, ond wir hatten dann bei dieser, wenlgstens in uz-

serein Spitade oft vork den Vergift ciz sicheres
oad krm'ngu Anhdqt. welches nicht siner aufilligen Entdeckurg,
sendern p hafthichen V wen gein Trascin
'ﬂ'dankﬁe.

Beide in Rede stebende Patienten befiodes sich aof dem
Wege der Hellupg, so zwar, dass der mit Calsbar behandelte
beztits als genesen angeschen” werden kann.

Figure 5: Doctor Kleinwdchter stressed in Berl. Kiin. Wochen~
schr. 12 September 1864, that the observed curative
Effect of the Calabar-extract on atropine poisoning
was no colncidence. He urged, further study of this
effect. Note that he was aware of the deficiencies of
the then usual treatment of Intoxications with anti-
cholinergics (chaotlic and unreliable). He was convin—
ced that the calabar-extract could become a potent and
reliable antidote for intoxicavion with atropine.

even in the standaxrd text-books (Lmnes and Nickersen, 1965) and
“sedatives in moderate dosages” were advocated instead. A revi-
val of the use of physestigmine was brought about in psychiatry,
where it was used to termimate the atroplne—induced "somatic the—
rapy”-coma {Forrer and Miller, 1958).

The use of physostigmine in anticholinergic poiseoning was mentio—
ned in “"The Pharmacological Basis of Therapeutics™ rather recent~
ly {Goodman and Gilman, 1975). Thanks to its capacity to modify
central cholinergic activity, physostigmine nowadays enjoys con—
siderable peopularity in anaesthesiolegy, toxicology and psychia—
try. No doubt erromeously, it was even called "a universal anta=-
gonist”™ (Friedman, 1980). The use of physostigmine te counteract
central anticholinergic effects appeared in standard anaesthetic

text—books in the early eighties (Atkiasom et al., 1932).
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PART TWO

OWN CLINICAL DATA AND ANIMAL EXPERIMENTS
CONCERNING THE USE OF PHYSOSTIGMINE IN ANAESTHESIA

CHAPTER 2.

METHYL ATROPINE BROMIDE VERSUS ATROPINE SULPHATE. A CLINICAL
COMPARLSON

SUMMARY

In a double blind clinical Investigation we compared methyl atro-
pine bromide to atropine sulphate in equivalent doses for their
effects on changes 31n the heart rate and dryness of the mouth.
Drugs were administered five winutes before the induction of
anesthesla. Methyl atropine bromide appeared to have a strounger
positive chronotropic effect on the heart rate aand a more pro-—
nounced mouth drying action. Less dysrhythmias were observed
afrer the methyl cougeuer. Both drugs failed to alter blood pres—
sure significantly. We concluded that methyl atropine bromide is
superior to atropine sulphate because it does not produce side
effects which may cause the central anticholinergle syadrome.
For clinical use, however, methyl atroplone bromide should be ad-
ninistered only dIin half-equivalent dose of atropiae sulphate to
prevent excessive tachycardia and dryness of the mouth.

INTRODUCTION

The wuse of antichelinergic compouads in conmection to surgery
goes far back into the grey mythical perlod. Before the general
acceptance of centrally active anesthetics (ether, chloroform),
atropine had been used in combinztion with morphine. The drug
diminished mnausea and provided the pﬁtient with the soothing
oblivion. The use of anticholinergic premedication for patients
who were to be given ether or chloroform became a sine qua non
of the art of anesthesia in its early decades. These drugs pro—
vided safety against coplous secretions and associzated disturban-
ces of a swooth anesthetlc. The use of atropine-like substances
together with the early amesthetic agents was very necessary and
mest  anesthetists kept wsing these drugs even with agents and
techniques which did not require it. It became a worldwide ata—-
vIistic Thabit, and not surprisingly, the routine use of antichol-
inergic agents in anesthesia has been repeatedly questiened (1,
4, 3, 7).
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Recently, emphasis has been placed on the central effects of an—~
ticholinergic drugs; iIf tertiary compounds, they will ¢ross the
blood braln barrier rapidly and may cause drowslness, disorien~
tation and cther symptoms of what became known as the central ao-
ticholinergic syndrome (CAS) (8, 12).

This has in turn led to search for anticholinergic compounds
that cannot peonetrate Into the brain. Glycopyrronium has gained
sowe popularicy (3, 10); {it will, hoewever, slightly penetrare in~
to the brain and may relax the sphincter of the cardia (2) thus
possibly diacreasimg the risk of aspiration during anesthesia.
The other possibility of reducing the occurrence of the CAS is
to resort Lo quaternary belladonma compounds (6, 9, 13) which,
although known and described for more than three decades, have
not been used to any extent by anesthetists. Methyl atropine bro-
aide (MAB) is a very suitable drug and we decided to compare it
to atropine sulphate (AS).

METHOD

The comparison of WMAB and AS was dooe 1in one hundred patients
scheduled for eye, orthopedic, plastic or reconmstructive surge—
ry. The age and weight varled greatly with mean + SD of 42 + 15
years aand 63 + 13 kg, respectively. Excluded were these patients
in wkom an anticholinergic was contraludicated. Follewing an in—
formed consent on a previous day the patients were brought to
the induction area unpremedicated. They were checked for blood
pressure, heart rtate, heart dysrhytbmias and drypess of the
mouth immediarely prior to the adminisrtration of a drug. AS or
MAB 7,53 Hg kghl was administered intravenously five minutes
pricr to the induction of amesthesia In accordance with a double—
blind protocol. The checks as described above were repeated af-
cer 1, 2, 3, 4 and 5 minutes. Then anesthesia was started (Thio—
pentone, Suxanethonium, Nitrous Oxide and Enflurane or Pancuro—
nium-Fentanyl accordingly). Measurements durimg the anesthetic
procedure were done againm at 10, 15, 20, 25 and 30 minutes . Par~
ticular attentlion was paid te changes of the electrocardiogram
(ECG). We graded dryness of the mouth frow one to four points
(table T}.



=L

TABLE 1

Schedule for grading the drymess of the mouth

Points Description
1 wet
2 norwally moist
3 dry, the tongue free
4

very dry, the tongue sticks to the palate

Statistical analysis within each group of the measured effects
of AS or MAR was carried out using the rank sign test of Wil-
coxon for 2 palred samples. The analysis between the two groups
was done using the Mann-Whitney U-test for two independent sam-
ples.

In an additlonal clinical follow-up we subsequently followed the
incidence of the CAS during recovery from anesthesia in 2940 pa-
tients who recelved MAR during the anesthetic (0.0075 or 0.0037
ng kghl)-

RESULTS

Disturbance of the heart rhythm was seen in 5 parlents of the A3
group; 4 patients with premature sinus ventricular contraction
(PSVC), 1 with premature ventricular contraction (PVC). In the
MAB group 1 patient had PSVC and ome FVC. Dysrythmias happened
in the first 4 minutes after the administration of the antichol-
inerglc agent, no treatment was required and they disappeared
spontanecusly.

bryness of the mouth was more pronounced In the MAB than in the
AS group (table II).

TABLE 11
Dryness of the mouth after administration of AS or MAB
Time 0 1 2 3 4 5 10 15 20 25 30
{(min)
AS 1,86 1,88 2,046 2,18 2,36 2,40 2,30 2,42 2,52 2,52 2,42
MAB 1,24 1,94 2,04 2,26 2,44 2,56 2,68 2,72 2,64 2,70 2,72

Blood pressure changes were minimal in both groups of the pa-
tients. Heart rate increased sigmificantly In both groups.
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However, the rise was more proncunced in the MAB group, being
50% after four minutes in contrast to 19Z rise after tenm minutes
in AS group. In both groups, heart rates were significantly high—-
er than the faitfal rate at all time intervals.

The increase of the heart rate after MAB was significantly high—
er than after AS (Fig.l) at all intervals.

The subsequent clinical follow—up of the 2940 patients in whom
MAB was used instead of AS during aunesthesia resulted fn 4% in-

cidence of CAS~like ceuvtral disturbances of recovery.

MAE {mathyl atropine bromlide)
AS (atropine sulphate)
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Fig. I: Effect of 7.5 Mg kg'l i.v. atropine sulphate or methyl
atropine bromide on the increase of the heart rate. Tach
group counted 50 patlents. Both drugs caused a signi~
ficant Iincrease of heart rate at all time fintervals
(Wilcoxon test). The increase in heart rate due to AS
was significantly lower then due to MAB at 211 time
periods (Mann~Whitney U-~test for two independent
samples; ** : p < 0.001; *# : p < 0.05) Mean values are
represented; verticals are standard errors of the mean.
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DISCUSSION

Preanesthetic medication which is aimed at easing the induction
of anesthesia or to allay patient's apprehension has repeatedly
arouced controversy for several reasons (1, 4, 5, 7, 13). The un~
qanted postanesthetic side effects caused by the centrally acti~
ve anticholinergics have been well recognized by practicing anes—
thetists {1, 12) and the search for c¢limiczlly useful anticholin—
ergic agents without central side effects has led to the intro-
duction of glycopyrronium or quaternary belladonpa alkalodds.
Glycopyrroafur was shown to decrease cardiz sphincter toone (2).
Mirakbur et al. (I1) found that this drug caused less dysrhyth-
mias than arropine sulphate, although his group of 20 patients
is relatively small. In contrast, MeCubbin et al. (10}, found
that glyceopyrronium caused a smaller Increase iIn  the heart
rate than atropine sulphate; the occurrence of dysrhythmias and
the subjective well-being were the same for both agents.

When an anesthetist wishes to prevent disturbances of recovery
from anesthesia, but still needs an anticholinergic, the logical
choice 1s quaternary congeners of well-known belladonna alka-
loids. R
Surprisingly few data are avallable about clinical effects of
such drugs. It 1s known, however, that the elevation of heart
rate with, e.g., MAB is linear and not distorted by the imitial
central wvagal stimulation as is the case with the centrally ac-
tive AS (6). In our climical comparison of equivalent doses of
AS and MAB, 7.5 ug kg_l 1.v., we found that MAB caused less
dysrhythmias than AS. MAR caused a significantly higher Increase
in Theart rate which Indicates that the dosage should be reduced.
None of the two drugs caused any significant change ian the blood
pressure. The antisialegogue action of MAB is also stronger than
with AS, which can further lead to & decrease in dosage.

It was judged from the results of the present study that MAB in
equivaleat dose as AS caused excessive tachycardia which may be
assoclated with unfavourable effects in some patlents. The dese
of MAB studlied here was therefore halved for routine clinical

ugse with excellent results-
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In the c¢liaical follow-up of the use of MAB instead of AS in a-—
bout three thousand patients it was established that half the do—
sage of actropine sulphate (approx. 0.0037 mg kg_l) 1s suffi-
clent whenever an anticholinergic agent is needed. In ocur hos—
pital, disturbances of postanesthetic recovery attributable o
atropine sulphate occurred in 9.4 percent in a group of 3585
anestherized patients (13). In the MAB group, the incidence of
the CAS was 4 percent, which clearly shows that the use of AS

may be a major factor im the onset of CAS.

We also compared AS and MAE for their effects during the rever—
sal of the curare type neuromuscular block. Although the clini-
cal judgment was In favour of MAB, differences among the pa—
tients were multifactorfal and partly beyond control; we there-
fore refrained from reporting these results.

In conclusion, we feel that antichelinerglie drugs should not be
administered routinely in the premedication. The decision as to
whether to wuse them and the chelce of the drug should be made
with the same care as the choice of the anesthetic agents or
techniques to be used. On the basis of our data and overall ¢lin—
ical experience ir 1s our judgment that in the anesthetist's
hands MAB dis superior to AS. MAB 1s easlly obtainable and every
apothecary can readily provide for it.
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CHAPTER 3.
PHYSOSTIGMINE VERSUS NALOXONE IN HEROIN-OVERDOSE.

ABSTRACT

Two groups of 10 chronically heroin addicted patients who were
admitred to the Emergency Ward because of hypoventilation and
coma, were treated random-aselectively with naloxene, 3 1g
kg -~ BW {iv, or with physostigmine salicylate 0,04 mg kg - BW
iv. Patients iIn both groups completely regained consciouspess
and hreathed spontaneously, regularly and adequately within 10
nminutes. One essential differemce In the treatment was that
rhysostigmine caused no signs of acute opiate withdrawal, the
patients felt fine and stayed for further contr¢l, in contrast
with mnaloxone where the patients felt bad and occasionally
escaped prematurgly from the ward. Another differenece is trhat
the Bbeneficlal effect of one dose of physostigmine 1s shorter
lived than that of naloxone. Authors emphasise the faect that
treatment of heroin overdose in an addict need not jeopardize
the patient’s well-being by a withdrawal syndrome.

INTRODUCTION

Use and abuse of heroim may lead to numerous states of disease;
gome¢ of these may be imminently hazardous to life. Respiratory
depression 1s a well known state which calls for immediate and
intensive rtrreatment In order to preveantr aggravation of rhe si-
tuacion.

Iwo possible treatments are in general use at the mement: admi-
nistraticn of an oplate antazgonist and mechanical weatilation.
Neither of these treatments can be regarded as a reasonably good
solutfion te the problem. Oplate antagonises may precipitate acu—
te withdrawal which 10 ftself can endanger life or the patient
may leave the hospital prematurely ia craviog for the drug. This
may lead to yet another dose of lieroln and to a renewed risk for
life when the cffect of the antagonist is worn out. The opiate
withdrawal state should be regavrded as the most serious illuess
with the most profound emotional aversion and, In our view, it
should be argued as rto whether it Is ethilcal to induce it in a
patient who is comatose and cannot give his consent.

Mechanical wventilatien has its own hazards: it may call for mus-
cular relaxation; aspiration and pneumothorax may be assoclated
with i1t. Moreover, neurological follow—up of the ventilated pa—

tient becomes very difficult which is important im states of mul-
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tiple idajuries or combined intoxicatioms. This treatment is also
very expensive.

In search for a better treatment of the respiratory depressicen
{and unconsciousness) in overdose of oplates in chronic addicts,
new possibilities c¢ame to light by recent findings that physo-
stigmine cano antagonlze cardiovascular and resplratory depres-
sant effects of morphine i1in the ceonscious rabblt (1) and that
physostigmine effectively reversed post-operative morphinic seda-—
tion 1n patients during recovery from anaesthesia leaving anal-
' gesia intact (2). There are, however, also earlier clinical ob—
servations which show usefulness of centrally active cholines—
terase inbibitors in oplate respiratory depression. It was shown
by Paskov et al. {3) rhat galanthanine, in action similar to
physostigmine, i.e., a centrally active cholinesterase—inhibi-
tor, could reverse the opiate sedation, dbut not analgesia. Ap-
parently, i1n some patients during recovery from amaesthesia the
need £for analgesia was less when physostigmine was given, al-
though consclousness was regaloed (4). Physestignine also anelio—
rated postanaesthetic psychic and motor agitation (5) which fol-
lows teversal of oplate agents (6) or simply is due to the with—
drawal of nitrous oxide at the end of an anaesthetic (7, 8).

It should be remembered, however, that somnelence, respiratory
depression or analgesia are all distinctly different oplate ef—
fects which depend, in part or wholly, oun different tramsmittex/
modulator mechanisms. Jhamandas et al. (%) showed thar oplates
cause somnolence by decreasing release of acerylcholine (ACh) in
the bralu. Physostigmine 1is thus the drug of choice for treat-
ment of this effect. This finding was brought intoe clinical prac~
tice by Weinstock (2} for acute oplate overdose during recovery
from anaesthesia.

On the basis of this data we hypothesized that an addict to her-
oin in respiratory depression caused by an overdose might re—
spond favourably to treatment with physostigmine. It was hoped
that respiration would Improve without sigas of acute opiate

withdrawal. *
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METHODS AND MATERTALS
The emergency ward called ome of the three anaesthetists who wor—

ked on this trial when a patient with, presumably, heroin depres-
sion was admitred. Most heroin overdosages 1n Rotterdam take pla—
ce socn after the working day Is over, during the “happy hour™.
¥sual patient care was administered, including infusion, blood
pressure and electro-cardiographic wmonitoriag, blood sampling,
stomach tube, Intubation and ventilation, if judged necessary.
An arterial cannula was set for sampling of blood. All measure—
ments and checks were made just before treatment and then at 10,
15, 20, 25 and 45 minutes. The Table I. shows which objective
aud subjective parameters were followed. Consciousness was rated
from coma to full alert state with 0 — 1 — 2 or 3 points respec-
tively. Subjective well-being was described in local equivalents
for “rottea, bad” and "fime“. Occurreuce of "cold turkey” sign
was Tegistered, rated from absent (0) to severe (3 poiants). Ar-
terial PH’ PaCO2 (kPa), PaO2 and Hb saturation (%) were recor—
ded.

Patients were divided into two groups of 10. According to an a=-
selectively randomized 1ist, a person, who was not involved in
the treatment of the patient prepared physostigmine salicylate
or =naloxone hydrochloride, (per kg body weight) always in the
equal volume of solveant. Both drugs are colourless so that the
team did not know which drug was given. After the 0 min rea—
dings 0.04 mg kg-l BW physostigmine or 3 yug k.gm1 naloxone
were slowly given (5 minutes) intravenously. It should be stres—
sed here that after the O nin readings, patients were artifi-
clally wventllated 50 as teo prevent high arterial CO2 which cam
cause serious dysrhythmias or heart stillstands in combination
with ChE imhibitors (10). Samples of blood were taken for qua~
litative determination of oplates and specifically of hercin.
EMIT(R) (Enzyme Mouitering Immunoassay Technique; Syva, Palo
Alto, USA) assaylng was used and presence of barbiturates, benzo—
diazepines and antidepressants was z2lso determined. Anticholi-
nergics were excluded by thin layer chromatography technique

{(TLC). Patients who were not "pure” heroin cases were not in-
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cluded in the analysis of the trial. Umanimous subjective data
is expressed verbally and the mean of numerical data is presen-

ted in the Tables.

RESULTS

A1l patients din both treatment groups woke from deep somnolence

TABLE 1.

Herojo—overdose Respi{atory Depression: Changes after Physo-
stigmine, 0.04 mg kg = BW L{.v., of Mean Values of Physiolo~
gical Functions {(n=10).

Time {(min) 3] 10 15 20 25 45
Breaths/min 2 15 16 15 12 8
Heart rate/min 90 94 100 96 96 90
Blood pressure 130/80 120/70 130/80 130/80 120/70 130/80
Comsciousuness 0.16 2 2.7 3 2.1 1.4
Pupil size (wm) 1.0 1.4 1.4 1.3 1.3 1.2
Subjective - fine fine fine fine fine
Cold turkey 0 0 0 0 o} 0
PHa 7.23 7.26 7.37 7.36 7.32 7.29
Paco, (kpa) 7.3 6.3 6.2 6.6 6.6 7.2
Pad, “(kPa) 9.1 13.4 13.9 11.1  12.5 9.7
Hb Sat. (%) 6 94 96 96 96 89
TABLE II

Eetoin—ovgfdose Respiratory Depression: Changes after aaloxone,
3 ug ke BW iv, of Mean Values of Physlological Functioms
(n = 10).

Time (min) Q 10 15 20 25 45
Breaths/min 2 17 17 16 17 17
Heart rate/min 71 68 7i 80 72 72
Blood press. 130/80 135/80 135/80 130/85 130/85 130/85
Consclousness 0.3 1.2 1.3 2 3 3
Pupil size (wm) 2 2.3 2.8 2.8 2.8 2.8
Subjective 0 Bbad bad bad bad bad
Cold turkey 0 A = +H+ +H+ bt
Pﬂa 7.33 7.35 7.35 7.35 7.36 7.36
PaCO2 (kPa) 7.2 4.3 4.5 4.2 4.3 5.1
Pal g.2 12.9 13.8 13.6 12.9 13.2
Hb Bat. (%) 9 97 36 98 96 98

or coma within 10 minutes after the administration of physostig-

mine {(Table 1) or nalexome (Table XI}. There was mno significant
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difference In respiration or cardlovascular parameters between
the twe groups, for 25 minutes. Respiratory rate increased from
mean 2 per minute to 17 at which level it remained in the nalo—~
xoune group; 1t decreased again after 25 minutes in the physostig~
mine group and respirations appeared somehow deeper, probably in
this way providing adequate blced gases (Table I). Im 3 cases we
decided to add naloxone after 45 minutes. Pupil diameter was
smaller in the physostigmine group. "Cold turkey”™ component of
the opiare withdrawal was seen 1m all the waloxome treated pa-
tients, none in the physestigmine group. All patients in the phy—
sostigmlne group declared that they felt “fine” whereas the nalo-—
xone group felt “bad” (Table II).

The first group was calm and easy to manage in the observarory
whereas the naloxone patlents were very restless, exhibiting a
dis—soc¢ialized behaviour pattern. Four escaped prematurely from
the ward.

The antidepressant effect of physestigmine lasted for 30 minu-
tes. Thereafter patieants became somnolent again with accompa—

nying changes in other parameters (Table I1).

DISCUSSION

Several independent studies indicate that oplate analgesic ef-
fect, somnolence and respiratory depression, are subserved by
different neurctrapsmitter mechanisms. During recovery from
anaesthesia, as Rupreht and Dworacek reported (4), the need for
analgesia after the administration of physostigmine was less
although the respiratfon improved. This means that only somno—
lent opiate effect was antagonized. The fact that physostigmine
can cause analgesia unassociated with respiratory depression has
been reconfirmed (11, 12) in experimental studies with evidence
that this effeet 1is due to the action on the serotouin neural
trzunsmission.

On the other hand, 1t was shown that the oplate sommolence iz
possibly caused by a decreased release of braiu—ACﬁ {2) and that
a similar mechanism subserves the respiratory depressant action.

When physostigumine is given in opiate-induced depressiom, the e—
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levated levels of ACh will stimulate the transmission through
the reticular substance and keep the patient awake and alert
(13). At the same time, presumably by raising acetylcholine le—
vels in the braiz, physostigmine will restore the sensitivity of
the respiratory center for COZ’ thus ameliorating e?iate-

induced respiratory depression (14).

The explasation for the return of somnolence In the physostig-
mine group of patients can probably be found in the fact that
thls drug is largely hydrolized within 90 wninutes (15).
Additional dosage of physostigmine may produce excessive peri-
pheral choligergic symptoms which would necessitate administra—
ticn of a peripherally active articholinergic agent, e.g. methyl
atropine bromide, so0 as to avoid central effects of commonly a—
vailable atropine sulpbate (16). Another solution for the recur—
rent  somnolence in the physostigmine group would be a continuous
drip or a combination of physostigmine with naloxone. Such a pi-—
lot study has been made with very promising results.

Iz conclusion, it wmay be sald that physostigmine Is, in analogy
to 1its wuse post—anaesthetically, an efficient pharmacological
agent for the treatment of oplate-induced respiratory depression
(1). Its main advantage is that the addicted patients feel well
when they wake up in contrast to the generally distressing ef-
fects caused by nalexone. Qur clinical findings are also im ac—
cordance with Grumbach’s findings (17) that iaecreasze iu the
cerebral acetylcholiﬁe decreased naloxone iuduced hyperirritabi~-
lity in rats addicted to morphine. Further pharmacological in—
vestigation wmay conceptualize a drug with bemeficial physostig-
mine effects on respiratory depression and sommolence but with

prolonged action.
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CHAPTER 4.
PHYSCSTIGMINE IN THE DIFFERENTIAL DIAGNOSIS CF COMA AFTER
REUROSURGERY

INTRODUCTION

Numerous studies and clinical Teports have confirmed usefulness
of physostigmine in the differential diagnosis of comatose sta—
tes of unknown origin (1, 4, 5, 6). This case report illustrates
the use of physostigmine for early differentiation bdetween drug
depression and an acute space occupying istracranial lesion af-

ter Beurosurgery.

Case Report

The patient, 50 years old male, 55 kg, was operated on for a me—
ningeoma of his right temporc—-parietal region. Preoperative in-
vestigation discovered wupo somatic or blochemical abnormalities.
The patient received 4 times 4 mg dexamethasone as preoperative
antioedema therapy. The surgeon removed a large tumor (80 g) wit—
heut anmy preblems.

After premedication with atzopine sulphate (0.7 mg) and lora—
zepam {2 mg)} anesthesliz was Induced with thiopentone and conti-
pued with analgesic, nitrous oxide and incremental thiopentone.
Relaxation was achieved with pancuronium. The anesthesia lasted
3 hours and a total of 0.85 mg fentanyl, 11 mg pancuronium and
800 mg thiopentone were administered.

At the start of the operation 60 g mannitel were given during 10
minutes. Estimated blood loss was 400 ml which we corrected with
425 ml of citrated blood; 500 wl plasma, 125 al of 20% human al-
bumin were also administered. After a peroperative diuresis of
1050 ml the fluid balance at the end of the procedure was 500 ml
negative. Monitoring of ECG, expiratory CO,, ventilation pres—
sures, Intra-arterial pressures, blood gases and rectal tempera—
ture showed no abnormalities during the operatien.

To tersinate the anesthetic, 0.4 mg naloxone, 2 mg neostigmine
and 1 mg atropine sulphate were administered. Still on the
operation table we extubated the patient who appeared to be

fully conscious and without anﬁ neurclogieal deficit. Coatrol
blood gases were normal. Oue hour later, in the recovery, we no-

ticed that the patient became somehow sleepy and his respira—
tioms became dirregular. A few minutes later he became restless
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and obviously lost contact with the surroundings. At the sape ti-
me we noticed initial hemiparetic signs left which progressed ra-
pidly to complete left hemiparesis. Ninety minutes after the ope-
ration the patient reacted only to intensive pain stimulation.
We suspected that the patient was bleeding. The surgeon was as~
ked to see the patient and decided to wait [as the patient might
demounstrate residual effects of the anesthetic]. Curiously e—
nough, the blood pressure was not changed yet and the pupils
were still isocoor, vigorously reacting teo light.

Fig. 1 Fig. 2

Fig.1l: Cowmputer tomography scan showing cranial bone defect and
intracerebral hyperdense substance, brain oedema and dis~
placement of mediam structures.

Fig.2: Intracerebral hyperdense substance and dislocation of me—
dian structures before operation.

Te exclude 3 pharmacological cause of the depression we decided
to administer 2 mg physostigmine saliecylate intravenously. After
3 min. the patient did show some improvement in the hemiparesis
left, vresponded to verbal commands while the respirations became
deeper amnd regular. However, we could not produce the alertness
we had had immediately after the operation. Only half am hour la~
ter the respirations became once wmore irregular, the patient
reacted only to pain stimelation and demonstrated no provoked or
spontancous wnovements left; the bleoed pressure remained normal.
At the first signs of detericorating blood gases we declded to re—
intubate amd control the ventilation. We regarded the diagnosis
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of an acute extracerebral hematowa as defiasite and took the pa-—
tient to the computer tomography scan (CT scan) for the confir-
wation. They saw "a cranial bone defect, under it air and hyper—
dense substance” (see Fig. 1)}, "the shape of which corresponds
to be shape of the tumor on the preceperative CT scan” {see Fig.
2). There were signs of edema aund great dislocation of median
structures, caused by "this hematoma”. Four hours afrer the end
of the operation the surgeon retrepanated and removed the
hematoma.

After this operation, the patient was stil]l comatose but reac—
ting wigorously to paie stimulation. Later in the afternoom he
reacted to +verbgzl commands. Though the hemlparesis receded al-
most completely it seemed safer to postpone the trackeal extuba—
tion wuntil the next morning. Three weeks later the patient was
discharged in excellent general conditlon and without any neuroe-
logical abnormalitfes.

DISCUSSION

The cholinergic transmissiom in the brain appears to be of pri-
maxy Iamportance for cortical arousal and the wakeful state (2,
3). Anticholinergics and other psychotropic drugs may delay and
disturb the recovery from anesthesia (6). 0f these our patient
had received atropine sulphate, lorazepam, thiopentone and fen—
tanyl. These drugs may ceompletely or partially bloek central cho-
linergic transmission and ifoterfere with arcusal. Even when a
certaln drug does not block the central cholinergic transmission
it may Influence the waking up and alertness by interferring
with the balance between differemt central trarsmission systems.
S0 caused changes 1n wakeful state will be weadlly corrected by
physostigmine salicylate.

Our patlent was completely awake after the operation which makes
a “pharmacological loss of consclousness™ during his recovery-
room stay highly improbable. That is why we thoupght of an anatom—
ical 1lesion at rhe very first signs of patlent's clinical dete-
rioration. The surpeon seemed to have been nlsled inte “the

postanesthetic depression™ by the normal size of pupils.

We administered physostigmine as a differential diagnostic
agent. In the case of our patient we expected nc or very slight

improvement of his mental condition which should be doomed to be
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transitory. Indeed, we did fall to detect a real improvement af—
ter physostigmine and concluded that the progressive comatose
state was caused by an acute Intracerebral hematomz. A corract
diagnosis, promptly confirmed by the CE=-scan, which enabled us
to treat the patient adequately without any further loss of ti-—

me .
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CHAPTER 5.
PHYSCSTIGMINE REVERSAL OF DIAZEFPAM

Two reports dealing with the effects of physostigmine on the sta—
te of consciousness after administration of diazepam appeared in
the September 1979 issue of Amesthesiology (1) and in its supple~
ment (2). The conclusions drawn in the two reports seem to be In
contradiction. It i1s not surprising that the results are confu—
sing. Tt seems that the authors have paid little attention to
the fact that benzodliazepines primarily appear to facilitate the
GABA-transmitter system, which has been found, so far, in the
central nervous system {CNS) only. Oun the other hand, physostig-
mine 1Is a pure cholinesterase Inhibiror, poorly soluble in wa-
ter, which can easily penmetrate into the braim, as oppesed te,
for example, prostigmine ot pyridestigmine. It will exclusively
affect cholinergic transmlssion within the CNS through the in—
crease in the concentration of acetylcholine.

CHlinical signs of c¢entral cholinergic Blockade vary greatly.
Among others, coanz, somnolence, short—term memory loss, excita-
tion amd aggressiveness can be seen after administration of cen~
trally acrive anticholinergic drugs or after differemt anesthe—
tic agents. Eanflurane and c¢yclopropane are well known for cau-
sing postaresthetic exclitatiom. All of these behaviorsl changes
were studied and described as a central anticholinergic syandro—
me (CAS) by Loage (3).

We have used physostigmine in patients recovering from anesthe-
sia for six years. It became obvious that physostigmine can cau-
se arousal In comatose patients after the administration of dia-
zepines (4). HNevertheless, we observed that improvement of the
latter condition was not of rthe same quality as in patieats whe—
re anticholinergic drugs were the cause of changes in the cons~
cious state. These observations were confirmed by others (5, 6).
The mest striking results were obtained in comatose patients af-
ter administration of flunitrazepam. Physostigmine caused an ap—
parent arcusal, leaving the short-term memory loss unchaanged

(7).
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There are many pessible explanatiocns for the positive results of
physostigmine in the comatese states of benzodiazepine origin.
Aunticholinergic agents may have beenr used simultanecusly; diaze—
plaes alse may partly Bblock central cholinerpgic synapses, or,
most preobably, inhibit the cholinergic system indirectly by faci~
litating cthe iuhibitory GABA—transmitter system. Bearing in mind
the well-known interdependeace of all central transmission sys-—
tems, 1 favor rthe latter explanation. With regard te the two con—
flicting reports, this implies that there was a central anticho-
linergic syndrome Inm all cases were physostigmine proved to be
effective. No positive effect was observed only in cases wit—
hout central cholinergic block.

According to our experience based om more than two thousand ca—
ses in which physcstigmine was administered, we consider a dosa-
ge of 0.04 mg/kg body weight to be optimal. It has proven to be
effective and safe; moreover, we have used physostigmine as a
differential diagnostic agent iu comatose states of unknown ori-
gin. Preophylactic atropine aduinistration was not necessary.
Whenever an anticholinergic agent was needed (for example, be—
cause of simultaneous decurarization), methyl-atropine bromide
or glycopyrrolate was administered, because they do net penetra-
te the CNS. In most cases, slow injection of physostigmine (1
mg/min) prevented nausea, which can accompany its adminfstra—
tion. An absolute protection frow nausea can be achieved by pre-
vious aduinistration of an antiemetic.

We would like to point out that ¢me should beware of expressions
such as Taspecific c¢entral analeptic” effects of physostigmine,
which are sometimes wused (6). It is necessary to realize that
physostigmine possesses exclusively a cholinesterase—inhibltery
action, and should thus be adeinistered only for well-defined
indications. This has been econfirmed by the use of an alterna—
tive drug to physostigmine: galanthamine hydrobromide (8). Full
conslderation of the pharmacelogy of physostigmine and careful
study of the 1ndications will lead to exclusively positive

results.
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CHAPTER 6.

DIE ANWENDUNG VON PHYSOSTIGMIN BEI DER EEHANDLUNG ZENTRAL ANTI-
CHOLINERGISCHER INTOXIKATIOR *#

ZUSAMMENTASSUNG

Zwel Patlenten wurden aus der Stadt Rotterdam in unsere Klinik
nit zentralen und peripheren Vergiftungssymptomen eingeliefert,
die eiunem schweren anticholinergischen Syndrom glichen- Physo~
stigminsalicylat wurde Intraven®s appliziert und bereits unter
der ersten Inmjektion verbesserte sich die Symptomatolegie schlag-
artig. Diese belden TFHlle machen den oft vernachlissigten dif-
ferentlal-diagnostischen und heilenden Wert von Physostigmin als

tertidren, auch zentral angreifenden, Cholinesterase-inhibitor
deutlich.

Vor kurzem wurde iIn der Presse in Holland und Deutschland iber
¢ine Reihe wvon Vergiftungen nach Geuuss von Kaffee in Bffent-
lfchen Lekalen berichtet. Es wurde angenommen, dass es sich im
ner wieder um die gleiche Persom handelte, die das Gift verab-
folgte, da die Symptome, ausflhrlich fn der Presse beschrieben,
sich dhnlich waren. Es handelte sich um einen étoff mit starker
zentraler Wirkung, h¥chstwahrsehefinlich Arropime oder Scopola-
mine. Das klinische Bild Husserte sich in Halluzinationen, gels—
tig gest¥rtem Zustand, Amnesie, Desorientierusg, Coma, Dysar-
thrie, ge¥ffnet bleibende Auvgen. Pie Augen waren welt getffunet
und starr, Die Pupillen weir (6). Wir haben zwei von diesen wver—
glfteten Patienten gesehen und behandelr.

ANAMNESE

Zwei  junge gesunde Frauen, 19 umd 20 Jahre alt, tidtig als Ser—
viererinnen im gleichen Betriek (Kaffeestube), wurden zur Auf-—
nahme gebracht, weil sie nach dem Trinken von Kaffee eln seltsa-
wes Verhalten zelgten. Sie waren motorisch unruhig, desorien-
tiert in Ort und Person, sie halluzisierten hauptsichlich vi-
suell. Bei der Untersuchung fanden wir einme Tachykardie von 110~
124/win  bel normalem Blutdruck von 16/11 kPa (125/80 tm Hg) und
17/11 kPa (130/80 mm Hg). Die Temperatur rektal betrug 36,9°C
und 37,2%.

Beide Frauen hatten eime extrem rote Gesichtsfarbe und weite

lichtsteife Poupiller- Der Mund war rrocken. Differentialdiagunog-
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tisch dachten wir an eine Vergiftung mit Amphetaminen, LSD oder
eine Belladonnaderivat. Da das Delirium fm klinischen Bild am
meisten imponierte, wurde In erster Instanz 100 wg Chlordiazepo-—
xide dIntramuskulir wverabfolgt ohne eine Besserung zu erreichen.
Der komsultierte Anaesthesist stellte den dringenden Verdacht
auf eime Inmtoxikation mit einem Anticholinergicum und gab den
Rat Physostigmin =zu verabfolgen. Schon wihrend der intravend-
sen Injektion verbesserte sich das klinische Bild. Die Halluzina—
tionen wund das Delirium wverschwanden sofort. Dle Pulsfrequenz
sank bils auf 80/min bei Sinusrhytbmus im EKG. Die Pupillen wur-
den kleiner, beide Patieaten klagten {iber Durst.

Es bestand bel %belden Amnesie fiir die Phase der Halluzination.
Eine <er beidea Frauen bBegana 90 min vach der Injektion wieder
zu halluzinieren. Nach wiederheolter Injektion wom 1 mg Physosrig-
nin blieb der klinische Zustand normal.

Die Patienten blieben 24 h unter klinischer Kontrolle. Kreislauf
und Atmung zeigten keine Besonderheiten. Die Pupillen waren nach
24 h noch weit; die Lichtreaktion war positiv. Die Patienten
klagter {iber Ubelkeit, Durst und Sehstirungen. Gleichzeitig
wurden 2zwel andere Patienten in Rotterdam auch erfolgreich wit

Physostigmin behandelt.

DISKUSSION

Physostigmin, ein tertidrer <hollmesterase=Inhibitor, kann die
Blut-Hirnschranke passieren. Es verhindert den Abbau von Acetyl-
cholin. Der Wachzustand ist in der Hauptsache von diesem Trans-—
mitter abhdegig (2, 3) und es ist anzuraten, wenn ein Patient
mit elnem =zentral aktiven anticholinergischen Stoff vergiftet
ist, die gehemnte cholinergische Transmission in der Substantia
reticularis =it Erhthung der Acetylcholin-Konzentratiom aufzuhe-
ben. Da die Wirkung vor Physostigmin nur 90~120 min betrigt,
ewpfiehlt es sich, die Patienten klinisch fUr die ersten 24 h
zu Uberwachen. Durch eine Trepfinfusion kann die Wirkung von
Physostigmin verldingert werden (4 mg/h). In unserem Institut
fur Anaesthesiologie benutzen wir Physostigmin schon seit 6 Jah-
ren {4). Die diniriale Dosis scll 0.04 mg/kg nicht iiberschrei-
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ten, die Iajektionsgeschwindigkeit nichr schameller als 1 ng/min

sein.

Physostigmin kann 1In der Differentialdlagnostik eines Koma von
Nutzen sein (1, 5). Volle klinische Herstellung nach Physostig-
min spricht fir Tntoxikation mit Belladonnaderivaten, Antide—
pressiva, Antihistaminika oder verwandte Substanzen.

Erst spdter wurde aus dem Urin von beiden Frauen Scopolamin iso-
liert.
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CHAPTER 7.
PHYSOSTIGMINE IN POSTEXTUBATION LARYNGOSPEASM

Dr. H. OQwen's contribution dealing with the doxapram treatment
of the postextubation laryngospasm (Anaesthesia 1982; 1112~4) is
most welcome. The occurrence of laryngospasm appears to have be-
come¢ & relatively rare complication in the practice of anaesthe-
sia, probably as the result of anaegthetis’™s councern to avoid it
rather than a better understanding of this complication. This
state is «clearly reflected in the treatment of laryngospasm
where few clearly defined schemes exist. We feel therefore that
Dr. Owen's observarions on the effect of doxapram on laryngo~
spasm are Important and would like to Support them from our own
experience with this drug. We differ, however, from his views as
to the mechanism of action. In a study of doxapram's chemorecep—
tor stimulatory effect during general anaesthesia with enflura—
ne we have followed 70 patlents of different ages (2-85 years).
Patlents were premedicated with wethyl-atropine-bromide (0.005
mg/kg), aund rendered uaconscicus with thicpentone {3.5 mg/kg)
followed by suxamethoniumnm (1 mg/kg) for tracheal intubation.
They breathed enflurane (2.3 volX) in 1:2 oxygen/nitrous oxide
mixture. The average duration of anaesthesia was 90 min. The
normally occurrimg increase of end-tidal carbon dioxide comcen—
tration under this asaesthetic was not observed in patients who
were given 1 mg/min (per 50 kg) doxapram.

The patients breathed room air after extubation. The recovery
from anaesthesla in these patients was shortened aud it was com—
pletely free from any disturbances of respiration. We noticed
clearly that coughing or swallowing occurred whenever there was
any secration in the airwsy but this never resulted in breath-
holding or laryngcspasm. The effect of doxapram In this clinical
picture is reminiscent of the effect of physostigmine in the
central anticholinergic syndrome. @One of the signs of central
cholinergi¢ blockade can be inceordination of muscles, someti-

mes resulting d1n a laryegospasm during regovery from anaesthe-
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sia (1, 2). Physostigmine (0.0%4 mg/kg) results in better coordi-
nation of muscles, early awakening and the disappearance of la—
ryogespasm. Our Impression was that the gresater respiratery dri-
ve during recovery from anaesthesla may cause deposition of se~
cretions or foreign material in the airway and resultr in laryn—
gOSpasm. Improved coordination of muscles, drrespective of
whether physostignine or doxaprawm was given, prevents laryngo-
spasm even ian patients who are nor awake emough to be adle to
control their reflexes comsciously. This explanation, one of the
three offered by Dr. Owen, night bring us closer to the explana~
tion of how doxapram or physostigmine preveanr or abolish postex~
tubation laryugospasm. We have introduced a practice of adminis-
tering 0.04 mg/kg physostigmine ro patients breathing enflurame
or halothane 15 min before the end of surgery and extubation.
This treatment results in remarkable freedom from any complica-
tion at extubation of the trachea and a shortened calm recove—

ry-
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CHAPTER 8.
ELECTROCORTICOGRAPHIC CHANGES 1IN CATS AFTER INTOXICATION WITH
ANTICHOLINERGIGC DRUGS

SUMMARY

Atropine sulphate or atroplne-methyl-bromide were administered
to cats intravenously in 2 dose of 0.0115 mmel/kg (i.e. 4 ng/
kg). Electrocorticogram changes were studied. Atropine sulphate
caused the classical shift of the electrocorticogram from high-
frequency-low-veltage pattern to a low-frequency-high-voltage
pattern. We observed no changes of the electrocorticogram after
the aduinigtration of atropine-methyl-bromide.

INTRODUCTION
Previous studies confirmed that guaternary belladonna alkaloids

do not penetrate into the central nervous system (CNS5). No chang—
es of the electrocorticogram (ECoG) were detected after the ad-
ministration of common therapeutic dosages of these drugs (3).

To our knowledge no studies of the ECoG-changes have been repor—
ted after the administrarion of high dosages of quateranary bella-
donma coupounds. In such a case a small, unionized part of the
compound still might penetrate the bleod-brain barrier and block
the <c¢entral cholinergic (muscarinic) transmission. In order to
elucidate thls pessibility we declided to compare ECoG-changes in
cars after an intravenous administration ¢f 400 times the thera-
peutic dose of atropine sulphate (AS) to those caused by an equi-

valent dose of atropine-methyl-bromide (AMB).

METHOD AND MATERIAL

Two groups of twelve male cats each, were studied. The weight
range was 2.3~4.5 kg. Under OZ—NZO (1:2) — halothane {2 wolX)
— pancuronium {0.5 mg/h) anaesthesia the animal was intubated
and ventilated with Baby Kontron (Reche). Blood gases were con-—
trolled and kept close to their normal values: PaO2 aboutr 120
amHg , PaCO2 at 37-42 mmHg and I-I'bSata at 98%Z. Rectal tempera-
ture was kept at 37%. Venous, central venous, arterial and
urinary ecatheters were placed. Ten percent glucose was given

i.v. at 2 ml/kg.h rate in addition to 1 ml/kg.h Ringer solution.
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ECG was continveusly monitored. The head of the cat was placed
into the stereotaxic apparatus (9) and four palrs of bipelar
cortical electrodes were placed fromto-parietally amd parieto~

oceipitally (Fig.l). Then, halothane was discontioved. Mingo—

o

Fig. 1. The position of cortical electrodes in our experiment.

graph type E.M. 81 was used for registration of the ECoS and ABL
1 Radiometer apparatus fer control of blood gases.

Three hours after the discontinuvation of halothane we started
the continuous registration of the ECoG. We waited until the
ECoG-pattern remained unchanged for one hour and them adminis—
tered ome of the two belladonna alkaloids intravenously: 0.0L15
mmol/kg AS o the first group and 0.0115 mmol/kg AMB to the
second group of cats. Thereafter, the registration of the ECoG
was contlnued for another hour. Five seconds of the ECoG-tracing
immediately before the Injection of the drugs and five seconds
of the traciog at 15 minutes after the injection were studied.
The discrete Fourler transformation was used to transform the
time presentation of the ECoG inte a frequency presentation (2}.

The accuracy was 0.5 ¢/sec.
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RESULTS

The ECoG~tracing immediately before the intravenmous injection of
the anticholinergic drug showed mainly low voltage waves of high-
(10=20 ¢/sec).
waves of not exceedingly high voltage.

er aud high frequency There were very few slow
This preinjection ECoG-recording (Fig.2) was identical in all ex-
perimental animals <corresponding
(5).

after

esseutially to wakeful state

Siow waves of high veltage can be seen in all four leads

‘the administration of atropine sulphate. This type of syn-

chronized ECoG-tracing resembles the sleep-pattern (4) with a
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Fig. 2. Electrocorticogram in cat before and after the intrave-
nous administration of 0.0115 mmol/kg atropine sulphate
(left) or arropine-methyl-bromide (right).

decrease of high frequency waves In the ECoG. This decrease
starts during cthe injection and is completed in & minutes. The
increase in low frequencies occurs art the same rate and is com-—

pleted within 4 minutes.
follow

Hereafter no new changes in the ECoG
the adminlstration of AS. AS did not cause great changes
in mean heart rate (an Iincrease from 230 to 240/min) or in mean
arterial pressure (95 mm Hg to 100 mm Hg).

The

potentials are

power spectrua analysis {Fig. 3) revealed that highest ECoG
found at low-frequency-waves (0.5-3 ¢/sec) re-
vealing a pronounced syuachronization of the ECoG which follows
the adwministration
of AMBE

2).

of AS. The administracien of 0.0115 wmmol/kg
csused no significant chaage of the ECoG-tracing (Fig.

Concurrently, there was a slight decrease in mean arterial
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pressure (100 om Hg to 90 wa Hg) and in mean heart rare (from
240/min to 200/win within 4 minutes).

The power spectrum of the ECoG-record (Fig. 3) showed no change
in frequency distribution and potentials after the injectiom of
AMB. The control tracing and the AMB~tracing were parallel and
close to each other. There was a slight elevation of the AMB-
tracing, but the difference from the contrel was not signifi-
cant. The area covered by low frequencies in rhe power spectrum
after dnjection of AMB was much smaller than the one after the
adainistratlon of AS. Changes of the ECoG were completed after
the fourth wminute following the injection of either AS or AMB

and there were no further chasges in both groups for a further
one hour.
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Fig. 3. The power spectrum of the ECoG in cats, before and after

the intravenous administrationm of atropine sulphate or
nethyl-atropine=bromide. Note that ouly atropine
sulphate 1s fellowed by evident changes of the power
spectrum.

DISCUSSION

In our experimental model, nitrous oxide alone caused ne detec—
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table changes of ECoG. The person who analysed ECoG, and was not
aware of the treatment, could not discern between ECoG of cats

on ailr or nitrous oxide—oxygen mixture. The ECoG changes caused
by halothane that we wused duriog preparation of the medel for
some 20 min wore off very quickly, whereupen the ECot agaln was
not differest from that of a cat ventilated by air. As nitrous
oxide caused no obvious changes of the ECoG, at partial pressure
that we wused (480 mm Hg), the Research Ethical Committee of the
Erasmus University advised us to ventilate cats during the expe~
riment by nunitrous oxide-oxygean uaixture. Without treatment, no
changes took place im the ECoG of the cats.

Administration of centrally active antichelinergics is followed
by a dosce—dependent blockade of the central muscarinic rransmis=—
slon (3). This manifests itself ia changes of behaviour and ECoG
(4). Man and animals alike may appear awake and restless whereas
the ECoG 1s typically synchronized, resembling the sleep pat-—
tern. This picture has been described clinically and experimen—
tally (5, 7) and aptly called ECoG—behaviour disscciation. Small
concentrations of centrally active anticholinergic agents may
cause disturbance of patient's recovery from anzesthesia, produ~-
cing a varied behaviourzl picture, called the central anticholin-
ergic syndrome (CAS; 5, 7). Whern this ciinical picture was analy—
sed Idn an experiment, it was found that the ECoG—reactions to ex—
tersal stimull are abolished (4) while the neurovegetative and
behavioural reactions remain- unchaaged. Szerb (10) stimulated
the reticulsr formation in an atropinized animal and found that
the ECoG—activation was blocked, while the cortical acetyl-
choline ocutput was increased. He postulated that neuronal projec-
tions responsible for ECoG—activatlon and acetyl=-choline output
follow two separate pathways, of which one 1s dependent on an in-
tact muscarinic transmission. These findings can suitably ex-—
plain the ECoG-behaviour dJdissociation is reaction to external
stimull after the administration of a ceutrally active aontichol-
inergic agent. Although it is perfectly pessible te treat cem~
tral effects of anticholinergic drugs by physostigmine (1, 7) it

is convenlent to decrease the occurrence of rhe CAS by usiag a



~T3~

quaterngry anticholinergic derivative which, as a rule, does mot
penetrate Iinto the brain. Methyl-atropine-bromide (8) and glyco—

pyrrolate (6) have both been used as they do not produce obvious
central effects in low dosages.

The question remaiuns, however, whether methyl-atropine—bromide
in a higher dose or i1n a combination with other concurrently
given ., ¢central anticholinergics would still not produce AS-like
ECoG—changes. A small, unionized portion of this drug could peme-
trate Into the brain when it is given in higher dosages. Qur in—
vestigation was therefore designed and aimed at a detection of
ECoG=changes during a heavy intoxication with AS or AMB. Changes
in anlmals given AS were of the expected slow wave high voltage
pattern, whereas AMB produced no changes in the ECoG even at the
dosage which igs 400 times that usuvally used for vagolytic purpo-—
ses. From this point of view, AMB is a substitute of choice for
AS when ne ceneral antichelinergic effects are wanted in order
toe reduce the occurrence of the CAS. Results of this investiga-
tion also suggest thar CAS=1ike changes of behavicur in a pa—
tient who had been given AMB, are mot due to this drug.

REFERENCES

1. Atkinsom, RS, Rushman, GB, Lee, JA. Synopsis of anaesthesia.
Wright PSG, 9th edit., pp 127-134, 1982.

2. Bendat, JS, Piersol, AG. Random data: analysis and measure-
ment procedures. Wiley Intersciesce, London, pp 299-309,
1971.

3. Goodman, LS, Gilman, A. The pharmacological basis of thera—
peutics. MacMillan Co., 4th edir., pp 524-548, 1570.

4. Lomgo, VG. Electroencephalographic atlas for pharmacological
research. Elsevier Publicatious Company, Amsterdam —

New York, pp 39-44, 1962.

5. Longo, VG. Behavioural amd electroencephalographic effects
of atropine and related compounds. Pharmacol. Rew., 18:
965-996, 1966.

6. McCubbin, TD, Brown, JH, Dewar, KMS, Jones, CJ, Spénce, AA.
Glycopyrrolate as a premedicant: compariscan with atropine.
Brit. J. Anaesth., 51: 885-889, 1979.

7. Rupreht, J, Dworacek, B. Central anticholinergic syndreme in
anesthetic practice. Acta anaesth. belg., 27: 45-60,

1576. )

8. Rupreht, J. Clinical aspects of the central cholinergic
bleckade. In: Kovatsis An. Toxicolegical aspects. Technika
Studio, Thessaloniki, pp 520-524, 1980.

9. Snider, RS, Niemer, WI. Stereotaxic atlas of the cat brain.
University of Chicage Press, Chicagoe, 1971.



~Th-

10. Szerb, JC. Cortical acetyl-choline release and electroence-
phalographie arousal. J. Physiol. (Lomd.), 192: 329-343,
1967.

{Acta anaesth. belg., 34: 123-129, 1983)



G

CHAPTER 9.
THE ROLE OF A NORADRENERGIC SYSTEM IN THE ANTINOCIGEPTIVE
EFFECTS OF 4-AMINOPYRIDINE IN THE RAT

ABSTRACT

Antinociceptive effects of physestigmine and 4-aminopyridine
after i.p. administration were studied in rats according to the
Randall~Selitte nociception method. The antinociceptive action
of physestigmine was not significantly influenced by atropine,
naloxene or a-methyl-p-tyrosine. The antinociceptive action of
4-aminopyridine was also unaffected by simultaneous administra—
tien of atropine, naloxone or pretreatment by DL—p-chlorophenyl-—
alanine. However, 4—aminopyridime was without antinociceptive
effect in rats pretreated with g-methylep-tyrosine. It is sug~
gested that the antinociceptive action of 4-aminopyridine is me—
diated by a noradrenergic system.

INTRCDUCTION

Several studies have demomnstrated analgesic effects of chelines—
terase inhibitors and of 4~aminopyridine (Fasrier and McDowall,
19582 and b; Harris et al., 1969; EHarris and Dewey, 1972; Lipman
and Spencer, 1980; Saxena, 1968; Weinstock, 1980).

Mechanisms by which cholinergic agents exert antinociceptive ac-—
tivity have, 50 far, remalned unresclved. However, Aiello—
Malberg et al. {(1979) proposed that physostigmize does oot act
exclusively as a cholinergic agent and may be producing Its anal-
gesic effects by increasing the brain levels of S-hydroxytrypta-—.
mine. Treson (1970} found that atropine reversed the analgesic
activity of physostigmine which indicates that the muscarinic
synaptic site is of essential importamce for this action of phy—
sostigmine. The possibility of antinociceptive activity of chol-
inesterase inhibitors through an activation of oplate receptors
in the central mervous system has been examined but with coutra—
dictory results. Harris et al. (1969) reported that naloxone re—
versed the analgesic effect of physostigmine and oxectremorine.
This finding was mnot confirmed by later studies (Lipman and
Spencer, 1980; Pleuvry and Toblas, 1971).
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4-Aminopyridine (4—AP) has potent peripheral and central muscar-
inle actions but 1s without cholinesterase inhibitory activity.
Analgesic activity of 4-AP was postulated by Fastier and Mc-
Dowell (1958a and b), but no experimental data were presented.
Interest 1in 4-AP has recently increased among anaesthesiologists
and pharmacologists, probably because of its Inreresting applica-
bility 1= the treatment of botullnum toxin-induced neuromuscular
block (Lundh et al., 1977} or in the reversal of oplate-induced
Tespiratory depression {Paskov et al., 1973; Sia aund Zandstra,
1981; Thesleff, 1980; Uges and Bouma, 1981l:; Uges and Hulzinga,
1981)-

We have studied rthe effects of 4~AP on nociception in the rac.
Physoestigmine was dIncluded iz the study for comparison beczuse
it has been extensively investigated previously and it is more

selective for cholimergic mechanisms than is 4-AP.

METHODS

Male albinco Wistar rats of 5 weeks of age and weighing 125-150 g
were used. This age was selected because, in our plilot study,
the nociceprion response to pressure drastically diminished at
the age of 6 weeks. This phenowenon had previously been observed
by other authors (Greea et al., 1951).

Rats were housed, five per cage, at 23°C, and a 12 hr day-night
cycele was Imposed. Food and water were given ad libitum. On the
day of the experiment they were taken into the "climate room’
(noise absorbing, 25°C), and allowed to adapt to the environ—
ment for the £ollowing 2 hr. At 8.3C a.m. control analgesiome-
tric scores (AMS) were determined according to¢ the modified
Randall-Selitto rest (Randall and Selittro, 1957). We used an an-
algesiometer for the rat paw (Ugo Basile, Milan) which applies
pressure to the paw on a surface of 1 mmz- The pressure increa—
ses at a constant rate. The right hind paw was used, and a mar—
king spot was placed so that stiwulation was always applied at
the same place. We decided to use the hiand paw since 1in our pi-

lor study the dorsum of the hind paw was found to be about twice



TABLE 1.

Nociception to pressure stimulation after L.p. administration_gf various agents. Analgesiometric scores
+ Mean values and standard errors of the

{AMS8) accovding to the modified Randall-Selitto test, in g mm
mean are glven. Figures In brackets denote number of animals. Significance of changes as compared to the
control value was determined by Student t-test. *tp < 0.05; #%1p < 0,002, Control values were determined
at 8 a.m., all analgesiometric experimeats were performed between 11 a.m. and 2 p.n. 4-AP:4-aminopyridine;
gMPT: a-methyl-p-tyrosine; PCPA:p-chlorophenylalanine.

Prugsfree rats AMS

Saling

2

f.ps AMS

Agent AMS (g mmﬁz) (n} {gmm ~) at 8 a.m. (n) (g mm “) at 2 pem. {n)
Physcstignine ;283 + 21 (i3)%% 121 F 27 (26y 129 £ 11 7}
4-AP : 382 F 36 (15)#* 125 * 14 {30) 134 + 22 (15)
Naloxone 2 120 % 11 (9 124 ¥ 15 (16) 128 % 17 (H
Physcstignine 4+ naloxone T 265 + 45 ( 9)* 135 + 17 (16) 142 + 19 (7
4-AP + naloxone 1 352 % 34 ( 9% 112 * 15 {16) 128 + 17 (7
Atropine 1 131 F 7 ') 130 ¥ 17 (18) 135% 6 (M
Atropine ++ physestigmine t 272 E 19 ( 9)* 132 + 9 {16) 139 + 12 (7
Atroplne + 4-AP : 375 * 27 ( 9)y** 135 + 10 (16) 129 F 14 (7)
4—AP + physcostigmine : 392 + 21 ( 9)** 138 + 7 (16) 134 + 4 (7)
a ke : 139 ¥ 25 )] 131 % 9 {16) 129 % ¢ (7)
4-AP + G MPT t 115 + 10 ()] 129 + 10 (15) 130 % 10 (6)
Physostignine + qHPT t 315 T 45 ( 9)#* 109 F 17 (14) 115 ¥ 18 (5)
PCPA : 135 % 27 (15) 113 ¥ 18 (22) 121 %18 (7
4-AT + PCPA 1 325 + 48 { Q) 115 ¥ 16 (15) 120 % 30 7

RIS
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as sensitive as the tall at its midlength. The cut—off pressure
was put at 500 g mm_z in order to prevent tissue damage. The

end-point of the stimulazion was withdrawal of the paw (or an
attempt to do sc), or veocalizaticen (a squeak) which stopped the
stimularion automatically through a micrephone conmected to the
cut~off mechanism.This wvocalization cut-off mechanism had been
designed at the Department of Pharmacology of the Erasmis Univer-
sity Rotterdam by Prof. I.L. Bounta's group and was made in the
Central Research Workshop of the Erasmus Ualversity Medical
School. The scoring was always donme at the same time (2 p.m.),
because of the diurnal rhytbmicity in nociception (Frederickson,
1977). In order to prevent couditioming (Winter, 1965), the expe-
rimenzs on Individual rats were performed only on each alternate
day and not wore than twice 2 day with a time interwval ie:ween 2
tests of 5 hr or more. Rats which were given an intraperitoneal
injection were used only once. Rats in which the control AMS we-
re fouand to be equal To or greater than 150 g mm_z, at 8.00

a.m, were not included in the study.

All drugs, diluted ia saline, were injected intraperitomeally
(i.p.) in a volume of 0.5 ml, 25 min before amalgesiometric tes—
ting. The controls recelved 0.5 ml saline i.p. in order to ac—
count for possible stress analgesia (Hayes et al., 1976). Blind
random administrarion of drugs was used and animals served as
self-controls. AMS from the mormning session (8.30 a.m.) were
compared with those 23 min after aduinistration of agents (2
p.m.). We kept notes on the behavicur of the rats. The person
who did analgesiometry was unaware of the kind of ageat given.
Ethical standards for investigation of experimental pain in ani-
mals (Pain, 1980) were respected.

No significant dJifference im mociception was observed between
the contrcel drug-free and saline treated animals. Significazce
of changes 1o nociception for different agents, as compared to
the contrel, was done by Student t—tesC. The animal number of
rats per trial group was seven.

Drugs used: 4—aminopyridire (Sigma); atropine sulphate (Sigma);
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naloxone hydrochloride (Ende Inc.); physostigmnine salicylate

(Merck), DL~ ¢t-methyl-p-tyrosine methyl ester ( aMPT) {(Sigma};
DL~p~Chlorophenylalanine (PCPA) (Calblochem (873,

RESULTS

411 nuomerical data concerning analgesiometry are collected and
presented iun Table I.

brug-free control rats. The rats reacted to pressure stimulation
primarily by paw withdrawal, and less frequently with a squeak.
The average morning moclception score of untreated rats was 135+
4 g mm °. This value differed slightly from day to day and ap-
peared to be insignificantly elevated in the afternoon. Inject-
ion of saline i.p. did not significantly change the response to
pressure (132 + 5 g umrz) conpared with nontreated rats.
Physostigmine salicylate (0.5 mg kg—l) caused a marked lncrea—
se 1o AMS with valse of 110% above morning scores at 25 mim
after administration (P < 0.05; n=13). Diarrhoea, piloerection
and tremor were common side effecrs. Rats tended to become calm
afrer administration of physostipgmine.

4=Aminopyridine (4—AP). The antinociceptive effect of 4-~AP was
found to be dose-dependent (dose range: 0.25-3.0 mg kg_l) and
was maximal at 3.0 ng kg”l with the peak value at 25 min after
f.p. administration. Further increase of the dose resulted in fa-
talities from convulsions. At 25 min after f.p. administration
of 3.0 mg kg—l 4~AP there was a 185% increase in the analgesio-
wmetric gcore to pressure Stimulation (382 + 36 g mmwz)- Rats
exhibited excitation and exploratory behaviour. There was less
diarrhoca than with physostigmine.

Naloxome (5.0 mg kg 1) itself had mo effect on the response to
pressure stimulatiom in control rats. We observed no behavioural
differences between the naloxone and the saline group.
Physostigmine (0.5 mg kg—l) antinociceptive activity was not
significantly altered when given together with naloxone (5.0 mg
kg-l). Rats appeared calm after fi.p. administration of the phy-
sostigunine-naloxone combination.

b—p7 (3.0 ,og kg”l) given together with naloxome (5.0 mg
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ké—1) rerained its antinociceptive activity (352 + 34 g
mm—z)- Behavioural changes were of the same type as after 4—AP
given alone.
Atropine sulphate (0.5 mg kg‘l, i.p.) given alone caused a noo-
significant decrease of AMS (131 + 7 g mm_z) as compared to sa-
line. The rats however, appeared active and restless.
Physostigmine (0.5 mg kgﬂl) antinociceptive activity was non—
significantly diminished when 1t was given together with atro-
pine sulphate. Rats were lively, there was no diarrhoea.
4=AP (3.0 mg kg-l, i.p.) retained its antinocciceptive activity
when it was given together with atropine sulphate (0.5 mg
kg"l). Rats appeared to be restless, able to stand against the
wall and to walk around. Diarrhoea was absent.
4-AF (3.0 mg kg_l) given together with physostigmine (0.5 wg
kg_l), was followed at 25 min after i.p. administration by the
insignificantly lower AMS (392 + 16 g mmhz) than when 1t was
given alone (432 + 46). The rats moved around,-were alert, less
restless or active than after 4—AP given alone but more active
than after physostigmine aloue. There was more diarrhoea than af-
ter physostigmine alone.
o MPT (200.0 mg kg l) given 5 hr prior to 4~AP (3.0 mg kg I,
1.p.) resulted in complete absence of 4—AP-induced antinocicep~
ticn in rats.
Sigas of peripheral cholinomimetic activity of 4=AP were pre—
sent. However, the antinociceptive effect of physostigmine (0.5
mg kg“l) on  pressure stimularion was not significantly alteved
by ©MPT pretreatment. N
PCPA  (100.0 =mg kg_l, i.p-) was given to the rats daily for 3
days in order rte deplete brain S-~hydroxytryptamine (Koe and
Weissman, 1966). On the fourth day, these rats were given 4—AP
(3.0 wg kg—z, fi.p.)}; no significant change in 4-AP antinocicep-

tive activity to pressure stimulation was apparent.

DISCUSSION
We confirmed in this study that physostigmine is a potent antino-

ciceptive agent. Its amalgesic action was not influenced signifi-
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cantly by mnaloxone, atropine sulphate or ¢ MPT. This indicated
that physostigmine—induced antinociception does not sigunificant—
ly depend on the endorphinergie, chelinergic or noradrenergic
system. Lt has been suggested that physostigmine exerts its anti-
nociceptive effects by causing an increase in releagse of 3-HT
from the brain (Afello-Malmberg et al., 1979; Lipman and Spen—
cer, 1980).

In this study, 4-AP was the maln Interest because of its fncrea—
sed use im clinical practice, and because of the limited pharma—
cological data azbout this potent central cholinergic stimulant
that Is devold of cholinesterase-inhibiting activity {Lundh et
al., 1977). Analgesiocmetric experiments were dome in the rat be-
cause 1t has been estgblighed that results of pain studies in
this animal-model are hiphly reliable for extrapolation into c¢li-
nical situvarions {(Cohim, 1968).

We expected 4—AF to exert potent analgesic effects reseabling
more physostigmine which causes an increase in brain acetylcholi-
ne. It is evident from this study that the analgesic effect of 4=
AP is pronounced. Besides the Incomplete studies of Fastler and
McDowall (%958a and b), there have been no other reports dealing
with the antinociceptive activity of 4—-4P. Most investigators
were directed to its capabllity of reversiog resistant neuromus~
cular blockades (Lundh et al., 1977), and morphine-induced respi-
ratory depression (Shaw and Bentley, 1955%; Sla and Zandstra,
1981).

Absence of any influence of atropinme sulphate or naloxone om the
antinociceptive effects of 4~4P to pressure stimulatlon in rats
in our study indicates that analgesic activity of this drug does
not depend on the functlonal activitlies of endorphinergic or cho-
linergic mechanism. However, it seems that 4-AP exerts its anti-
neciceptive effects through noradrenaline in the central nervous
system. Thils was supported by the finding in this study that
oMPT in a dose of 200 mg kg‘l, i.p., which completely depletes
noradrenaline stores (Spector et al., 1965) abolished the antino—

ciceprive acrion of 4-AP. Besides, there is ample evidence that
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noradrenaline can mediate antinociceptive effects of morphine in
the periaqueductal gray (Yaksh, 1979). An intrathecal injection
of mnoradrenaline into the splnal cord of the rat also produces a
dose~dependent analgesia (Akaike et al., 1979); Liebeskind,
1981; Yaksh and Reddy, 1981). Further, it fs known that noradre-
galine 1is the neurotransmitter in the descending inhibitory sys-—
tem origlaating from the nucleus retlieularis paragigantocellula—
ris (Tebecis, 1974) which was recently located as the site of
the analgesic action of morphine and enkephalins (Takagi, 1980).
In addition, Amndén and Leander (1979) found that 4—AP could ac—-
celerate the turnover of noradremaline in the spinal cord. Alto~-
gether, it is probable that the descending noradrenalinedepen~
dent inhibireory pathway Is the site where 4-AP exerts its amal-
gesic action by increasing mnoradrenaline release. The finding
that PCPA does not chamge the 4-AP antinociceptive activity, ex—
cludes the Iinvolvement of 5-hydroxytryptamine and gives a fur—
ther support for the noradrenergic mechanism of the 4~AF anti-
nociceptive action.
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PART THREE
ROLE OF NITROUS QXIDE IN DISTUREBED RECQVERY

FROM ANAESTHESIA

CHAPTER 10.
NITROUS OXIDE IN ANAESTHESIA

10.1. General aspects.

Nitrous oxide appears to be the most ubiquitously uéed agent In
contemporary anaesthesia. It makes the greatest eontribution ro
the effect of a generzl gnaesthetlc and retains its position as
the wmost venerable agent for rellef of pain caused by surgery-
This gas has outlasted many anzesthetic agents but was, until re—
cently, the Ileast studied. Many desirable properties made it
stand the test of time: nonflammability, negligible cardiovascu-
lar effects, low solubliity, and lack of apparemt toxicity-

The comprehensive description of nitrous oxide by Davy (1800),
and his specific wmentlon that this gas can “destroy physical
pain”, preceded its use for anaesthetic purposes by several deca—
des. The mechanism of 1its action remained obscure. Paul Bert
(1833-1866) demonstrated din 1878 that nitrous oxide is mot an
asphyxiant per s&, provided that the supply of oxygen to the bo-
dy d1s maintalned (Bert, 1878). A century after the introduction
of nitrous oxide into anaesthesia it was definitely established
that the gas can produce an anaesthetic state without concomi-
tant hypoxla (Fauwlconmer et al., 1949}. The notion that nitrous
oxide produces analgesla by causing cerebral hypoxia was defini-
tely discredited by Clement (1951) who concluded that nitrous
oxide possessed analgesic properties independent of its capacity
toe produce hypoxia. Consequently, the gas used to be described
as entirely nontoxic (Parkhouse et al., 1960)}. However, it was
evident that prolonged exposure to nitrous oxide Induces lewco-

cytopenia (Lassen et al., 1956). Moreover, it was known that ai-
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trous oxide was capable of inducing drug-pddiction (Editorial.
Another martyr to anaesthesia. Anesth. Amalg. 7: 1-4, 1928).

The advent of more knowledge about the synaptic transmission in
the braln revived interest in the mechanism of the actious of ai-
trous oxide. Nowadays, we can discern and study separately the
following central effects of nitrous oxide:

1. antinociception (analgesia)

2. anaesthesia (unconsc¢iousness)

3. amnesia

4. suggestibllity, illusions

5. meoed modification

6. addiction

7. subjective hyperaccusis and objective decrease of

auditery perception
&. nausea

9. diminishing effect on the sense of smell.

The antinociceptive and the addictive capacities of nitrous oxi~
de probably are closely imterrelated, judging by the fact that
the gas is capable of inducing the release of brain opioid pep~
tides (GQuock et al., 1985). Nausea and vomiting may be a comse-
quence of the sympathetic stimulation produced by nitrous oxide.
Subjective hyperaccusis during induction of anaesthesia with ni-
rrous oxide 1s ofren reported by patients. However, controlled
measurenents showed that auditory perception is In fact decrea—
sed during exposure to nitrous oxide. A pressure bulld-up in the
middle ear cannot be the only factor amd it appears that the de—-
cremexrt is most likely caused by a disturbance of sound transmis-
sion 1n the middle ear that Is nort asseclated with the narcotic

properties of the gas (Fowler et al., 1980).

Awmong systemic effects of nitrous oxide, Interference with vita-
min 312 was sStudied (Chanaria, 1982; Deacon et al., 1978;
Deacon et al., 1980; Amos et al., 1982; Nung et al., 1982). It
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was established that there is uo harm in cthis respecr in anaes—
thetic exposures of up to six hours (0'Sullivan et al., 1981;
Nupn and Chanarin, 1985). According to a receat review of the
cardiovascular effects of oitrcus oxide, the absence of a marked
depression of the cardiovascular systeam distinguishes this gas
from the potent inhaled agents (Eisele, 1983).

For the practising anaesthetist, apparently, the study of the an—
tino¢ciceptive and anaesthetdic effects of nitrous oxide are of

primary interest.

10.2. Nitrous Oxide Withdrawal iz our Clinical Practice:

Rhythmic Couvulsant Meteor Unrest. Clinical Observations.
During proloanged anaesthesla, after the relaxation has worn off,
the patient may open his eoyes on request, provided that he is
anaesthetized according to the nitrous oxide — amalgesic — rela—

xant technique.

Furthermore, an analysis of apaesthesias conducted with anitrous
oxide, analgesic and relaxant, the so called “balanced anaesthe-
sia”, may show that after an dinitially swooth course, a pa—
tieat's physiological state ofren becomes deranged. In other
words, a balanced anaesthesia appears to become unbalaneced. Addi-
tional administration of the analgesic and relaxant may not help
and supplementation with a potent inhaled agent may be necessary
in order te ensure a smooth course of anaesthesla (Fig. 1)- Such
obeervations may indicate thar the effects of nitrous oxide are
wearing off, this gas being the only cowponent of anaesthesia
that cannot be intermittently reinforced, as it is given during
the whole anaesthesia at the maximal concentratlon, nowadays
usually 67 volZ.

After prolonged anaesthesia including nitrous oxide we alsc ob—
served a form of rhythmic convulsant motor unrest that can be

distinguished from the more aimless amd coarse shivering. This
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Figure 1: A fragment of an anaesthetic record which shows rthar
the cardievascular parameters are “deranged” after 45
win of anaesthesia regardless of the repeated admini-
stration of relaxant and amalgesic. The satisfactory
state of clinical anaesthesia was achieved by the
addition of a halegenated amaesthetic. An amalysis of
this anaesthesia justifies the iwpression that nitrous
oxlde had lost its potency. 15 min after this
anaesthesia we observed convulsant behaviougr in the
patient, who otherwise appeared consclous. No aberrant
body temperature was measured in this patient.

disturbance of recovery also does not fit well into the picture

of motor activity characteristic of delirant forms of the cen—

tral aaticholinergic syndrome. The following features of this

postanaesthetic uvurest were observed:

1. lt appears after a latent period of 6-15 ain after the end

of anaesthesla, mostly in conscious patients.
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the motor unrest is convulsion-like, intermittent, and may
be found in patients who otherwise are completely lucid and
in appropriate psychlc contact with the surroundings.
Conscious patients may describe it as extremely unpleasant
or threatening. Nv voluntary control is possible and the pa—
tient may feel distressed.

facfal or uimiec musculature is first iavelved, followed, in
severe cases, by convulsive seizures of the extremities.
unrest is not dependent on the central or peripheral body
remperature and can thus be differentiated from the common
shivering which may accompany overcooling of the patient.
the convulsant postoperative restlessness subsides, if un—
treated, within 30-50 min, regardless of the body remperatu-
re.

this type of convulsant behaviour is unlikely in patients
depressed from drugs.

it is more commonr after prolenged anacsthesia and in cases
where opiate antagonists have been given.

in all cases of convelsant motor unrest, nitrous oxide was
used during anaesthesia.

the convulsant postanaesthetic behavicoer can be differentia~
ted from the "active”™ form of the central anticholinergic
syndrome. Physostignine completely abolishes motor unrest
due to central anticholinergic activity. Physoestigmine, how—
ever, only mitigates or reduces the rhythmic postanaesthetie
motor unrest, rather than totally abolising it.

piloerection and "goose-pimples™ appearance of the skin are
present.

meperidine (pethidine), 12-25 wg 1.v. abolishes this rhyth-
mic coavulsant behaviour promptly and completely regardless
of the body temperature. (The crigin of this therapy for the
postanaesthetic motor unrest can be traced back at least 20
years — Hekman and Schlutter, personal communilcation).
re—administration of subanaesthetic comcenktrations of ni-
trous oxide (30-40%Z) abolishes the rhythmic comvulsant un—
rest within 4=6 mia.
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In evaluation of this clinical picture it was suggested that the
rhythmic convulsant postanaesthetic motor uarest and its accompa-
nying discomfort wmight be due to the withdrawal of nitrous oxi-

de. This suggestion was supported by the observation that re-
administration of nitrous oxide stopped the unrest.

Qur Study of Rhythmic Convulsant Motor Unrest during Recovery -
A Sign of Nitrous Oxide Withdrawal

Motor disturbances during recovery frem anaesthesia may be due
to the central actica of anticholimergle drugs, which can be
treated with physestigmine. However, a distinct type of coavul-
sant rhytimically occurring motor unrest does not subside comple-
tely after rthis treatment. It has been observed that rhythmic
convulsant unrest promptly disappears after the administrariom
of meperidine {pethidine) or re—administration of subznaesthetic
conceantrations of nitrous oxlde. This successful treatment indi-
¢ates that the withdrawal of nitrous oxide might be the cause of
the convulsant motor unrest. The disappearance of this muscle un-
rest after pethidine confirms this wview as the interaction of ni-
trous oxide with the endorphinergic system is well-established
{Berkowitz et al., 1977). The aim of this study was to elucidate
the causative factor of the convulsant unrest during recovery

from anaesthesia and to determine the best treatment of it.

Patients and diagnostic parsmeters

All patients recovering from anaesthesia which included nitrous

oxide were followed durimg a 3 month period.

Two senior anaesthetists, experienced in diagnosis and treatment
of the central anticholinergic syndrome observed the patlents
from 5-10 minutes after the end of anaesthesia until 35 min of
recovery. Attention was pald te the presence of the central anti-
cholinergic syndrowe, which was treated with physostigmine (0.04
mg kg—i)- In the presence of convulsaat muscle unrest rectal
temperatur was recorded and conscious patients were asked whe—

ther they felt cold or apprehensive. Convulsant motor unrest was
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then treated aselectively elther with 25 mg pethidine slowly
i.v., readministration of 307 nitrous oxide by a non-return
guaesthesia system, 50% oxygen iIn alr by a face mask, or air.
The time lapse before the disappearance of convulsant activity
was recorded. Duration of anaesthesia in these cases was also re—

corded.

Observations and Firpdings

720 patients were scen during the recovery. The central anmticho-
linergic syndrome was diagnosed and treated with physostigmine
in 40 patients (5.4%7). Motor convulsant unrest was seen in 34 pa-
tients (4.5%). Most patieats with convulsanr motor unrest were
lucid and’ could hold the face mask in place. Rectal temperature
was normal in 28, elevated In 3 and decreased in 3 patients. 15
patients reported feeling cold before treatment of the unrest,
10 were apprehensive or otherwise feeling uncomfertable. Pain
was reported 11 times, always bearable. The convulsant unrest
subsided after pethidine within 3 + 1 min (8 patlents), after
the inhalation of 30% oitrous oxide within & + 2 min (9 pa~
tienrs), after 50Z oxygeo in air within 20 + 8 min (8 patients)
and in patients without treatment after 23 + 9 min ( 6 patilents;
2 patients of this group required analgesics and were dropped
from the follow up). Some patients regarded the presence of coo—
vulsant unrest as belng more troublegcome than paln. In five pa-
tients, the unrest followed naloxone, administered at approxima—
tely 10 mioutes postoperatively. Feelinge of cold subslded simul-
taneously with the relief from umrest; one of these patients was
hypothermic. Motor unrest disappeared permanmently in all pethidi-
ne—-cases. It reappeared Iim 3 patients who remeoved the nitrous
oxide mask after 10 nin inhalation. Readministration of the gas
again stopped the unvrest. In cases of postanaesthetic rhythmic
motor unrest, the Jlength of amaesthesia varied greatly but was
never shorter than 80 minutes.

DISCUSSION

The observation that readministration of a subanaesthetic concen—
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tration of nitrous oxide stops the convulsant motor behaviour du-
ring recovery indicates that nitrous oxide withdrawal may be a2
causative factor. Motor unrest and apprehensive discomfort could
be sigons of withdrawal im patients who have developed acute phy—
sical dependence wupon nitrous oxide. The curative effect of pe—
thidine in “uncomfortable and frightening postoperative shive-
ring” has been documented previously (Claybon and Hirsh, 1980;
Roy et al., 1983). It was also observed that “spasticity” occur—
ed in 20-50% of patients after gemeral anaesthesia without pethi-
dine as contrasted with 10Z in the pethidine group (Solimaz and
Gillies, 1972). These observations are in accordance with the
finding that postaﬁaesthetic restlessness is negatively correla—
ted with the total dose of analgesics duriag operation (Tammiste
and Tigerstedt, 1979).

It appedars that the term "shiverimg™ cannot cover all tjpes of
postanaesthetic motor unrest and 1t would be better reserved for
cagses of obvious hypothermia. In fact, several authors concluded
that postanaesthetic motor unrest was not correlated with the le—
vel of body temperature (Artusic, 1951; Cohen, 1967; Tammisto
and Tigerstedr, 1979). The feeling of ¢old in our patients was
not related to a decrease in rectal temperature. Tt is possible
that they frankly misinterpreted unfamiliar nlitrous oxide with-
drawal motor activity for the more famililax féeling of ¢old.

There is ample evidence that depression of ceutral functions by
nitrous oxide is followed by withdrawal excitation. It was found
that mice develop comvulslons during withdrawal from nitrous oxi-
de (Harper et al., 1980) and that nitrous oxide depresses epillep-
togenlc Tesponse to enflurane ie cats, although partial toleran—
ce to this eFfect soon develops (Srevens er al., 1983). Stevens
(1984) also suggested that nitrous oxide withdrawal may be the
principal cause of ¢oavulsions after enflurane. These data coo—
firm our observations that the withdrawal of nitroms oxide caw
ses convulsant behaviour during recovery. Other findings on the

interaction of =nltrous oxide with the endorphlnergic system uay
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help to elucidate the excellent curative effect of pethidine in

nitrous oxide withdrawal motor unrest (Berkewitz et al., 1977;
Rupreht et al., 1984).

It may be asserted that some patients develop a convulsant motor
unrest during recovery from anaesthesia due to the mitrous oxide
withdrawal. The nitrous oxide withdrawal 1s accompanied by
unpleasant feelings of cold or distress, all these signs foraing
a syndrome. Readministration of a subanaesthetic coucentration
of nitrous oxide or pethidine are both effective and logical
treatments of this c¢linfical plecture.
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PART FOUR
QWY EXPERIMENTAI AND CLINICAL DATA CONCERNING
THE USE OF NITROUS OXIDE IN ANAESTHESTA

CHAPTER 11.
ELIMINATEON OF IRRITATING COMPOUNDS DURING CHRONIC EXPOSURE TO
GASES

SUMMARY

Ammonia (NH,, & degradation preduct of urea) and lfutestinal
gases which™ accumulate in the experimental circuir during the
long~tern experimental exposure of rats to gases wmight cause dis-
turbing irritatiom in the behavior of the animals. A relatively
simple and cheap experimental arrangement has been suggested for
the elimination of these irritating compounds. This system also
guarantees the maintenance of a constant concentration of the in-
vestigated gases. In order to facilitarve the comparisen of the
results of various studies, the standardization of the basic ex—
perinental procedure for the long-term exposure to gases has
been suggested.

INTRODUCTION

New ingights intoe the action of aunaesthetic agents (Wood et al.,
1977) have brought to light the essential differences between an
acute and a chroanle exposure to biologically active gases. Chro—
nic or long-term exposure to gases can be defined In terms of
phenomena which cannot be seen at the moment of complete satura-
tiom by 2 gas (acute exposure) but will appear after a prolonged
exposure, of by the effects which initially cau be seea but will
disappear during the prolonged exposure. Effects of chronic expo—
sure to anaesthetic gases have been studied with increasing fre-
quency {(Green and Eastwood, 1963; Goldstein aund FPal, 1971;
Kripke et al., 1976 and 1977; Berkowitz et al., 1977, Pope et
al., 1978; Vieira, 1979). Incidentally, the accumulation of wa-
rious unwanted gases In the exposure chamber appears to be one
of the basic methodological problems in the studies of chronic
effects of inhalation of apaesthetic agents. These gases are pro—
duced in the metabolism of the exposed animals, or are the degra—
dation product of their excrements. ITn experiwental prolonged

exposure to gases, it is therefiore of particular importance to
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efficiently eliminate the carbon dioxide (Coz), ammonia vapour
(NH3, developed from urine), intestinal gases which include ni-
trogen (Nz), hydrogen (H), methane (CH&), and odoriferous ga-
ses such as skatole, Indole, volatile amines and short chain fatr-
ty acids.

Experimental conditions for studies of the prolonged exposure to
gases vary greatly with different authors (Pope et al., 1978;
Koblin et al., 1979; Hyees and Berkowitz, 1979; Coate et al.,
1979; Harper et zl., 1980).

The eldimination of coz has not been standardized. Some finvesti-
gators keep 1t close to 0% (Pope et al., 1978; Koblin et al.,
1880), at an unspecified concentration (Vieira et al., 1980), or
close to 1% (Koblin et al., 1979). Different concentrations of
this poteant biclogical gas certaialy indicate differences in ex—
perimental conditions. The €0, absorbing granules which are
simply spread om the bottom of the exposure box cannot satisfac-
torily eliminate Co2 beczuse of the channelling {Adriani,
1956). In the quoted studies of the chronic exposure to gases,
no attempt was made towards the elimination of the above mentio-
ned unwanted gases in the exposure circuit. The temperature, re—
lative humidity, and the pressure in the exposure cage are diffe-
rent In most studies. This makes any comparisem of results of
various studles difficult.

The ueed to standardize the experimental conditions during the
chronic exposure to gases and the problews Telated to the elimi-
nation of unwanted compounds from the exposure circuit have
prompted this study. We have described alternatives for the im—
provement of experimentral conditions in long-term exposure stu-—

dies of rats to anaesthetic gases.

MATERIALS AND METHODS.

In our Iinvestigatious of long-term exposure of rats to nitrous
oxide we used the [ollowlng experimental set—up {numbers corres—
pond to Figure 1):

a) exposure chamber with two compartments (plexi-glass). Each

compartment had a volume of 75 litres and could house 25



b)

<)

4)

e)

£}

YT

rats. Such an arrangement facilltates the simultaneous per—
formance of the control experiment (Wumber 1).

a soda—lime CO2 absorber was included in the circult placed
after the exposure box and before the inlet of fresh gases
(Number 12}.

CGz—monitoriug device was a Gould WK~3 capnograph with a
correction for N20 interference (Number 5).

flowmeters (Rotameters MFG Co.Ltd} and a gas—mixing device
(Siemens~Elena OZ-NZO—air mixer) regulated partial pressure
of gases (Number 16).

oxygen analyser (IBC-celesco, Uz—combustiou cell} was used
monitoring of the Ozwpartial pressure (Number 7).

a sawmple of the exposure gases was taken to the mass-spectro—

meter twice daily for double check of gas concentrations.

I\

Figure 1.
Schematic presentation of the experimental set—up for the long—

term exposure to pases. A plexi~glass exposure box (1), one com—
partment Is represented. Attachment for a mass spectrometer (8).
Humidity and a temperature regulating vnlt (2 and 4). Elimina—
tion of ammonia (6). Electrie pump (10). Activated charecal
(12}- Soda~lime container (14). Flowmeters and a gas—-mixing unit
{16). Temperature sensor (15). Pressure monitor (11). Tempera—
ture display (9). Carbon~dioxide monitor (5). Bleed walve and a
gas scavenging device (3). Oxyger sensor (17) and oxygen display
(7). Inside the box, an analgesia-—meter (19} and a microphone
({13) are shown.
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£) an electric membrane pump (ERMAF, Rotterdam}, capaclty 45
litres min ©, was used to induce the circulation of gases.
The box was aerated with conditioned gases every two minutes
(Number 10).

h) a bleed valve (AMBU PEEP-valve), set at 1.0 cm H,0 regulated

the pressure in the box (Number 33}; the preSSu:ezbeiug moni~
tored by an M4~B0 manometer (Dwyer Mark IIj Number 11).

1) long plastic tubing between the pump and the exposure box
prevented noise in the box.

j) a scavenging system for exhaust gases was attached to the
bleed valve to prevent the pollution of the envircoment by
the exhaust gases.

k) the hunidity and tewperature in the exposure box were regula-

ted by a heat exchanger. The relative humidity In the box was
kept at 70 and the temperature at 25°c, which is close to
ideal conditions. The rectal temperature of the rats was
maintained between 37 and 38°¢C.

1) a i2 hr day-1Z hr night ¢ycle was maintained by artificial

ilTumination.

Male Wistar rats (125-150 g) were used and housed in the exposu~

re chanber with food and water ad libitum.

The Eliminatioun of Ammonia and other Trace Gases

The rars, put fnto the descrlibed experimental set up, showed no
bebavioural changes when 25 animals were kept in the box and the
fresh alr flow was 1.0 1 min—l. However, the rats became irri-
tated after 20 hr exposure to the air in the circuit. We suspec-
ted that this behavior was due ro the presence of ammonia vapour
and to the accumulation of the intestinal gases In the experimemn—
tal enviromment. In particular, the offensive smell of the ex—
haust gases indicated high concentration cf ammonia. An attempt
was wmade to quantify concentrations of the offensive gases by a
“multi-gas detector”™ (Driger). The Driger NH3~tesc tube esti-
mated the NH3 concentrations in  the exposure chamber at 50

parts per wmillion (ppm). The gas chromatograph can be used for
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the same purpose, with similar efficiency.

One way of eliminating unwanted gases from the circuit is by im-
ereasing the flow of fresh gases. In our circult an increase of
300% in the fresh gas flow was uecessary to elimimate WH, - This
method of gas elimination 1s assoclated with am Increase in
costs and enviromment pollution. Another method for the elimi-

nation of NH3 from the exposure circult is to bind it chemical-
ly. We dincluded a bubble bottle into the exposure circult con-
taining diluted phosphoric acid (H3P04, pld 0.3). Bromphenol—
blue was added toe the acld and when the solution turned blue,
the acid was renewed. After this procedure for binding NE,, the
smell of exposure gases improved and the NE3~detector indicated

that the councentration of this gas was below 5 ppm.

Won-odoriferous Aintestinal gases, such as Nz and CEI4 also accu—
mulate to considerable concentrations 1n a clircult with a low
flow of fresh gases. CH,, could be detected qualitatively by the
Driger gas-detection tubes. There is no convenient method for
bindiang CH4 chemically. After an Increase of fresh gas flow
from 1.0 to 2.0 1 minﬁl, we failed to detect thls gas again.
However, after the elimination of Wi, and HZS {this gas binds
to the soda-lime) some odour In the exposure box persisted. The
doubliné of the fresh gas flow for the elimination of CH,, could
not prevent it. Odoriferous gases, such as Irndole, skatole, vola-
rile amines, and shore-chain farty acids are readily seunsed by
nose even iIn concentratiocns of 0.0L ppm (Monereff, 1964). Al-
though 1t was impossible te quantify concentrations of these ga-
ses by the Driger gas-detection tubes, we included a 4 litre
container of activated charecoal into the circuit. Following
this, the residval odor disappeared.

With the described iImprovements we could use our gas—exposure
cireuit continuously for 5 days and more, keeping 25 rats per
box at a fresh gas~flow of 2 litre min ‘. All manipulations in~
side the box were done through rubber gloves from outside and an
interruption of the exposure to¢ the gas supply was not neces-

sary.
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RESULTS
Rats living under the described conditions in our gas—exposure

box for 5 days showed wno difference in behavior, growth, and
sleep~waking pattern when they were compared to rats living in
the stable. The consumption of fluid and food as well as the
weight increase were equal for both groups. In order to test
further biological reactivity of animals in our exposure clr—
cuit, we determined their reactivity to pain after 5 days io
both groups. Pressure stimulatiom (pain} on the uninflamed hind
paw of the rat was used (modified Randall-Selitte, 1957). No sig-
nificant difference in sensitivity te pressure pain was observed
in rats of the two groups, counting 25 animals each. The mean
and the standard error of the pressure which they tolerated was
122 + 24 and 128 + 24 g mm—z, respectively.

DISCUSSION

In the present study, we described metheds for the eliminztion
of NH3 and intestinal gases from a semi-~closed circuit for the
long-term exposure of Tats to gases. An elaborate experimental
arrangement is necessary for the study of prelonged exposure to
gases. Some living conditions for aniwmals undergoing chronic ex-—
posure to gases are not yet standardized. Varlious organic and in—
organle gases accumulate in the exposure chamber when low flow
rates of fresh gases are used. The accumalation of all unwanted
gases must be prevented Iin order to create constant experimental
conditions.

The odor threshold for amumonia in humans is around 50 ppm. The
gas becomes iIntolerable at 100 ppm (Lelthe, 1971). NH3 causes
irritation aond damage to airway surfaces and rats appear to be
particularly sensitive to this gas. Ia the exposure box they cal-
ned down only when the "gas—detector™ or the nose falled to de-
tect any offensive smell indicating the presence of NH, . Che~
mical bioding of NH3 as suggested in this study proved to be
convenient and efficient.

There are no data available about the effects of other noa—~
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odoriferous gases which accumulate ia the exposure cireuit du-
ring the prolonged exposure. It was convenient to absorb such
trace gases onto the activated charcoal. Afrer this procedure,
quantitative or qualitati@e tracing of these gases in our expo-
sure ¢ircult was negative at any time of the exposure.

H, and CH, should be eliminated because they may significantly
dilute exposure gases. An Increase In fresh gas flow rate from
1.0 to 2.0 litre miu*l was the most practical measure to eli-
ninate them. Relative humidity should not exceed seventy or be
less rthan f£ifty. Very low envirconmental humidity causes dryness
of the nasal mucosa; oo wolst gas may Induce excessive grooming
and excitation in the rats. The permitted concentration for COZ
during the long-term exposure to gases has not been established.
Tt appears plausible to keep 1t cleose to 0Z, thus simulating its
concentration in normal air.

In conclusion, it is evident that apart from the need for a stan—
dardized technique for the lomg-term exposure to gases, a fur-
ther improvement of experimental conditlens for animals is” of im—
portance, particalarly rthe elimination of the accumulated NH3
and intestinal gases. These requirements fulfilled, it will cer—
tainly dimprove the reliabilicy of results and will also facili-
tate comparison of similar data of other authors. In additienm,
we used our gas—exposure box extensively for the study of tole-
rance to unitrous oxide in rats (see Chapter 14). Demanding mi-
uimal control corrections, the system reliably provided us with
any concentration of the investigated gas for amy lenmgth of ti-

me. The system also appeared to be cost-saving.
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CHAPTER 12.

THE INVOLVEMENT OF THE CENTRAL CHOLINERGIC AND ENDORPEINERGIC
SYSTEMS IN THE NITROUS OXIDE WITHDRAWAL SYNDROME IN MICE

SUMMARY

The nirrous oxlde withdrawal syndrome in mice was used as an ex-
perimental model to examine some of the factors which may play a
role 1m postanesthetic excitation. Predispositior to nitrous
oxide withdrawal convulsions as judged by duration of suscepti-
bilicy was decreased significantly after pretreatment with the
cholinesterase Inhibirors, physostigmine and galanthamine, or
with the oplate receptor blocking agent naloxone. Results are
discussed in relation to the central anticholinergic syndrome,
endorphin release, and disturbances which follow nirrous oxide
anesthesia in humans and auimals.

INTRODUCTION

Patients demonstrating emergency delirium after genmeral anesthe-—
sia have been treated successfully with physostigmine salicylate
{1). This type of delirium 1Is a part of the very complex clini—
¢al picture described by Loungo (2} as the central anticholiner—
gle syndrome (CAS).

Considering the possible facrors promoting this syndrome in our
patients, we suspected that nitrous oxide might have a signifi-
cant facilitatery role 1in the etiology of CAS {(3,4). An animal
model for study of the factors invelved in CAS Is not yet esta—
blished. However, an excitatory syudrome in mice after exposure
to nitrous oxide (and other amesthetics) has been described (S5,
6)}. This syadrome 1s characterized by signs of excitatlon such
as grimacing, vielent jerking, twirlimg, convulsions, etc., and
is elicited by gently lifting the mouse by the tip of the tall.
Smith et al. (7), suggested that the same pathophysiclogic me-—
chanisme involved in this withdrawal syndrome might contribute
te the occurrence of emergence delirium following anesthesia in
humans.

Iz this study, we used the nitrous oxide withdrawal syndrome in

mice as an experimental model to examine certain factors which
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may play a reole in postanesthetic excitation. Specifically, we
examined the Tole of the cholinergic and eundorphinergie systems.

These transmitter/modulator systems were considered mainly be—
cause of the therapeutic value of physostigmine in the treatment
of CaAS, and because of receunt evidence suggesting a role for em-

kephalins in certain postanesthetic phenomena (8)-

METHODS

Male mice, F, Ry bread, 25 + 4 g, were use&- Mice of this
breed were chosen because we could reliably provoke nitrous
oxide withdrawal comvulsions in them. The experiment Inveived ex—
posure of wmice to a mixture of 1.4 atwm 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 exposu—
re. The pressure chamber used, was 2z 500 ml-glass bell with an
attachment for fresh gases, a manometer, and an overflow valve.
Soda lime was placed in the bell to ensure the elimination of
Coz (monitored by zan infrared analyzer). The gas temperature in
the bell was held at 22°C with the aid of a waterbath im which
the bell was immersed. The mice were placed one at a time into
the chamber for exposure t¢ the gas mixture. After 60 min, the
pressure was reduced to amblert pressure over a period of omne
minute. Then, each nouse was lifted gently from the bell and tes-
ted for withdrawal convulsions every five winutes until no con—
vulsions were observed for two consecutlve tests. The convulsi-
ve movements cousisted of twirling and jerking with extension
and flexion cof the legs. During testing, the mice were lifted
and held by the tzil for up te ten secounds. The test was consi-
dered nmegative if eceonvulsions did not occur within this time.
The rectal temperature of mice at the end of the exposure was
always above 34% (34.5 + 0.4} and was not influenced by the
drugs administered. Mice in the control group showed the same
decrease in xectal tewperature without detectable changes In be-
havior. All experiments were performed between 0930 and 1200 h
by a techniclan who was unaware of the drug treatment. Each ex-

perimental group coansisted of 12 mice.
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DRUGS

The following commercially available drugs were used: physostig-
wmine salicylate, galanthamine hydrobromide, and naloxone hydro-
chloride. Drugs were dissolved in 0.9% WaCl azud were injected in-
tramuscularly either 1 min before, or 1 win after exposure of mi-
ce teo the gas wixture. The drug dosages were expressed in the
terns of thelr salts, and were administered in a volume of 0.05

al.

Statistical Evaluatiocn.

In order to test whether the mean duration of predisposition to
convulsions 4im the four pretreated groups and that {n the noo—
pretreated group were equal, 2z one-way analysis of variance
(ANOVA). was performed. Comparisons between each of the four pre~
treated groups separately with the non—pretreated group are ba-
sed on Tukey's 957 confidence intervals for comtrasts. The same
analysis was performed for the four groups im which the agent
was  administered after exposure to W,0 and for the group which

was not treated after the exposure.

RESULTS

Overall Comparisons

Among the groups which received saline, physostigmine, galantha-
mine, naloxene, or mno agent, before exposure to NZO’ a highly
significant difference in duratiom of predispositionm to convul-
sions was seen (F 4,55 = 38.9, P < 0.0001). The analogous over—
all comparison among the groups which received an agent after ex—
pesure to NZO and the one which recelved none, alse reveals a
highly significant difference in duration of predispesition to
convulsions (F 4,55 = 42.8, P < 0.0001).

Contrel
None of the mice displayed a convulsion prior to the anesthetic
expogure I1f 1ifted and held by che tail for up to ten seconds.

However, all mice subjected to this procedure demonstrated a comn—
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vulsive pattern duriog the withdrawal period which followed an
exposure to mnitrous oxide for 60 min. The average time period
during withdrawal in which the coonvulsions could be elicited in
the nontreated mice was 64.6 nlon (Table I). For saline—treated
mice given either before exposure to nitrous oxide or after it
was discontinued, the periods of susceptibility were 52.1 and
61.2 min, respectively. These rimes d1ld not differ significantly

from that observed in untreated mice.

Physostignine

In the group of mice pretreated with physostigmine (CG.4 ug/g)
the period of susceptibility during withdrawal was decreased
significantly (17.5 min)}-. A similar significant decrease was ob—
served when the same dose of physostigmine was glven In the

first minote after aitrous oxide was discontinued (23.7 min).

Table 1:
The influence of Drugs ou the Duration of Predisposition to Nzo-
Withdrawal Couvulsions {min; Mean 4+ SD).
Agent Agent
Aduinistered before Adminisrered after
Agent Exposure to NZD Exposure to Nzo

None 64.6 + 16.8 64.6 + 16.8
Saline (50 ul/g) 52.1 + 8.9 61.2 + 6.8
Physostigaine

(0.06 ug/z) 17.5 4+ 6.2% 23.7 + 3.1%
Galanthamine - -

(50 wug/g) 33.3 + 4.4% 67.5 + 12.5
Naloxone

(0.8 ug/a) 23.4 + 13.4% 72,9 + 6,6

*Denotes significant differeunce compared with the nontreated
group, as follows frow Tukey's 95X confidence latervals (n=12,
all groups). All drugs were administered Intramusculariy.

Galanthanine
This alkaleid (5 ug/g), which has anticholinesterase properties
and which easily penetrates the blood brain barrier, significant-

ly decreased the period of time in which the selzure phenomena

could be elicited (33.3 min) when administered before the ani-
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mals were exposed to the gas mixture. The same dose of galantha-—
nine admfnistered ian the first mimute of the withdrawal period
failed to affect significantly the time perioed in which the ani-

mals were predisposed to convulsions (67.5 min).

Naloxone

Naloxome (0.8 VWg/g) administered to mice before exposure to ni-
trous oxide, decreased significantly the time of predisposition
to convulsions. One mouse did not convulse at all during a pe-
riod of 100 win, while others started to ccovulse 5 min after
the exposure to the gas was discontinued. The average time du—
ring the withdrawal period in which the animals retained the
tendency to convulse was significantly less than In the control
group (23.4 mwin). However, the same dose of naloxone, administe—
red in the first minute after N20 was discontluued, failled to
influence the duration of time in which the couovulsant phenomena
could be elicited.

DISCUSSION

In these experlments the time of susceptibility to withdrawal
convulsions In mice followling nitrous oxide was decreased signi-
ficantly after pretreatment with the cholinesterase inhibitors,
rhysostigmine and galanthamfne, or the oplate receptor blockiag
agent unaloxone. The cause of such postanesthetic excitation (the
withdrawal syndrome) i1s not known. Presumably, these phenomena
are a reflection of the cowplex Interaction of anesthetics on
excltatery and Ilohibitory synaptic transamlssion (9-11). Specific
information concerned with the functfonal activity of the trans-
nitter systems during the withdrawal period following nitrous
oxlde Is Ilimited. Recent dara iIndicate that some anesthetics
such as halothane, enfjlurame, and keramine reduce the turnover
rate of acetylcholime In all reglons of the rat braln examined
(11). However, nitrous oxide (75%) had no effect on acetylcholi-
ne turnover im the rat braiun (12).

That the cholinesterase inhibitors used in the present study de—
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creased the time of predisposition to convulsions following ex—
posure to nitrous oxide suggests a possible important role for
central c¢holinergic transmissioa in the modulation of the aeuro—
nal activity responsible for the postanesthetic excitavory with—
drawal phenomena. The antficonvulsant effect of the cholineste-
rase Inhibitors during 2 withdrawal period might be a direcr
one, via normalization of the inhibited chelinergic system, orx
an indirect one, by acting on other transmlirter/modulator sys-
tems via a hyperactive cholinergic system.

The explanation for the differences ia action between physostig-
mine and galanthanalne observed in this study is not known, but
the possibility that each drug possesses specific and different
pharmacodynamic characteristics 1s not excluded.

Based wupon our clinical experience in the treatment of CAS we
concluded that the bemeficlal effect of physostigmine is related
exclusively to cholinesterase inhibition (13, 14). Furthermore,
we observed in our patlents that nitrous oxide might be a preci-
pitating facter for the postanesthetic excitation as a part of
CAS (3, 4). The results of this study Indicate that physostigmi~
ne and pgalanthamine decreased susceptibility to nitrous oxide
withdérawal convulsionrs #&n mice. All of this suggests the possi-
bility of using the nitrous oxide withdrawal syadrome in mice as
an animal wmodel for CAS fu humans. At present we would like to
encourage this idea and a further search for additiomal relation—
ships between CAS in humans and the proposed animal medel.

The anticoanvulsant effect ¢f naloxone given to mice before expo—
sure to N20 also could be explained by a cholinergic dysfunc-
rion caused by nunitrous oxide. Namely, it has been postulated
that nitrous oxide releases endorphins (8), which may In turn
decrease the release of acetylcholine (15). Therefore, the anti-
convulsant effect of naloxoue, similarly to physestigmine, might
be ascribed to normalizatlion of the cholinergic system. However,
other explanations related to the monvaminergic system{s) are
also possible. Endorphins amnd exogenous oplates are reported to
inhibit activity of some central noradrenergic nuclei (16) and

reduce transmitter release from cerebrocortical noradrenergic
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nexrve endings (17, 18). Functional insufficiency of the nor-
adrenergic system facilitates selzure activity (19). Thus, an
anticonvulsant effect of naloxonme might be due to inhibition of
the enderphin-induced c¢hanges in noradreaergic functicnal activi-
ty. However, since endorphins are medulators of various trans—
mitter systems, the anticoovulsaut effecr of naloxone might be
much more complex than that suggested above. Desplte these uncer—
taing, the anticonvulsant effect of naloxone during withdrawal
fromw mnitrous oxide mighr be of significant valve in suggesting
further studles of the role of endogenous opioid substances ir

postanestheric excitatory phenomena.
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CHAPTER 13.

EFFECT OF PHOSPHORAMIDON — A SELECTIVE ENKEPHALINASE INHIBITOR -
ON NOCICEPTION AND BEHAVIOUR

SUMMARY

Phosphoramlidon (100-350 pg 1.c.v.), a selective enkephalinase in-
hibitor, induced in the rat a decrease of nociception to pres-—
sure stimulation withoutr evident respiratory depression. In addi-
tion, intensive Dbehavioural changes such as grooming (licking
the fur, face washing and scratching), mounting behaviour and
wet dog shakes were observed. Naltrexone pretreatment {1 mg/kg
i.p.) caused a significant decrease In the phosphoramidon-
induced nociception and behavioural changes. Puromycin (30 pg

i.c.v. or 7.5 wg/kg 1.p.) caused no changes in nociception or be-
haviour.

Using the recently discovered, selective, enkephalinase fnhibi-
tors, it has become possible to modulate the concentrations of
endogencus oplold peptides. Several studies fa vitre have shown
that administration of a relatively specific enkephalinase fnhi-
bitor is assoclated with an increase in concentrations of endo-
genous oploid pentapeptides (13, 13). Other studies in vivo de—
monstrated that specific enkephalinase inhibitors such as thior—
phan and phosphoryl-L-leucyl-L-phenyl induced antinociceptive ac—
tion and/or potentiated an analgesic effect of other drugs. This
effect was blocked by naloxone, an antagonist of oplate recep-
tors {1, 15).

However, other highly selective enkepbalinase inhibitors such as
hydroxamic aclds or glucopeptide phosphoramidon (11) were not
tested in vivo for amalgesia and orher central effects.

The present study was deslgned to compare the effects of the se—
lective enkephalinase inhibitor phosphoramidon, and the non-se—
lective proteim~synthesis inhibitor puromycin, on analgesia and
behaviour.

The sensitivity to mnoxious pressure stimulation was determined
on the uninflamed hind paw of male Wistar rats (125-150 g) accor—
ding to the Randall-Selitto analgesiometric method (14). The Ugo
Basile (Milan) analgesiometer for paw withdrawal was used. Noci~

ceptlon was expressed in analgesiometric scores (AMS) 1 g
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mm'z_ The cut-off wvalue of the pressure stimulation was 500 g
mum ©, S0 as to prevent physical damage to the paw. The sign of
the pain response in this test was a squeak or a paw withdrawal.
The rats were divided inte 5 groups of 1l animals each. Nocicep~
tion was deternined at 0, 15, 30, 60, 90, 120 and 150 min time
intervals after drug treatment. The first group of animals was
treated with phosphoramidon (350 pg/2 yl intracerebroventricu—
larly, Z1.c.v.). The rats 1in the second group were pretreated
with naltrexone (1 mg/kg/0.5 ml, i.p.) 30 min before phosphorami~
don  treatment (l.c.v.). The third and fourth group received pu—
romyein fL.p. (7.5 wmg/kg) or i.c.v. (30 ug/l5 yl over a 90 sec
period) respectively. Animals In the fifth group were injected
with artificial cerebrosplual fluid (CSF [12]) and used as a con—
trel.

All animals were chronically implanted with staluless steel can—
nulae in  the lefr lateral cerebral ventricle. The cannulae were
used for i.c.v- administration of phosphoramidon (groups I and
I1}, cerebrospinal £luid (control group V) and puromycia (group
Iv).

The following drugs were used: phosphoramidon (Peninsula Lab.)
diluted in CSF; puromycin (ICN Nutritional Biochemlcal) dissol-
ved in saline oxr im C5¥ for i.p. and 1.c.v. administration res-
pectively; naltrexone (Endo Lab.) was dissolved in saline.
Statistical evaluation of the vesults was done using the Stu-—
dent's t~test. Intraventricular administration of phosphoramiden
(100-350 yug/2 wl) was follewed by a significsnt increase in no-
ciception scores cowpared with contreol rats. The most promounced
analgesic effect was observed 3D min after drug administration
and declined to normal walues after 60 min. Naltrexene pretreat—
ment (1 mg/kg 1.p. 30 min prior to phosphoramidon} cempletely
prevented the antinociceptive effect of phosphoramidon (Fig. 1).
No significant differences in intensity and duration of nocicep-
tion were observed within the dose range 100-350 Ug of phospho-
rawidon. Lower doses of phosphoramidon (25 and 50 ug) did not
affect nocicepricn.

Behavioural changes following phosphoramidon were multiple but
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mainly belonged to the category of maintenance behaviour (11).
Grooming (licking the fur, face washing and scratching) became
excessive in all animals during the first 5-10 wmin after I.c.v.
administration of phosphoramidon. The most prorounced element of
this behaviour was scratching. It started within 5 win, and
reached peak intensity of 10-12 scratches/min after 30 min and
lasted several hours. Wet—dog~shakes started within a few mine—
tes after d.c.v. adwinistration of phesphoranidon, reached a
peak of incidence of 15 shakes/min within 15 min and lasted a~
bout 100 min.

An additional and differearial behavioural element observed in
all animals was mounting behaviour in the absence of z female.
The onset of this remarkable change In behaviour occurred within
10 min after i.c.v. administration of the drug and lasted 2-3 h.

All behavioural phenomena were abolished or significantly redu—
ced by naltrexome (1 mg/kg i.p. 30 win prior to phosphoramidon).

500 Randall -Selitto pressure nNociception test
.z W < Control(n=22]
Ig mm~2) @ phosphoramidon (n=11}
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» 300
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Fig.l. Bffect of naltrexone (1 mg/kg) on phosphoramidon (350 ug
i.c.v.) antinociception in rats. The significant inerease
of the nociceptive threshold after phosphoramidon (*P <
0.001, Student's t—test) does not occur in rats pretrea—
ted with naltrexone. Nociception was determined by with~
drawal of the uninflamed hind paw from the pressure sti-
mulation (modified Randall-gelitto test).



=11k~

Purcomycie admialstration (7.5 mg/kg i.p- or 30 ug/15 ul over 90
sec f.c.v.) was not followed by any changes of behaviour or noci-
ception for a period of 5 h. No siguns of respiratory insufficien
cy were observed in this study.

The analgesic effect of phosphoranidon observed in this study is
probably due to a certain level of accumulated enkephalins which
ig the rvesulr of eakephalinase inhibicion. It seews that decrea-
se in enkephalinase activity by increasing the dose of phosphora-—
midon is minimal or does not occur and, therefore, is irrelevant
for nociception. This might explain the absence of a dose-respon—
se relationship in the range of 100-350 g phosphoramidon.
Phosphoramiden~induced increase of pain thresheld could be rela—
ted to the actlvarion of opiate receptors, since the opiate anta-
gonlst naltrexone abolished this effect. Analgesis Induced by
phosphoranidon was oot accompanied by siguns of respiratery insuf-
ficiency, which might be of importance when comparing with mor-—
phine~like substances.

The mounting behaviour which the male rats displayed after phos—
phoramidon is very intensive and supports the idea that braiz eno~
dorphins are possible medlarors of pleasurable states (17), whi-
le it is not in accordance with some other published data (7,
10)- Evidently this contradictory subject needs further detalled
Investigation In order to specify the role of endogenous opiloid
peptides in sexual behaviour and pleasurable states.

Another polot of interest after adainistration of phosphoramiden
is the intensive maintenance behaviour consisting of licking the
fur, face washing, scratching (grooming) and wet dog shakes. The
grooming was observed after morphine (8) and was more intensive
afrer oploid peptides (9). The biclogical significance of exces-
sive grooming is mnot clear. However, some authors have related
this behaviour to sexval excitement (2) which might be of inte-
rest, since mounting, an element of the copulatory behavlour,
was observed in this study.

Why animals shake 1s not known but the suggestion that this is a
form of adaptive behaviour aimed at maintaining a normal body

tenperature (18) is not generally supported (3). However, it is
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well established that one of the major signs of opilate withdra-—
wal 1is a.wet shaking (18). This behaviour cam also be induced by
acute I.c.v. administration of B-eundorphin (11} and by many
other physical procedures and non-opiate drugs (19). We observed
that (D-Alaz)wMetwenkephalinamide {DALAY— or & receptor peptide
(agonist of <d-opiate receptors)-induced wet dog shakes were al-
ways associated with epileptiform electrocortical EEG (*). Simi-
larty other authors have reported that boedy shaking evoked by
DALA was assoclated with electrographic seizures in the hippo-
campus (4). This might suggest that wet dog shakes are the beha-
vioural expression of the cemtral eplleptiform processes. Conse—
quently, the phosphoramidon—induced shaking might be resulr of
the fncreased neurconal excitability due to the gecumulated enke-
phalins, which are known as substances capable of inducing the
sefizure phenomena {5, 6).

Puromycin, a compound which deoes not significantly affect enke-
phalinase (16), did not alter either pain threshold or behaviour
in our experiments. This might indicate a specificity of changes

in nociceprion and behaviour afrer enkephalinase Inhibitioum.
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CHAPTER l4-
ENKEPHALINASE INHIBITION PREVENTED TOLERANCE TQ NITROUS OXIDE
ANALGESIA IN RATS

SUMMARY

Tolerance to unitrous oxide (N,0} antinociception was studied in
rats Iun accordance with the Randall-Selitto pressure neciception
test. Both N,0 (70X in 30% 02) and the relatively selective en—
kephalinase imhibitor phosphoramidon (350 wg i.c.v.), which
blocks the biotransformation of enkephalins, were administered.
They both induced a significant analgesic effect which vanished
within 45 min. The rapidly developed tolerance to N,0 analgesia
does mnot affect the anaestheric state since the anluals remained
motionless for the duration of exposure lasting 3 h. In the ani-
mals treated with the enkephalinase lohibitor phosphoramiden, no
development of tolerance to N,0-antinociception occurred during
the exposure lasting 3 h. The results indicate that tolerance to
N,0 analgesia can be abolished by activation of the enkephalin-
ergic system, which might suggest a possible insufficlency of
this system during tolerance to NZO'

Tolerance to antinociception, the anaesthetic effect and other
effects of nlitrous oxide (NZG) has been found both in animals
(1-5) and in humans (6). Development of tolerance to NZO ap—
pears to be a rapid process. In our experiments, the antinocicep—
tive effect of Nzo to pressure stimulation was not detectable
in the animals after 1 h of exposure ro this marcotic gas (7).
From the c¢linical peint of wview, tolerance to Nzo is an undesi-
rable phenomenon and its relevant importance in the field of hu-
man wedicine Iz not yet completely understood. Furthermore, a
wechanism controlling toleramce to the Nzo analgesic effect 1s
not yet fully wunderstood, dut the Involvement of an endogenous
opiate gystem has been suggested (2, 8). However, in contradic-
Pl
were not tolerant to wmorphime (9), and the oplate antagonists

tion of this theory, it was found that animals telerant to N

did not facilitate Nzo withdrawal seizures (10).

In an attempt to clarify further the involvement of the endorphi-
nergle system iIn tolerance to Nzo, we studied the relationship
between the development of tolerance to Nzo analgesia and in~
ereased activity of the enkephalinergic system. This was achie-
ved by using a relatively specific enkephalinase inhibitor, phos-
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phoramidon. This drug blocks the blodegradation of enkephalins
and coansequently potentiates the functiomal activity of enkepha-
Lins (11).

MATERIALS AND METHODS

Four groups of 11 male Wistar rats (125~150 g) were used. Sensi-
tivity to pain, 1.e. analgesiometric scores in g mmfz, were de—
termined according to 2 modified Randall-Selitto pressure noci~
ception test {(12). Accordimg te this rest, pressare stimulation
is applied to the back of the uninflamed hind paw until the rat
withdraws the paw. The cut~off stimulus was set at 500 g mmbz-
Rats which tolerated more thaa 150 g mm_2 during control measu—
rements were nol used. An intracerebroventricular (il.c.v.) admi-
nistration of 2 yl arcificial cerebrospinal fluid (CSF) did not
change nociception to pressure stimulation, which had beenx esta—
blished iz a pilet study. All tests were performed between 11.00
hours and 13.00 hours in order to avold changes in circadian
rhythms {13). Care was taken to keep experimental conditiecns con~
stant in accordance with the method previcusly described (14).
The anaesthetic state was defined as a N, 0-~induced loss of spon—

2
taneous motor activity.

Control group

No medication was given. Analgesiometric scores were measured at
exactly the same time iIntervals as used for all other groups,
f.e. at 0, 15, 30, 45, 60, 90, 120 and 150 min. Tests were per—

forned in =a plexiglass exposure box using an Ugo Basile analge—

siometer.

NEO group

Rats were caanulated intracerebroventricularly 10 days prior te
testing {see phosphoramidoz group). 2 pul of CSF were injected
prior to exposure of animals to 70% Nzo and 307% 0,- Analgesio=
metric scores were recorded according to the scheme described

for the control group.
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Phosphoranlden group

Ten days before exposure to NZO’ these Tats were caunnulated in—
to the left lateral cerebral veuntricle in acecordance with the
Rezek and Havlicek method (15) under a urethane anaesthetic. Af-
ter recording basal analgesiometric scores, pheosphoramidon 350
g in 2 Ul CSF was injected into the ventricle and analgesiome-—
tric scores were agaln determined (see contrel group) whilst the

rats were breathing air in the exposure box.

Phosphoranidon and N0 group

Rats in rthis group were cannulated 10 days before the test. Af-
ter the basal nociception test, phospheramidon 350 ug In 2 Wl
CSF was 1injected i.c.v. and the animals were put into the expo—
sure box to breathe 70% NZO and 30% 0, Analgesiometric scores
were determined at the same time intervals as in the control
group.

A dose of 350 Mg phosphoramidon was selected since this substan—
ce affected mnociception in a dose-related mamner in a range of
100-500 Hg L.c.v.. In all groups changes of behavlour were recor—
ded. The results of the znalgeslometric measurements of the test
group were compared agaiwst those of the contrel group for the

significance of difference, using Student’s t-test.

RESULTS

Control group

The average analgesiometric score was 130 + 18 g o™ (Fig-1).
When reaching this pofar, the rats vigorously withdrew their paw
from pressure stimulation. The scores at the fourth and fifth ti-
me intervals had a rendency £o decrease slightly, which might be
due to the conditioning of animals te the test procedure.
Seusitivity to pressure nociception in this group was mot alter—
ed significantly during the test period from 11.00 te 13.00

hours.

Ezg_groug
The antinociceptive effeert of 70 NZO to pressure stimulation
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reached a maximum after 15-25 min. It theun rapidly decreased and
approximated the contrel values after 45 min (Fig.l). The rats
displayed very active bBehaviour during the first 15 min and then
gradually becane anaesthetized, f.e. motionless. After 45 min ex—
posure o Nzo, there was Jlittle activity in the box and this
situation c¢ontinued until the end of the 3~h test. These fin—
dings are equivalent to those determined previously, where only
Nzo 70% was administered (7).

5007 - @ control nociception

o phosphoramidon + NZO
= N20 alene (70% « 303 0,)
A phosphoramidon

300

200

a
analgeslometric scores (AMS) g
.

1007

T T T =
¢ 3¢ &0 a6 120 150
time {min)

Fig-1.

The effect of phosphoramidon on the analgesic activity of ni-
treous oxide in ratg. AMS: analgesiometric scores for pressure
noclception (g mn ~; Randall-Selitto pressure noclception

test). Phosphoramidon was given lutracerebroventricularly (350
1z in 2 yl avtificial ligquor) immediately after 0 anin measure—
ments. Nitrous oxide was mixed with oxygen (70:30, veolZ). Each
polat tepresents the mean + s.e. mean fer 11 rats. Student's
r—test was used to calculate the significance of the difference
between the test groups and the contrel group (**p < 0,001; *P<.
0.05). Note thar phosphoramidon prevented the development of to—
lerance to NZO analgesia.

Phosphoramidon group

Fifteen min after administration of phosphoramidon, 350 ug
i.c.v., there was a significant increase ia nociception scores

(225 + 12 g mm—z) as compared with the control group. This an



~121-

tinociceptive effect persisted for 30 mln after i.c.v. injecticn
{217+ 15 g mm—z) but was abseat after 60 win and thereafter.

Behavioural changes caused by phosphoramldon lntracerebroventri-
cularly included hyperactivity, excessive grooming and copulato—

ry activity.

Phosphoramidon and N.0 group

When phosphoramidon (350 Vg intracerebroventricularly) treated
animals were exposed to Nzo, an intense anfinociceptive effect
was observed after 15 min (448 + 35 g an "). This cffect was
significantly wore inrense {P < 0.05) compared with the effects
of phosphoramidon or Nzo given separately. This antinociceptive
effect then decreased slightly to values which are similar to
peak N20 antinociceptive effects. They remained significantly
higher than NZO analgeslic scores at ldentical time intervals
(see Fig. 1). No tolerance to this analgesic effect was detected
during the 3 h of exposure. Rats Iun this group were actlve aund
not anaesthetized, indicating that wmotor activity was unaffec~

ted, as was the case when only Nzo was administered.

DISCUSSION
The results of this study indicate that administratlon of the en-
kephalinase inhibitor phosphoramidon potentiates the Nzo antl-

neciceptive effect and prevents the development of tolerance te
NZO analgesia. This effect is probably duve to the activatiom of
the oplate system, since the analgesic effect of phospheramidon
is completely reversible by naltrexone (16). It is of interest
toe note that acutely developed tolerance to NZO (occurring wit=—
hin 45 min) was oot assoclated with tolerance to the Nzo anaes+
theric effect, since the animals remalned motionless for the
duration of the 3~h-long exposure. Similar dissociation of N,0
antinociceptive and anaesthetic effects has also been observed
in humans (gee Chapter 13).

Two basically differeat wechanisus, both involving the endoge—
aous oplate system in the development of tolerance to ¥,0 anal-

gesia, have been considered. Firstly, changes at the presynaptic



=122

level resulting in a decreased release of endorphins (2). Second-
1y, the postsynaptic alteration of opiate receptors, such as de-
crease of oplate receptor demsity during prolonged exposure to
NZO (8.

Our results suppert the view that the endogencus oplate system
is dnvelved in the developwent of tolerance to Nzo analgesia.
It may be suggested that Insufflcieacy of the endorphinergic sys—
tem is probably the maln factor causing tolerance to Nzo anal-
gesia, since the activarion of this system abolishes development
of tolerance. However, this study does not completely resolve
the fundamental dilemma of establishing which part of the synap-
se, (presynaptic or postsynaptic) is iuvelved during tolerance
Lo Nzo analgesia. It 1s evident that increased funcrional acti-
vity of rthe enkephalinergic system which follows the intracere-
broventricular administration of enmkephalianase Imhibiror may com—
pensate for the suggested insufficiency of both, either release
of enkephalins or deunsity of post-synaptic opiare receptors.

The observation that nelther of the twe antagonlsts, naloxone
and unaltrexone, modified the severity or duration of the nirrous
oxide withdrawal seizure (10) might not necessarily contradict
our statement that endogezous oplefids are involved in tolerance
Lo the NZO analgesic action. There is evidence that rolerance
and physical dependence in certain circumstances can be dissocia-
ted and mwmay not necessarily be a unitary phencomenonr. For exam—
ple, a highly opiate-rolerant vas deferens of the mouse falled
to display aay sign of dependence as judged by the ifnability of
naloxone to precipitate a wirthdrawal sign (17). The possible
link between physical dependence on N20 and the oplate mecha-
nism could be demonstrated by the fact that withdrawal convul-
sions in nmice, which had been acutely exposed to Nzo, were sig—
aificantly attenuated by an enkephalinase inhibiter (18).

Another possible argument against the involvement of endogenous
opicids in tolerance te N20 analgesia, might be the observation
that animals tolerant to NZO are not tolerant to morphine (9).
However, the absence of cross~tolerance is not bilateral since

the rats with a developed tolerance to morphine showed a decrea—
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sed analgesic responmse to N2° (9). Evidently, an observation of
this unfique wunilateral cross-telerance is not a strong argument

against the hypothesized link between the tolerance to Nzo anal—-
gesia and endogencus opiates.

We have thus established the fact that by using 2n enkephalinase
inhibitor (phosphoramiden) it is possible to abolish tolerance
to the Nzo analgesic effect. This, in turn, raises the question
ag to whether tolerance to other substances, in particular opia-
tes, could also be modeulated by enkephalinase inhibitors. More—
over, the porentiation and prolongation of the NZO analgesic ef-
fect 1a clinlcal anaesthesia might well be achieved. Additional
studies are required to find an answer to these questicns which

are of both fundamental and c¢linlcal importazce.
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CHAPTER 15.
TOLERANCE TO NITROUS OXIDE IN VOLUNTEERS

ABSTRACT

Nociception and loss of awareness during exposure to anaesthe—
tic concentration of nitrous oxide (W, 0) were studied in eight
male medical students. Cold water nocicéption test, where a hand
i1z Immersed in 0O C stirred water, was used for measurement of
nociception. At irregular Intervals an avditory command was gi-
ven to oppose twe fingers and this served to monitor conscious—
ness. The selected inspiratory concentration of N,0 used per in-
dividual was sufficient to iInduce a loss of cofisciousness for
more than 2.3 min, within 10 win of exposure to N, 0. This con-
centration of Nzo varied from 60% to 80%. The experimental expo-
sure to W,0 lasted 3 h. In all volunteers significant antinoei-
ceprion waS obgserved within 2 min of exposure to W,0. The maxi—
mal analgesic effect was observed between 20 and 307min of expo-
sure to WN,0. The analgesic effect of N,0 gradually decreased
and was absent in all eight veolunteers within 150 min. Two volun—
teers regained consciousness at 77 and 91 min of exposure,
whilst still breathing 60 and 80% N,0. These results show that
tolerance to antinociceptive effects of W,0 in man rapidly deve-
lops and that awareness may occur in sowme volunteers during pro-
longed exposure to NZO.

Tolerance to various effects of NZO has been established in ani—
mals using different experimental models (1-5). The time necessa—
ry for development of tolerance to various Nzo—effects was
found teo be in range of 10 min te 2 h. We found that various ac—
tions of Nzo in rats are dissociated and follow thelr own time
course: for example rolerance to the analgesic effect of Nzo
was evident within 1 h, while tolerance to the behavioural ef-
fects of NZO occurred after several hours to 1 day (6). It has
been reported that, with respeet to analgesia, some "adaptationm

0
2
may occur in some subjects (7). However, nc clinical data have

of the- nervous system™ re a constaat (low) concentratiom of N

been provided se far to classify the relationship between the
length of exposure to anaesthetic concentrations of N20 and de—
velopuwent of complete tolerance to antinociceptive and anaesthe—
tic actions of this gas. Thus, the aim of this study was to
deternine the time interval necessary for development of tole—
rance to the effects of Nzo in man. Thevefore, am interdiscipli-

nary triple e¢linical study In human volunteers was designed to
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register the changes in the antinociceptive, anaestheric and
electrocorticographic effects during a prolonged exposure to

NZO. These data oan tolerance to N20 are essential for uuder-

standing of the anaesthetic state during N20~anaesthesia in
clinical medicine.

VOLUNTEERS AND METHODS

Volunteers

8 male medical students, who were selected from 40 students fn-
volved in preliminary instructio=m, were 24.2 + 0.7 years, weigh-
ing 69.1 + 2.9 kg and free of anammestic or acute health ail-
ments. They volunteered to participate in this clinical study af-
ter detailed theoretical and practical instruction related ro
all aspects of Nzo—anaesthesia. Ounly well-informed subjects who
volunteered on the basis of scientific curiosity were allowed to
participare in the fnvestigation.

Minimal effective concentration of N,0 (W,0-MEC).

Measurements were performed between 10.00 and 14.00 hours. We u-—
sed the lowest NzohinSpiratory concentration which resulted in
objective Ioss of consclousness of more than 2.5 minutes, within
10 winutes. This concentration was called NZO—MEC and it was de—
termined individually one week before the 3-h tolerance test.To
derermine the N,0-MEC, the subjects breathed 40% N,0 im 0,
for 10 min while the medical psychelogist tested their awareness
and ' ability te respond to a command to approach the middle fin-
ger to the thumb of the right hand. The commands were taped, at
irregular rime Intervals and agalnst white noise. When the sub-
ject countinved responding after 10 minutes, the concentratiom of
N20 was increased every 10 mnin by 10% until complete loss of
consciousness was achieved. The maxinal NZO-MEC in this study
was 80%. The ear-phone commands for motor reactlon of the right
hand were delivered at irregular Intervals ic order to aveld con-

ditioning to the stimulus based on regularity.

The N,0-tolerance test followed 1 week after the determination
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of the N,0-MEC and lasted 3 h. This duration was chosen because
it is about twice the average duration of amaesthesia Iin a typi-
cal large hospital in the Wetherlands. The practical reasoning
behind the period was that it is Impertant te kmow whether a sub~
ject can become tolerant o the anaesthetic and analgesic ef~
fects of W,0, but it 15 even more important to kanow wherher
thiz {is 1likely to happen wirhin the limits of the average dura-

tion of clinical Nzo-anaesthesia.

Before¢e the performanmce of Nzowtolerance test, the electrocorti-
cogran—(ECoG)—electrodes were attached to the scalp, the ear—
phone was tested, an intravenous cannula was placed and kept pa—
tent. The volunteer was comfortably placed on an operating table
and all safety measures which are usual for anaesthesia, were
respected. The wvolunteers had not eaten or drunk for at least 8
h before the test. After these precautiouns, the previously indi-
vidually established NZG-MEC was applied.

The exposure to the NZO—MEC was planped to last 3 h, or until
the moment whern the subject would become fully and adequately re—
spensive to stimuli while still breathing Nzo—MEC- After the
end of the experiment the volunteers were asked to rest for 2 h
and were then taken home. In addition, they were asked to make a
written record of the whole experilence together with observa—
tions durfng the first few days following the study. Im particu-
lar, we inquired about sleeplessness, psychological phenomena,

malaise and nausea or vomiting.

The nop-return amaesthetic syster which we used was equipped
with ©we vreserve balloons with a capacity of 15 1. This enabled
us to administer the gas smoothly, also during oc¢casiomal excita-—
tiog~hyperventilation, while keeping the flow of fresh gases at

approximately 12 1 win L.

Cold water nocleception test (CWNT), also called the cold water

immersion pain test or cold pressor pain test, was performed in
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accordance with a previously established method (8). Shortly af-
ter the 2.5 min of unconsclousness had been established, we tesg—

ted the subjects for rtheir reaction te ilmmersion of the left
hand and underarm into 0°C-cold—stirred water. The normal sem—
sitivity of subjects ro the CWNT had been determined ten days
earlier, at 11.00 h. The cut-off time for the CWNT in our expe~-
riments was 300 5. This experimental procedure did not result In

any damage to the immersed tissue.

The CWNT was performed first at 2 min of the inhalation of the
W,0-MEC and then at 5, 10, 15, 20, 30, 45, 60, 75, 90, 120, 150
and 180 minutes during exposure to NZO'

Electrocorticogram. The ECoG was recorded for an EEG spectral
0. Beha—

analysis before, during and 1 h afrer exposure to N2

vioural signs were recorded at the same time.

With respect to its objective and the set-up, the study was ap~
proved by the Ethics Committee for Experimentation on Human Be~
Ings of the Medical Faculty of the Evasmues University, Rotter—
dam.

RESULTS
CWNT. The perception of intense paln during the Immersion of the
hand into stirred 0%C-cold water 1in our volusteers breathing

alr, oeccurred within 24.6 + 4.5 s (mean + s.e.mean; n=3).

EZO—MEC- The average mirimal iInspiration councentratlon of Nzo
in 02 which caused objective uncensciousness within 10 wmin was
70%. Two subjects required 60%, two 80% and four 70% N20 in
a,-

AIl subjects were ammeslc for commgnds while breathing the N,0-
MEC. They all had the individual experience that no time passed
while they were breathing NZO—MEC which may be congldered asz a

retrograde confirmation of subjective unconsciousness.
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Nociception duriag the 3~h exposure to the N _0-MEC. While the

subjects were breathing the individual NZD-MEC their hand was

immersed iIn the 0°C-cold and stirred water. The volunteers re—

sponded by withdrawing the arm. The withdrawal was occaslonally

T Y v 3 v
wrienwn » - W W me e
Enjrore o K0 )

Fig- 1. Noclceptive effect of N,0 in eight velunteers as
measured by the cold ua%er nociception test {CWNT).
The subjects were breathlng the individual minimal ef-
fective concentration of N,0 which, within 10 ainutes,
caused a loss of consclousness for 2.5 min or longer.
Each peint represents the mean + s.e. mean for eight
volunteers. Note the rapld Increase of N, 0-antinocicep—
tion, witkh the maxdmum at 20-30 win aftef exposure to
N,0 and the development of complete toleramce to this
eifect within 2.5 h. Values for the CWNT from 2 min te
120 min of exposure to N,0 are signlficantly different
from the ceatrol values it O, 150 and 180 nin of expo-
sure to NZO {Student's t—test; P < 0.001).

accompanied by motor or autonomic changes (see Side effects). Inm
five immersions no response was scen to the immersion and the no—

cistimulation was stopped at 300 sec.

A significant prolongation of the CWNT was observed after 2 uin
exposure to NZO—MEC (Fig. 1). The interval between immersion

and wirhdrawal rapidly increased and was maximal between 20 and
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30 min of exposure to NZO- At 45 min the mean of the CWNT was
significantly less than at 30 min, although it was still signi-

ficantly higher than the control value of the CWNT (Fig. 1). At
this stage of exposure, the CWNT approximated the control wvalue
in two volunteers.

The antianociceptive effect of Nzo then gradeally decreased and

reached the control value at 150 min after the exposure to N, 0~

2
MEC, in all volunteers.

Awareness during exposure to the N,0-MEC. In the assessment of

unconsciousness, fluctwatious im non-responsiveness to verbal
commands was noticeable. Two of the eight volunteers regalned
conscilousness while breathing the NZO-MEC, at 77 and 91 wina,
respectively. They resumed aunswering the ear—-phone commands and
correctly calculated and answered questions. No signs of exci-
tation or vivacity preceded the arousal and they remained calm,
as 1f the Nzo-sedative effect persisted at that stage. The ex-
pesure to N20~MEC for these rtwo volunteers was discontinued at
90 and 110 win, respectively. The six other voluateers did not
regaln consciousmess within the 3 h of exposure to the indivi-
dual NZO—MEC- Six subjects were completely amaesic for the
whole exposure to Nzo and twoe for the period preceding their
regaloning awareness under the Nzo—MEC.

Side-effects. Unco—ordinated wmovements of the non—immersed arm
or head and signs of general motor excitation occurred a few ti-
mes. Disturbances of the heart rate and breathiamg pattern were
comwon. Breath-holding or hyperventilation was most pronounced.
The occurrence of tachycardia or bradycardia accompanied the
CWNT bur this was unpredictable. Vomiting wasz not observed until
the 45-min exposure to Nzo whereupon 1t occurred occasionally,
often together with the nocistimulation. When unecessary, the veo-
mit was suctioned from beneath the mask which was kept iun place

1n order to ensure a coustant conceatration eof inspired gases. -

The swallowing and coughing reflex remained well co-ordinated
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and efficiently active at all times, and no laryngospasm was ob~
served during rthe whole study. Sweating occurred occasionally

but ceased without requiring any specific measures.

After effects of the Nzo were also observed. Nausea was obser—
ved 1n six of eight voluateers bur it lasted the whole afternoon
in only 2 cases. During the withdrawal of HZG, all volunteers
reported feeling cold and had “goose-pimples” on the skin, al-
though the rectal temperature was not decreased. These signs, si—
milar to those of the oplate withdrawal syndrome, gradually dis-
appeared within 2-3 h. Sleepiness, which was accompapied by ti-
redness, was common, although two volunteers proceeded with
their dally activities 2 h after the end of the study. Headache
was reported by three subjects; in one it reacted well to aspl-
rin. Two subjects reported "finme feelings™ during the 3~h recove—
ry period. Twe subjects reported feelings of "déjd vu”, a sort
of flashback for 3 days, especially when they were tired. Bow-
ever, these feelings were mot bothersome. Ammesia for the first
N20~Withdrawa1 hour was established in 6 volunteers who brea-—
thed N,0 for 3 h. N,0-withdrawsl ammesia was not convincing ia
the two subjects who regained consciousness while they were
breathing NZO'

Acceptabllity of the test was good. Only two volunteers explicit—
ly stated that they would not like to repeat the test.

DISCUSSION

In this study, rolerance Lo Wzowinduced antinociception in wman
developed within 150 =min. Tolerance ro the anaesthetic effect
developed in two volunteers within 2 h of exposure to Nzo.

In measurements of the autimociceptive effect of rather low com—
centrations of Nzo‘on hypoxic and pressure pain, it was noticed
that “some adaptation of the nerveous system” occurred (7). The
authers did not conslder thizs phenonenon te be tolervance and

they made no effort to measure all aspects of this phenomenon in

funczion of time. Other authors have suggested that the post—
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anaestheti¢c unrest could be attributed to the N20 withdrawal in
a patient who became tolerant to the effects of this gas (9,

10).

For a «clinicilan, the most relevant information from the present
study 1s that a prolonged exposure to Nzo results firse in an
Increasing analgesic stare, reaching z maximum between 20 and 30
min. The situation changes duriag prolonged exposure to NZO sin~-
ce complete tolerance to NZO analgesia may develop between 45
and 150 win. It might be expected that tolerance to N20~iuduced
analgesia would dInfluence the course of a prolonged surgical
Nzo anaesthesia In man. However, In clinical circumstances the
situation is very complex simce various other agents are being
used 1o addiclon te NZO' Furthermore, it is known that stress—
analgesia may be an important mechanism during surgical procedu—

res which could mask the decreased Nzo analgesic potency.

The mechanism of tolerance to Nzo—induced analgesia 15 not
known. However, it was suggested that exposure to NZO Tesults
in a decrease eof opiate recepter density {11) which might ex—
plain the development of toleramece to N20~induced antinocicep-
tive effect. It is not clear whether this is the only phenomenon
responsible for tolerance to Nzo—analgesia, since tolerance to
N,0-antinociception in rats has been prevented by Ilnhibition of
enkephalinase (12). This, in twrn, might indicate an impalred

release of eadorphins during Nzo—induced rolerance.

The preseut data Indicate that awaremess during surgery and Ny 0
anaesthesia is possible. Indeed, recently the view was put for—
ward that ome should expect awareness duriag surgery, assuming
in all cases that the patient may be aware (13). In particelar,
this is implied by cur fiudlng that two of eight volunteers star—
ted to vespond adegquately to extevnal stimulil after 77 aad 91

min of exposure to the N,0-MEC.

2
Anaesthetized patients may perceive stimuli during prolonged

Nzo anaesthesla and may be able to remember them. Tn accordance
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with such a state of affairs during anaesthesia, it has been em-
phasised “that everyone in the operating room must be mindful of
conversations during the course of anaesthesia regardless of the
drugs employed™ (14). However, the duration of exposure to NZO
which would allow all subjects to regain consciousness while

still breathing Nzo remains uncertain.

The observation that all the volunteers started re show retching
or vomiting signs during exposure to N20 needs further attenm—
tion. Tn a eclinical sitwation, where patients underge some de—

gree of pain, nausea ascribable to Nzo seems to be rather rare-

In conclusion, it may be sald that although the mechanism of to-
lerance to NZO in man remains uncertain, it is of clinical im-
portance to emphasize that tolerance to N, 0-induced analgesia

2
develops within &5 min, and complete tolerance to the anaesthe~

tic effects of Nzo may occur in some cases within 2 h afcer the
start of exposure to NZO—MEC-
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CONCLUDING REMARKS AND SUMMARY
The present thesils is chiefly concerned with disturbances during

recovery from anaesthesia. This area has been poorly studied. Me-
dicine has tended fo leave the patient's well-being during the

pericd of "recovery” to the powers of nature.

At omne time, anaesthetists considered anaesthesla as a good sur—
rogate for sleep. It has proved to be notoricusly difficulr to
ergdicate this simplicism because it offers a veadily understan—
dable, if misleading, explanation of the action of amaesthetic a—
gents. Such thinking is even perpetvated in the standard pharma—
cological wvocabulary. For example, it is known that no drug or
technique has been found to Induce a state of natural sleep, yer
we still ctalk about "hypmotics”. Ought an anaesthetist, then to
promise his patient that anaesthesiz will be "just like a plea—
sant sleep”™? It is doubtful to what exteat contemporary anaesthe-
sia, ertoneously Iikened to invigorating sleep, is really safe.
That most illustrious anzesthesloloegical professional society,
the Association of Anaestherists of Great Britain and Ireland,
displays a mnoble coat of arms with the motto "Ig somnc securi-
tas™. There are occasions when one 1s inclined to put a question
mark after this statement. Fortumately, it is understoed nowa-
days that a good anaesthetic should be less of a pharmacological
ﬁanipulation which depresses vital functiops and more of a maim-
tenance of normal physiological functions in terms of optimal
body ‘homeostasis. Im other words, an anaesthetie based on pre-
serving, restoring and supporting the functioning of the body
will probably more closely resemble a pleasant sleep than the
classical “borrow'd Ilikemess of shrunk death”™ (Shakespeare,
Romeo & Juliet, Act IV, Scene 2, 1line 104).

With this aim in view, ome must know how anaesthetic agents act,
on the one hand, and how the central nervous system reacts to
them, on the other. Close observation of our patients before, du-
ring and after anacsthesia will Identify inadequacles inm our

treatment or understanding of phenomena. These may, Iin turn, be
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remedied by diligent clinical or experimental research, te the
benefit of both the patient and the profession.

Treatment of the ceuntral anticholinergic syndrome with physostig—
mine, as described in this thesls, resulted in safer conduct of
the patient through the Immediate postavaesthetic period. Fur—
ther clinical observations indicsted that physoestiguine probably
possessed analgeslc properties. This has been confirmed in seve-
ral investigations. It alse becare evident that physostigmine
can antagonize oplate—induced resplratory depression without In—
terfering with the analgeslc action of the oplate. This action
is based on restitution of the sensitivity of the respiratory
centre to carbon dioxide, a property of physostigmine now often
used in the treatment of postanaesthetic resplratory depressicu.
The same actiom of physostigmine also proved bemeficilal in the
treatnent of the respiratory depression ¢aused by heroin overdo—
se. A remarkable feature of this treatment was the abgsence of
the acute oplare withdrawal syndrome which is such a horror to
oplate addicts when oplate antagonists are vsed for treatment of

an overdose.

The use of physostigmine during recovery from anaesthesia resul-
ted in a shortening of the period during which intense observa—

tion was needed. This is alsc desirable on ecomomic grounds.

Knowledge of the c¢entral anticholirnergic actior and its treat—'
ment has been wuseful in other therapeutic areas than anaesthe—
sia. TIntoxications can be differentlally dlagnosed more quickly
and, din cases of pradomimantly central anticholinergic actiom,
aetiologic treatment can be instituted. Another area for the the—
rapeutic use of physostigmine Is the group of presenile demen—-

tias, Alzheimer's disease being the best known example.

It has been observed that anaesthesia and surgleal stress, sepa~
rately or together, may impalr the elderly patlent's cognitlve
function and mental performance in general. It may take weeks or

months before such a patlient recovers. However, we have seen In



-137-

practice that elderly patients receiving physostigmine through~
out anaesthesia are less likely to suffer from postanaesthetic
decrease in mental ability (enpublished). Tt appears also that
continuous administration of physostigmine during anaesthesla
does mnot Interfere with the action of individual drugs and
certainly does not modify cthe anaesthetlzed state. Im rthis area,
further vresearch Is urgently needed to establish whether general
angesthesia way be a cause of diminished mental performance or
even result iIn an Alzheimer—-like state, and to find out how to

avoid this, or how best to treat it should it occur.

Further research in the area of the analgesic properties of phy-
sostigmine 1s also of ilmportance. It may result In the develop~
ment of drugs with potent antimociceprtive action but devoid of
the inevitable respiratory depressive effects of oplates.

At first sighr, the Iink between the actiouns of physostigmine
and the effects of nitrous oxide zs described in this thesis may
not be obvious. However, in the course of differentiating and
treating the signs of central cholinergic blockade, it was seen
that the rhytimic convulsant type of disturbances, usuvally ac¢om-
pagied by cold-turkey skin appearance, only partially responded
to physostigmine. It was concluded that this disturbance may not
be wholly due to the cholinergic blockade. Further analysis of
thiz clinical picture showed that the culprit was probably ni-
trous oxide: to be more precise, withdrawal from nitrous oxide.
Readministration o¢f subanaesthetic concentrations of wnitrous
oxide to such patlents during recovery from gnaesthesia promptly
abolished the rhythmic comvulsant state. Meperidine was also
very efficient for this treatment. This oplate withdrawal-like
clinical state was discussed in the light of laformation that
the analgesic action of nltrous oxide is primarily a result of
Lts interference with the endorphinergic system. It has been sug=-
gested rthat the consciousness~decreasing effect of nierous oxide
is also in part due to interferenmce with the ecundorphinergic sys—

tem, but no conclusive evidence has been brought forward.
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Several experimental models have been developed for analysis of
the above ¢lindcal observations. In a study of aitrous oxide
withdrawal in mice, we showed that the chelinergic aad endorphi~
nergic central nervous systemws are both inmvoelved in the reactionm
to withdrawal of nitrous oxide. Oplate ageunts and physostignine
both decreased the symptematology, while in certaln circumstan-
ces oplate antagomists promoted the predisposition to conval-
sions.

The principal experimeatal model wused in our study of nitrous
oxlde actions was rats during short and prolonged exposure to ni-
trous oxide. Amalgesia and the behavioural anaesthetic state we-—
re primarily studied. It was found thar tolerance te nitrous oxi-
de analgesia in rats develops rather rapidly and may persist af-
ter withdrawal of the animals from the gas. Behavioural changes
in rats exposed to nitrous oxide proceed from the initlial excitva—
tion into the “anaesthetized state™ but the rats eventually resu—
we thelr normal behaviour in spite of continuing to breathe ni~
trous oxide. This may take as long as flve hours, whereas the an—
tingciceptive effect may 1last no more than an hour, which con~
firms the notlou that various effects of nitrous oxide run an in-
dependent course and may partly or wholly depend on interaction

with various central nervous system mechanisms.

At present, a major difficulty in the study of the effects of ni-
trous oxide, and of other gases as well, is the lack of standar—
dizaticn of the experimental enviromment of exposure Lo gases.
Consequently, comparison of measurements from different studies
of the effects of gases 1s unreliable or impossible. The esta-
blishment of standards for experimental exposure to gases (humi-
dity, mnoise, temperature, eliminatfon of irritating gaseous com~
pounds, ete.) is badly needed, and it may prove to be essential

for progress ia this scientific field.

With the establishment of mweasurable tolerance of rats to ni~

trous oxide analgesia, the question arose how to prevent this ef~
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fecer, which obviously is unwelcome when extrapolated to human an-
aesthesla. On the basls of data that nitrous oxide analgesia de—
pends on interference with the endorphinergic system, we specula-
ted that inhibltion of enkephalinase may prevent development of
tolerance to nitrous oxide analgesia.

Phosphoramidon, a selecrive enkephalfnase inhibiter, was chosen
and we described fts analgesic and behavioural effects. When gi-
ven o rats before exposure to nitrous oxide, po development of
tolerance te analgesia was seen. This finding is of Importance
as it eliminates the undesirable phenomenon of the development
of tolerance to nitrous oxide analgesia during asaesthesia. As

such, it may have far reaching clinical implications.

The fundamental dilemma of establighing which part of rthe synap-
se (presynaptic or postsynaptic) is involved during tolerance to
nitrous oxide analgesia, 1is uot yet completely Tesolved. It is
evident, however, that Increased functiomal activity of the enke—
phalinergic system which follows the intracerebroventricular ad—
minlstration of the enkephalinase Inhibitor may compensate both
for insufficlent release of enkephalins and for changes In den~
slty of postsymaptic oplate receptors.

It is concelvable that a drug will be developed for i.v. use in
man which will penetrate into the brain and potentiate the ef-
fects of niltrous oxide, at the same rime preventing the develop—
ment of tolerance to them. In this area of grear social and eco—
nomic importance, nlitrous oxide may significantly contribute to
the . understanding and treataent of addiction. Further research
must  be encouraged In view of fnadequacies {n the present treat—

ment of addicrion—disease.

A  further investigation Into the properties of nitrous oxide was
performed on volunteers with the aim of obtalnlng very essential
information for the clinmiclan on the development of tolerance to
this gas in man. Data were ascertained for the interval aeeded

before bumans develop tolerance to the antinociceptive effect of
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nitrous oxide In the cold water immersion test. It was also esta—
blished that complete tolerance develops to the anaesthetle ef=-

fects of nltrous oxide. The latter, however, takes much longer
than the former. The information provided by this study will
doubtless contribute to a more rational conduct of clinical an-

aesthesia.

The fact that nitrous oxide may sbolish the oplate withdrawal-
like staté after anaesthesia may be of importance in yetr another
area in dire need of therapeutic progress - treatment of addicri-~
ve states. Indeed, nitrous oxide has already been used fn the
treatmeat of withdrawal from oplates and alecochol. Moreover, furu—
re investigations may show whether it is possible to induce anti—
noclception to surgical pain only by reinforcement of the endor—
phinergic system. Results of such regearch may change rhe pre—
sent role of (exogenocus} oplates in medicine. Undoubtedly, we
shall also learn more about the mechanism(s) of anaesthesia as
it has already been shown that (exogenous) endorphins may induce

not cnly antinociception but also an anaestheric state.

To conclude this review essay, it may be said that we live in an
age of nany discoverles but without epochal discoverers. Sclence
is based on interdisciplinary search for facts and information.
In avaesthesioleogy, too, immense progress has been made by a mul-
titude of tiny steps aand thrusts. "Definite truths”™ fade away as
new laformation becomes available. Nevertheless, who can imagine
a consclentious anaesthetlst treating his parients oanly with an
impressive array of electronle paraphernalia, or with a pre—
nixed withces' brew of drugs, without any persenal invelvement
in what he 1s delng? There can be no progress in the field of
anaestheslz without genuine concern for the welfare of the pa-
tient. The present work, then, is the modest effort of an anaes—
thetlst aiming to improve the general well-being of those who

entrust their Lives to him.
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AFRONDENDE OFMERKINGEN EN SAMENVATTING

De onderhavige dissertatle heeft wvoornamelijk betrekking cop
stoornissen kijdens de therstelfase na alpgemene anesthesie. Op
dit gebled zijn nog weinig navorsingen gedaan. De medische weten—
schap was geneigd het welzijn van de pati¥nt gedurende deze

fase over te laten aan de natuurkrachten.

Vroeger beschouwden anesthesisten amesthesie als een goed vervanm
gingsmiddel voor slaap. Het is gebleken, dat het hieel erg moei-—
1ijk 1is deze simplistlsche denkwijze uit te wissen, omdat het
een gemakkelijk te begrijpem, maar misleidende, verklarimg bledt
voor de werking van verdovende middelen. Deze manier var denken
is =zelfs vastgelegd in het gangbare farmacologische woordge-
bruik. Het 1s bljvoorbeeld bekend, dat geen medicijn of procé-—
dé om een staat van satuurlijke slaap teweeg te brengen, is out-
dekt maar toch sprekem we nog van “slaapmiddelen”. Zou een
anesthesist dan aan zijn patiént wmogen beloven dat anesthesie
net zoiets 1is als een aangenaam slaapje? Het is te hetwljfelen
of en tot op welke hoogte de hedendaagse anesthesle, foutief ver—
geleken met slazp, werkelijk wveflipg is. Het zeer vermaarde
anestheslologische gencotschap, the Association of Anaesthetists
of Great Britain and Ireland, wvoert een edel blazoen met het
motto “Im somno securitas™. Er zijn momenten, waarop men geneigd
iz een vraagteken achter deze wuiltspraak te zetten. Gelukkig
wordt tegenwoordig begrepen dat een goede aneéthesie minder een
farmacologische handeling moet zijn die de vitale funkties ver—
laagt, maar meer een handhaven van de normale fysiologische funk—
ties ten opzichte wvan optimale lichaamshomeostasis. Met andere
woorden, een anesthesie gebaseerd op het behouden, het herstel-
len en het ondersteunen van de lichaamswerking, zal waarschijm—
lijk meer lijkem op een aangename slaap dan het klassieke
“borrow'd likeness of shrunk death™ (Shakespeare, Romeo &
Juliet, acre IV, sc@ne 2, regel 104).

Met dit doel voor ogen moet men enerzijds weten hoe werdovende

middelen op de pati¥nt werken en anderzijds hoe het centrale
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zenuwstelsel daarop reageert.

Een nauwkeurige observatie van onze patidnten v65r, gedureande
en na aresthesie, zal de tekortkomingen Iim onze behandeling vast—
stellen en zal ons het waaraecembare doen begrijpen. Deze zouden,
op hun beurt, verholpeun kunnen worden door toegewijd klinisch en
experimenteel onderzoek in het voordeel wvan zowel de pati¥nt

2ls de professie.

Behandeling wvan het centrale anticholinergische syndroom met fy-
sostigmine, =zoals beschreven in dit proefschrift, heeft een vei-
liger %begeleldinog van de patiZnt gedurende de comiddellijke wer-
koevertijd tot gevelg gehad. Verdere klinische waarnemingen toon—
den aan dat fysestigmine waarschijnlijk ook analgetisch werkte.
Tit is bij verschillende onderzoekingen bevestigd. Het werd ook
duidelijk dat fysostigmine een door opiaten vercorzaakte ademba-
lingsdepressie kan antagoniseren zonder afbrevk te doen aan de
analgetische werking wvan opiaten. Deze werking Is gebaseerd op
het herstel van de gevoeligheid var het ademhalingsceatrum voor
kooldioxide, een eigenschap vanr fysostigmine, nu vaak gebruikt
bij de behandeling van post-anesthetische ademhalingsdepressies
Dezelfde werking van fysostigmine bleek ook nuttig bij de behan-
deling wvan ademhalingsdepressie, veroorzaakt door een overdosis
van heroine. Een merkwaardig aspekr van deze behandeling is de
afwezigheld wan het akute oplzat-onthoudingssyndroom, dat zo'n
verschrikking 1is voor oplaatverslaafden als opiaat-antagonisten

worden gebruikt bij de behandeling van een overdosis.

Het gebruik wvan fysostigmine gedureade de verkoevertijd had een
verkortiag tot gpgevolg van de tijdsduur, waazrias inteunsieve
observatie nodig was- Dit £5 ook belangrijk om eccounomische rede-—

neane.

Xennis van de ceutrale antichelinergische werking en haar behan—
deling is behalve in anesthesie cok nuttlig geweest op andere the-
rapeutische gebileden. Verglftigingen kunnen differentieel diag-

nostisch sneller worden vastgesteld en, in gevallen van hoofdza-
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kelijk een centrale anticholinergische werking, kau worden begon—

nen met een acticlogische behandeling.

Een ander gebled voor het therapeutische gebruik van fyscestigmi-
ne 1Is de ouderdomsdementies, waarvan de ziekte wan Alzheimer het
best bekende voorbeeld 1s. Het is vastgesteld dat anesthesie en
chirurgische stress, samen of apart, de cogaitieve funktie van
de oudere patignt en zijn mentaal gedrag in het algemeen zouden
kunnen benadelen. Het kan weken of maanden duren voordat zo'm pa—
tignt herstelt. We hebben evenwel in de praktijk gezien dat ou-
dere pati¥anten, die gedurende anesthesie fysostigmine krijgen,
minder kans hebben op een post—anesthetische teruggang Iin hun
mentale vermogen (ons lopend onderzoek). Het blijkt ook dat een
voortdurende toedlening van fysostigmine gedurende anesthesie,
de werking van afzonderlijke geneesmiddelen en zeker de verdo—
vingstoestand nlet beinvioedr. Qp dit gebied is diepgaand onder—
zoek noodzakelijk teneinde ma te gaan of algehele anesthesie eean
oorzaak zou kummen zijn van een verminderde mentale prestatie of
zelfs wvan een op de ziekte wan Alzheimer gelijkende sitwatie tot
gevolg =zou kunnen hebben en om vast te stellen hoe we dit kunnen

vermijden of om dit te kunnen behandelen, mocht het gebeuren.

Een verder onderzoek op het gebled van de pijonstillende eigeon—
schappen var fysostigminre is ook belangrijk. Het zou kunnen re—
sulteren In de ontwikkeling van medicijnen met een krachrige an-
tinociceptieve werking maar gespeend van de onvereijdelijke adem—

halingsdepressieve uitwerkingen van opiaten.

0p het eerste gezicht is de schakel tussen de effekten van fyso—
stignine enerzijds en de uitwerkingen van lachgas anderzijds, zo—
als in dit proefschrift beschreven, misschien niet geheel duide-
1ijk. Evenwel, gedurende het vaststellen en het behandelen van
de symptomen van een centrale cholinergische blokkade, werd ge-
zien dat het type van stoornissen, die ritmisch en convulserend
zijn en gewoonlijk vergezeld gaan wvan kippevel, alleen gedeclte-

1ijk reageremn op fysostigmine- Men kwam tot de slotsom dat deze
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storing waarschijnlijk niet helemaal te wijten is aan de choli-
nergische blokkade. Een verdere analyse van dit ziektebeeld gaf
aan, dat het waarschijalijk een gevolg was van lachgas. Oum pre-
clezer te ziju: van het onttrekken van lachgas. Het opanieuw toe~
diesen van sub—anesthetische councemtraties van lachgas aan zulke
pati¥nten gedurende de verkcevertijd, maakte oumiddellijk een
einde aan de ritmlsche convulsies. Meperidine was ook zeer
geschikt voor deze behandeling. Dit klianische beeld, dat op het
onttrekken wvan opiaten 1ijkt, werd besproken op grond van gege-
vens dat de analgetische werking van lachgas in de eerste plaats
een gewvolg is5 wvan de interaktlie met het endorfiaergische gys—
teen. Er is ock verondersreld dat de bewustzijnsdalende werking
van lachgas gedeeltelijk toe te schrijven Is aan de interaktie
met het endorflnergische systeem. Geen overtuigend bewljs wvoor

dilc laatsre is echter naar voren gebracht.

Verschillende experimenrele opstellingen =zijn ontwikkeld woor
onderzoek naar de bovengesncemde klinische waarnemingesn. Bij een
studie dInzake het oattrekken van lachgas aan amuizen toomnden we
aan, dat zowel het cholinergische als het endorfimergische sys—
teem bij de lachgas—onttrekkingsreaktie betrokken zijn. Oplaren
en fygostigmine verminderdem beide de symptomatolegie, terwijl
onder zekere omstandigheden oplaat-antagonisten de nelging totr

convulsies bevorderden.

De voornaamste proefopstelling, gebrulkt in onze studie wat be-
treft lachgaswerkingen, bestound ult ratten die voor e¢em korte of
een lange tijd aas lachgas werden blootgesteld. Lachgas—analge~
sie en her pedrag tijdens anesthesie werden in de eerste plaats
bestudeerd.

Men =zag dat in ratten de tolerautie voor lachgas—analgesie zich
tamelijk snel ontwikkelt en kan voortduren madat de dieren geen
gas meer toegediend krijgen. Gedragsveranderingen bij ratteam,
die bloorgesteld werden aan lachgas, bestaan in eerste instantie
uit opwinding, gevolgd door een verdovingsfoestand. Maar de die—

ten hervatten ufreindelijk hun normale gedrag niettegenstaande
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het feitr dat 2ze doorgaan lachgas in te ademen. Dit kan zelfs
vijf wuwur duren terw(jl het antinociceptieve effekt niet langer
dan een wur duvurt. Dit bevestigt de veronderstelling dat ver—
schillende uitwerkimgen wan lachgas een onafhankelijk patroon
volgen, d.w.z. geheel of 'gedeelrelijk kunnen afhangen van de

wisselwerking met verschilleade centrale zZenuwstelselmechanis—

WeIls

Een grote moeilijkheid blj de studie van de werkingen van lach-
gas, en ook andere gassen, is op het ogenblik het gebrek aan
standaardisatie wvan dJe experimentele omgeving inzake blootstel—
ling aan gassen. Dit heeft tor gevolg dat het vergelijken van
netingen wvan verschillende studies inzake de ultwerking van gas-
sen onbetrouwbaar of ommogelijk i{s. Het instellen van normen
voor experimentele blootstelling aan gassen (vochtigheid, ge—
luid, temperatuur, eliminatie van hinderlijke gassen, emz.) is
dringend nodig en zou zeer belangrijk kunnen zijn voor de voor—

uitgang op dit wetemschappelljke gebied.

Met het wvaststellen van een meetbare tolerantie van rattem voor
lachgas—analgesie, kwam de vraag naar boven hoe dit verschijn—
sel, dat in menselijke anesthesie zeer ongewenst is, verhiaderd
kan worden. Op grond van gegevens dat lachgas—analgesie afhanke-
1ijk 1s van interakties met her endorfinergische systeem, namen
we aan dat inhibitie van enkefalinase de ontwikkeling van tole—
rantie voor lachgas-analgesie zou kunnen voorkomen.
Phosphoramidon, ¢en selectieve eskefalinase inhibitor, werd geko—
zen en we beschreven de analgetische en gedragsuitwerkingen er—
van. Er werd geen ontwikkeling van tolerantle voor analgesie ge—
zlen toen het werd gegeven aan ratten, voordat ze aan lachgas
werden blootgesteld. Deze bevinding is van belang omdatr het het
ongewenste verschijnsel wan de ontwikkeling van de tolerantie
voor lachgas~ analgesie gedurende anesthesie uit de weg ruimt.
Verstrekkende gevolgen wvan deze winding zijn wvoor klinische
anesthesie denkbaar.

De fundamentele en netelige kwestie wat betreft het vaststellen
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van welk deel van de synaps (presynaptisch of pestsynaptisch) be-
trokken 1s bij de tolerantie voor lachgas—analgesie, is nog nlet
helemaal opgelost. Het is duidelijk dat een verhoogde funkiione-
le aktiviteit van het enkefalinergische systeem die volgt op een
intracerebroventriculaire toediening van een enkefalinase inhibi-
tor, zou kunnen opwegen tegen zowel onvoldoende vrijmaking van
enkefalinen als voor veranderingen in de dichtheid van postsynmap-
tische opiaat-receptoren. Hetr i1s denkbaar dat voor intraveneus
gebruik bij mensen een medicijn zal worden ontwikkeld, dat tot
de hersens zal doordringen en de uitwerkimg van lachgas krachri-
ger zal maken. Hiermee zal tegelijkertijd de ontwikkeling van to-

lerantle voor lachgas verhinderd worden.

Ook op het gebied van verslaving, dat van groot sociaal en econo—
nisch belang 1s, zou lachgas in belangrijke mate kunnea bijdra-
gen aan het begrijpen en behandelen van het fenomeen. Verdere mna-
vorsingen wmoeten worden aaungemoedipd gezien de onvolkomendheden
in de huidige behandeling van verslaving. Inderdaad wordt lach-
gas reeds gebruikt bij de behandeliag van oplaat~ en alcoholoat-

wenning.

Ock =zouden toekomstige onderzoekingen kunmen aantomen of het mo-—
gelijk is antinociceptie voor chirurgische pijn tot stand te
breogen alleen door het endorfinetgische systeem te wversterken.
De rTesultaten van een dergelijk onderzoek zouden de huidige rol
van (exogene) opilaten I1n de medische wetenschap kunnen werande—
ren. Ongetwijfeld zullea we ook meer te weten komen over het me—
chanisme (de mechanismen) wvan anesthesle daar er al is aange-
toond dat (exogeoe) endorfinen niet alleen een antinociceptieve

maar ook een anesthetlsche toestand teweeg kunnen brengen.

Een verder onderzoek naar de elgeaschapper van lachgas werd ver-
rieht bij wrijwilligers wmet het doel belaugrijke informatie te
verkrijgen wvoor de clinicus inzake de ontwikkeling van toleran-
tie woor dit gas blj mensen- Men verzekerde zich van gegevens

wat betreft de tijdsdour, die nediy is, voordat aensen een tole—
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rantfie ontwikkelen voor de antincciceptieve werking wvan lachgas
in de koud water lmmersietest. Ock werd wvastgesteld dat cen vol-
ledige tolerantie voor de anesthetische werking van lachgas zich
inderdaad ontwikkelt. De tijd die nodig is woor dit laatste is
evenawel wveel langer dan voor de eerste. De gegevens, verkregen
door deze studie zullen ongetwljfeld bijdragen tet een verstam

diger beleid van klinische anesthesie.

Om deze overzichtsverhandeling te besluiten zcu misschien gezegd
mogen wordem, dat we In een tijd van vele ontdekkingenm leven
maar dat we geen baanbrekende ontdekkers hebben. De wetenschap
is pebaseerd op een Interdisciplinaire speurtocht naar felitenr en
gegevens. Ook In de anesthesie is stap voor stap cen enorme voor-
uitgang geboekt. TOnomstootbare waarheden™ vervagen als nieuwe
gegevens beschikbaar komen. Niettemin, wie kan zich een plichts-
getrouwe anesthesist voorstellen die zijn pati¥nten alleen maax
behandelt met een Indrukwekkende wverzameling wvan electronische
paraphernaliz of met een te voren klaargemaakt toverbrouwsel,
zonder enige persconlijke betrckkenheld blj hetgeen hij doer? Ex
kan geen voorultgang op het gebied wan de anesthesie zijn zeonder
een oprechte belangstelling woor het welzijn van de patiént.
Dit proefschrift is dan ook een bescheiden poging van een anes-—
thesisr, die rot deoel heeft het algemene welzijo te verbeteren

van de mensen, die aan hem zijn toevertrouwd.
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