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Pathology would remawn a lovely saence, even

if there were no therapeutics, just as
seismology 15 a lovely science, though no one kno

ws how to stop earthquakes
H L Mencken (1880-1956)

CLINICAL IMPRESSIONS have indicated that alcohohes and drug addicts may require
larger induction doses of thiobaibiturates, vblatile anaesthetics, or nitrous oxide,
and usually undergo a prolonged induction stage when diethyl ether 1s adminis-
tered 1 2 The effect of ethanol on induction of diethyl ether anaesthesia was shown
clearly by the experimental study by Abrey and Emerson m 19393 It has also
been shown mn dogs and rats that the repeated prior admimstration of various
narcotic analgesics reduces the duration of sleep with a thiobarbiturate *® In
contradlstmctlon Moyers and Thayer reported, mn 1962, that following chronic
alcohol mgeshon by dogs, “sleep” 1s produced with a “normal” amount of
thiopental, but 1ts duration 1s twice that of a\ conirol group of dogs ¢

This communication reports how ethanql-toleramt rats, dihydromorphinone-
tolerant mice, and barbiturate-resistant rats reacted to mduction and maintenance
of anaesthesia with diethyl ether, methoxyflurane, thiopental, methohexital, and
a combmation of methohexital and Innovar.} Our purpose in these experiments
1s to attempt to clarify whether drug-tolerant 1odents react any differently to
general anaesthesia than non-tolerant rodents, and to evaluate the data as a
guide to the management of anaesthesia in drug-tolerant humans

MATERIALS AND METHODS

Five series of experiments were carried out,

In the first seres, 75 Sprague-Dawley, albino, male rats, weighing 80 to 100
grams, were divided into six groups of 12 or 13 rats i each All groups were fed
water and dry food (Big Red rat food§) for three days, then 20 per cent diethyl
ether anaesthesia was given and control data for induction time and maintenance
time were recorded by using the following techmque Each rat was mdividually
placed 1n a 2-hitre capacity transparent jar An ilet tube which reached the
bottom of the jar was attached to the outlet of an EM O vapounzer sel at
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20 per cent diethyl ether, and 6 htres per mimnute of okygen was mjected nio the
mlet of the vapourizer The jar had an outlet openmg to the air with the same
diameter as the orifice of the imnlet tube In every test, the vapour was blown
mto the jar for exactly 10 seconds The nduction time of anaesthesia was recorded
mn seconds, by stopwatch, from the moment the oxygen was turned on through
the vapourizer until the rat ceased to struggle and collapsed Then the rat was
removed from the jar and left in room arr and the time mterval was recorded
from the moment of collapse until the rat was able tc night itself and walk This
time nlerval was called the mamtenance tume Then, three groups were treated
by a modification of the method described by Abreu and Emerson,? giving intra-
penitoneal mjections of 10 per cent ethanol once daily The first week, they were
given 20 ml /kg daily, then the dose was mcreased to 40 ml /kg the second
week and 60 ml /kg the third week The other three groups were held as controls
and recerved mjections of 09 per dent saline m the same volume The fourth
week, 10 per cent ethanol i water was given to the rats as drinking water ad hib
mstead of giving intrapertoneal injections, while the control group were given
09 per cent saline as drinking water |

At the end of the first, second, and third weeks, the rats were given an
anaesthetic with 20 per cent diethyl ether, as was done before beginning the
ethanol injections At the end of the fourth week, the rats were given an anaes-
thetic with 15 per cent methoxyflurane, using the same techmque as described
above except that a calhibrated Pentec vapourizer was lused mstead of the EM O
vapourizer One day before they were given methoxyfluane, they received an
anaesthetic with methohexital (0 5%, 30 mg /kg, mtraperitoneal mjection) and,
one day after, they received an anaesthetic with thiopental (1%, 30 mg /kg,
mtraperitoneal injection)

The second series consisted of 77 Sprague-Dawley, male albino rats, weighing
80 to 100 grams They were divided into six groups with 12 or 14 rats in each
and were fed with dry food (Big Red rat food) and tap water ad Lb for thiee
days, then 15 per cent methoxyflurane anaesthesia was given to all the rats, as
described for the first series

The induction time and mamntenance time were recorded as the control data
for all groups imn this series Then, Group 1 was held as a control and fed dry
food and tap water ad b The other five groups were fed with dry food and
10 per cent ethanol in water ad Iib for three weeks The ethanol concentration
i the drnking water was mcreased from 10 per cent to L5 per cent during the
fourth and fifth weeks and to 20 per cent during the sixth week Ethanol was
then withdrawn during the seventh week, when the rats were given tap water
and dry food, as for the control group The amount of water and ethanol in water
consumed by each rat was measured daily and the body weight was measured
once weekly At the end of the first, second, and third weeks, 15 per cent
methoxyflurane anaesthesia was given At the end of the fourth week, 20 per cent
diethyl ether anaesthesia was given and methohextal anaesthesia (05%, 30
mg /kg , mtraperitoneally ) was given two days after the diethyl ether anaesthesia
At the end of the sixth and seventh weeks, 15 per cent methoxyflurane anaes-
thesia was repeated and 1t was followed with 20 per cent diethyl ether anaesthesia
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and methohexital anaesthesia, one day and two days after the metﬁoxyﬂurane
anaesthesia, respectively

In the third series of experiments, 36 S’prague-DaWIey, albino male rats,
weighmmg 100 to 120 grams (mean 109 grdms) were used Three groups of 12 rats
were fed with Big Red rat food and tap water ad Ib for three days, then they
were given an anaesthetic with 30 mg /kg | methohextal, intraperitoneally,
05 per cent solution Feeding was continued as above for two days; then, the
following day, they were given another anaesthetic with 30 mg /kg methohexital
(05%) together with 05 ml/kg Innovar (contammg 05 mg/ml dehydro-
benzperidol 4 001 mg /ml phentanyl) The mduction times and mamtenance
times for these two experiments were recorded as the control data

The three groups weie then fed dry food and 10 per cent ethancl in water
ad b for three weeks During this tume, t)*e amounts of 10 per cent ethanol
consumed by the rats were measured daily and their body weights were measured
weekly Then, the induction time and mamtenance time of anaesthesia for
methohexital 4 Innovar were determmed The 1ats were deprived of ethanol
for one week (water and dry food were given) Anaesthetics were administered
again at the end of the fourth week

The fourth series consisted of 36 male m1«F~e* with body weight of 22 to 24
grams These were divided into three groups lof 12 mice in each They were fed
Big Red rat food and tap water ad Iib for thx\ee days, then milk ad b (3 parts
of water and 1 part evaporated milk) and dry/food (1 gram per mouse per day)
Methoxyflurane (15%) anaesthesia was given after the first three days to all
mice for control data Thiee days after the control anaesthetic, dihydromor-
phinone hydrochloridet (DHM) was added to the milk of Groups 2 and 3,
according to the method described by Shuster and associates ” The mice were
anaesthetized, one at a time, as was done with the rats, using 15 per cent diethyl
ether, 05 per cent 50 mp k methohexital and 15 per cent methoxyflurane, at
weekly intervals after the narcotic was added DHM was withdrawn following
the anaesthetics at the end of the fourth week and the dry food and water ad lib
diet was restored One week later, the anaesthetics were given agamn

In the fifth series of experiments, 42 albino 1ats of 80 to 100 grams body weight
were used They were fed with Big Red rat food and tap wateir for three days
Then each rat was given 15 per cent methoxyflurane and 20 per cent diethyl
ether, a day apart, using the same techmque as described above The rats were
then divided into two groups 14 rats were held as controls and the other 28 rats
were given 0 5 per cent methohexital, 30 mg /kg body weight by intiaperitoneal
injection, once daily for two weeks The control rats received 6 m! of 09 per cent
salme per kg of body weight, once daily, by intraperitoneal injection, which was
the same volume of fluid that the test group was receiving General anaesthetics
with 20 per cent diethyl ether and 15 per cent methoxyflurane, a day apart,
were given at the end of the second week The rats were left at rest without any
injections for one week and then the two general anaesthetics were repeated a

day apart

®*C37BL/6] strain obtained from Jackson Memonal Lab , Bar Harbor, Maine
tDILAUDID from Knoll Pharmaceutical Co , Orange, N J
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For each set of experiments, the mean valule of the induction time, main-
tenance time, and the standard eiro1 of the mean wele calculated and the data
were analysed statistically using the chi square test and probability tables

REsuLTS
Series 1

Data fiom the experiments mn Seiies 1 are summatized m Tables I and II

In the ethanol-tolerant rats ol Senies 1, the induction time with diethyl ether
was significantly maeased at the end of the fiist week At the end of the second
and third weeks, the diethyl etler induction time was practically the same as
that for the mtial anaesthetic The maintenance time was not appreciably
changed m anv of the experiments In the control!group, mnduction time and
mamtenance time with diethyl ether anaesthesia, at the end of the first, second,
and thnd weeks, were all about the same as fo1 the mitial anaesthetic

During the fourth week, when the test gioup of jats were given 10 per cent
ethanol orally ad Iib i place of drinking water, they consumed 300 ml flud
per kg per day on the average The ethanol-tolerant 1ats then showed a little
longer induction time and a shoiter mamntenance time with methohexital anaes-
thesia, 1 e, they were somewhat more 1esistant to methohexital anaesthesia than
the control group

The next day, when they weie gnen 15 per cent methoxytlmane anaesthesla,
the induction time and maintenance time of the| ethanol-tolerant 1ats were
practically the same as for the contiol group and, the day following, when
thiopental anaesthesia was given (1%, 30 mg /kg body weight, mtraperitoneally),
the ethanol-tolerant rats showed a trend to a prolonged mduction and mam-
tenance time 1 companison with the control rats However, the standard error
was very large among the ethanol-tolerant rats, so that the difference was not
statistically sigmficant (see Table I)

Up to the end of the second week, ethanocl-tolerant rats gamed much more
weight than the control rats—67 per cent vs 46 per cent (Table III) However,
during the third week, the ethanol-tolerant rats gamed weight less rapidly and
they soon fell behind 1n their weight gains, so that at the end of the study period
the total weight gain was 92 per cent fo1 the ethanol-tolerant groups and 97 per
cent for the control groups

The mortality rate of the rats in this series was high Fourteen rats died m
both the control and the ethanol-tolerant groups during the first three weeks
These deaths were attributed to the complications resulting from multiple ntra-
peritoneal injections, since none of the rats died mmmedately after recovering
fiom the anaesthetic tests

Series 2

Data from the experiments in Series 2 are summarired m Tables III, IV, and V
In general, the fluid mntake increased as the body weight mncreased on a kg per
day basis, with only shght fluctuations Water intake of the control group was
greatest during the second week, with an average of 253 ml per kg per day
The ethanol-tolerant rats drank the greatest amount of flud mn the second week,
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TABLE 1I
AVERAGE Bopy WEIGHT oF RATs IN SERIEs 1 (GRAMS)
Inmitial weight One week Two weeks Three weeks
Control 105 121 (+149%) 148 (H-40%) 208 (4+97%)
Alcoholic 92 121 (4319%) |‘154 (4+67%) 177 (4+92%)

also, but this was much less 1n volume than what the control group drank The
fluid intake, on a ml per kg per day basis, decreased as the concentration of alcohol
was 1ncreased from 10 per cent to 15 per cent and from 15 per cent to 20 per
cent The amount of flid taken by the ethanol-tolerant rats almost doubled
durmg the seventh week when the ethanol was withdiawn and tap water
substituted ( Table III)

During the first three weeks, in spite of the lesser amount of flmd and dry
food taken, the ethanol-tolerant rats gamed much more mn body weight thqn
the control rats During the followmg three weeks, the alcoholic rats gamed
less than the controls and, at the end of the smth week, they gamed 24 times
therr imtial weight while the control rats gamed 26 times thewr mmtial weight
During the seventh week, the ethanol-tolerant rats agamn gamed more than the
controls, when they had tap water instead of ethanol to drink In both groups,

there was no weight loss at any time during the period of the experiments
(Table IV)

TABLE 11I

AVERAGE FLuID INTAKE OF RATs IN SERIES 2 (ML /KG PER DAY)

Day
4th (control) 11 18 25 32 40 50 58
Control 90 190 253 177 123 114 160 230
Alcoholic 102 127 140 116 104 107 81 154
- ——— ~—— .
Water 109, 159, 209,
ethanol #thanol ethanol Water
[
TABLE 1V
AvErRAGr Bopy WEIGHT OF RATS IN SERIES 2 (GRAMS)
Day
4th (control) 11 18 25 32 40 50 58
Control 89 113 141 182 243 263 313 325
Alcoholic 88 116 140 195 220 235 264 300

All of the surviving rats remamed 1n good condition and healthy throughout
the experiments However, we observed that the ethanol-tolerant rats’ fur was
more shiny and they were more active and offensive when disturbed or handled
during the anaesthetic tests There were no deaths during the first three weeks
in any group of rats Four among the 14 control rats died m the fourth week
(28%), then there were no deaths to the end of the tests Eleven among 63 of the
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ethanol-tolerant rats died (17%) 2 m the |ourth week, 3 in the fifth week, 1 m
the sixth week, and 5 died during the week after the ethanol was withdrawn

Induction of anaesthesia with 15 per cent methoxyflurane n the ethanol-
tolerant rats was very stormy and the mduction time was prolonged after the
first week, but the difference in induction time 1n comparison with the control
group did not become statistically sigmficant until the anaesthetics were given
at the end of the second and third weeks On the other hand, the maintenance
time remamned practically the same thioughout The contiol 1ats showed no
appreciable change m seral 1esponse to induction time o1 maintenance time
during the six anaesthetics with methoxyflmane, although the mamtenance time
seemed to shorten m the control group of 1ats as they giew bigger, whereas
there was no consistent difference i the ethanonl-tolerant 1ats At the end of the
seventh week, after the fluid fed to the ethanol-tolerant rats was again tap water,
the induction time and maintenance time ¢f anaesthesia were virtually the same
for the control and the ethanol-tolerant rats (see Table V)

When 20 per cent diethvl ether anaesthesia was given to the rats at the end
of the fourth week and sixth week, there was no appreciable difference 1n
1esponse between the ethanol-tolerant rats and the contiol rats in both the
mduction time and mamtenance time At the end of the seventh week (the week
the ethanol-tolerant rats drank tap water instead of ethanol) there was agam no
difference between the alcohohcs and the controls (see Table V)

When methohexital anaesthesia (0 5%, 30 m p k, mtraperntoneal) was given at
the end of the sinth week, two among 22 of the ethanol-tolerant rats refused to
sleep and the others showed longer 1ndfuct10n time and shorter maintenance
time We had the impression that these rats were resistant to methohexital
anaesthesia However, this effect was not statistically significant There was also
no statistical difference in the induction tume and’maintenance time between the
ethanol-tolerant rats and the control group of rats during the methohexital anaes-
thetics at the end of the fourth and seventh weeks, although one out of 61 and
two of 22 rats, 1espectively, did not sleep when thev received the methohexital

Series 3

Data from these expeiiments are shown in Table VI

During the three-week period that these rats were fed 10 per cent ethanol
orally, they consumed an average of 116 ml per kg per day and, at the end of
the third week, theirr mean weight had increased from 109 to 250 grams In all
respects, their reaction to the feedings was similar to that observed in the second
series of experiments There was no appreciable alteration in their response to the
anaesthetic combination of methohexital and Innovar anaesthesia i comparison
with the control test after three weeks of ethanol intake During this time, 5 rats
died During the one week of ethanol deprivation, 5 more rats died, but there

was agamn no sigmficant alteration in their response to the mjection of the
anaesthetic drugs

Series 4 Dihydromorphinone Tolerant Mice
The data from these experiments are summarized in Table VII
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The mice were allowed to take dry food and flud durmg the mght and the
anaesthetic tests were carried out 1n the afternoon to avoid the acute effects
of DHM

For the first three days after DHM was added to the milk, the test group of
mice took less than the contiol group However, the amoumt of milk taken
creased day by day and reached approximately the same level for all groups
on the fourth day The lowest intake of DHM 1n the milk was 68 mg per kg per
day At the end of the first week, the average intake of milk was 24 grams, so
the average mtake of DHM reached an average of 80 mg per kg per day The
milk consumption was about the same for the control group of mice, but the
DHM-fed mice gained more body weight, had shinier fur, and carred their tails
higher and more erect than the controls

After the second week, the DHM-treated mice had, on the average, a some-
what shorter mmduction time and longer maimntenance time wath 15 per cent
methoxyflurane anaesthesia, but these alterations were not statistically significant
Anaesthesia with 15 per cent diethyl ether the following day caused no
appreciable statistical difference although induction tume appeared longer and
maintenance time shorter

After the third week of treatment, both methoxyflurane and diethyl ether
anaesthesia induction and maintenance times were prolonged, but agamn the
differences from the control tests were not sufficient to be significant

During the third and fourth weeks of DHM treatment, the mice began losing
weight and they lost the shiny appealance of therr fur They became lethargic,
ataxic, and their tails drooped However, the apparent lengthening of mduction
tines and mamtenance times with both methoxyflurane and diethyl ether did
not reflect the above changes because the mice held as controls had a rather
similar lengthening of the anaesthesia time

At the end of the fourth week, when methohexital anaesthesia was induced,
there was a shorter induction time and prolonged mamtenance time in the
DHM-tolerant mice These changes were statistically highly sigmficant, mdicating
that the narcotic-tolerant mice were more sensitive and susceptible to metho-
hexital anaesthesia than were the controls

One week after the withdrawal of DHM, the narcotic-tolerant mice regamed
their body weight, healthy appeaiance, and activity, and appeared generally the
same as the control group of mice The mduction times and mantenance times
of anaesthesia with diethyl ether, methoxyflurane, and methohexital anaesthesia
in the tolerant mice reverted to close proximity to those of the controls

All of the mice survived the experiments except one mouse mn the addicted
group which died one day after withdrawal of DHM

Series 5 Barbiturate-Tolerant Rats

Data from these experiments are shown in Table VIII

The rats which received the daily mjections of methohexital developed
remarkable resistance to the barbiturate On the eighth day of the mtraperitoneal
injections, two among 28 rats refused to sleep and the mamtenance time of the
remaming rats was significantly shortened i comparison with the response to
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the first mjection However, mduction a*nd maintenance of diethyl ether or
methoxyflurane anaesthesia showed no difference to that for the control group
The mduction time and maintenance time of diethyl ether and methoxyflurane
anaesthesia, one week after withdrawal of the methohexital imjections, also
showed no difference from the control group or from the original control tests
obtaned before starting the methohexital mjections

Three of the control group and three of the barbiturate-resistant group of
rats died during the second week of daily mtraperitoneal mjections of saline
and methohexital respectively Three more rats died mn the control group during
the third week whereas none of the methohexital-resistant rats ched after the
drug was withdrawn

DiscussioN

Addiction to ethanol, barbiturates, and narcotic analgesics i1s an alarming
problem 1n America, not only because it 1s estimated to affect directly as much
as 1 per cent of the adult population, but also because 1t 1s not fully accepted as
a disease entity that requires medical attenJlon

On account of the sociological and psychological mmplications, 1t 1s often
difficult for the anaesthetist to ehcit a reliable history of addiction to any drug
from his patients The problem seems to loom even larger because the patient
in the hospital awaiting a surgical pronedu‘le 1s almost mvanably deprived of his
favourite medication and the usual sign{ of withdrawal such a4 anxiety, the
feeling of weakness, tremors, excessive perspiration, anorexia, nausea, vomiting,
fever, tachycardia, delwrum, and hallucinations may one and all be confused
with either a simple anxiety reaction to the pending surgical operation, or with
effects of the disease for which the patient was admitted to the hospital These
reactions may confound attempts at diagnosis or therapy and can augment the
difhculty of estimating the optimum anaesthetic techmque

There 15 a particular matter that must be weighed 1n evaluating the vahdity of
experimental studies on this subject humans who become tolerant to ethanol,
morphine, or barbiturates usually have become habituated to these either on
account of a chionic medical indication for the diugs that are used, or because
of a psychic defect which led to repeated prescription of one of the “escape”
drugs The mital resistance to mduchion of anaesthesia by such people may
therefore be related to a greater degree of anxiety to a stress situation than
might be expected mn a normal individual At a later stage of tolerance, or
established dependence, this difference may well be suppressed as long as the
required drugs are available The experimental animal cannot be provided with
this preliminary chronic need or psychic defect easily and, of course, the develop-
ment of habituation to a drug 1s not made by the animal’s chmce Heremn hes
one of the fundamental problems i designing a study involving the response
of a drug addict to an added stess situation

The specific problem that faces the anaesthetist m studyng this subject may
be considered in two steps In the fust, he must gamn a clear understanding of
the effect of the acute interaction of each one of the major anaesthetics with
simultaneous admnistration of ethanol, a narcotic analgesic, o1 a barbiturate,
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because each one of these substances can enhance the physiological depression
of respiration, circulation, and neuromuscular transmission that usually accom-
pames the mduction of general anaesthesia At the same time, they mhght
suppress the detoxication mechamsms of the body, and hence delay metabohc
degradation and/or excretion of one or the other In the second step, the anaes-
thetist must learn whether, during the development of progressive stages of
dependence or tolerance to an addiching drug, there 15 any alteration m therr
rate of metabolism and, if so, whether such an alterption can enhance or depress
the effect of an anaesthetic drug

At this pomnt, 1t 1s well to review the usual sequence of events during the
development of tolerance to the sedative-type drugs® This will serve as a base-
line n discussing and evaluating the responses that appeared when a ge '
anaesthetic was added at different stages (see Fig 1)
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DROWSINESS v/ addiction induction of inhalation anaesthesid frequently couses a
hyperexcitable reaction

After addiction to a sedotive drug has been wrstablished induction and
mointenance of inhalation anaesthesia 15 usually similar to that in a
non folerant subject as long as the plasma lpvel of the tolerant drug
1s maintained at the optimal level

CUE VALUE OF NOXIOUS STIMULUS

d |
B During end after withdrawal snhalation ancesthesio hos no appreciable effect

TIME SCALE (days.weeks, months or years)

Ficure 1 Responses during progressive development of tolerance to depressant drugs and
to withdrawal (modified from M H Seevers)

The usual initial effects following absoiption of an effective dose of a sedative-
type drug, under normal conditions, are geneial depression, tranquulhity, drowsi-
ness or sleep, analgesia (in the case of the appropriate drugs), and motor weak-
ness There 15 a sharp depiession 1 the normal ntegiated level of nervous
excitabibity provided that the subject 1s not disturbed With some sedative drugs,
there appears with the first dose a rather marked increase m the latent hyper-
excitable state—that 1s, the 1esponse to noxious shimulation 1s characteristically
evident as unusual restlessness, umuly conduct, and bizarre behaviour As
continued mgestion of a sedative drug takes place, tolerance (or resistance to
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subjective and objective effects) begins to develop, and this acceler’ates as the
dose 1s increased, or when the interval between each intake 1s shortened Overt
signs of drug depression soon subside and, by the time maximal tolerance has
developed, vitually no depression 1s evident, although certain vital organs may
retan sensitivity to the noxious effects of the drug Wikler has stressed that the
development of maximum tolerance (and dependence) requires the mamtenance
of a continuous and umnteirupted optimal plasma concentration of the drug at
all times If the addict 1s given unhmited |access to the drug, he adjusts the
quantity and frequency of admimstration to keep pace with the development
of tolerance and prevents even the eaihest signs of abstinence On the other
hand, if the drug 1s given or 1s available at once-daily mtervals only (as has been
reported m experimental attempts at producing addiction in the past), it 1s
unlkely that true tolerance and dependence can always be attained unless an
adequate plasma level persists until the following dose s provided ® As tolerance
to the drug increases, the state of latent hypeiexcitability of the central and
peripheral nervous system increases rapidly at first, but as the optimum plasma
level of the drug is reached, latent hyperexcitabihity falls off, but it remams at
a somewhat higher level than normal At this stage, the subject 1s said to be
physically dependent upon the drug and will behave in a normal way even
under stress as long as the required drug 15 taken m adequate amounts Overt
manifestations of central nervous system wntability and a hyperexcitable
reaction only appear if an antagomstic drug 1s given (e g, ethanol-disulfiram,
morphine-nalorphine ), or if the drug to which the subject 1s fully tolerant 1s
suddenly withdrawn Onset of the overt reaction to withdrawal depends on the
rate of antagonism or elimmation of the drug becoming mamfest when the
plasma level has reached almost zero The reaction may remamn intense for
several days This 1s known as the abstinence reaction The interesting pharma-
cological aspect of the acute 1eaction to abstinence 1s that 1t 1s most intense
after virtually all tolerance has been lost, and this comcides with the time that
the drug has been completely elimmated from the tissues of the body If, at this
time, the plasma concentration of the dependeni drug is restored rapidly to the
previous optimal level, death from severe depression may occur Death may also
occur from severe “after-depression” following acute ethanol, morphine, or
barbiturate withdrawal

Effect of Ethanol

The propensity of acute ethanol ngestion to synergize (additively) the
depressant and lethal effect of sedative drugs has been shown clearly by Melville,
Eerola, and others, and 1s now well known -1 Most of the depressant drugs aie
metabohized by enzymes present in the microsomal fraction of the hver In the
case of ethanol, its normal breakdown by alcoholic dehydrogenase to acetalde-
hyde and the subsequent oxidation to acehic acid, carbon dioxide, and water
(which produces eneigy) occuis at the rate of approximately 10 per cent per
hour Simultaneous admmistration of glucose and mnsulin seems to accelerate
the metabolism of ethanol in the body On the other hand, many of the hypnotic
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sedative drugs evidently delay this process Therefore| the blood and tissue levels
of both sedative substances are sustained, producmg a longer period of de-
pression of respiration, reflex activity, and other vital processes The depression
ot respiration produces Erogresswe resprratory and metabolic acidosis, marked
by the accumulation of lactic acid, which, m turn, sustams and augments the
depressant effect of the barbitmates on vital organs 17 18 10

Effect of Narcotic Analgesics

When a narcotic analgesic 1s admimistered orally, serious toxicity rarely occurs
even with relatively large doses because most of thﬁ ngested drug 1s probably
destroyed or conjugated while passing through the portal circulation, so that the
amouni of drug that becomes available systemically 1s not sufficient to exhibat
appreciable physiological depression ®° The acute parenteral admimstration of
narcotic analgesics can, by themselves, cause severe| respiratory depression and
circulatory mstability, even 1n a relatively small dose, if the subject 1s not well,>!
but a healthy person tolerates these drugs without gross evidence of physiological
depression?? and narcotics such as morphine and mependmme do not acufely
cause an appreciable prolongation of anaesthesia with thiopental 22

Woods and associates showed the effect of admumstering large quantities of
morphine to tolerant and non-tolerant dogs Approfkmately 40 per cent of an
administered dose appears as conjugated drug m bile within a few hours This
1s ultimately reabsorbed from the mntestine and excreted n the urime, so that 75
to 80 per cent of the administered dose (15% free and 60 to 65% conjugated) 1s
excreted m 48 to 72 hours Of the remaming fraction, 5 to 10 per cent 1s recovered
n faeces, leaving about 10 per cent unaccounted for Morphine monoglucuronide,
which they believe 1s pharmacologically mert, was 1dentified as one of the prin-
cipal conjugates There were quantitative differences in the amount of the con-
jugate in the urine between tolerant and non-tolerant dogs, until maximal toler-
ance had developed, after which there was no lon;ger a difference They con-
cluded that the observed mmitial difference in gross handling of morphine in the
body 1s not a sigmficant factor 1n the understanding of tolerance In earher work,
in which they analysed the tissues of tolerant and non-tolerant rats, dogs, and
monkeys, they failed to reveal a significant differential accumulation of morphine
mn any vital tissues except possibly the spleen and thyroid At the time the
plasma concentrations were at thewr peak, extremely small amounts were present
in the brain and, after 48 to 72 hours, there was virtually no morphme detectable
n tolerant as well as non-tolerant ammals Thus, there 1s no basis for the concept
that tolerance mught be related to an mcreased capacaty of the body to detoxafy
or to distribute differentially a drug to which tolerance has developed There
remains only the possibility that a product of detoxication selectively accumulates
i or on neurons, which produce the state of hyperexcitabihty that i1s noted
particularly at the time of withdrawal Changes due to epmephrine and hista-
mine 1elease or nhibition of various enzymes have not been acceptable explana-
tions by Seevers and Wood, who still adhere to the “dual action hypothesis”™—
tolerance beng described as an acquired resistance to narcotic effects and
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dependence bemg due to the cumulatwe effects of a longer-lasting direct excita-
tion, follounng which the affected cells become sensitized rather than tolerant
to ths effect 24-27

In the non-tolerant human subject, a therapeutic dose ot mepernidine, adminis-
tered mtravenously, disappears rather rapuJily from the plasma duting the first
two hours as it 1s redistributed to the body tissues Very little 1s excreted un-
changed m the urme (< 5%) Most of 1t 1s metabohzed by demethylation and
de-estersficaion This biotransformation and deactivation occurs at a rate of
10 to 20 per cent per hour 28 | |

Patients who become tolerant to the parenteral admmustration) of narcotic
analgesics do not appear to metabolize these drugs any more rapldily than non-
tolerant individuals, according to Burns, who suggested that in the development
of tolerance to such drugs, the body does not acquire an increased capacity
for 1ts mactivation, but rather that some form of cellular “lmmunity” to the drug
must play an immportant role 2 Therefore, enhanced metabohc transformation
does not appear to be an mmportant factor mn the development of  tolerance to
narcotic analgesics and whatever alteration occurs probably does not affect the
nteraction with anaesthetic drugs On the other hand, Dundee showed that daily
administration of narcotic analgesics tends to cause resistance to anaesthesia
with thiobarbitufates admimstered intraperitoneally m dogs He found the same
thing when the narcotic analgesics were given mtramuscularly to rats 3
Effect of Ultra Short-Acting Barbiturates

Brodie and associates showed that following thiopental admimstration the
plasma level falls sharply at first, due to 1ts rapid distribution into body tissues,
with the greater part passing imto the fat depots Then, there 1s a much slower
decline m the plasma concentiation which represents its biotransformation to
carboxylic actd It appears to be excreted at the rate of 10 to 15 per cent per
hour 3t The acute admimstration of a very short-acting barbituiate presents
many problems if one seeks specific mformation as to how quickly emergence
from anaesthesia can occur, because no consistent relationship has been demon-
strated between the plasma, bramn, and fat concentration and the depth of
anaesthesa,??> and emergence from anaesthesia often occurs at a higher plasma
level after large doses than after smaller pnes #33* Nevertheless, tolerance has
been demonstrated with ultra short-acting barbiturates by Green and Koppany: *
Dundee stated that a mimmmum of thrice-weekly ntravenous admimstration
of thiopental to the dog leads to a 40 per cent decrease in the duration of sleep
by the end of the third week, but he did not present supporting data 3° However,
the experiments by Hubbard and Goldbaum leave little doubt that rodents
become tolerant to the daily administration of thiopental in 5 to 6idays, as evi-
denced by a 50 per cent decrease in sleeping time Based on tissue analysis, they
showed also that the tolerance mechanism appears to be one of adaptation to
higher thiopental tissue levels and not to either an increased rate| of excretion
or destruction of thiopental 3¢

Little mformation has appeared to explam why methohexital might be meta-
bolized more rapidly in the body than thiopental, although there|is no doubt
that 1t 1s substantially more potent®” and somewhat shorter in its duration of
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action 3¢ While tolerance can develop with single daily admimistraticns of
methohexital, as we have shown m the above experiments, a cumulative effect 15

more hikely to occur with thiopental unless longer ntervals are allowed between
mjections 9

Eflect of General Anaesthesia in Ethanol-Tolerant Rodents

We found that producing ethanol-tolerant rodents by daily mtraperitoneal
injections was an effective method because tolerance was developed quickly and
objective psychic signs, such as increased excitability, were apparent When
ethanol-tolerant mice are prepared for measuring the response to inhalation
anaesthesia, they may show almost complete recovery within a few seconds after
exposure to the same tension of an anaesthetic vapouy as will cause non-tolerant
mice to remam apparently deeply anaesthetized Abreu and Emerson therefore
established the necessity for definng an induction end-pomt as that time at
which the nghting reflex 1s lost for at least 30 seconds * We used rats instead of
miuce for this phase of the study because they are larger, easier to work with, less
likely to die from multiple mtraperitoneal mjections, and we found that a fixed
period of exposure to 20 per cent diethyl ether of 10 seconds was unhkely to
allow sudden early “awakening” in ethanol-tolerant rats

Using the techmque described 1n the first series of experiments, we confirmed
the reported observation that induction of anaesthesia with diethyl ether
ethanol-tolerant rats 1s prolonged and stormy,® but there was no appreciable
effect on the duration of mamtenance of anaesthesia mn the earlier stages of
habituation When the daily consumption of ethanol was increased to that which
would exceed approximately one quart of whiskey 1n a 70 kg man, this effect
disappeared and there was even a trend to an apparent decrease m the mduction
time of diethyl ether anaesthesia, agamn, with no effect on the duration of
mamtenance In carrying the experiment a step further, the subsequent offering
of ethanol orally to rats tolerant to a high blood level of ethanol did not affect
thewr response to inhalation anaesthesia with methoxyflurane or the intraperito-
neal admimstration of methohexital or thiopental, 1 comparison with rats ied
water Besides the possibility outlined above and i Figure 1, one other plausible
explanation for a stormy and prolonged induction of anaesthesia with diethyl
ether 1s that ethanol may be present m the tissues, even 24 hours after mjection,
which might confer a higher affinity for ether and, so, slow mduction, assuming
all other things were the same between the control and ethanol-tolerant rats3
However, if this were a factor, the same response should have been appaient
during the later stages of the test

In comparing the growth of rats, we were tempted to attach significance to
the more rapid weight gamn during the development of ethanol tolerance, but
the biological signficance 1s much less i view of the much higher caloric intake
supplied by the ethanol itself

In oider to avoid the relatively lngh mortality due to multiple mtraperitoneal
wnjections m the first series, we elected in the second and third seres of
experiments to feed the rats the ethanol solution orally By using this pro-
cedure, we expected also to satisfy the requirements outlined by Wikler that
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assure the development of true tolerande and dependence ® As occurred with
the admmmstration of diethyl ethei anaesthesia m the first seLnes mduction
of anaesthesia with methoxyflurane vas stormy and somewhat prolonged during
the first few weeks, but the mamtenance period of anaesthesia was unaffected
When diethyl ether anaesthesia was admnistered after the fourth and sixth
weeks, there was agam no apprecnﬁible difference 1 the ethanol-tolerant rats
The mtraperitoneal administration of methohexital after the fourth, sixth, and
seventh weeks, on the other hand, showed some difference 1n the ethanol-tolerant
rats They seemed to be more resistant to the anaesthetic m that the collapse
occurred a little later and maimtenance was somewhat shorter The dufferences
n both of these aspects was relatively small Of little more sigmificance, perhaps,
was the observation that one rat of 61, after the fourth week, and 2 rats of 22,
after the sixth and seventh weeks, respedtively, were completely resistant to the
methohexital, whereas no such effect was observed among the non-tolerant rats
These observations hardly lend strong suppoit to the finding of “acquired toler-
ance” that might occur with barbiturates,f° but 1t 1s a possible explanation for the
changes we observed

In the third series of experiments, the original ntent was to determme the
effect of Innovar anaesthesia 1 ethanol-iolerant rats However, we were unable
to induce anaesthesia n the rats during the prelmmary experiments even with a
very large dose of Innovar It was decided, therefore, to use a combmation of
Innovar with methohexital The combiation prolonged the maintenance time
of anaesthesia over that produced by methohexital alone by approximately
50 per cent After ethanol tolerance was established, there appeared to be a
trend to the development of resistance, as was seen when methohexital was used
alone m the second series However, there was considerable vanation mn the
sleeping time, which annulled the biological sigmficance that might be attributed
to the change When ethanol was withdrawn for one week, the mamtenance
time for anaesthesia approximated that seen at the beginning of the expermment
During this series of experiments, the anaesthesia induction times varied more
than was seen i the second series. This may have been due to the different
rates of onset of action of the three ingredients present in the anaesthetic mixture

(methohexital, dehydrobenzperidol, and phentanyl)

Effect of General Anaesthesia in Morphine-Tolerant Rodents

In previous studies of addiction to opiates, morphme (by intraperitoneal
injection) was the drug that was used commonly with mice, although it was
recogmzed that the analogy for morphine addiction 1n mice was far from perfect
Morphimized mice show a decrease 1 resistance to diethyl ether, which 1s the
opposite response to that seen with ethanol-tolerant mice * We chose to admims-
ter dihydromorphinone to mice, 1 the fourth series of experiments, because the
recent work of Shuster and associates showed that a pure strain of these rodents
becomes tolerant within a few days to the analgesic and excitant effects of the
narcotic if they are fed the drug m dilute evaporated mulk By this method,
narcotic-tolerant mice could be mamtained i good physical condition, for a
month or more, while drinking 50 to 70 mg /kg of dihydromorphinone daily
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Physical dependence 1s demonstrable 1n these mice because they lose as much
as 15 per cent of therr body weight overnight as soon as the narcotic 1s WIthdrain
from their mulk feedings, just the same as occurs 1n man,”

While rodents become more excitable and difficult to handle because of
their viciousness as they attamn tolerance to ethanol, they become less excitable
when tolerance to an opiate develops Neverthelzss, in the dihydromorphinone-
tolerant mice, induction of anaesthesia with dlethyl ether was prolonged much
the same as was seen 1n the ethanol-tolerant rats There was also a trend towards
longer mduction and maintenance times with methoxyflurane On the other hand,
we observed a shorteming of induction time and a striking mcrease n ;116
maintenance time of methohexital anaesthesia That 15, there appeared to be an
additive synergism between the narcotic and the barbiturate, as one expects
chnically The difference from the controls disappeajed after the narcotic was
withdrawn for one week This observed response to the very short-acting oxy-
barbiturate 1s rather different from the effect of narcotics combmed with thio-
pental and thioamylal as described by Dundee 3 However, he noted that with-
drawal of narcotics restored the usual response to anaesthesia with barblturatps,
as we did

Effect of General Anaestheswa in Rodents Tolerant to Methohexital

Whether true tolerance and dependence can be produced by daily admums-
tration of the very short-acting barbiturates 1s not clear m man, even though such
an effect has been described frequently in ammals and has been clearly proved
with longer-acting barbiturates by Fraser and Isbell3® The term resistance
has been used by Dundee, 1n this case, to describe a state which 1s analogou& to
acquired tolerance to narcotics®—and which Seevers| defined as “the partial or
complete resistance of mmmumnity to quantities of these substances which would
otherwise dimimsh or completely abolish the functional activity of certain
neurophysiological and other mechanisms ”® Dundee has pomnted out also with
respect to the thiobarbiturates that although resistance to the hypnotic effect
does appear with chromc administration, the hver and the myocardium may at
the same time become more sensitive or specifically depressed ® In the fifth seres
of experiments reported above, we used methohexital to produce tolerance or resis-
tance because thiopental causes a high mortality n rats on account of its cumu-
lation, unless the ntervals between ijections are increased to more than, 30
hours Even though we observed a marked reduction i the sleepmg time of the
rats i response to the daily admumstration of methohexital, they reacted' to
mhalation anaesthesia with diethyl ether and methoxyflurane m much the same
way as the rats used for controls

Until recently, no more plausible reason was vworked out to explan why
resistance or tolerance develops to oxybarbiturates such as hexobarbital and
methohexital than for thiobarbiturates, ethanol, or the narcotics Tissue immun-
ity, adaptation to higher tissue levels, and an increased 1ate of detoxication are
attractive explanations

Burns and his associates have now shown that even though there 1s a marjced
species difference 1n the rate at which oxybarbiturates are metabohzed (rodents
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> man) and that many factors mfluence the rate at which the enzymes m the
liver microsomes metabolize oxybarbiturates, the admmstration of certamn
drugs can speed up markedly the metabolism of other drugs The oxybarbiturates
appear to be especially active m stmulating the metabolism of other barbiturates,
which suggested to them that ammals| become tolerant to oxybarbiturates
because of an accelerated metabolism due to pharmacologically inactive meta-
bolites 2 This explanation may also apply to the observation by Dundee of
acquired tolerance for thiobarbiturates that occurs with the administration of
narcotic analgesics which was mentioned above 3°

The normal response to mhalation anaesthesia by methohexital-resistant rats
15 even more perplexing Perhaps 1t can be explamed as follows erther that this
barbiturate 1s metabohzed and/or 1s excreled sufficiently at the time of the mha-
lation anaesthetic that there 1s no depressant activity remaimng to alter the
normal response, or that a longer, mild | general depression persists from the
barbiturate allowmng a smoother inductipn of anaesthesia to occur with the
inhalation of a small amount of diethyl ether or methoxyflurane Since there was
no appreciable difference mn the dwiation of mamtenance of anaesthesia, one
would then have to surmise that the sensitivity to the inhaled anaesthetic was
mncreased A more plausible explanation for the observed effect 1s that the
inhalation agent 1s handled quite differently from the oxybarbiturate by the
hody and the excretory systems mvolved do not affect one another In any case,
the effect of the interaction of an inhalation agent with a very short-acting
barbiturate, n a subject who has developed resistance to the latter, rarely
presents a clinical problem that cannot be-ﬁ solved merely by giving more of the
barbiturate until the subject 1s rendered unconscious, and then adding the
necessary amount of the inhalation agent to mamntamn an appropnate level of
anaesthesia

The only consistent change that we observed, i this series of expermments,
upon which there seems to be general agreernent 1s the apparent resistance to
induction of imhalation anaesthesia during the early stages of the development
of tolerance to ethanol and narcotic analgesics There 1s no simple explanation
for this phenomenon, but a satisfactory one 1s that both ethanol and narcotic
analgesics 1 low concentration i the blood cause excitement by depressing the
higher brain functions that ordinarly mhibit the appearance of an offensive
or belligerent behaviour response to stress. The excitement seen n an intoxicated
mdividual 1s quite similar to that seen often durmng the stage of deluiuum m the
unmodified induction of diethyl ether anaesthesia Guedel described this as the
dream stage of anaesthesia “it represents the period of earhest loss of con-
gaousness, with the higher or control cerebral centers abolished, leaving the
secondary centers free to run riot It 1s a potential danger stage mn every general
anaesthestic Nervous response to stimulation or to concurrent dieams 1s exag-
gerated and 1s often expressed m more or less violent physical activity 740 The
same explanation may be applied to the response to methoxyflurane, although the
excitement stage during mduction with this agent 1s less dramatic When the
latent release phenomenon has been accomplished by regularly mbibing a sub-
stantial amount of ethanol or injecting large doses of naicotics, the stage 1s
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already set for the overt response so that a stchmy’mductlon of anaesthesia with
diethyl ether becomes the rule At a later stage of tolerance or addiction, the
over-all depressant effect of the drug becomes dommant, and excitement| with
an mhalation anaesthetic 1s then less likely to occur and, instead, a lethal effect
of the drug combmations becomes more likely owing to delayed metabolism of
one or both depressant drugs, or to an existing high plasma level of the drug to
which the subject has developed a tolerance

The effect which we observed that 1s different from that mentioned n previous
reports 1s the greater susceptibility to a very short-acting barbiturate after
tolerance has been established to a narcotic analgesic, rather than mcreased
resistance Since we used different drugs ( dihydromorphmone and methohexital)
the opposite response that was observed here pomts to the need for testing
various drug combinations, particularly when the chemical structures of the
various drugs have important differences

SuMMARY AND CONCLUSIONS

The responses of over 250 rodents made tolerant; in groups to ethanol, dihydro-
morphmone HCI1, and methohexital were evaluated during the admmstra-
tion of approximately 2000 individual general anaesthetics 1 order to identify
the effects of the interaction of addicting sedative-type drugs and the general
anaesthetics at various stages in the development of tolerance

Rats were made ethanol-tolerant m two ways |by daily mtraperitoneal njec-
tions with weekly mcreases in the dose, and by addmg ethanol to the drmking
water, which was rendered pirogressively more alcphohe The addition of ethanol
to the drinking water was found to be the more satisfactory way of producing
ethanol tolerance mn rats because oral intake more closely simulates climcal
conditions for developing tolerance and 1t 1s attended by a lower mortality

During the development of ethanol tolerance, rats have a stormy and some-
what prolonged induction time with diethyl ether and methoxyflurane anaes-
thesia, whereas the duration of anaesthesia with these two agents does not appear
to be affected After ethanol tolerance 1s established, the mduction time wath
the inhalation anaesthetics 1s no longer affected

Ethanol-tolerant rats seem to be shghtly resistant to the onset of anaesthesia
after mtraperitoneal admimnstiation of methohexital or thiopental This response
1s not evident when methohexital 1s combined with Innovar Rats then appear
to be rather more sensitive than resistant during the maintenance of thiopental
anaesthesia, whereas they tend to recover a lttle faster when they are given
methohexital However, the biological variation 15 so great that it 1s impossible
to predict an individual response to the very short-acting barbiturates from these
experiments, and 1t 1s likely that established ethanol tolerance has in fact no
appreciable influence on the induction o1 mamtenance response to thiopental,
methohexital, and Innovar

“Morphimsm” i mice 1s produced satisfactonly by adding the narcotic
analgesic to the milk provided for oral feeding Dihydromorphmone HCI 'addic-
tion m mice causes shght resistance to induction of anaesthesia with diethyl ether,
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more sensitive to methohexital anaesthesia The altered responses to general
anaesthesia by mice tolerant to dihydromorphmone HCL as co
noimal mice disappears when the narcotic 1s withdrawn

Prolonged methohexital pretreatment oiJ rats causes no appreciable change
n their response to general anaesthesia with diethyl ether or methoxyflurane
even though the rats become quite res1st]:mt to this oxybarbiturate

In this study, we paid special attention to the effect of tolerance to three
chemically different kinds of sedative-type drugs on the speed and duration of
depression by general anaesthetics Although some degree of antggomism and
synergism with anaesthesia was observed during the development |of tolerance
and habituation, as noted above, we have little unequivocal knowledge concern-
ing the mechanism by which these interactions were brought about

The simple explanation of the interaction of ethanol and diethyl ether bemng
merely an additive synergism applies only before ethanol tolerance develops
because progressive acute intake of ethanal by itself usually mimics the signs
of a slow mduction of general anaesthesia, as described by Guedel for diethyl
ether The first effect with ether in the unpremedicated subject 1s observed as
a change m the cortical control of behaviour There 1s then a gradual descent of
the depression to envelop the entire bran, including the medulla When the
medullary effects set in, respiratory, cardiovascular, and vasomotor functions
are charactenistically depressed The general effect of deep ethanol coma 1s then
vitually the same as that of diethyl ether anaesthesia and both undoubtedly
have a marked depressant effect on synaptic transmission n the cortex of the
bram, the reticular system, and the peripheral nervous system The metabohc
effects of ethanol depression and diethyl ether anaesthesia are also rather
similar Both cause a deciease in the alkali binding power of the blood and
the accumulation of lactic acid, and both show manifestations of a similar meta-
bolic disturbance during recovery, marked by hangover, nausea, emesis, and
thirst One would expect, therefore, that it these two agents were given to a
patient at the same time, the mamfestations of an additive synergism would be
apparent, and this 1s actually what 1s seen Howevel, once ethanol tolerance 1s
developng, only the mtial excitement stagfe with diethyl ether 1s exaggerated
while the maintenance of anaesthesia 1s not obviously affected The response
to methoxyflurane appears to be 51m11ar$y affected, while the 1esponse to
barbiturate anaesthesia 1s virtually unaffecte

Much work 1s still 1n progress in an attetnpt to explamn the basic mechamsm
of addiction to narcotic analgesics The development of tissue mmmumty 1s the
favoured explanation It appears that the 'reaction of the narcotics addict to
general anaesthesia with diethyl ether and methoxyflurane would be much the
same as that for the alcoholic On the other hand, there seems to be some un-
certamnty as to whether the narcotics addict 1s more sensitive-or more resistant
to barbiturate anaesthesia From these expermments 1t seems that increased
sensitivity should be expected with oxybarbiturates |

It may remam difficult to explam changes that might occur after resistance
or tolerance develops to a barbiturate until we can define in detail the changes

whereas they seem to be somewhat more sénsitive to methoxyﬂura}jz and much

pared with
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m rate of absorption, distribution, and metabohc degradation chai acteristic
for each of the many chemical arrangements these drugs take New work m the
past few years seems to mdicate that rapid metapolic breakdown to mactive
compounds 1s part of the mechamsm for the apparent development of resistance
with the oxybarbiturates For the present, one has little to fear from mteractions
between barbiturates to which tolerance has developed and nhalation anaes-
thetics, since the occurrence of barbiturate resistanice does not appear to have
any appreciable effect on the course of an inhalation unaesthetic

. “It a drop of water falls on the surface of the sea|just over the flower-like disc
of a sea-anemone, the whole amimal contracts vigoipusly If then, a second drop
falls within a few minutes of the first there 1s less contraction, and finally, on the
third and fourth drop, the response disappears altogether Here, in this marme
polyp, 1s clearly exhibited one of the most persuasive phenomena of the ammal
kingdom—decrement of response with repeated stimulation” This observation
by Sharpless and Jasper*! 1s fundamental to the broad understanding of habitua-
tion and drug tolerance In almost every case wheie the corticoreticular system
15 subjected to monotonous stimulation or 1s subjected to recurring sensory
deprivation, the imtial response 1s eventually suppressed and then disappears,
while new types of stvmulation o1 stress are handled i the usual way, because
the o1ganism has not as yet developed a feedback control of input for the new
stimulus This 1s perhaps an oveisimphfied explanation of all the responses we
observed above in drug-tolerant rodents that were subjected to general anaes-
thesia, but 1t seems to explam most of the effects that were observed

RESUME

Nous avons évalué les réponses de 250 1ongews, rendus tolérants par groupes
a I'¢thanol, au chlorhydrate de dihydromorphinone et au méthohexital, au cours
d’'approximativement 2000 anesthésies générales individuelles dans le but diden-
tifier les effets de I'interaction des médicaments type-sédatifs créant une habitude
et les anesthésiques généreaun a différents stades de développement de la
tolérance

Nous avons eu recours a deux procédés pour rendre les rats tolérants a I'étha-
nol en pratiquant des mnjections itrapéritonéales quotidiennes d’éthanol et en
augmentant la dose a toutes les semamnes, puis, en ajoutant de l'éthanol a
leau pour bowe et en rendant cette eau progiessivement plus alcoolique
L’addition d’éthanol a Y'eau pour boire s’est avérée une facon plus satisfaisante
de produire chez les rats une tolérance a I'éthanol paice que Tabsorption par
la bouche ressemble davantage aux conditions chmques de développement de
tolérance et 'on observe un taux inférieur de mortalité de cette facon

Au cours du développement de la tolérance a I'éthanol, les rats soumis 4 une
anesthésie a I'éther diéthyhque et au méthoxyfluiane sont agités a I'nduction
et celle-c1 est un peu plus prolongée, mais la durée de I'anesthésie avec ces deux
agents ne semble pas étre affectée Une fois la tolérance a I'éthanol bien étable,
la durée de I'nduction avec les anesthésiques par inhalation n’est plus mfluencée

Les rats tolérants a I'éthanol semblent légé1ement résistants & 1'nduction de
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de thiopental On n'observe pas cette réponse lorsque le méthohexital est associé
a 'mnovan A ce moment-Ja, les rats semblent devenir au contraire plus sensibles
que résistants durant le mamtien de lanesthésie au thiopental, alors quils
semblent se réveiller un peu plus rapidement Jorsquls regoivent du méthohexital
Toutefoss, la variation biologique est s1|grande quil est impossible de predure,
d’apres ces expériences, une réponse individuelle a des barbituriques a action
trés courte et, selon toute apparence, la tolérance étabhe a I'éthanol n’a, en fait,
aucune nfluence appréciable sur I'mduction| ou sur le mamtien de I'anesthésie
au thiopental, au méthohexital et 4 'imnovan

On produit le morphimsme de fagon satisfaisante chez la souns en ajoutant
ce narcotique analgésique au lait donné pour l'alimentation L’habitude au
chlorhydrate de dihydromorphmnone chez la souris augmente legerement la
résistance a I'mduction de l'anesthésie avec I'éther diéthyhque, alors que les
mémes souris semblent un peu plus sensibles au methoxyﬂurane et beaucoup
plus sensibles a l'anesthésie au méthohexital Les réponses modifiées a Fanes-
thésie générale, chez les souris tolérantes au chlorhydrate de dihydromorphinone
comparées aux souris normales, disparaissent s1 le narcotique est Escontmué

Chez les rats, un traitement prolongé au méthohexital n’apporte aucun change-
ment appréciable a leurs réponses a I'anesthésie générale avec I'éther diéthyhque
ou le méthoxyflurane bien que les rats dev1e‘ﬁnent complétement résistants a cet
oxybarbiturique |

Au cours de cette étude, nous avons porté une attention spéciale a l'effet de
la tolérance a trois sortes chimiquement différentes de médicaments type-
sédatifs sur la vitesse et la durée de dépression par les anesthésiques généraux
Bien que nous ayons observé un certam degré d’antagomsme et de synergisme
avec l'anesthésie au cours du développement de la tolérance et de T'habitude,
tel quiil est mentionné ci-dessus, nous possédons peu de notions précises sur le
mécanisme qui engendrerait ces mteractions

La sumple exphcation de lnteraction de I'éthanol et de l'éther diéthyhque
étant simplement un synergisme daccoutumance ne sapphque quavant le
développement de la tolérance a T'éthanol car, en soi, I'absorption rapide et
progressive d’éthanol ne fait habituellement que répéter les signes d’'une nduc-
tion lente d’'anesthésie générale, tels que décrits par Guedel pour I'éther diéthy-
hque Chez le sujet non prémédiqué, le premier effet que 'on observe avec I'un
ou l'autre est un changement dans le contréle cortical du sujet Puis, 1l se fat
une dépression graduelle descendante qui envahit tout le cerveau, y comprs la
meelle Lorsque les effets médullaires apparaissent, les fonctions respiratoires,
cardio-vasculaires et vaso-motrices sont déprimées de fagon caracténistique
L’effet général du coma profond produit par I'éthanol est alors virtuellement le
méme que celm de P'anesthésie a T'éther diéthylique et, sans aucun doute, les
deux exercent un effet dépresseur marqué sur la transmission synaptique dans le
cortex cérébral, le systéeme réticulé et le systéme nerveux périphérique Les
effets métabohques de la dépression & T'éthanol et de lanesthésie a Téther
diéthylique sont d’autre part assez semblables Les deux produisent une diminu-
tion du pouvorr de fixation des alcalis du sang et 'accumulation d’acide lactique,
les deux, au cours du réveil, donnent des marifestations de troubles r%nétabohques

'anesthésie aprés 'admimistration dans :{ cayité péritonéale de méthohexital ou
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semblables, soit du “hangover,” soit des nausées, soit
soif On sattendrait, en conséquence, 4 vorr I'admin
deux agents produire les mamfestations d'un synerg1
fait, c’est ce que nous observons Toutefois, lorsque
en cours, i1 y a seulement le stade mmtial d’e mtatmn qui est _xagéré a ec
Fanesthésie & I'éther diéthyhque alors que le mamtien de I'anesthésie n'est jpas
modifié de fagon mamifeste La reponse au métho yﬂurane semble eﬁe lnﬂuen ée
de la méme fagon alors que la réponse a I'anesthésie aux barbituriques demeure
virtuellement mchangée

Nous avons encore beaucoup de travaux en cours pour essayer de trouver une
explication au mécanisme de base de lhabitude aux narcotiques analgésiques
Le développement d’'une immunité tissulawre est notre explication favorite Il
semble que la réaction du narcomane a I'éther diéthyhque et au methoxyﬂurane
ressemblerait beaucoup a la réaction de I'alcoolique & ces anesthésiques D’autre
part, 11 semble exister un certain doute 4 savorr s1 le parcomane est plus sensfble
ou plus résistant aux barbituriques De ces expériences, 11 semble quil fajlle
s’attendre a une gensibilité accrue avec les oxybarb1tur1|ques

Il peut demeurer difficile d’exphquer les changements quu pourraient surve
une fois que la résistance ou la tolérance est acquise & un barbiturique, t
que nous ne pourrons pas définir en détail les changements dans le ryth
d’absorption, la distribution et la dégradation métabolique caracténistiues ps
chacun des nombreux arrangements chimques que‘ ces médicaments peuv
prendre Des travaux récents nous portent a croire qu’il s'opére une décompc
tion métabolique rapide en produits mactifs et que cela fait partie du mécanis
du développement apparent de résistance avec les oxybarbituriques Pour
moment, 11 n’y a rien a craindre des interactions entre les barbituriques auxqu
on s’est habitué et les anesthésiques généraux par inhalation, puisque la préser
de la résistance aux barbituriques ne semble exercer aucun effet appréciable
I''nducdtion et le mamntien de I'anesthésie par inhalation.
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est plus faible et, finalement, a la troisieme et a la q
disparait progressivement Voila, mamfesté clareme
le phénoméne le plus convamcant du régne animal
devant une stimulation répétée” Cette observatioy
demeure fondamentale pour se faire une 1dée de I'habitude et de la tolérance
aux médicaments Dans presque tous les cas ou le systéme cortico-réticulé est
soumis & une stimulation monotone ou a une privation répétée de sensations, la
réponse 1itiale est supprimée éventuellement, puis elle disparait, alors que de
nouvelles variétés de stimulation ou d’agression sont recues de fagon normale
parce que lorganisme n’a pas encore développé un contréle de renseignements
en sens mverse pour Parrivée d'un nouveau stimulus Voila une explication peut-
étre trop simplifiée de toutes les réponses auxquelles nous avons fait allusion
antérieurement chez les rongeurs tolérants aux médicaments que nous soumet-
tons 4 lanesthésie générale, mais cela semple expliquer la plupart des effets
qu'l nous a été donné d’observer
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