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W,th the technwal ass,stance o[ DONALD A CURTIS, t3 n 

Pathology would remain a lovely scmnee, even ff there were no therapeutacs, lust as 
seismology as a lovely semnee, though no one knows how to stop earthquakes 

H L MENC~N (1880--1956) 

CLINICAL IMPRESSIONS have m&cated that alobhohcs and drug ad&cts may reqmre 
larger mductmn doses of thmbmbaturates, v01atfle anaesthetacs, or nitrous oxade, 
and usually undergo a prolonged mductmn 
tered a 2 The effect of ethanol on mductmn ol 
dearly by the experimental study by AbreL 
been shown m dogs and rats that the repe 
narcotic analge~acs reduces the duratmn ot 

~tagc when dlethyl ether is admmas- 
dmthyl ether anaesthesm was shown 
and Emerson m 1939 3 It has also 

~ted prmr admamstxatmn of varmus 
sleep wath a thmbarblturate 4 5 In 

contradlstmctmon , Moyers and Thayer reported, an 1962, that followmg chromc 
alcohol mgestaon by dogs, "sleep" as produced wath a "normal" amount of 
tluopental, but ats duratmn as twace that of a; conl rol group of dogs 6 

t 
Tins eommumeatmn reports how ethan01-tolerant rats, dahydromorphmone- 

tolerant mace, and barbaturate-res~stant rats reacted to mductmn and maintenance 
of anaesthesm wath dmthyl ether, methoxyfllurane, thmpental, methohexatal, and 
a eombmatmn ot? methohexatal and Innovar~ Our purpose m these experiments 
as to attempt to clarify whethel drug-tolerant ,odents react any dtfferently to 
general anaesthesm than non-tolerant rodents, and to evaluate the data as a 
grade to the management of anaesthesm an drug-tolerant humans 

MATERIALS AND ~/~ETtlODS 

Five series of experiments were carned out 
In the first series, 75 Sprague-Dawley, albmo, male rats, weighing 80 to 100 

grams, were dlwded into six groups of 12 or 13 rats m each All groups were fed 
water and dry food (Big Red ra~ foodw for three days, then 20 per cent daethyl 
ether anaesthesia was given and control data for mduetmn tame and maintenance 
tame were recorded by using the following ~echmque Each rat was mdavadually 
placed m a 2-htre capacaty transparent iar An inlet tube which reached the 
bottom of the ]ar was attached to the oullet of an E M O vapounzer set at 
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20 per cent dmthyl ether, and 6 htres per mmute of o,ygen was mlected mto 0ae 
mlet o]? the vapounzer The jar had an outlet openm 
chameter as the orrfiee of the mlet tube In every t~ 
mto the jar for exactly 10 seconds The m d u c t w n  t ,me 
an seconds, by stopwatch, from the moment the oxy~ 
the vapounzer until the rat ceased to struggle and c 

g to the air wath the same 
~st, the vapour was blown 
ff anaesthesm was recorded 
en was turned on through 
filapsed Then the rat was 

removed from the jar and left In room air and the t ime  mterval was recorded 
from the moment of collapse untal the rat was able tcl~ right itself and walk Tlns 
~rne mterval was called the mamtenance t, me Then, / three groups were treated 
by a modrficatlon of the method described by Abreu .~nd ]=Emerson, a glvmg mtra- 
peritoneal m]ectaons of 10 per cent ethanol once dady~ The first week, they were 
given 20 ml /kg  daffy, then the dose was mcreasecdl to 40 m l / k g  the second 
week and 60 ml /kg  the thn'd week The other three groups were held as controls 
and received rejections of 0 9 per dent saline m the, same volume The fourth 
week, 10 per cent ethanol m water was given to the rats as drmkmg water ad hb 
instead of glvmg intrapentoneal mjectmns, whale the control group were given 
0 9 per cent sahne as drmkmg water 

At the end of the first, second, and thard week,!,, the rats were given an 
anaesthetic with 20 per cent dlethyl ether, as was ,tl:lone before begmmng ~Jae 
ethanol mjectmns At the end of the fourth week, th~ t rat.,, were given an anaes- 
thetac wath 1 5 per cent methoxy~lurane, usmg the s~me techmque as described 
above except that a cahbrated 1%ntec vapounzer was used mstead of the E M O 
vapourlzer One day before they were given metho~lyflmane , they received an 
anaesthetxc with methohexltal (0 5% 30 m g / k g ,  mtllapentoneal miectmn) and, 
one day after, they recewed an anaesthetic with thmpental (1% 30 m g / k g ,  
mtrapentoneal m]ectmn ) 

The second series eonsasted of 77 Sprague-Dawley, male albmo rats, we~ghlng 
80 to 100 grams They were davlded mto six groups with 12 or 14 rats m each 
and were fed wath dry food (Bag Red rat food) and tap water ad hb ]?or ttuee 
days, then 1 5 per cent methoxyflurane anaesthesm was gaven to all the rats, as 
described for the first series 

The mductaon tame and mamtenance time were recorded as the control data 
for all groups in this series Then, Group 1 was held as a control and fed dry 
~?ood and tap water ad hb The other five groups were ~ed wath dry food and 
110 per ,cent ethanol m water ad hb for three weeks The ethanol concentration 
an the drmkmg water was mcreased from 10 per cent to 15 per cent durmg t,he 
~?ourth and fifth weeks and to 20 per cent durmg the sixth week Ethanol was 
then withdrawn durmg the seventh wee~, when the rats were gwen tap water 
and dry food, as for the control group The amount of water and ethanol m water 
consumed by each rat was measured daaly and the body weaght was measured 
once weekly At the end of the first, second, and third weeks, 1 5 per cent 
methox~zflurane anaesthesm was gwen At the end of the fourth week, 20 per cent 
chethyl ether anaesthesm was gaven and methohexltal anaesthesm (05~;, 30 
r a g / kg ,  mtrapentoneaHy) was gwen two days after the dmthyl ether anaesthesm 
At the end of the sixth and seventh weeks, 1 5 per ,cent methoxyflurane anaes- 
thesm was repeated and ~t was fo]]lowed w~Lth 20 per cent dmthyl ether anaesthesia 
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and methohexltal anaesthesia, one day and !two days after the metl~oxyflurane 
anaesthesia, respectively 

In the third series of experiments, 36 Slprague-Dawley, albino male rats, 
weighing 1t30 to 120 grams (mean 109 gr,~ms) were used Three groups of 12 rats 
were fed with Big Red rat food and tap water ad hb for three days, then they 
were gwen an anaesthetic with 30 mg /kg  methohexltal, lntrapentoneally, in 
0 5 per cent solution Feeding was contmuec as above for two days; then, the 
following day, they were given anothel anaesl hetle with 30 m g / k g  methohexltal 
(0 5~o) together with 0 5 ml /kg  Innovar [ containing 0 5 m g / m l  dehydro- 
benzpendol + 001 m g / m l  phentanyl) The I induction times and maintenance 
times for these two experiments were recorded as the control data 

The three groups wele then fed dry fOOdland 10 per cent ethan61 an water 
ad hb for three weeks During this time, tt~e amounts of 10 per cent ethanol 
consumed by the rats were measured daily and their body weights were measured 
weekly Then, the reduction time and maintenance time of anaesthesia for 
methohexltal + Innovar were determined q he i ats were deprived of ethanol 
for one week (water and dry food were glvel!~) Anaesthetics were administered 
again at the end of the fourth week 

The fourth series consisted of 36 male ml~?e ~ with body weight o[ 22 to 24 
grams These were divided into three groups of 12 mice in each They were fed 
Big Red rat food and tap water ad lzb for three days, then milk ad lzb (3 parts 
of water and 1 part evaporated milk) and dry food (1 gram per mouse per day) 
Methoxyflurane (157o) anaesthesia was gwe h after the first three days to all 
mice for control data Thlee days after the control anaesthetic, dlhydromor- 
pbanone hydrochlonde~ (DHM) was addeff to the milk of Groups 2 and 3, 
according to the method described by Shuster and assocmtes 7 The mice were 
anaesthetized, one at a time, as was done wltl-lt the rats, using 15 per cent dlethyl 
ether, 0 5 per cent 50 m p k methohexltal arld 1 5 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 hb 
diet was restoled One week later, the anaesthetics were given again 

In the fifth series of experiments, 42 albino lats of 80 to 100 grams body weight 
were used They were fed with Big Red rat ~ood and tap watel for three days 
Then each rat was given 1 5 per cent methexyflurane and 20 per cent dlethy] 
ether, a day apart, using the same technique as described above The rats were 
then divided into two groups 14 rats were helld as controls and the other 28 rats 
were given 0 5 per cent methohexlta], 30 m g / k g  body weight by lntlapentoneal 
mlectmn, once daily for two weeks The control rat,, received 6 ml of 0 9 per cent 
~alme per kg of body weight, once daily, by mtrapentoneal injection, which was 
the same volume of fluid that the test group was receiving General anaesthetms 
wath 20 pel cent daethyl ether and 1 5 per cent methoxyflurane, a day apart, 
were given at the end of the second week The rat,, were left at rest wlthout any 
rejections for one week and then the two general anaesthetics were repeated a 
day apart 

eC57BL/SJ strata obtained from Jackson Memorial Lab, Bar Harbor, \lame 
[DILAUDID from Knoll Pharmaceutical Co, Orange, N J 
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Fo~ each set of expe~nnents, tlN mean value of the mductmn t~me, main- 
tenance t~me, and the standard elro~ of the mean Wlele calculated and the data 
were analysed statistically using the chl square test an d probab~hty tables 

RESULTS 
SeJ los 1 

Data fiom the experiments in Selies i ale summmr 
In the ethanol-tolerant rats ot Series 1, the lnducl ~ 

was slgmficantly mcleased at the end ot the filst wee 
and third weeks, the dlethyl etl,e~ mduet~on time 
that for the mmal anaesthehc The maintenance 
changed m anv of the expernnents in the control 

~ed m Tables I and II 
ion ttlme with &ethyl ether 
k At the end of the second 
vas plachcally the same as 
tune was not appreembly 
group, induction time and 

maintenance time with dlethyl ether anaesthesia, at the end of the first, second, 
and thnd weeks, were all about the same as foi the 

During the fomth week, when the test g~oup of~ 
ethanol orally ad hb in place of drinking u.ater, tt 
per kg per day on the average The ethanol-tolerm 
longer mduchon time and a sholtex maintenance tl~ 
thesla, ~ e ,  they were somewhat more ~es~stant to m 
the control group 

mtlal anaesthetic 
~ts were given 10 per cent 

icy consumed 300 ml fired 
~t xats then showed a httle 
le w~th methohexltal anaes- 
~thohexltal anaesthesia than 

The next day, when they wele glx en 1 5 p o  cent Imetlmxytlmane anaesthesia, 
the mduehon time and maintenance hme of the[ ethanol-tolerant lats wele 
practically the same as for the contlol group and, the day following, when 
thlopental anaesthesia was given ( 1% 30 m g / k g  body weight, lntraperitoneally), 
the ethanol-tolerant rats showed a trend to a prolonged mductIon and main- 
tenance time m comparison w~th the control rats However, the standard error 
was very large among the ethanol-tolerant rats, so that the difference was not 
statistically slgmfieant (see Table I ) 

Up to the end of the second week, ethanol-tolerant ~ats gained much more 
weight than the control rats-67 per cent vs 46 per cent (Table 1II) However, 
during the third week, the ethanol-tolerant rats gamed weight less rapidly and 
they soon fell behind m their weight gains, so that at the .end of the study pellod 
the total weight gain was 92 pe~ cent fol 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[ in 
both the control and the ethanol-tolerant groups during the first three weeks 
These deaths were attributed to the complications resulting from multiple mtra- 
peritoneal mleetaons, smee none of the rats died immediately aftel reeovel:mg 
horn the anaesthetic tests 

Serzes ? 

Data from the experiments in Series 2 are summarL, ed m Tables III, IV, and V 
In general, the fired intake increased as the body weight increased 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 fluid m the second week, 
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Imtial weight 

TABLE II 
AVERAGE BODY WEIGHT OF RATS IN SERIES 1 (G~MS) 

. . . .  [ 

. One week Tw~ weelr s 

105 121 (+  14%) 1148 (~40%) 
92 121 (+31%) 154 (1+67%) 

Three we@s 

208 (-t-97%) 
177 (+92%) 

Control 
Alcoholic 

also, but tins was much less m volume than what the control group drank T~e 
as the concentration of alco ol tluld mtake, on a ml per kg per day basis, decrease d aht 

was mcreased from 10 per cent to 15 per cent and from ][5 per cent to 20 p~r 
cent The amount of fired taken by the ethanol-tolerant rats almost doubled 
durmg the seventh week when the ethanol was wilthdlawn and tap water 
subslatuted ( Table III ) 

Durmg the first three weeks, mspt te  of the lesser 
food taken, the ethanol-tolerant rats gamed much rr. 
the control rats Durmg the followmg three weeks, 
less than the controls and, at the end of the sixt h wr 
theft mltaal weight wtule the control rats gamed 2 6 
Durmg the seventh week, the ethanol-tolerant rats a 8 
controls, when they had tap water instead of ethanol 
there was no weight loss at any t~me during the F 
(Table IV) 

amount of fired and dry 
ore in body weight thgn 
the alcoholic rats gamed 

I 
ek, lhey gamed 2 4 tam~s 
:lmes their amtlal welgtlt 
un gamed more than Hae 
to drink In both groups, 
enod of the experiments 

TABLE III 
AVERAGE FLUID INTAKE OF RATS IN SERIES 2 (ML /KG PER DAY) 

Day 
I 

4th (control) 11 18 25 32 40 50 58 

Control 
Alcohohc 

90 190 253 177 123 114 160 230 
102 127 140 116 104 107 81 154 

\~ ater 10% .15% 20% 
ethanol ...... ethanol ~t_hanol Water 

TABLE IV 
AVERAGF BODY V~EIGHT OF RATS IN SERIE' I 2 ((,RAMS) 

Day 

4th (control) 11 18 25 3~ 40 50 58 
I 

Control 89 11 q 141 182 24! 263 313 325 
Alcohohc 88 1 lb 140 lq5 22 235 264 300 

All of the survxvmg rats remained m good condatlon and healthy throughout 
the experiments However, we observed that the ethanol-tolerant rats' fur was 
more sbany and they were more active and offensive when dxsturbed or handled 
during the anaesthehc tests There were no deaths during the first three weeks 
m any group of rats Four among the 14 control rats dxed 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 (17go) 2 m ithe I ourth week, 3 in the fif!h week, 1 in 
the sixth week, and 5 &ed durmg the week after the ethanol was withdrawn 

Induction of anaesthesm wath 1 5 per cent methoxyflurane m the ethanol- 
tolerant rats was very stormy and the mductmn tame was pxolonged after the 
first week, but the difference in induct ion time m comparison with the control 
group did not become statistically slgmficant untal the anaesthetics were gwen 
at the end of the second and third weeks On the othel hand, the maintenance 
time remained practacally the same thlonghout  The contlol lats showed no 
appreciable change m seIml iesponse to reduction time ol maintenance tnne 
during the six anaesthetics with methoxyflmane, although the maintenance time 
seemed to shorten m the control group of lats as they glew b~gger, whereas 
thele was no consistent difference m the ethanol-tolerant lats At the end of the 
seventh week, after tht fired fed to the ethanol-tolerant rats was again tap watel, 
the Induction time and maintenance t)me ( 
for the control and the ethanol-tolerant r~t 

When 20 per cent dlethvl ether anaestbJ 
of the fourth week and sixth week, the 
l esponse between the ethanol-tolerant ra 
induction time and maintenance t~me At t i 
the ethanol-tolerant rats drank tap ~a ater 
difference between the aleohohcs and the 

When methohex~tal anaesthesia (0 5% 3 

)f a~laesthesm were virtually the same 
ts (,,ee Table V) 
esla was g~v(n to the rats at the end 
re was no appreciable difference in 
ts and the eontaol rats m both the 
~e end of the seventh week ( the week 
1stead of ethanol) there was again no 
.'ontrols (see Table V) 

m p k,  mtraperltoneal)  was gwen at 
the end of the sixth week, two among 9,2 'of the ethanol-tolerant rats refused to 
sleep and the others showed longer redaction hme and shortel mmntenance 
t~me We had the Impression that Lhese rats were resistant to methohexltal 
anaesthesm However, this effect was not statlstmally slgmfieant There was also 
no statistical &fference m the mduetmn tnne and 'mamtenanee  tame between the 
ethanol-tolerant rats and the control group of rats during the methohex~tal anaes- 
thetms at the end of the fourth and seventh weeks, although one out of 61 and 
two of 9.0. rats, lespect~velv, d~d not sleep when they received the methohexltal 

Ser~es 3 

Data from these expel ~ments are shown m Table VI 
During the three-week period that these rats were fed 10 pel cent ethanol 

orally, they consumed an average of 116 ml per kg per day and, at the end of 
the thxrd week, their mean wmght had mcrea,,ed from 109 to 250 grams In all 
respects, their reaction to the ~eedings wa~, slmdar to that observed m the second 
series of experiments There was no appreciable altel atmn m their response to the 
anaesthetic combination of methohexltal and lnnovar anaesthesia in comparison 
with the control test after three weeks of ethanol intake During this time, 5 rats 
died During the one week of ethanol deprlvatmn, 5 more rats &ed, but there 
was again no slgmficant alteration m their response to the mllectlon of the 
anaesthetm drugs 

Ser~es 4 D~hydromorphmone Tolerant Mwe 

The data from these experiments are summarized m Table VII 
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The mine wele allowed to take gdry food and fired during the mght and the 
anaesthehc tests were earned out m 
of DHM 

For the first three days after DHM 
mine took less than the conhol grou 
mcreased day by day and reached ap 
on the fourth day The lowest retake of 

the afternoon to avoid the acute effects 

was added to the milk, the test group of 
p However, the amomft of milk taken 
)roxlmately the same level for all groups 
DHM m the mdk was 68 mg per kg per 

day At the end of the first week, the average retake of milk ,was 24 grams, so 
the average retake of DHM reached a 
milk consumptmn was about the sam, 
DHM-fed mace gamed more body we1 I 
higher and more erect than the controls 

a average of 80 mg per kg per day The 
for the control group of mace, but the 

~,ht, had shmmr fur, and carried thear tails 

After the second week, 'the DHM-treated mice had, on the average, a some- 
what shorteI mductmn hme and lon-~er maintenance tame with 1 5 per cent 
methoxyflurane anaesthesm, but these alteratmns were not statastlcally significant 
Anaesthesm with 15 per cent dmtl~ 
apprecmble stahstmal difference altho 
maintenance tame shorter 

After the third week of treatment 

el ether the following day caused no 
lgh mduehon hme appeared longer and 

bo|h methoxyflurane and &ethyl ether 
anaesthesia _mduchon and maintenance hines were prolonged, but again the 
differences from the control tests werq not sufficient to be slgnfl~cant 

During the thtrd and fourth weeks ? f  DHM treatment, the mice began losing 
weight and they lost the shiny appea!ance of their fur They became lethargm, 
ataxm, and their fads drooped HoweVer, the apparent lengthening of mductmn 
ttrnes and maintenance times with both methoxyflurane and dlethyl ether dM 
not reflect the above changes because the mace held as controls had a rather 
similar lengthemng of the anaesthesm t~me 

At the end of the fourth week, when rnethohexltal anaesthesm was reduced, 
there was a shorter mductmn time and prolonged maintenance hme m the 
DHM-tolerant mine These changes were stahstmally highly slgndlcant, indicating 
that the narcotm-tolerant mine were more sensitive and susc, ephble to metho- 
hexltal anaesthesm than were the controls 

One week after the withdrawal of DHM, the narcohc-tolerant mice regained 
their body weight, healthy appemance, ancl activity, and appeared generally the 
same as the control group of mace The mductmn tames and maintenance ttmes 
of anaesthesm with dmthyl ethel, methoxyflurane, and methohexltal anaesthesia 
m the tolerant mace reverted to close proximity to those of the' controls 

All of the mine survived the expenme~Lts except one mouse m the addmted 
group which &ed one day after withdrawal of DHM 

Serws 5 Bay b,turate-Tolerant Bats 

Data from these e• are shown m Table VIII 
The rats whmh reeewed the daily an]ectlons Of methohexatal developed 

remarkable resistance to the barbiturate On the eighth day of the mtrapentoneal 
mlectmns, two among 28 rats refused to sleep and the maintenance time of the 
remaining rats was slgmfieantly shortened m comparison with the response to 
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the first m]echon However, mduchon atnd maintenance of dmthyl ether or 
methoxyflurane anaesthesm showed no dd!ference to that for the control group 
The mduchon hme and maintenance hme of dlethyl ether and methoxyflurane 
anaesthesm, one week after wlthdrawal of the methohexltal m]echons, also 
showed no difference from the control gr,13u p or from the ongmalt control tests 
obtained before starting the methohexltal lrtlectmns 

Three of the control group and three of the barbiturate-resistant group of 
rats dmd during the second week of dally mtrapentoneal mlections of sahne 
and methohexatal respectively Three more I rats dmd in the control group during 
the third week whereas none of the metihohexatal-reslstant rats dmd after the 
drug was withdrawn 

Discuss, 

Addlchon to ethanol, barbiturates, an( 
problem m America, not only because it 
as 1 per cent of the adult populahon, but 
a disease enhty that reqmres medmal atten 

On account of the socmlogmal and F 

ION 

t narcotm analgesics as an alarming 
s estimated to affect dmectly as much 
~lso because at is not fully accepted as 
i on  

sychologleal lmphcatmns, at as often 
difficult for the anaesthetist to ehmt a relJ[able history of addmhon to any drug 
from his patients The problem seems to 'loom even larger because the pahent 
m the hospital awamng a surgmal procedulle is almost invariably deprived of his 
favounte medmahon and the usual sign, of withdrawal such a,, anxiety, the 
feehng of weakness, tremors, excesswe perspiration, anorexia, nausea, vommng, 
fever, tachycardla, dehrmm, and hallucmahons may one and all be confused 
w~th either a s~mple anxiety reaetmn to tt~e pending surgical operatmn, or wath 
effects of the d~sease for wl-uch the patient was admitted to the hospatal These 
reachons may confound attempts at dmgnosas or therapy and can augment the 
difficulty of eshmatmg the optimum anaesthehe techmque 

There ~s a particular matter that must be we~Lghed m evaluating the vahdlty of 
experimental studms on this sub}ect humans who become tolerant to ethanol, 
morphine, or barbiturates usually have become habituated to tllese rather on 
account of a chlomc medmal andlcahon for the dlugs that are used, or because 
of a psychic defect which led to repeated prescnptmn of one of the "escape" 
drugs The mmal resistance t o mduehon of anaesthesaa by such people may 
therefore be related to a greater degree of anxiety to a stress intuahon than 
m~ght be expected m a normal mdwMua] At a later stage of tolerance, or 
estabhshed dependence, this difference may well be suppaessed as long as the 
~eqmred drugs are available The experimental ammal cannot be prowded with 
this prehmmary chrome need or psychic defect eaMy and, of course, the develop- 
ment of hab~tuahon to a drug ~s not made by the ammal's chome Hereto hes 
one of the fundamental problems m deslgmng a study revolving the response 
of a drug addict to an added st3 ess s~tuatmn 

The specafic problem that faces the anaesthetist m studying thai, subleet may 
be consMered an two ~teps In the filst, l~e must gain a clear understanding of 
the effect of the acute lnteractmn of each one of the ma}or anaesthetms with 
simultaneous adrnm~stratmn of ethanol, ~ narcohe analgesm, o~ a barbaturate, 
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because each one of these substances can enhfinee the physmlogmal depre!smn 
of resp]ratmn, ctrculatmn, and neuromuscular transm~ssmn that usually aceom- 
pames the mductaon of general anaesthesm At the same tame, they m~ght 
suppress the detoxmatmn mechamsms of the body,I and hence delay metabohc 
degradatmn and/or excretmn of one or the other 19 the second step, the anaes- 
thetast must learn whether, during the development of progresswe stages of 
dependence or tolerance to an addmtmg drug, there-- ~,, any alteratmn in then: 
rate of metabohsm and, ff so, whether such an alteratmn can enhance or depress 
the effect of an anaesthetm drug 

'At  thas point, ]t as well to rewew the usual sequence of events during the 
,development of tolerance to the sedatave-type drug~ s Thas will serve as a base- 
lane m dascussmg and evaluating the responses thl~t appeared when a ge ---' 
anaesthetic was added at dafferent stages (see Fig 1 ) 

D 
._J 
2) 
5; 

u') 

u~ 
--) 

0 
X 
0 
Z 

U_ 
0 
U.l 

_J 

> 

bJ 

( )  

| ~ 1 ~  ~ 

h u m  level  of C N S e x c i t a b i l i t y  ,0,,,0,,,0,,,,,,,,,.N~i~n,iPAt~.{t~,,,,,,,, 
~ .  Af~ter 

~ After a single dose of a sedahve all genera( onaesthehcs usuolly cause 
g an add~hve synergism to the ph%rmacologlcal depression of the psyche 

W~th continuous aclrnm~stmtlon of a sedahve w~th properties which lead to 
addlchon mduchon of mhalahon ancsesthest~ frequently causes o 

~ hyperexc,table reaehon W 
IC) After addiction to a sedahve drug ha~ been c~stabhshed induchon and U 

P ky. maintenance of mhalahon anaesthesia is usually s;mdar to thet in a 
non tolerant sublect as long as the plasma I~vel of ~he tolerant drug 

r ~  is maintained at the ophmal level 

~ & M A  During and afterwthdrawal ,nhalat,on anae, thes,a has no apprec,ab', effect 

T I M E  S C A L E  ( d a y s ,  w e e k s ,  m o n t h s  or years) 

Fmurl~ I Responses during progresswe development of toler,mee to depressant drugs and 
to xwthdrawal (modifled from M H qeevers) 

The usual ]mtlal effects following absolptlon ol a,n effective dose of a sedative- 
type drug, undel normal conditions, are genelal deplesslon, tranqudhty, dr'ows]- 
hess or sleep, analgesia (m the ease of the appropriate drugs), and motor weak- 
hess There is a sharp depless]on m the normal mteglated level of nervous 
excatabfl]ty prowded that the subject as not dasturbed With some sedatwe drugs, 
there appears w,th the first, dose a rather marked increase m the latent hyper- 
excitable s ta te- that  ~s, the a esponse to noxmus stimulation is characteristically 
evident as unusual restlessness, umuly conduct, and bizarre behawour As 
(ontmued mgestmn of a sedative drug takes place, tolerance (or resistance to 
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sublectlve and obleetave effects) begins I to 
dose is increased, or when the interval betw 
signs of drug depression soon subside and, 
developed, wltually no depression is evlden~ 
retain sensitivity to the noxious effects of th~ 
development of maxunurn tolerance (and de 
of a continuous and umnte~rupted optimal 
all t~mes If the addict is given unlimited 

levelop, and th~s accelelates as the 
een each intake is shortened Overt 
by the time maximal tolerance has 
:, although certain vital iorgans may 

drug Wlkler has stressed that the 
endence) requires the maintenance 

dasma concentratwn of the drug at 
access to the drug, he adlusts the 

quantity and frequency of administration 
ot tolerance and prevents even the emhest 
hand, ff the drug is given or is avadable at oll 
reported in experimental attempts at prod 
unlikely that true tolerance and dependenc, 
adequate plasma level persists until the follo 

t,3 keep pace with the development 
signs of abstinence On the other 

me-dally intervals only (as has been 
acing addiction in the past), it is 

can always be attained unless an 
umg dose ~s provided 9 As tolerance 

to the drug increases, the state of latent 
peripheral nervous system increases rapidly 
level of the drug is reached, latent hyperex 
a somewhat higher level than normal At 
physmally dependent upon the drug and 
under stress as ~long as the reqmred drug 

1Lypel excltabdlty of the central and 
at first, but as the opttmum plasma 
~ltabdlty falls off, but it remains, at 
his ,,tage, the sublect is stud to be 
1ill behave m a normaJ way even 
taken m adequate ammmts Overt 

rnanlfestatmns of central nervous system trrlttablhty and a hyperexcltable 
reaction only appear ff an antagomstlc dr~ig is given (e g,  ethanc~-dlsulfiram, 
morphme-naiorphlne), or if the drug to w[hlch the subject as fully tolerant is 
suddenly withdrawn Onset of the overt reaction to withdrawal depends on the 
rate of antagomsm or ehmmatmn of the 'drug becormng manifest when the 
plasma level has reached almost zero The reaction may remain intense for 
several days This is known as the abstinence reaction The interesting pharma- 
cologmal aspect of the acute a eactaon to abstinence ~s that it ~s most intense 
after vzrtually all tolerance has been lost, and this coincides with the time that 
the drug has been completely ehmmated frctm the tissues of the body If, at this 
tame, the plasma concentration of the deper~dent drug ~s 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 ingestion to synergaze (ad&tlvely) the 

depressant and lethal effect of sedative drug!, has been shown clearly by Melville, 
Eerola, and others, and is now well known 10-1G Most of the depressant drugs ale 
metabohzed by enzymes present m the mlcrosornal fraction of the hver In the 
case of ethanol, its normal breakdown by alcohohc dehydrogenase to acetalde- 
hyde and the subsequent oxidation to acetic acid, carbon dioxide, and water 
(which produces enelgy) occms at the rate of approximately 10 per cent per 
hour Simultaneous administration of glucose and insulin seems to accelerate 
the metabohsm of etha~aol m the body On the other hand, many of the hypnotm 
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sedative drugs ewdently ~telay this process Therefore the blood and tassue le@ls 
of both sedatwe substances are sustained, prottucl g a longer period of tle- 
plessmn of resptratmn, rgflex aetavlty, and other vltall plocesses The depression 
o~ resp~ratmn produces progresswe respiratory and Imetabohc acidosis, marked 
by the accumulation of lactm acid, whmh, an turn, :sustains and augments the 
depressant effect of the barbltm ates on wtal organs 17 ~[s ~ 

Effect of Narcotzc Analgesws 
When a narcotic analgesic ~s administered orally, s 

even with relatavely large doses because most of th~ 
destroyed or conjugated while passing through the p, 
amount of drug that becomes available systemically 
apprecmble physiological depressmn-0 The acute ~_ 
narcotm analgesms can, by themselves, cause severe 

mous toxaclty rarely occurs 
ingested drug 1S probabls, 

~rtal circulation, so that the 
~s not sufficmnt to exhibit 

arenteral admm~strataon of 
res[nratory depres~mn and 

circulatory mstabdaty, even m a relatively small dose, ff the sublect is not we]I, 2a 
but a healthy person tolerates these drugs without gr6ss evidence of physmlogaeal 
d,epressmn 22 and nareotms such as morphine and mependme do not aculely 
cause an appreciable prollongatmw~ of anaesthesia with thmpental 28 

Woods and assoemtes showed the effeet of admu 
morphine to tolerant and non-tolerant dogs Appro 
administered dose appears as conjugated drug m bl 
is ultimately reabsorbed from the intestine and excre 
to 80 per cent of the administered dose (15~ free a~ 

astermg large quantities of 
nmately 40 per cent of an 
le within a few hours This 
ted m the urme, so that 75 
~d 60 to 65% conlugated) ~s 

excreted in 48 to 72 hours Of the remaining fraction, 5 to 10 per cent is recovered 
m faeces, leaving about 10 per cent unaccounted for Morphine monoglucuromde, 
whmh they beheve is pharmacologically inert, was identified as one of the prm- 
cLpal conjugates There were quantltatwe differences m the amount of the con- 
jugate m the urine between tolerant and non-tolerar~t dogs, until maxamal tGler- 
ante had developed, after whmh there was no longer a difference They con- 
eluded that the observed mltlal difference m gross handhng of morpiune m the 
body is not a slgmficant factor m the understanding of tolerance In earher work, 
m which they analysed the t~ssues of tolerant and non-tolerant rats, dogs, and 
monkeys, they failed to reveal a slgmfieant differential accumulation of morphine 
an any wtal tassues except possably the spleen and th,groad At the time the 
plasma eoneentratmns were at their peak, extremely small amounts were pre~,ent 
an the brain and, after 48 to 72 hours, there was wrtually no morphme detectable 
m tolerant as well as non-tolerant ammals Thus, there is no basas for the concept 
that to]eranee might be related to an increased capacity of the body to detoxffy 
or to dastnbute dlfferentmllv a drug to whmh tolerance has developed There 
remains only the poss~b~hty that a product of detoxmatmn selectwely accumulates 
an or on neurons, which produce the state of hyperexcltablhty that is noted 
partmularly at the time of w~thdrawal Changes due to epinephrine and hista- 
mane ~elease or mh~b~tmn of varmus enzymes have not been acceptable explana- 
tions by Seevers and Wood, who st~ll adhere to the "d~ual aetmn hypothesis"- 
tolerance being described a~ an acqmred res~sta~,we ,~o narcotw effects and 
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d e p e ~ e  being due to the cumulative e~ects Of a l.~. ger-lasting d~rect exc,ta, 
t~on, foUounng whwh the affected cel~s bebome sensitized rather than tolerant 
to th~s effect 2~-2~ 

In the non-tolerant human sublect , a thel 
tered intravenously, disappears rather rapt 
two hours as it as redastrlbuted to the bod 
changed m the urine ( < 5~) Most of it 
de-esteraficataon Thas blotransformalaqn ar, 
10 to 20 per cent per hour 28 i 

Patients who become tolerant to the r 
analgesics do not appear to metabohze the 
tolerant mdlvaduals, according to Burns, wt 
of tolerance to such drugs, the body doe 
for its mactwatxon, but rather that some for 
must play an Important role 29 Therefore 

apeut~c close ot mepenctme, aommxs- 
Uy from the plasma duOng the first 
r tissues Very httle as ~xcreted un- 
: metabohzed by demethylalaon and 
d deactwatlon occurs at a rate of 

I 

arenteral admmastratao~, of narcotxc 
,e drugs any more raplc0y than non- 
0 suggested that in the development 

not acqmre an increased capacaty 
n of cellular "xmmumty'l to the drug 
enhanced metabohc transformation 

does not appear to be an maportant factor! m l he development of ltolerance to 
narcolac analgesxcs and whatever alteration occurs probably does rlot affect the 
mteractaon with anaesthetic drugs On the other hand, Dundee showed that daxly 
admmastrataon of narcotic analgesics tends, to cause resastance to anaesthesm 
with thlobarbxtu~ates admmtstered mtraper~toneally in dogs He fotmd the same 
thing when the narcottc analgesics were gwe 
Effect of Ultra Short-Acting Barbiturates 

Brodle and assocmtes showed that foil, 
plasma level falls sharply at first, due to at,.. 
with the greater part passing rote the fat 
dechne m the plasma concentaat~on whac 
carboxyhc acid It appears to be excreted 
hour s~ The acute admmlstrataon of a w 
many problems ff one seeks spectfic lnforr. 
from anaesthesm can occur, because no coa 
strated between the plasma, brain, and 
anaesthesmy and emergence from anaest~ 

n intramuscularly to rats ,30 

9wing thlopental administration the 
rapad distribution rote body txssues, 

lepers Then, there is a much slower 
represents ~ts blotrans~ormatlon to 

at the rate of 10 to 15 per cent per 
~ry short-acting barbltmate presents 
aatlon as to how qmckly emergence 
tslstent relationship has been demon- 
?at c oncentrataon and the depth of 
esm often occurs at a h~gher plasma 

level after large doses than after smallex 9nes "~ 34 NevertheleSs, tolerance has 
been demonstrated wath ultra short-acting i,arblturates by Green and Koppanyl 4 
Dundee stated that a mlmmum of thnce-weeldy intravenous administration 
of thlopental to the dog leads to a 40 per qent decrease m the durataon of sleep 
by the end of the thard week, but he dad no~ present supporting data 35 However, 
the experiments by Hubbard and Goldb4um leave httle doubt that rodents 
become tolerant to the dady admmlstrataor~ of t haopental m 5 to 6 I days, as evi- 
denced by a 50 per cent decrease m sleepmlg tame Based on tassue ~malysas, they 
showed also that the tolerance mechamsm I appears to be one of !tdaptataon to 
hagher thaopental tassue levels and not to ,either an increased ratel of excretaon 
or destructaon of thlopental 86 

Little lrfformatlon has appeared to explain why methohexltal maght be meta- 
bohzed more rapadly m the body than thlopental, although there I is no doubt 
that at is substantmlly more potent 3r and somewhat shorter an lt~ durataon of 
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actmn as While tolerance can develop w~th single dmly admm~strataons Of 

v on s cumulative effect ~s methohex~tal, as we have shown m the abo e expenm ~ t , a 
more hkely to occur w~th thmpental unless longer intervals are allowed between 
mlectaons ~ 

E~ect o] General Anaesthesia m Ethanol-Tolerant Rodents 
We found that producing ethanol-tolerant rodent t, by dady mtrapentoneal 

mjectaons was an effectlve method because tolerance Was developed qmckly and 
oblect~ve psyctuc signs, such as increased excltabffa!ty, were apparent When 
ethanol-tolerant mice are prepared for measuring the response to mhalatmn 
anaesthesm, they may show almost complete recovery within a few seconds after 
exposure to the same tensmn of an anaesthetm vapoui 
mice to remain apparently deeply anaesthetized Abr 
estabhshed the necessity for defining an mduetmn 
which the righting reflex is lost for at least 30 secon& 
mice for tins phase of the study because they are larg~ 
hkely to die from multiple mtrapentoneal mlectmns, 
period of exposure to 20 per cent dlethyl ether of I 

as wdl cause non-tolerant 
eu and Emerson therefore 
end-point as that time at 
a We used rats instead of 

r, eas~er to work w~th, less 
and we found that a fixed 
0 seconds was unhkely to 

allow sudden early "awakenmg" m ethanol-tolerant rat,i, 
Using the techmque described m the first series of lexpenments, we confirmed 

the reported observation that mductmn of anaesthesia with dmthyl ether m 
3 ethanol-tolerant rats as prolonged and stormy, but there was no appreciable 

effect on the duratmn of maintenance of anaesthesia m the earlier stages of 
habltuahon When the daffy consumptmn of ethanol Was increased to that which 
would exceed approximately one quart of whiskey m a 70 kg man, this effect 
&sappeared and there was even a trend to an apparei~t decrease m the reduction 
t~me ot dlethyl ether anaesthesxa, agam, wath 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 
their response to mhalatmn anaesthesia with methoxyflurane or the mtrapento- 
neal admmlstratmn of methohex~tal or thlopental, m comparison with rats ted 
water Besides the posslbfflty outhned above and an Fagure 1, one other plausl]ble 
explanatmn for a stormy and prolonged mductmn of anaesthesia with dmt]hyl 
ether ~s that ethanol may be present m the t~ssues, even 24 hours after m]eetrcm, 
which m,ght confer a higher aflqmty for ether and, so, slow mduetmn, assuming 
all other things were the same between the control and ethanol-tolerant rats s 
However, ff this were a factor, the same response ,;hou]d have been appment 
d ~ m g  the later stages of the test 

In comparing the growth of rats, we were tempted to attach slgmfleanee to 
the more rapid weaght gain during the development of ethanol tolerance, but 
the bmloglcal slgnfleance is much less m wew of the much higher caloric retake 
supp]led by the ethanol itself ~8 

In o~ der to avoid the relatwely h~gh mortahty due to multaple mtrapentoneal 
mjeetmns m the first series, we elected m the second and thtrd series of 
experiments to feed the rats the ethanol solutmn oral]ly By using this pro- 
cedure, we expected also to satisfy the reqmrements outhned by Wlkler that 
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assure the development of true toleranctel and dependence 9 As I occurred with 
the administration of dlethyl ethek anaesthesm m the first sdrles, mductlon 
of anaesthesm w~th rnethoxyflurane ~vas stormy and somewhat prolonged during 
the first few weeks, but the maintenance[ peilod of anaesthesm Was unaffected 
When dlethyl ether anaesthesm was admmtstered after the foiurth and sixth 
weeks, there was again no appreciable dtfference m the ethan01-tolerant rats 
The mtraperltoneal administration Of m 
seventh weeks, on the other hand, showe~ 
rats They seemed to be more resistant 
occurred a httle later and mamtenalnce 
in both of these aspects was relatwely sn 
was the observation that one rat of 61, 
after the sixth and seventh weeks, respe 

ethohexltal after the fbdrth, sixth, and 
some d~fference m the ethanol-tolerant 

to the anaesthetic m that the collapse 
was somewhat shorter The differences 
all Of httle more slgmficance, perhaps, 
Lfter the fourth week, and 2 rats of 22, 
tlvely, were completely !resistant to the 

methohexltal, whereas no such effect wa~, observed among the n0n-tolerant rats 
These observations hardly lend strong sqppol t to the finding of "acquired toler- 
ance" that might occur with barbRurates,I ~~ but it is a possible exp!anatlon for the 
changes we observed 

In the third series of experiments, the on glnal intent was to determine the 
effect of Innovar anaesthesia m ethanol-lolerant rats However, W e were unable 
to reduce anaesthesm in the rats during t~ae prehmmary experiments even with a 
very large dose of Innovar It was decl~]ed, therefore, to use a combination of 
Innovar' with methohexltal The comblrJ 
of anaesthesia over that produced by 
50 per cent After ethanol tolerance w~ 
trend to the development of resistance, a 
alone m the second series However, t] 
sleeping time, which annulled the blologl 
to the change When ethanol was with 
txme for anaesthesia approximated that s 
During this senes of expenments, the a 
than was seen in the second series. Th 
rates of onset of action of the three mgre.~ 

atlon prolonged the maintenance time 
methohexltal alone by approximately 

Ls established, there appeared to be a 
was seen when methohexxtal was used 

ere was considerable vanatlon m the 
cal s~gmficance that might be attributed 
drawn for one week, the maintenance 
een .at the beginning of the experiment 
naesthesla reduction t~rnes vaned more 
is may have been due to the different 
hents present in the anaesthetic mixture 

(methohexltal, dehydrobenzpendol, and phentanyl) 

Effect of General Anaesthesia m Morphine-Tolerant Rodents 
In prevaous studies of addlctaon to opiates, morphme (by mtrapentoneal 

injection ) was the drug that was used commonly with mice, although it was 
recogmzed that the analogy for morphme adchctlon in mice was s from perfect 
Morphmlzed mice show a decrease m ileslstance to dlethyl ether, which is the 
opposite response to that seen with ethanol-tolerant mice z We chose to adminis- 
ter ddaydromorphlnone to mice, m the fourth series of experiments, because the 
recent work of Shuster and associates showed that a pure strata Of these rodents 
becomes tolerant within a few days to the analgesic and excitant effects of the 
narcotac if they are fed the drug m dilute evaporated mdk By this method, 
narcotic-tolerant m~ce could be maintained m good physical c onchtlon, for a 
month or more, while drmkmg 50 to 70 m g / k g  of dlhydromC,rphmone daffy 
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Physmal dependence as demonstrable an these mice bebause they lose as mu~h 
as 15 per cent of thear body weaght overmght as soon as the narcotm as w~thdrav~n 
from their mdk feedings, lust the same as occurs an man; r 

While rodents become more excatable and d~fficl 
thear wcmusness as they attain tolerance to ethapol, 
when tolerance to an opmte develops Nevertheless, 
tolerant mace, mductmn of anaesthesm wath dmthyl 
the same as was seen in the ethanol-tolerant rats TheJ 
longer mductmn and maintenance tames with methoxfi 
we observed a shortening of mductaon tame and 
maintenance time of methohexltal anaesthesia That 
addltwe synergasm between the narcotm and the b 
clinically The dafference from the controls dasappeat 
wRhdrawn for one week Thas observed response to 

lit to handle because ,of 
:hey become less excitable 
n the chhydromorphlnone- 
,ther was prolonged much 

was also a trend towards 
turane On the ethel haqd, 

strhklng increase m t~ae 
there appeared to be an 

arb~turate, as one expects 
ed after the narcotm was 
the very short-acting oxy- 

barbaturate as rather different from the effect of nareotac,, combined wath thio- 
pental and thmamylal as described by Dundee 30 However, he noted that wlih- 
drawal ,of narcotms restored the usual response to anaesthesm with barblturat~s, 
as we dad 

Effect of General Anaesthesuz m Rodents Tolerant to Methohex,tal  

Whether true tolerance and dependence can be p~oduced by daffy admmas- 
trataon of the very short-acting barbiturates ~s not clea~ m man, even though such 
an effect has been described frequently mammals  arid has been clearly proved 
wath longer-acting barbaturates by Fraser and Isb 
has been used by Dundee, m this case, to describe a 
acqmred tolerance to narcotlcsS-and winch Seevers 
complete resistance of ammumty to quantatms of the, 
otherwase dammash or completely abohsh the fun 

ell s9 The term resistance 
I 

state winch ts analogous l to 
defined as "the partml or 

,e substances winch would 
ctmnal actavaty of certain 

neurophysmloglcal and other mechamsms "8 Dundee has pointed out also v~lth 
respect to the thlobarblturates that although resistance to the hypnotac effect 
does appear wath chrome admmastratlon, the laver aild the myocardmm may at 
the sarne tame become more sensatwe or specafically d~pressed 5 In the fifth serms 
of experiments reported above, we used methohexital t,) produce tolerance or resas- 
tance because' tinopental causes a high mortahty m r, tts on account of its eur0u- 
lataon, unless the intervals between m]ecttons are ancreased to more than J30 
hours Even though we observed a marked reduetmn m the sleeping tame of ~he 
rats m response to the daily admmlstrataon of meflaohexatal, they reactedCto 
mhalatmn anaesthesm wath dmthyl ether and metho~Iyflmane m much the s~me 
way as the rats used for controls 

I 

Until recently, no more plausible reason was worked out to explain why 
resistance or tolerance develops to oxybarblturates I suclh as hexobarbatal ~nd 
methohexatal than for thlobarbaturates, el hanol, or the narcotms Tassue ammUn- 
aty, adaptatmn to hagher tassue levels, and an increased xate of detoxaeatmn ~re  
attractave explanatmns 

Burns and his assocmtes have now shown that even though there as a marlced 
specms difference m the rate at whmh oxybarblturates are metabohzed (rodents 
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> man) and that many factors mflm;nce the rate at which the enzymes an the 
hver mlcrosomes metabohze oxyba::bltu 
drugs can speed up markedly the metaboh 
appear to be especmlly actwe m stamulatm 
which suggested to them that anarnals 
because of an accelerated metabohsm du 
bohtes 29 Thas explanatmn may also apF 
acqmred tolerance for thmbarbaturates tl 
narcotae analgesacs whmh was mentmned a] 

The normal response to mhalatmn ana 
is even more perplexing Perhaps it can b( 
barbiturate as metabohzed and/or is exere 
lataon anaesthetac that there as no depn 
normal response, or that a longer, mild 
barbaturate allowmg a smoother induct1 
mhalatmn of a small amount of daethyl etl 

rates, the admm~stratmn of certain 
,nn of other drugs The oxybarbaturates 
g the, metaboltsm of other barbiturates, 

become tolerant to oxybarbaturates 
e to pharmacologacalty inactwe meta- 
ly to the observatmn by Dundee of 
mt occurs w~th the admmastra~on of 
)ove 30 

esthesaa by methohexltal-res~stant rats 
explained as follows eather that thls 
ed suff~clenfly at the tlme of the mha- 
'ssant actavlty rernammg to alter the 
general depressmn persasts from the 
m of anaesthesm to occur wath the 
mer or methoxyflurane Since there was 

no appreciable dafference an the dmatlon of maintenance of anaesthesia, one 
would then have to surmase that the sen,!,atwlty to the inhaled anaesthetm was 
increased A more p]ausable explanataon for the observed effect as that the 
mhalatmn agent as handled qmte dtfferently from the oxybarblturate by the 
hody and the excretory systems revolved 4ito not affect one anothel In any case, 
the effect of the mterachon of an inha][latlon agent wath a very short-acting 
barbaturate, m a sublect who has deveIRoped resastance to the latter, rarely 
presents a clinical problem that cannot b~ solved merely by gwmg more of the 
barbaturate until the subleet as rendered unconscmus, and then adding the 
necessary amount of the mhalatmn agent to maintain an appropriate level o~ 
anaesthesm 

The only consastent change that we observed, m this series of experiments, 
upon whxch there seems to be general agreeraent as the apparent resistance to 
mductmn of mhalatmn anaesthesm durmg the early stages of the development 
of tolerance to ethanol and narcotm analgesacs There as no sample explanatmn 
for th~s phenomenon, but a satisfactory one ~s that both ethanol[ and narcotac 
analgesms an low concentratmn m the blood cause excitement by depressing the 
hlghel brain functmns that ordinarily inhabit the appearance oil an offensive 
or belhgerent behavmur response to stress, The excitement seen m an mtoxmated 
mdawdual as qmte samdar to that seen ofl!en during the stage of d[elnmm m the 
tmmodafied mductmn of daethvl ether anaesthesm Guedel described thas as the 

J 

dream stage of anaesthesaa "at represen,lts the permd of earhest loss of con- 
Scmusness, wath the hagher or control cereblal centers abohshed, leaving the 
secondary centers free to run not It as a potentaa] danger stage m every genera| 
anaesthestm Nervous response to stamulatmn or to concurrent dleams as exag- 
gerated and is often expressecl m more or less vmlent physmal actwaty ,,4o The 
same explanatmn may be applLed to the response to methoxyflurane, although the 
excitement stage during mductmn with this ,agent as less dramatm When the 
latent release phenomenon has been accomphshed by regularly mblbmg a sub- 
stantla| amount of ethanol or mlectmg large doses of nmcotlc% the stage is 
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already set for the overt response so that a stage afmdtlcta~176 oranaesthesx'/adchetaoi~,w~ththe 
&ethyl ether becomes the rule At a later st0rmyi 

over.all depressant effect of the drug becomes d()mmant, and exe~tementl wath 
an mhalatmn anaesthetm as then less hkely to occ~ 
of the drug combmataons becomes more hkely ou 
one or both depressant drugs, or to an existing ha~ 
which the sub}ect has developed a tolerance 

The effect whmh we observed that as dafferent fr, 
reports ~s the greater suscept~b~hty to a very 
tolerance has been estabhshed to a narcohc an, 
resistance Since we used &fferent drugs (dahydro~ 
the opposate response that was observed here p 
varmus drug combmatmns, parhcularly when tI 
varaous drugs have mapoi tant dafferences 

lr and, instead, a lethal effect 
mg to delayed metabohsm of 
h plasma level of the drug to 

~m that mentmned m p~evmus 
short-acting barbaturate after 
flgeslc, rather than increased 
norphmone and methohexatal) 
omts to the need for testing 
~e ehemmal structures of the 

SUtVII~IAt~Y AND CONCLUSI[ONS 

The responses of over 250 rodents made tolerant an groups to ethanol, dfllydro- 
morphmone HC1, and methohexata] were evah 
taon of approxtrnately 2000 m&vMual general an 
the effects of the mteractmn of addmtmg sedatn 
anaesthetms at various stages an the development ot 

Rats were made ethanol-tolerant an two ways 
taons wath weekly increases m the dose, and by ~ 
water, winch was rendered pIogressavely more alc~ 

rated durmg the admmastra- 
aesthetms an order to Menhfy 
e-type drugs and the general 
tolerance 
by daffy mtrapentoneal mlec- 
ddmg ethanol to the drmkmg 
)hohe The addatmn of ethanol 

to the drinking water was found to be the more sahsfactory way of producing 
ethanol tolerance m rats because oral retake more closely simulates chmcal 
conditions for developing tolerance and it is attend4~d by a lower mortahty 

During the development of ethanol tolerance, rats have a stormy and some- 
what prolonged reduction tame wath dmthyl ethter and methoxyflurane anaes- 
thesia, whereas the duration of anaesthesia with these two agents does not appear 
to be affected After ethanol tolerance ~s estabh~hed~ the reduction tame w~th 
the inhalation anaesthetacs is no longer affected 

Ethanol-tolerant rats seem to be shghtly resastant to the onset of anaesthesm 
after mtrapentoneal admmast~atmn of methohexltal or tl'nopental Thas response 
~s not evMent when methohexlta] ~s combined With ]nnovar Rats then appear 
to be rather more sens~twe than resastant during the maintenance of thmpental 
anaesthesm, whereas they tend to recover a httle faster when they are gwen 
methohex~tal Howevea, the bmlogmal vanatmn as so great that at ,s ampossable 
to predict an mdwMual response to the very shortl-achng barbaturates from these 
experiments, and ,.t ~s hkely that estabhshed ethanol tolerance has m fact no 
appreciable lrrfluence on the mductmn ol mmntenance response to thmpental, 
methohexltal, anc~ Innovar 

"Morphmlsm" m mine is produced sahsfactorfly by addmg the narcotm 
analgesm to the milk prowded for oral feeding Dahydromorphmone HC1 'addle- 
tmn m mine causes shght resistance to mductmn of anaesthesm with dlethy]' ether, 
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whereas they seem to be somewhat more sensitive to methoxyflura~e and ,much 
more sensitive to methohexltal anaesthesia The altered response I to general 
anaesthesia by mice tolerant to dihydromorphmone HC1 as compared with 
nolmal mice disappears when the narcotlIc is [withdrawn 

Prolonged methohex~tal pretreatmen!t of] rats causes no appreciable change 
in thetr response to general anaesthesia With diethyl ether or methoxyflurane 
even though the rats become quite reslst~mt tO this oxybarbiturate 

In thas study, we paid special attenhon to the effect of toleralace to three 
chemically different kmds of sedative-type drugs on the speed andl duration of 
depression by general anaesthetics Although some degree of antZgomsm and 
synergism with anaesthesia was observed during the development I of tolerance 
and habituation, as noted above, we have h 
lng the mechanism by which these mterachol 

The simple explanation of the lnteractlo: 
merely an additive synergism apphes onl) 
because progressive acute intake of ethane 
of a slow induction of general anaesthesia 

ttle unequivocal knowledge concern. 
~s were brought about 

of ethanol and diethyl ether being 
before ethanol tolerance develop~ 
by itself usually mimics the signs 

as described by Guedel for d:ethyl 
ether The first effect with ether in the unpremedicated subject is' observed as 
a change m the cortical control of beh~vlou.: There is then a gradual descent of 
the depression to" envelop the enhre bralt,  including the medulla When the 
medullary effects set m, respiratory, cardiovascular, and vasomotor funchons 
are characteristically depressed The genera effect of deep ethanol coma is then 
vntually the same as that of dlethyl ethe~ anaesthesia and both ,undoubtedly 
have a marked depressant effect on synapl:lc transmission m the cortex of the 
brain, the reticular system, and the penpl~eral nervous system The metabolic 
effects of ethanol depression and diethyl ether anaesthesia are also rather 
similar Both cause a declease m the alk~h binding power of the blood and 
the accumulation of lactic acid, and both st~ow mamfestat:ons of a similar meta- 
bohc disturbance during recovery, marke~ by hangover, nausea, emesls, and 
thirst One would expect, therefore, that ~t these two agents were, given to a 
patient at the same time, the manlfestatlon~ of an additive synerglstm would be 
apparent, and this is actually what is seen Howevel, once ethanol tolerance is 
developing, only the mlhal excitement stage wlth dlethyl ethei is exaggerated 
while the maintenance of anaesthesia is not obwously affected The response 
to methoxyflurane appears to be similarly affected, while the lesponse to 
barbiturate anaesthesm is vtrtually unaffected 

Much work is still In progress m an attempt to explain the basic mechamsm 
of addiction to narcotic analgesics The development of tissue immunity is the 
favoured explanahon It appears that the lreaction of the narcoh~s addict to 
general anaesthesia with dlethyl ether and met]hoxyflurane would be much the 
same as that for the alcohohc On the other hand, there seems to be some un- 
certainty as to whethel the narcotics adchct is mole sensitive,or more resistant 
to barbiturate anaesthesm From these expenments ~t seems that increased 
sensitivity should be expected wath oxybarbItlurates 

It may remain difficult to explain changes that might occur after resistance 
or tolerance develops to a barbiturate until we ,can define In detafl~the changes 
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m rate of absorption, chstnbutmn, and metabohc degradatmn ehaxaete~:st:c 
for each of the many chemmal arrangements these l~lrugs take New work m the 
past few years seems to indicate that rapid meta]bohc breakdown to reactive 
compounds ~s part of the mechamsm for the apparent development of resistance 
w:th the oxybarb~turates For the present, one has little to fear from interactions 
between barbiturates to whmh tolerance has developed and mhalatlon anaes- 
thetacs, since the occurrence of barbiturate resistance does not appear to have 
any appreciable effect on the course of an mhalatmn anaesthetm 

"Ii a drop of wate: falls on the surface of the seal lust over the flower-hke dasc 
of a sea-anemone, the whole an:rnal contracts vlgo~ously If then, a second drop 
falls w:ttnn a few minutes of the first there is less contraction, and finally, on the 
third and fourth drop, the response disappears altogether Here, m this marine 
polyp, :s clearly exhibited one of the most persuasrve phenomena of the ammal 
kingdom-decrement of response w:th repeated stlmulatmn" Th:s observation 
bv Sharpless and Jasper 4~ as fundamental to the bro 
r and drug tolerance In almost every case whe~ 
as subjected to monotonous stamulatmn or as sut 
deprtvatmn, the m:tlal response as eventually supt 
wh~le new types of st~.mulatmn o~ stress me handl~ 
the o~gamsm has not as yet developed a feedback 
stimulus Thas is perhaps an ove~s~rnpl~ed explan~ 
observed above in drug-tolerant rodents that were 

.~d understanding of habatua- 
e the cortmorehcular system 
~lected to recurrmg sensory 
,ressed and then disappears, 
d zn the usual way, because 
cont~ol of input for the new 
tmn of all the responses we 
subleeted to general anaes- 

thesm, but :t seems to explain most of the effects that were observed 

I:{t~SUME 

Nous avons 6valu6 les r@onses de 250 l ongems, rendus tol6rants par grolapes 
l'6thanol, au ehlorh~drate de d:hydromorphmone ,et au m6thohexltal, au tours 

d'approxlmatwement 2000 anesth6sms g~n6rales m&vlduelles dans le but dqden- 
tlfier les effets de l'mteract:on des m6dmaments type-s6dahfs cr6ant une habitude 
et ]es anesth~sNues g6n6reaux ~ dfff6rents stad~ls de d~veloppement de la 
toldrance 

Nous avons eu recours ~k deux proc6d,~s pour rendre les rats tol6rants ~ rOtha- 
nol en prat:quant des m]echons mtrap6nton~ales quotLdmnnes d'6thanol et en 
augmentant la dose ~ toutes les semames, pros, en a]outant de r6than,ol 
i'eau pour boare et en rendant eette eau progl!esswement plus aleoolique 
L'addmon d'6thanol ~ l'eau pour bo:re s'est av6r6e, une faqon plus sat:sfmsante 
de prodmre chez ]es rats une tol6rance ?: r6thanol pal ee que rabsorptmn par 
~a bouche ressemble davantage aux cond:tlons chmques de d6veloppement de 
tot6rance et ron observe un taux mf~raeur de mortahtl6 de cette faqon 

Au eours du d6veloppement de la tol6ranee i~ l'~thanol, les rats soumls b. une 
anes~h6me ~ r6ther dl~thyhque et au m6thoxyflmane ,,ont aglt6s ~ rmduetlon 
et eelle-cl est un peu plus prolong6e, rams la dur6e de ranesth6sm avee ees deux 
agents ne semble pas ~tre affec%e Une lois la tol6rance ~ l'6thanol b~en 6tabhe, 
]a du%e de l'mductaon avec les anesth~sNues par m Ihalatmn n'est plus mfluenc6e 

Les rats toldrants ~ r6thanol semblent 16g~:ement %slstants ~ l'mductmn de 
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l'anesth6s~e apr6s l'adrmmstratxon dans L 
de th~opental On n'observe pas cette r6[ 

l'mnovan A c e  moment-lA, les rats sem 
clue rds~stants durant le mamtlen de 
semblent se r6verller un peu plus raplden 

ca ~ 

.onse 
blen! 
l'anr 
~ent 

nte pdnton6ale de mdthohexltal ou 
lorsque le mdthohexltal est assoc,6 
devemr au eontratre, pl:~s sens~bles 
I 

sth6,,1,e au thmpental, .alors qu'lls 
lorsqu lls re~owent du m~_thohex~tal 

de pred~re, Toutefols, la variation blologlque est s~ grartde qu'll est impossible 
d'apr6s ces experiences, une r6ponse md:w~luelle ~ des barbltunques ~t action 

�9 p �9 ~P~ , .S' f tres courte et, selon toute apparence, la/tolerance etabhe/k 1 ethanol n a, en a~t, 
aucune influence appr6clable sur l 'mduchon I ou sur le mamtlen de !l'anesth6sle 
au tlnopental, au m6thohexltal et ,~ l'mnovan 

On prodmt le morphmlsme de faqon~sah, 
ce narcohque analg6slque au lalt donn6 
chlorhydrate de dlhydromorphmone chez 
r6s~stance ~t l 'mduchon de l'anesth6sw ave, 
m6mes souns semblent un peu plus senslb] 
plus sensxbles ~t l'anesthdsle au m6thohexlta 

,falsante chez la souns en aloutant 
3our l'ahmenratlon L'habltude au 
ia souns augmente 16g~6rement la 

l'&her ch6thyhque, al0rs que les 
es au m6thoxyflurane e~ beaucoup 

Les r6ponses modxfi6es 5. l'anes- 
thdsle g~ndrale, chez les sourls tol6ranteS au chlorhydrate de dlhydro~orplunone 
comparees aux souns normales, dlsparalssent Sl le narcotlque est r 

Chez les rats, un traltement prolongd au m6thohexltal n'apporte aueun change- 
ment appreciable h leurs r6ponses a 1 anesthe~le gen6rale avec 1 ether daethy aque 
ou le mdthoxyflurane blen que les rats devlennent compl6tement rdslStants $ cet 
oxybarblturxque I 

Au cours de cette 6tude, nous avons port~ une attenhon spdclale ~t l'effet de 
la tol6rance ~ trois sortes chlmlquement |dlff~,rentes de mddlcaments type- 
s6dahfs sur la vltesse et la dur6e de d6pres~lon ]par les anesth6s~ques g6n6raux 
Bwn que nous ayons observ6 un certain degr6 d'antagomsme et de synerg~sme 
avec l'anesth6sle au cours du ddveloppemerlt de, la tol6rance et de l'habttude, 
tel qu'll est mentaonn6 c~-dessus, nous poss6dons peu de notions prdc~ses sur le 
m6camsme qul engendreralt ces interactions 

La simple expllcahon de l'mterachon de 
&ant slmplement un synerglsme d'accouh 
d6veloppement de la tol6rance ~t l'6thanol 
progressive d'6thanol ne falt habltuellement 
txon lente d'anesth6s~e gdn6rale, tels que d6c 

l'6thanol et de l'6ther dl&hyhque 
tmanee ne s'apphque qu'avant le 
car, en sol, l'absorptlon raplde et 
que r6p6ter les slgnes d'une mduc- 
nts par Guedel pour l'6ther d16thy- 

hque Chez le sulet non prdm6dlqu~, le prermer ,effet que l'on obserVe avec l'un 
ou l'autre est un changement dans le contr61e cortical du sulet Puis, 11 se falt 
une d~presslon graduelle descendante qm envahLt tout le cerveau, y compns la 
mcelle Lorsque les effets m~dullalres appara~ssent, les fonchons resplratotres, 
cardlo-vasculmres et vaso-motrlces sont d~prlmdes de faqon carilctdnstaque 
L'effet g6n6ral du coma profond prodmt pat l'&hanol est alors vlrtUellement le 
mSme que celm de l'anesth6sle ~t l'&her dl~thyhque et, sans aucur~ doute, les 
deux exercent un effet d6presseur marqud sur la transmission synaphque dans le 
co:tex c6r6bral, le syst~me r&rcul6 et le ~yst6me nerveux p6nph~rlque Les 
effets m6tabohques de la d~presslon ~ l'dthanol et de l'anesth6sie h l'dther 
dl&hyhque sont d'autre part assez semblables Les deux produxsent une diminu- 
tion du pouvolr de fixahon des alcahs du sanlg et l'accumulahon d'acade lactlque, 
les deux, au cours du r6vell, donnent des mamfestahons de troubles rnetabohques 
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semblables, so~t du hangover, solt des nausees,~solt des vomlssem~nts ou de la 
, '-" , , , _ I , I 

soft On s attendraxt, en consequence, a vo~r l admmtstratmn s~multanee de ees 
deux agents prodmre les manifestations d'un synSergl~ Jme d~accoutu nance el:, ]de 
fret, e'est ce que nous observons Toutefo~s, lorsaue l a  toldrance /t l'&hanol bst 

, I I 
en cours, 11 y a seulement le stade m~tlal d e;c~t, tlon qm est l~xagdrd a~ec 
l'anesthdsm ~t l'&her dl&hyhque alors que le mamta ,~n de l'anesth!isle n'est l~as 
modaaa de fa on manlfeste La reponse au m6tho~yfl~ rane semble ~re  mfluen~de 

^ , , , I .. de la meme fagon alors que la reponse ~t 1 anestlq~sm aux barbltur~ques demeure 
virtuellement mchang6e 

Nous avons encore beaucoup de travaux en coors [ 
exphcatmn au mecamsme de base de lqaab~tudr au: 
Le d6veloppement d'une mamumt6 hssulmre e~t n( 

m " ' " ' se ble que la reaction du narcomane a 1 ether d~6th) 
ressembleralt beaucoup ~t la rdactaon de l'alcoohque ,~ 
part, 11 semble exaster un certain doute & savolr sl le 
ou plus rdsxstant aux barbltunques De ces expdn~ 
s'attendre ~ une ~ens~bflltd accrue avec les oxybarb~turi 

I1 peut demeurer d~fflcde d'exphquer les changeme 

~our essayer de trouver Une 
I 

S r narcohques analgeslq~e 
~tre exphcatlon favorite I1 
hque et au m6thoxyflurane 
. ces anesthdslques D'autre 
mrcomane est plus sensible 
nces, d semble qu'fl raffle 
q u e s  

: n t s  q m  p o u r r a l e n t  s u r v ~  m r  

une fols que la rdslstance ou la tolerance est acqu:se tt un barbltunque, t mt 
que nous ne pourrons pas d~fimr en d&ad les changements dans le ryth:aae 
d'absorphon, la dlstnbutaon et la d~gradatmn mdtabohque caractdnstlques p~)ur 
chacun des nombreux arrangements chlmlques que ces mddlcaments peuv,~nt 

g ~, l, ] ~ II J' 

prendre Des travaux recents nous portent a crolre q u d  s op~re une decomp(~sl- 
aon m~tabohque raplde en prodmts mactffs et que cela falt partle du m~camsme 
du ddveloppement apparent de r~slstance avec le~ oxybarbxtunques Pour le 
moment, fl n'y a rlen h cramdre des interactions entre les barb~tunques auxq~els 
on s est habltud et les anesthdslques g~n~,raux par mh01atlon , pmsque la pr~se~me 
de la ~dSlstance aux barb~tunques ne semble exerceraucun effet apprdcmble ;ur 
l'mdu~tlon et le mamtmn de l'anesthSsm par inhalation, 

"Sl,'u~ae goutte d'eau tombe ~t la surface de la mer au-dessus du d~sque en 
forme de fleur de l'an~mone de mer, tout l'ammal sd contracte vlgoureusem~nt 
$1, au bout de quelques minutes, d tombe une deuxt~me goutte, la contraction 
e~ phas fmble et, finalement, ~t la trotsmme et/~ la q aatrmme goutte, la rSponse 
dlsparalt progresslvement Vod~t, mamfest6 clatrem~ 
le ph6nom~ne le plus convamcant du rbgne animal 
devant une stamulatlon ' " '  repetee" Cette observahor 

~nt chez ce polype maJ in, 
-diminution de la r6po: 
�9 de Sharpless et j asp~ 

demeure fondamentale pour se falre une ldde de l'lmbltude et de la tol6rm 
aux mddlcaments Dans presque tous les  cas off le isysteme cortmo-retmule 
soumls & une stmmlahon monotone ou ~t une privatl0n r~.p6tde de sensations, 
reponse mlhale est suppnm6e 6ventuellement, pros elle cllsparalt, alors que 
nouvelles varl&dS de stmaulahon ou d'agresslon sont regues de faqon norm 
parce que l'orgamsme n'a pas encore ddvelopp6 un ~ontr61e de renselgneme 
en sens Inverse pour l 'amvde d'un nouveau stimulus Noll.~t une exphcatlon pe 
~tre, trop slmphfide de toutes les rdponses auxquelles nous avons falt allus 
antermurement ,chez !es rongeurs tolerants aux mddlcaments que nous sourr 
tons a l anesthesm generale, reals cela semple expl~quel la plupart des eft 
qu'd nous a dtd donnd d'observer 
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