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BLOCK, R. I., M. M. GHONE1M, D. C. FOWLES, V. KUMAR AND D. PATHAK. Effects of  a subanesthetic 
concentration of  nitrous oxide on establishment, elicitation, and semantic and phonemic generalization of  classically 
conditioned skin conductance responses. PHARMACOL BIOCHEM BEHAV 28(1) 7-14, 1987.--Classical condition- 
ing of skin conductance responses was studied in 16 men and 16 women breathing 30% nitrous oxide or 100% oxygen to see 
how nitrous oxide affected establishment, elicitation, and generalization of conditioned responses (CRs). For CRs that had 
been established before gas inhalation, nitrous oxide blocked elicitation of "anticipatory" (long latency) but not "orient- 
ing" (short latency) CRs. Nitrous oxide appeared to prevent new CRs from being established during its inhalation, but 
learning evidently took place since anticipatory CRs could be elicited after nitrous oxide inhalation had ceased. Words were 
used as the conditioned stimuli and nitrous oxide altered generalization of CRs to other words related in meaning or sound, 
though generalization effects were limited. Nitrous oxide also seemed to reduce the efficacy of the unconditioned stimulus. 
The results were interpreted in terms of Rescorla's theory of classical conditioning. 
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CASE reports and surveys suggest that a small percentage of 
patients receiving nitrous oxide and other agents for general 
anesthesia remember some intraoperative events, but pro- 
spective studies using overt recall tests in which patients 
are read some information during surgery and later asked to re- 
call that information have produced no evidence of recall 
[16,34]. Testing memory of intraoperative events after re- 
covery may not be an optimal way of detecting learning dur- 
ing anesthesia, since information might be learned but sub- 
sequently be forgotten or inaccessible for recall. The present 
study assessed the feasibility of using a conditioning tech- 
nique to study learning and responsiveness during 
anesthesia. Before testing surgical patients, it seemed pru- 
dent to examine effects of a subanesthetic concentration of 
nitrous oxide on conditioning under controlled laboratory 
conditions. A concentration (30%) that produces conscious 
sedation and is commonly used in dental and medical prac- 
tice was administered and classical conditioning of palmar 
skin conductance responses was examined. 

In essence, a classical conditioning procedure involves 
establishing a conditioned response ("CR")  by pairing a 
conditioned stimulus ("CS")  with an unconditioned stimulus 

( "US")  that innately evokes some unconditioned response 
("UR") .  If conditioning is effective, subsequent presenta- 
tion of the CS alone elicits a CR resembling the UR. A clas- 
sical conditioning procedure was used because animal 
studies using this or related procedures have suggested that 
it may be possible to establish and/or elicit conditioning dur- 
ing general anesthesia, at least under certain favorable con- 
ditions. Using electrical stimulation of the brain as the US, 
conditioning has been established and a cortical slow poten- 
tial CR has been elicited during general anesthesia [20]. An 
earlier study obtained similar results with an autonomic CR, 
though in this study anesthesia was not deep enough to 
abolish the corneal reflex [14]. Recently, Pavlovian fear 
conditioning has been established using an external stimulus 
(shock) as the US and a noise as the CS during deep barbitu- 
rate/chloral hydrate anesthesia with concurrent administra- 
tion of epinephrine [36]. Although behavioral and physiolog- 
ical responses to the CS and US were min imal  during 
anesthesia, a post-anesthesia test showed that learning had 
occurred, i.e., the CS had become an effective conditioned 
suppressor of water drinking. 

In the present study, the US was a loud noise that in- 
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nately evoked a skin conductance response, the UR. The 
noise was paired with a word as the CS. Conditioning was 
manifested if that word came to elicit larger skin conduc- 
tance responses than other, unrelated "filler" words. We 
tried to establish a CR before gas inhalation and to elicit it 
during inhalation. Then, using a different word as CS, we 
tried to establish a new CR during inhalation and to elicit it 
after inhalation had ceased. 

The anecdotal literature concerned with patients' recall of 
intraoperative events implies that language is sometimes 
comprehended during general anesthesia. In testing respon- 
siveness during anesthesia in humans, it would be desirable 
to assess whether words are processed for meaning or just as 
sounds. Therefore, in addition to testing whether the word 
used as CS during conditioning (e.g., "Light")  subsequently 
elicited the CR, we examined whether the CR generalized to 
other words related to the CS in meaning (e.g., "Dark")  or in 
sound (e.g., "Line") .  Such "semantic"  and "phonemic" 
generalization have been reported under nondrug conditions 
in a number of studies, many measuring skin conductance 
responses [2,22]~ Chloral hydrate has been claimed to 
produce a "lower level" of processing, i.e., to produce a 
greater magnitude of phonemic generalization relative to 
semantic generalization ([26]; see also [22]). Similar effects 
have been suggested with alcohol [13] and might also be 
produced by nitrous oxide. 

METHOD 

Subjects 

Thirty-two paid, healthy volunteers, 16 men and 16 
women, participated. They ranged from 18 to 30 years old 
(mean age 21.4 years). Most were college students recruited 
by newspaper advertisements. They provided a medical his- 
tory and information about drug use during a preliminary 
screening visit. Individuals were excluded if they were tak- 
ing any medications which could influence the effects of 
nitrous oxide; if they had used 3 or more illicit drugs; or if 
they were heavy users of alcohol or marijuana. Three addi- 
tional subjects were replaced because of equipment prob- 
lems and one other subject quit because of nausea during gas 
inhalation. 

Stimuli 

Two sets of three words each ("Light/Dark/Line" and 
"Slow/Fast/Slope") were selected from word association 
norms [8]. Each set consisted of a stimulus word from the 
norms, the word which was its most common response, and 
a word which sounded like the stimulus word (i.e., differed 
in only one phoneme) but did not occur as a response to it. 
These were used as the CS, semantic generalization word, 
and phonemic generalization word, respectively. No two 
words in different sets were closely related to one another 
associatively, semantically, or phonemically and all words 
were neutral in pleasantness according to normative ratings 
[33]. 

For each CS ("Light," "Slow"),  a list of trials was pre- 
pared for four successive phases of the assessment: habitua- 
tion; conditioning; elicitation/generalization; and extinction. 
Each trial consisted of presentation of a single word. The 
habituation trials involved presentation of eight filler words 
and were included to attenuate any responding to words in 
general. The 30 conditioning trials consisted of 10 repetitions 
of the CS interspersed with 20 filler words. There were from 

TABLE 1 
SCHEDULE OF EXPERIMENTAL PROCEDURES 

Time 
Procedure (min) 

Initial Instructions 
Preparation and Rest 
Habituation and Conditioning 1 
Additional Instructions and Calibration 

of Equipment 
Inhalation of 31)% Nitrous Oxide 

in Oxygen or 10t)% Oxygen Begins 
Elicitation/Generalization and Extinction 1; 

and Habituation and Conditioning 2 
Inhalation Ends and Rest Period Begins 
Elicitation/Generalization and Extinction 2 
Recall, Recognition, and Noise Ratings 

-34 
-29 
-19 
-8  

10 

30 
55 
66 

Note: There was a 30 second pause between the Habituation and 
Conditioning phases and between the Elicitation/Generalization and 
Extinction phases. 

one to three filler words before each occurrence of the CS. 
The elicitation/generalization trials consisted of four blocks 
of six trials each. Each block included one trial with the CS, 
one with the semantic generalization word, one with the 
phonemic generalization word, and three with other words 
(none used as filler words in the conditioning or habituation 
trials). These other words included one filler word desig- 
nated the "repeated filler" which was repeated once in each 
block (the same word each time). The remaining words were 
never repeated and one in each block was designated the 
"nonrepeated filler" for comparison with the repeated filler; 
since the CS and generalization words were repeated in each 
block, both repeated and nonrepeated fillers were included 
to see if repetition per se had any effect. The extinction trials 
consisted of seven repeated presentations of the CS (without 
the US) and were expected to attenuate the CR. 

The filler words were not closely related to any of the CS 
or generalization words but were comparable to these words 
in mean frequency [10] and rated pleasantness. The filler 
words were separated into two sets approximately balanced 
on frequency and rated pleasantness. One set was used in the 
list for the CS "Light" and the other in the list for the CS 
"Slow."  Except for the repeated filler during the elicita- 
tion/generalization phase, no filler word occurred more than 
once. 

The two lists of trials were tape-recorded for presentation 
by a loudspeaker to the left of the subject. Within each 
phase, the interval between the onset of successive words 
varied from 12 to 15 sec (averaging 13.5 sec) except for trials 
during the conditioning phase on which the US was pre- 
sented; similar intervals, e.g., 10 to 16 sec, have been used in 
prior studies under nondrug conditions [18]. On trials in- 
volving US presentation, onset of the US occurred 10 sec 
after onset of the CS and was followed 12 to 15 sec later by 
the next word. The US, which was presented only during the 
conditioning phase, was a 1 sec white noise amplified to 110 
dB (re 0.0002 dynes/square cm, calibrated at the position of 
the subject's left ear). The words, which were recorded on a 
separate channel of the tape, were presented at normal 
speaking volume. 
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Procedure 

Subjects were tested individually. They were instructed 
not to use caffeine for 4 hr before the session or  alcohol, 
marijuana, or other drugs for 24 hr before. They were asked 
to sleep at least 8 hr on the night before the session and to 
skip the meal immediately before. 

During the session, subjects reclined in a lounge chair. 
They were told that they would hear a number of  words 
interspersed with occasional loud noises and were asked to 
listen carefully, but no information about the relationships 
among the words and noises was given. Table 1 shows a time 
schedule of  the testing. Before gas inhalation, the habitua- 
tion and conditioning trials from one recording were played. 
Half  the men and women then inhaled 30% nitrous oxide in 
oxygen while the remainder inhaled 100% oxygen as a 
placebo. Ten min after gas inhalation started, the remaining 
parts of  this recording, i.e., the elicitation/generalization 
trials and extinction trials, were played. Immediately after- 
ward, the habituation and conditioning trials from a second 
recording (which consisted of  entirely different words) were 
played. The remaining parts of  the second recording, i.e., the 
elicitation/generalization and extinction trials, were played 
25 min after the end of  gas inhalation. Each subject thus 
heard both lists of  trials (one for each CS) during the session. 
The order in which the two lists were presented was coun- 
terbalanced over subjects. 

Gas Administration 

Neither the subjects nor the research assistant who ad- 
ministered the tests and scored the results knew which gas 
was inhaled, though the anesthesiologist who administered 
the gas did know. Gases were delivered through a semi- 
closed circuit from an anesthesia machine (Foregger 705) 
situated behind the subject and conducted by double regular 
length corrugated tubings. The latter were connected to a 
Rahn endtidal sampler which collected endexpired air. The 
sampler was attached to a mouth piece used by the subject. 
A clip was fastened to the subject 's  nose to prevent contami- 
nation of  the administered gases with atmospheric air. The 
concentration of  nitrous oxide in endexpired gases was 
monitored by the anesthesiologist using an infrared meter 
(Beckman medical gas analyzer LB-2) shielded from the sub- 
ject  and research assistant. After gas inhalation started, test- 
ing was not begun for 10 min, by which time an endtidal 
concentration of 30% nitrous oxide was achieved and the 
subject became used to breathing through the mouth piece 
and tubings. The same concentration was continuously 
maintained throughout the subsequent testing during gas in- 
halation. After gas inhalation ceased, testing was not begun 
for 25 min to insure that any residual effects of nitrous oxide 
had become negligible [9]. 

Measurement of  Skin Conductance 

The methodology for measuring skin conductance was 
similar to that recommended by a recent committee studying 
electrodermal measurement techniques [3]. Skin conduc- 
tance recordings were obtained using silver-silver chloride 
electrodes (Med Associates,  Inc., TDE-20) and an electrode 
paste consisting of  one part physiological saline and two 
parts Parke-Davis Unibase (a neutral ointment cream), the 
final mixture having a concentration of about 0.05 M NaC1. 
A constant 0.5 V potential was applied across the two re- 
cording sites and a 1000 ohm series resistor, with the sub- 

jec t ' s  conductance estimated from the voltage generated 
across the series resistor. Tonic level control circuitry was 
used to increase the sensitivity of  detection to 1 /zsieman 
(formerly designated ~mho) per  cm of pen deflection, so that 
responses of  0.05/xsieman or more could be scored. The tonic 
level control circuitry incorporated calibration resistors 
which were used to check its accuracy before each subject 
was tested. 

The two electrodes were placed on the thenar and 
hypothenar eminences of  the palm of  the subject 's  non- 
dominant hand. The electrodes were attached using 
double-sided adhesive disks to control the area of  contact 
with the skin at about 0.9 square cm for each electrode. Test- 
ing was not begun until 10 min after application of  the elec- 
trode paste. Before starting the trials, the subject was asked 
to take several deep breaths to check that these elicited skin 
conductance responses. 

The signal, after amplification, was recorded on one 
channel of  a multichannel Beckman Type RM Dynograph 
recorder equipped with Type 9806A couplers, 418B 
preamplifiers, and 482M8 amplifiers. Event markers indicat- 
ing the time of onset of the words and the US were automati- 
cally recorded on another channel. The experimenter ob- 
served the subject (who was in a separate room) on a video 
monitor and noted any movement artifacts on the tracing. 

Post-Test 

After the skin conductance assessment was completed 
and the electrodes removed,  subjects were asked to write 
down the words that had been followed by loud noises and 
the other words from both lists that they had heard. Three 
min were allowed for recall. Then, in a recognition test, they 
were given a randomly ordered list of 12 words which in- 
cluded the CS and generalization words from the two lists. 
For  each word, they indicated whether or not it had ever  
been followed by a loud noise and rated their confidence on a 
three-point scale ("Very  Sure ,"  "L ike ly , "  or "Guess" ) .  
Then subjects were asked to rate how unpleasant the loud 
noise had seemed before and during gas inhalation on 10- 
point scales where 1 represented "not  at all unpleasant" and 
10 represented " the  most unpleasant noise you can imag- 
ine."  After these ratings, four other assessments of subjec- 
tive drug effects and anxiety (not germane to the present 
report) were administered. 

Scoring and Statistical Analyses 

As is customary,  skin conductance responses following 
onset of  a word were scored separately for two time inter- 
vals, one shortly after the word and one later. Responses in 
the first and second intervals have been labelled "orienting 
responses"  and "ant icipatory responses"  [32]. While the 
psychological significance of  CRs in the two intervals is con- 
troversial [6, 18, 30, 31], common interpretations are that 
CRs in the second interval reflect anticipation of  the forth- 
coming US and CRs in the first interval are orienting re- 
sponses to the CS, which during the course of conditioning 
come to reflect recognition of  the signal value of  the CS in 
predicting the US. 

Orienting response magnitude and anticipatory response 
magnitude were defined as the largest conductance changes 
beginning within 1 to 4 sec and 4 to 11 sec after stimulus 
onset,  respectively. (The upper limit of 11 sec was 1 sec 
longer than the interval between CS onset and US onset 
because skin conductance responses with latencies under 1 
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FIG. 1. Mean magnitudes (%) of the orienting and anticipatory re- 
sponses for the conditioned stimulus (CS) and filler words during the 
conditioning phase. BEFORE=before gas inhalation, DUR- 
ING=during gas inhalation. Error bars show 1 SE. Note the large 
conditioned responses (CRs) established before gas inhalation, the 
smaller CRs established during oxygen inhalation, and the seeming 
inability to establish CRs during nitrous oxide inhalation (see text). 

sec would not be expected [35]; therefore, the few responses 
beginning less than 1 sec after US onset were considered 
attributable to the preceding CS.) When more than one re- 
sponse began in an interval, their combined magnitude was 
scored. Magnitudes were scored as zero for intervals not 
showing any response. 

Subjects varied greatly in response magnitudes. The 
largest response to the loud noise ever shown by individual 
subjects ranged from 1.1 to 8.8 /zsieman. To control this 
source of variability, the magnitude of each response by a 
subject was expressed as a percentage of the magnitude of 
that subject's largest response to the loud noise [15]. 

The analyses of the conditioning phase compared re- 
sponses to the CS and to the immediately preceding filler 
words. The orienting and anticipatory response magnitudes 
were submitted to separate analyses of variance involving 
the factors drug group (nitrous oxide vs. oxygen), sex, order 
of the lists (the two counterbalanced orders), word type (CS 
vs. filler word), trials (the 10 trials), and time (the two times 
relative to gas inhalation). Similar analyses without the word 
type factor were done for the habituation trials, the extinc- 
tion trials, and the US. 

The analyses of the elicitation/generalization phase in- 
volved the same factors as for conditioning but there were 
five word types (CS, semantic and phonemic generalization 
words, repeated and nonrepeated fillers) and four trials for 
each word type (the four blocks of trials). The effect of word 
type was partitioned into four planned orthogonal contrasts 
which assessed (and are subsequently denoted) "condition- 
ing" (CS vs. all other words), "generalization" (generaliza- 
tion words vs. fillers), "type of generalization word" 

uJ 
o 

0 

50 

40  

30  

20  

10 

ORIENTING 
BEFORE DURING 

r l  Nitrous oxide 

O 

US 

FIG. 2. Mean magnitudes (%) of the orienting responses for the 
unconditioned stimulus (US) during the conditioning phase. BE- 
FORE=before gas inhalation, DURING=during gas inhalation. 
Error bars show 1 SE. Note the smaller responses to the US during 
nitrous oxide inhalation (see text). 

(semantic vs. phonemic), and" type  of filler word" (repeated 
vs. nonrepeated). The drug x word type and drug x time × 
word type interactions were similarly partitioned into in- 
teractions with these four orthogonal contrasts. For concise- 
ness in presenting the results, drug effects are the focus; 
significant effects not involving the drug treatment and those 
related to sex differences or the counterbalanced orders of 
the lists are discussed only where essential. 

RESULTS 

Conditioning Phase: Establishment of  CRs 

Figure 1 shows the mean magnitudes of the orienting and 
anticipatory responses during the conditioning phase. The 
analyses comparing the CS and filler words indicated that 
both orienting CRs and anticipatory CRs were established, 
F(1,24)=36.9 and 19.9, respectively, ps<0.001, i.e., re- 
sponse magnitudes were larger for the CS than for filler 
words. The CRs established during gas inhalation were 
weaker than those established before gas inhalation, 
F(1,24)=40.7 and 32.6 for word type x time effects for 
orienting and anticipatory responses, respectively, 
ps<0.001. This decline in establishment of CRs during gas 
inhalation was greater for the nitrous oxide group than the 
oxygen group, F(1,24)=6.2, p<0.05 and F(1,24)=10.2, 
p<0.01 for drug x word type × time effects for orienting and 
anticipatory responses, respectively. In fact, there was no 
evidence that CRs had been established at all during nitrous 
oxide inhalation, i.e., the means for CS and filler words were 
essentially the same. Follow-up analyses indicated that es- 
tablishment of CRs during oxygen inhalation was significant 
for orienting CRs and marginally significant for anticipatory 
CRs, F(1,24)=7.1, p<0.05 and F(1,24)=3.5, p=0.08, re- 
spectively. 

Additional follow-up analyses of the CS and filler words 
separately indicated that the drug's effect on conditioning 
was due to an effect on the CS, not the filler words. There 
were no drug effects for the filler words, while the response 
magnitudes for the CS declined more during nitrous oxide 
inhalation than during oxygen inhalation, relative to pre- 
inhalation values, F(1,24)=4.3 and 6.1 for drug × time ef- 
fects for orienting and anticipatory responses, respectively, 
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FIG. 3. Mean magnitudes (%) of the orienting and anticipatory re- 
sponses for the CS, generalization, and filler words during the elici- 
tation/generalization phase. The means over all four blocks of trials 
are shown. The means for repeated and nonrepeated filler words 
have been combined since the drug did not affect them differently. 
DURING=during gas inhalation, AFTER=after gas inhalation, 
SEM=semantic generalization word, PHON=phonemic gener- 
alization word, FILL=filler words. Error bars show 1 SE. Note the 
opposite effects of nitrous oxide on elicitation of anticipatory CRs 
during and after gas inhalation: during gas inhalation, these CRs 
were elicited for the oxygen group but not the nitrous oxide group; 
after gas inhalation, these CRs were elicited for the nitrous oxide 
group but not the oxygen group (see text). 

WORD TYPE 

FIG. 4. Mean magnitudes (%) of the orienting and anticipatory re- 
sponses for the CS, generalization, and filler words during the elici- 
tation/generalization phase. The means for the first of the four 
blocks of trials are shown. The means for repeated and nonrepeated 
filler words have been combined since the drug did not affect them 
differently. The abbreviations are the same as in Fig. 3. Error bars 
show 1 SE, Note that during gas inhalation, the nitrous oxide group 
showed generalization of anticipatory responses while the oxygen 
group did not, the difference between groups being larger for 
phonemic generalization than semantic generalization (see text). 

ps<0.05. During gas inhalation, the nitrous oxide and oxy- 
gen groups differed significantly in orienting response mag- 
nitudes for the CS; this difference was marginally significant 
for anticipatory responses, F(1,24)=8.1, p<0.01 and 
F(1,24) = 3.7, p = 0.07, respectively. 

Nitrous oxide also affected responses to the US, i.e., the 
noise, as shown in Fig. 2. Orienting response magnitudes for 
the US were lower during gas inhalation than before, and this 
decline was greater for subjects breathing nitrous oxide than 
for those breathing oxygen, F(1,24)=9.8, p<0.01 for drug × 
time effect and F(1,24)=7.6, p<0.05 for drug effect. 

Elicitation/Generalization Phase: Elicitation and 
Generalization of  CRs 

Figure 3 shows the mean magnitudes of orienting and 
anticipatory responses during the elicitation/generalization 
phase. Trials with the CS during the elicitation/generaliza- 
tion phase tested whether the previously established CRs 
could be elicited. The results were positive, i.e., the CS 
showed larger orienting response and anticipatory response 
magnitudes than the other words overall, F(1,96)=18.9, 
p<0.001 and F(1,96)=4.0, p<0.05,  respectively, for condi- 
tioning contrast. Nitrous oxide affected elicitation of 
anticipatory CRs but not orienting CRs: The drug altered 
anticipatory response magnitudes for the different types of 
words, with its effects differing during vs. after gas inhala- 

tion, F(4,96)=3.1, p<0.05 for drug × time × word type ef- 
fect, and being related mainly to elicitation of CRs, 
F(1,96)=9.6, p<0.01 for drug × time × conditioning con- 
trast. Follow-up analyses indicated that during gas inhala- 
tion, these response magnitudes showed elicitation of 
anticipatory CRs for the oxygen group but not the nitrous 
oxide group [Fig. 3, lower left; F(1,96)=4.3, p<0.05 for drug 
x conditioning contrast during gas inhalation]. After gas in- 
halation, surprisingly, the opposite pattern prevailed, i.e., 
the response magnitudes showed elicitation of anticipatory 
CRs for the nitrous oxide group but not the oxygen group 
[Fig. 3, lower right; F(1,96)=7.6, p<0.01 for drug x condi- 
tioning contrast after gas inhalation]. 

Statistical analyses were also done for the first block of 
trials separately because effects had generally been largest 
during the first block and declined on subsequent blocks in a 
preliminary study under nondrug conditions [1]. The results 
for anticipatory response magnitudes on the first block of 
trials alone were consistent with the results over all blocks 
concerning the drug's effect on elicitation of CRs (Fig. 4, 
bottom). In addition, anticipatory response magnitudes on 
the first block of trials during gas inhalation showed some 
drug effects on generalization (Fig. 4, lower left). In contrast 
to the results for elicitation of CRs, there was more gener- 
alization for the nitrous oxide group than for the oxygen 
group, which showed no evidence of generalization, 
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F(1,96)=4.2, p<0.05 for drug × generalization contrast. This 
difference was larger for phonemic generalization than for 
semantic generalization, F(1,96)=4.2, p<0.05 for drug × 
type of  generalization word contrast. These contrasts per- 
taining to generalization were not significant over all four 
blocks of  trials, however; and orienting response magnitudes 
on the first block of trials alone showed a different, nonsig- 
nificant pattern (Fig. 4, upper left). 

Other Drug Effects 

Anticipatory response magnitudes on the first block of  
trials during the elicitation/generalization phase were larger 
overall for the nitrous oxide group than the oxygen group, 
F(1,24)=7.3, p<0.05 for drug effect (Fig. 4, bottom). The 
only drug effects during habituation and extinction were of 
little interest since they involved interactions with sex or the 
counterbalanced orders of  the lists of words. 

Response Frequencies 

If  skin conductance were to be used during anesthesia and 
surgery, it would be considerably simpler for practical pur- 
poses to use response frequencies rather than magnitudes, 
i.e., to score responses as present or absent instead of 
measuring their size. To see how this would affect the re- 
sults, the analyses were repeated for response frequencies. 
The response frequencies, like the magnitudes, showed that 
CRs were established and elicited, that new CRs apparently 
could not be established during nitrous oxide inhalation, and 
that the drug decreased responses to the US. With respect to 
drug effects on elicitation of  previously established CRs, the 
effects on anticipatory response magnitudes were not signifi- 
cant for response frequencies. With respect to drug effects 
on generalization on the first block of  trials during the elici- 
tation/generalization phase, response frequencies showed an 
effect for anticipatory responses that was consistent with the 
effects on response magnitude, but an opposite pattern for 
orienting responses. Generally response frequencies, though 
sensitive to drug effects, were less sensitive than response 
magnitudes. 

Post-Test 

Noise ratings. The post-test ratings of  the unpleasantness 
of the noise before and during gas inhalation agreed with the 
observed changes in response magnitudes. The ratings indi- 
cated less unpleasantness during nitrous oxide inhalation 
than before, but little difference before and during oxygen 
inhalation, F(1,24)=24.2, p<0.001 for drug x time effect and 
F(1,24)= 11.9, p<0.01 for drug effect. The mean ratings for 
nitrous oxide were 8.1 before gas inhalation and 3.7 during 
gas inhalation. The corresponding ratings for oxygen were 
7.9 and 7.0, respectively. 

Recall and recognition. Subjects receiving nitrous oxide 
recalled fewer of  the filler words than subjects receiving 
oxygen [means of  6% and 9%, respectively; F(1,24)=5.2, 
p<0.05].  Nitrous oxide did not affect recall of the CS or 
generalization words or recognition of  which words had been 
followed by noise. Recall and recognition means for the CS 
words were 97% and 100%, respectively, for subjects receiv- 
ing nitrous oxide and'84% and 97%, respectively, for subjects 
receiving oxygen. 

DISCUSSION 

The results from the conditioning phase indicated that the 

CRs established during gas inhalation were weaker than 
those established before gas inhalation. Even subjects 
breathing oxygen showed this pattern. It was probably not 
an effect of oxygen inhalation per se, since a similar (though 
somewhat milder) pattern occurred in a preliminary study 
under nondrug conditions [1]. The CR that was established 
first may have interfered with establishing the second, new 
CR. However,  the pattern was more dramatic in the nitrous 
oxide group; there was no evidence that CRs were estab- 
lished at all during nitrous oxide inhalation. Since nitrous 
oxide also reduced skin conductance responses to the US, 
i.e., the noise, this drug effect on conditioning might be ex- 
plained by a drug-induced decrease in the efficacy of  the US, 
analogous to the effect of  objective variations in US loudness 
[17]. Decreased efficacy of the US is consistent with its de- 
creased evoked unpleasantness as was revealed in the sub- 
jective ratings of  the nitrous oxide group and could be related 
to drug-induced decreases in auditory evoked potentials [12] 
and/or in sensitivity to painful stimuli. 

The results from the elicitation/generalization phase 
complicate this picture, however. Though nitrous oxide 
seemed to prevent new conditioning from being established 
during its inhalation, learning evidently took place, since 
anticipatory CRs could be elicited after gas inhalation more 
for subjects receiving nitrous oxide than for those receiving 
oxygen. This pa t te rn- -no  evidence of  conditioning during 
drug action but elicitation of  conditioning af terward--was  
observed in early animal studies of  conditioning of skeletal 
muscle responses during anesthetic [29] and subanesthetic 
[27] doses of barbiturates and during neuromuscular block- 
ade [28]. The finding that anticipatory CRs could not be elic- 
ited after oxygen inhalation was unexpected. It might be 
explained by the weakness of  the CRs established during 
oxygen inhalation; but the pattern observed with nitrous 
oxide requires some additional explanation. 

Nitrous oxide also reduced the elicitation during gas inha- 
lation of CRs established before gas inhalation. This effect, 
like the drug's effect after gas inhalation, was significant only 
for anticipatory responses, not orienting responses. Orient- 
ing CRs could be elicited during nitrous oxide inhalation, as 
during oxygen inhalation. This specificity suggests that the 
findings cannot be attributed to drug effects on efferent 
mechanisms subserving skin conductance. Our interpreta- 
tion is that nitrous oxide decreased anticipatory responding 
to the US rather than decreasing the efficacy of  the CS 
as a signal for the US. This seems consistent with the notion 
that nitrous oxide reduced the efficacy of the US. 

These drug effects seem interpretable within Rescorla 's  
theory of  classical conditioning [7, 23-25], according to 
which elicitation of  a CR depends on the status of the inter- 
nal representations of both the US and the association be- 
tween the CS and the US. Part of  the evidence for this theory 
is that manipulations following conditioning which increase 
or decrease the noxious or  rewarding qualities of  the US 
(e.g., habituation of a noise US) produce corresponding in- 
creases or decreases in the magnitude of conditioning that 
can subsequently be elicited. Breathing nitrous oxide can be 
interpreted as such a manipulation, and so can recovery from 
the drug's  effects. The drug reduced elicitation of CRs es- 
tablished before gas inhalation because the transition from 
the undrugged state to the nitrous oxide state reduced the 
potential efficacy of the US. After gas inhalation ended, the 
transition from the nitrous oxide state to the undrugged state 
correspondingly increased the potential efficacy of  the US, 
accounting for the increased elicitation of CRs following 
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nitrous oxide compared to oxygen. (Since the latter finding is 
the opposite of  a state-dependent effect, s tate-dependency 
cannot account for the results.) 

In the first block of  elicitation/generalization trials during 
gas inhalation, nitrous oxide increased generalization of 
anticipatory responses,  particularly phonemic generaliza- 
tion, relative to oxygen. This pattern seems consistent with 
previous suggestions that CNS depressants encourage 
" lower- level"  phonemic relative to "higher- level"  semantic 
generalization [13,26]. However ,  the drug's  effect on gener- 
alization must be interpreted very cautiously since it was 
restricted to the first of  the four blocks of  elicita- 
tion/generalization trials; generalization extinguished rapidly 
and neither generalization itself nor the drug's  effect on it 
was significant over all four blocks. Moreover,  generaliza- 
tion was observed on the first block of trials only for 
anticipatory responses; the pattern for orienting responses 
was different and neither generalization itself nor the drug's  
effect on it was significant. 

While nitrous oxide increased generalization of  
anticipatory responses on the first block of  elicita- 
tion/generalization trials during gas inhalation, it simulta- 
neously abolished anticipatory CRs (though not orienting 
CRs). Generalization without elicitation of  the CR is unusual 
though not completely unprecedented [11] in studies of  
semantic conditioning under nondrug conditions. This un- 
usual finding may be instructively compared to Rescorla 's  
[7, 23, 24] findings for second-order conditioning. In 
second-order conditioning, conditioning of  a second-order 
CS is established by pairing it with a previously established 
CS rather than with the US itself. The effects Rescorla ob- 
served for basic conditioning did not occur for second-order 
conditioning, i.e., manipulations following conditioning 
which altered the efficacy of the US did not produce corre- 
sponding alterations in the magnitude of second-order con- 
ditioning that could subsequently be elicited. Rescorla 
suggested that elicitation of  a second-order CR (in contrast  
to elicitation of  a basic CR) did not depend on the status of  
the internal representation of  the US. 

While the leap from second-order conditioning in animals 
to generalization of a verbal CR in humans is a long one, this 
suggests a partial interpretation of  our unusual finding for 
generalization. If semantic and phonemic generalization (in 

contrast  to elicitation of  the CR) do not depend on the status 
of  the internal representation of  the US, this may help ex- 
plain how nitrous oxide could produce different effects on 
generalization and on elicitation of the CR. 

Two caveats concerning this speculation should be noted. 
First,  it does not explain why nitrous oxide should have 
different effects on generalization of  orienting and 
anticipatory responses,  i.e., why subjects breathing nitrous 
oxide showed no generalization of orienting responses,  con- 
sidering that they showed elicitation of orienting CRs and 
generalization without elicitation of  anticipatory CRs. Sec- 
ond, results inconsistent with Rescorla 's  theory of  second- 
order conditioning have been observed in some studies 
[5,21]. 

Since the present study used a subanesthetic concentra- 
tion of nitrous oxide, it does not establish whether general 
anesthesia would produce similar effects. This subanesthetic 
concentration of nitrous oxide did not impair subjects '  mem- 
ory of  the contingency between the CS and the US; in the 
post-test,  subjects receiving nitrous oxide, despite their im- 
pairment in recalling the filler words, showed almost perfect 
recall of the words that had been paired with noise. Such 
overt  recall would not be expected in fully anesthetized sub- 
jects.  

Repeating the experiment during general anesthesia could 
help clarify the capacity for learning and responsiveness that 
remains despite the depression of  much brain function [36]. 
The limited information available about effects of  general 
anesthesia on electrodermal responsiveness in humans does 
not clearly indicate whether some responsiveness remains 
[4] or not [19]. The present study found that establishment,  
elicitation, and generalization of  verbal CRs were altered in 
several ways but not abolished by a subanesthetic concen- 
tration of  nitrous oxide; if similar effects occurred during 
general anesthesia, this would provide evidence of  learning 
and responsiveness in the anesthetized brain. 
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