
the LH2-AMP in dimethyl sulfide we 
have inhibited hydrolysis by chemical 
means even at high pH values, effec- 
tively accomplishing what the enzyme 
can do at neutral pH. As might be ex- 
pected D-LH2-AMP and L-LH2-AMP do 
not show the stereospecificity in non- 
enyzmatic chemiluminescence which 
was previously reported for the enzy- 
matic reaction (9). 
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Evoked Responses to Clicks and 
Electroencephalographic Stages 
of Sleep in Man 

Abstract. The form of the average 
evoked response to clicks is highly corre- 
lated with the background electroen- 
cephalogram. However, the response during 
the emergent low-voltage "dreaming" stage 
is different from that seen during the low- 
voltage phase at the beginning of sleep. 
The results provide additional evidence 
that the emergent low-voltage stage is a 
neurophysiologically unique phase. 

When recorded from the human 
scalp, the amplitude of specific electri- 
cal events evoked in the brain by 
sensory stimuli is usually smaller than 
that of the complex background activ- 
ity. Since Dawson (1) described an 
electronic averaging technique for 
discriminating these signals from back- 
ground noise, several such methods 
have been developed which are based 
on the assumption that the evoked 
electrical response bears some definite 
time relation to the stimulus (2). The 
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present study used a digital system to 
average evoked responses to clicks both 
during waking and sleep in human sub- 
jects. 

As a human subject sleeps, electro- 
encephalographic (EEG) potentials 
shift continuously through several 
characteristic patterns. At the onset of 
sleep a low-voltage pattern with ir- 
regular frequency is seen, stage 1 (3). 
There is then a progression through 
stages 2 and 3 which is characterized 
by 14-cy/sec spindling and slower 
activity, to stage 4 where trains of 
delta waves dominate the record. Stage 
4 gives way to stages 3 and 2, and then 
a low-voltage, irregular pattern appears 
which is similar to the pattern at the 
beginning of sleep. Rapid eye move- 
ments accompany this emergent low- 
voltage phase, however, and if 
awakened from this stage, subjects are 
likely to report dreaming (3). The low- 
voltage pattern at the onset of sleep is 
usually not accompanied by rapid eye 
movements or dream recall (3). 
During a normal night of sleep the 
cycle described above is repeated about 
every 90 to 120 minutes. 

Generally, thresholds for arousal are 
lowest during low-voltage and highest 
during high-voltage stages, but classifi- 
cation of the emergent irregular, low- 
amplitude phase is controversial. 
Dement and Kleitman found that the 
threshold for awakening was consider- 
ably higher in this phase than at the 
beginning of sleep (3), and Jouvet and 
others have shown that in the cat a 
similar low-voltage pattern of sleep is 
associated with raised thresholds for 
arousal (4). To distinguish this emer- 
gent low-voltage phase from the 
similar pattern at the beginning of 
sleep, we will call it stage lrcn. 

For this study three young adult 
male subjects slept in an electrically 
shielded chamber where the ambient 
noise level was constant at approxi- 
mately 60 decibels (db), relative to 
0.0002 dyne/cm2. The click stimulus, 
with an -intensity of 85 db, was the 
amplified gate output pulse from a 
type 162 Tektronix wave-form gener- 
ator which was fed to an 8-inch cone 
speaker located about 1 foot above the 
subject's head. A click was presented 
every 2 seconds throughout the night. 
Potentials recorded from bipolar elec- 
trodes which were placed on the vertex 
at Cz and in the left occipital region 
at ot were amplified and recorded on 
magnetic tape (5). For each stimulus 

the recorded activity was sampled every 
6 msec through a period of 1536 msec 
from stimulus onset. The voltage of 
each of these 256 ordinates was fed 
to a Packard Bell 250 general-purpose 
digital computer which was pro- 
grammed to compute the mean on each 
ordinate after the data from 100 stimuli 
were received. These averages of the 
individual ordinates were graphically 
displayed by an x-y plotter. 

Fig. 1 shows typical samples from 
the computed record of one subject. 
An upward deflection represents posi- 
tivity at cz. Note that several prominent 
components of the response are labeled, 
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Fig. 1. Average responses-to clicks as a 
function of the EEG stage of sleep (sub- 
ject B.D. ). Upward deflection denotes 
positivity at cz. 
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Table 1. Means (X); standard deviations (s), 
and an values for components of the average 
evoked response in various EEG Stages. Scores 
are in microvolts. 

Score for 

Item component of evoked response 

Pi nl P2 p2- h2 

Stage A 
X IA -4.0 6.9 10.6 
s 1.6 2.0 2.4 2.4 

Stage 1 
X 2.7 -2.7 4.8 9.1 
s 1.3 2.3 2.2 3.2 

Stage 2 
X 3.5 -1.0 1.7 6.1 
s .9 .9 1.4 2.3 

Stage 3 
X 4.3 -1.1 2.1 6.5 
s .9 1.1 1.2 1.7 

Stage 4 
X 4.5 -.3 1.4 7.0 
s 1.4 1.3 1.5 1.6 

Stage lrem 

X 2.7 -2.4 2.5 4.0 
s .8 1.5 1.1 .3 

.51 .45 .54 .25 

pi (first positive event), pi, and so on. 
As the EEG shifts from the waking 
pattern through stages 2 and 3 to stage 
4, there is a striking and consistent 
change in the wave form. The ampli- 
tude of p' increases, the amplitudes of 
/II (first negative event) and p2 de- 
crease, and the amplitude of n2 in- 
creases markedly. A third positive wave 
with a period of one-half to one second 
appears first in stage 2, and reaches 
relatively high amplitude in stages 3 
and 4. The form of the evoked response 
in stage lrem is similar to that seen 
during waking, and at the beginning of 
sleep, but the average amplitude of the 
several components is small, particular- 
ly for p2 and *2. 

Table 1 shows the mean amplitude in 
microvolts, the average standard devia- 
tions, and the -q' values for the three sub- 
jects on p, 71, p_2, and p9 - n. The- 
general increase in pi and decrease in 
n. and p2 can be seen as the background 
EEG shifts from the waking pattern to 
stage 4. In stage Irehn the average ampli- 
tudes of pi and ni are very close to 
those in stage 1, but the amplitude of 
p2 is considerably smaller than in stage 
1. The average peak-to-peak amplitude 
(p2 - f2) is smaller inl stage irem than 
inl any other stage. Using the stage of 
sleep score as the treatment variable, 
one-way analyses of variance were com- 
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puted on each amplitude measure for 
each man. There were about 70 average 
evoked responses during a single night; 
these were distributed somewhat un- 
evenly through waking and the five 
stages of sleep. Within each subject all 
of the resulting F ratios were significant 
at p<.001. The effect of stage of sleep 
on these measures, therefore, was very 
reliable. The average x72 values for the 
three men indicate that stage of sleep 
accounted for 25 to 50 percent of the 
variance in these measures of ampli- 
tude. 

Correlations between the peak laten- 
cies of the components of the evoked 
response and the EEG stage of sleep 
scores were low. For example, for pi 
there was a slight increase in the aver- 
age peak latency (from about 40 to 50 
msec) as the subjects shifted from 
waking to stage 1, but no further in- 
crease occurred with the onset of deep- 
er stages of sleep. Succeeding peaks, 
ni, p2, and n2 have average peak laten- 
cies of about 97, 173, and 276 msec., 
These latencies are similar to those 
described by Davis et al. for the K 
complex, and can be identified as the K 
components of the evoked response (6). 
These data, then, confirm Geisler's 
report that the K component of the 
evoked response changes as. the subject 
goes to sleep (7). In addition, these 
results indicate that the wave form 
continues to change as the subject shifts 
into deeper stages of sleep, and that the 
earlier portions of the response also 
participate in this change. In general, 
the, entire wave form of the evoked 
response appears to be closely associ- 
ated with the stage of sleep reflected 
in the background EEG pattern. 

The shape and amplitude of the 
average response in stage Irem are dif- 
ficult to classify on a light-deep con- 
tinuum of sleep. Clearly the evoked 
response is not identical to that seen at 
the beginning of sleep. Other evidence 
has accumulated in studies of humans 
that stage irem is not simply 'a light 
phase of sleep. Thresholds for awaken- 
ing are raised (3), muscle tonus is 
decreased (9), skin resistance is in- 
creased (JO), and body movement is 
reduced (3). The conclusion that stage 
1rem is similar to the low-voltage phase 
of sleep has been justified by experi- 
ments in the cat by Dement (11), 
Jouvet (4), and others. This stage, 
termed by Jouvet the rhlombencephalic 
phase, is characterized by low-voltage 
fast BEG activity, disappearance of 

muscle tonus, and the presence of rapid 
eye movements. The threshold for 
awakening in this phase is considerably 
higher than in the slow-wave phase. 
We cannot conclude., on the other hand, 
that the low-voltage phase is simply a 
deep stage of sleep, for both Hutten- 
locher and Evarts showed that while 
-evoked responses in the reticular forma- 
tion and cortex of cats were practically 
absent, there was a remarkably high 
level of spontaneous activity in the 
same neural units during this stage 
(12). These investigators each con- 
cluded that external stimuli were being 
occluded during this highly activated 
phase of sleep. 

The low average amplitude of the 
evoked responses seen in our records 
during stage - reem is consistent with the 
idea that events from an external 
stimulus tend to be occluded during 
the "dreaming" phase of sleep, and 
the data support the contention of 
Hawkins et al. (10) that stage I reni 

should be treated as a neurophysiolog- 
ically unique phase of sleep. 
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