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YOUNG, G. A. AND N. KHAZAN. 1"3cctromy~graphic power ,spectral changes assoc'iated with the sleep-awake cvch' 
and with diazepam treatment in the rat. PHARMACOL BIOCHEM BEHAV 19(4) 71.~--718, 1983.--Power spectral 
analysis was used to study tcmporalis muscle EMG activities during the sleep-awake cycle in the rat. EMG spectra derived 
from EMG during the states of slow-wave sleep, REM sleep and wakefulness demonstrated qualitative and quantitative 
differences. Diazepam treatment produced reductions in EMG spectral power during wakefulness. Thus, our experimental 
model allows qualitative and quantitative delineation of EMG activity associated with behavioral changes or drug treat- 
ments. 

Diazepam Sleep-v, ake cycle EMG activity 

WE previously demons t ra ted  that the cortical  e lect roen-  
cephalographic  (EEG) power  spectra associated with the be- 
havioral states of  s low-wave  sleep (SWS), rapid eye move-  
ment (REM) sleep and wakefulness  in the f ree ly-moving rat 
were  quali tat ively and quant i ta t ively different [ 151. SWS was 
associated with a predominance  of  spectral  power  in the 
lower  f requency range (zero to 5 Hz) and a gradual dimuni- 
tion of  spectral  power  in the 5-20 Hz range: total spectral 
power  was the largest among the three behavioral  states. 
REM sleep was associated with a predominant  peak of  spec- 
tral power  in the 6-9 Hz range. The awake state was associ- 
ated with substantially less total spectral power  than ei ther 
SWS or REM sleep. We have further utilized the technique 
of  power  spectral  analysis in the rat to delineate the CNS 
effects of  opioids [3, 6, 8. 13. 16], e thanol  [12,14] and 
A"-THC [1]. 

We have enter ta ined the possibility that the spectral  
analysis of  e lec t romyographic  (EMG) activit ies in the rat, in 
a manner  similar to that already established for E E G  activi-  
ties, might be equally useful in studying any E M G  changes 
associated with normal behavioral  condi t ions  or  resulting 
from drug administrat ion.  Thus.  we are now reporting qual- 
i tative and quant i ta t ive differences in EMG power  spectra 
during the behavioral  states of  SWS. REM sleep and wake- 
fulness in the rat. We are also providing data on d iazepam- 
induced changes in EMG spectral  power.  

PROCEDURFS 

In the first exper iment  six adult female Sprague-Dawley 
rats, 250--300 g, were studied. For  bipolar EMG recordings,  
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pairs of  stainless steel wires were inserted under  ketamine 
anesthes ia  (ItX)--150 mg/kg, IP) into the left and right tem- 
poralis muscles.  For  bipolar EEG recordings,  stainless steel 
screws (size 0-80 × ~/a inch) were implanted ove r  the frontal 
(2 mm anterior  and 2 mm lateral to bregma) and ipsilateral 
parietal (3 mm poster ior  and 2 mm lateral to bregma) cor- 
tices. An additional screw was placed 6 mm poster ior  and 2 
mm lateral to bregma and served as the indifferent e lectrode.  
All e lect rodes  were  soldered to a miniature Continental  con- 
nector  which was at tached to the skull with dental acrylate 
and Eastman 910FS adhesive  [4]. 

Each rat was maintained in an individual cage that was 
equipped with a swivel cable connec tor  for EEG and EMG 
recordings.  Direct EEG recordings on the Grass Model 7D 
polygraph were filtered to pass f requencies  be tween  1 and 35 
Hz, while EMG recordings were  filtered to pass f requencies  
be tween  10and 75 Hz. Behavioral  states o f S W S ,  REM sleep 
and wakefulness  during the s leep-awake cycle were iden- 
tified by the corresponding changes in EEG and EMG ac- 
tivities. Processing of  the EMG samples was accompl ished 
as follows. The EMG output  (J6) from the polygraph to the 
analog input of  the Nicolet  M ED-80 compute r  was filtered to 
pass f requencies  be tween 10 and 750 Hz with a Krohn-Hi te  
Model 3550R filter. The 5.46 sec samples of  E M G  were di- 
gitized on-line at a sampling rate of  1500/see. Power  spectral 
densit ies were est imated at 0. I Hz intervals from zero to 750 
Hz. and geometr ic  smoothing ove r  three neighboring fre- 
quencies  was employed.  

In the second exper iment  three rats that were prepared 
with EMG and EEG elect rodes  as above were also implanted 
with permanent  indwelling int ravenous cannulae into the 
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FIG. 1. Direct cortical EEG and  integrated temporalis muscle EMG 
recordings are shown for an individual rat during the behavioral 
states of v, akefulness, slow-wave sleep and REM sleep. 

right external jugular vein [10, II]. These rats received 1 
mg/kg intravenous injections of injectable diazepam tRoche 
Laboratories). The effects ofdiazepam treatment upon EMG 
spectral power were compared with EMG spectral power 
associated with normal behavioral activities. 

RESULTS 

Direct cortical EEG and direct or integrated tcmporalis 
muscle EMG recordings collected during the behavioral 
states of SWS, REM sleep and wakefulness in the rat are 
easily distinguishable from one another 12. 4. 5. 7]. For 
example, as illustrated in Fig. I for an individual rat. wake- 
fulness is typically associated with low amplitude, last fre- 
quency cortical EEG activity and high levels of integrated 
EMG activity. SWS is associated with high amplitude, slow 
frequency cortical EEG activity and low levels of  integrated 
EMG activity. During REM sleep the cortical EEG consists 
of  an intermediate peak-to-peak amplitude and is charac- 
terized by a further reduction of integrated EMG activity. 

Representative power spectra derived from temporalis 
muscle activities during the EEG and behavioral states of 
quiet wakefulness, SWS and REM sleep are shown in Fig. 2 
for an individual rat. During quiet wakefulness the overall 
spectral power was much greater than that during the SWS 
and REM sleep states. Spectral power peaked in the zero to 
50 Hz range. During quiet wakefulness the EMG was also 
associated with an increase in spectral power over the 75 to 
600 Hz range, peaking somewhere in the I(X) to 200 Hz band. 
Even further increases in spectral power over the 75 to 750 
Hz range were observed during wakefulness associated with 
behavioral activity. During SWS the EMG activity was 
associated with predominant spectral power in the zero to 50 
Hz range along with relatively less spectral power distrib- 
uted over the 75 to 200 Hz range. REM sleep was also asso- 
ciated with spectnd power in the zero to 50 Hz range, but. in 
contrast to the SWS and wakefulness states, little spectral 
power was exhibited at other frequencies. 

The degree of intersubject variability of the EMG power 
spectra associated with the three behavioral states of the rat 
is presented in Fig. 3. The relative power (% of total power) 
is shown as a function of frequency at 1 Hz intervals; stand- 
ard deviations are shown as an indicator of variability among 
six rats. Since quiet wakefulness was associated with the 
largest amount of total power, the power associated with 
SWS and REM sleep was calculated as being relative to that 
of  quiet wakefulness, with quiet wakefulness being I(X)CA. 

The effect of diazepam treatment upon EMG spectral 
power during quiet wakefulness is shown in Fig. 4 for an 
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FIG. 2. EMG power spectra derived from temporalis muscle activi- 
ties in an individual rat are shown during the behavioral states of 
~,akefulness. slow-wave sleep and REM sleep. Power is presented 
as a function of frequency (Hz). 

individual rat. Following intravenous administration of I 
mg/kg of diazepam, a purported CNS skeletal muscle relax- 
ant, temporalis muscle activity during quiet wakefulness was 
reduced over the 75 to 750 Hz range by over 50'/c. The I 
mg/kg dose of diazepam produced this reduction of muscle 
activity without disrupting sleep-awake activity. 

I ) I S ( ' U S S I ( ) N  

The rat has been extensively used in studies related to 
experimental psychology and psychopharmacology. Rela- 
tively little information is available concerning EMG power 
spectra during normal sleep-awake behavior in freely- 
moving rats prepared with chronic EEG and EMG elec- 
trodes. This report describes the power spectra derived from 
the rat's temporalis muscle EMG activities during three be- 
havioral states. All three behavioral states were associated 
with similar EMG spectral power in the zero to 50 Hz range; 
however, differences in EMG power spectra during the three 
behavioral states were most evident in the higher frequency 
bands. In the SWS state the EMG power spectra contained 
spectral power in the 75 to 200 Hz range. During REM sleep, 
EMG power spectra were characterized by the dimunition of 
the spectral power in the 75 to 200 Hz range that was associ- 
ated with the SWS state. This dimunition of EMG spectral 
power in the 75 to 20() Hz range was correlated with the 
onset of  muscle relaxation or atonia that is behaviorally ob- 
servable as a rat enters REM sleep. Quiet wakefulness was 
associated with large increases in spectral power over the 75 
to 600 Hz range. 
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FIG. 3. Power spectra derived t¥om temporalis muscle EMG are 
shown during the wakefidncss, slow-wave sleep and REM sleep 
slates. For each of nix rats a po~er spectrum was derived from a 
5.46-sec EMG sample during each of the three behavioral states. 
These spectra from each of the nix rats were then averaged relative 
to the total pov, cr associated with v, akefldness, wakefulness being 
100~,~. Standard deviations are indicated. 
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FIG. 4. EMG power spectra derived from temporalis muscle activi- 
ties in an individual rat are shown during control quiet wakefulness 
and during quiet wakefulness after diazcpam I I mg/kg, IV) adminis- 
tration. Power is presented as a fimction of frequency (Hz). 

Having charac te r ized  the EMG power  spec t ra  associa ted  
with normal s leep-awake  behavior  in the rat, we have also 
pr,,wided data fol lowing d iazepam t rea tment  that demon-  
strate a d i azepam- induced  reduc t ion  in [-MG spectral  power  
during quiet wakefulness .  Such a finding was expec ted  since 

d iazepam acts upon ret icular  neuronal  mechan i sms  that con- 
trol muscle  tone [91. Thus ,  it appears  that compara t ive  
studies of  drug- induced changes  in EMG spectral  power  will 
be able to provide useful qualitative and quant i ta l ive inlbr- 
t-nation. 
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