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STEFURAK, S. J., M. L. STEFURAK, W. B. MENDELSON, J. C. GILLIN AND R. J. WYATT. A method for sleep 
depriving rats. PHARMAC. BIOCHEM. BEHAV. 6(1) 137-139,  1977. - A method is described for sleep depriving up to 
12 rats at a time by placing them in two large rotating cylinders. EEG data, previously unavailable for rats treated in this 
manner, show that total sleep time was significantly reduced from 47.0 percent to 3.8 percent of a 24-hr period. There was 
no selective reduction of REM or non-REM sleep. 
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A V A R I E T Y  of  m e t h o d s  have been  e m p l o y e d  to p roduce  
to ta l  sleep dep r iva t ion  in small  animals .  These  inc lude  
c o n t i n u o u s  hand l ing  [ 1 ] ,  t he  use of  t readmi l l s  [ 6 ] ,  r o t a t i ng  
wheels  [11] or small  p l a t fo rms  [2,3]  s u r r o u n d e d  by  water ,  
admin i s t r a t i on  of  amp.he tamines  [6] or electr ic  shocks  
[ 5 , 9 ] ,  and  h y p e r t h e r m i a  [ 1 0 ] .  U n f o r t u n a t e l y ,  these tech-  
n iques  are largely w i t h o u t  s u p p o r t  of  EEG data.  Most  also 
have clear disadvantages .  The use of  small  p l a t fo rms  
s u r r o u n d e d  by  wate r  is an o u t g r o w t h  of  a p rocedure  for  
REM sleep depr iva t ion ;  w h e n  used for  purposes  of  to ta l  
sleep depr iva t ion  [2,3]  it ac tua l ly  m ay  cause a p r o f o u n d  
suppress ion  of REM sleep wi th  a smaller  decrease in 
n o n - R E M  sleep, which  still occurs  [2 ,7 ] .  Thus  it is really 
more  a m e t h o d  of  select ive sleep depr iva t ion .  Analysis  of  
graphic  data  on  the  use of  h y p e r t h e r m i a  suggests a similar 
effect  [ l 0 ] .  O t h e r  approaches ,  such as c o n t i n u o u s  hand l ing  
of the  animal ,  requi re  e n o r m o u s  a m o u n t s  of  labor .  There  is 
a need,  then ,  for a re lat ively s imple m e t h o d  of  sleep 
depr iva t ion  which  is s u p p o r t e d  by  EEG da ta  and which  can 
process a n u m b e r  of  animals  at  once  wi th  a m i n i m u m  of  
labor.  In this  paper  we shall descr ibe such a t echn ique ,  
which  consis ts  of rats  be ing  kep t  awake by  be ing  placed in a 
slowly ro t a t i ng  cyl inder .  

METHOD 

The appara tus  is p ic tu red  in Fig. 1. Two cyl indrical  
Nalgene tanks  (68.6  × 35.6  cm)  are placed ho r i zon t a l l y  on  
moving  V belts.  These  are tu rned  by  a pul ley sys tem 
c o n n e c t e d  to a ¼ h o r s e p o w e r  AC electr ic  m o t o r  
(West inghouse  KJ 75, type  FHT)  wi th  a variable speed 
reducer  (Zero-max ,  Model  E, t o r q u e  = 10 in. lb.). The  
cyl inders  ro ta t e  at  a c o n s t a n t  3 RPM; the  to ta l  d is tance  

covered by  the  ra t  is 4.8 km per 24 hr  per iod.  Inside the  
cyl inder  are a series of  5 dividers 35.6 cm in d iamete r  
c o n n e c t e d  by 7.6 cm squares  of  Plexiglas (Fig. 2). Thus  
each cyl inder  a c c o m m o d a t e s  6 rats. A 1.9 cm high str ip of  
plexiglass t u b i n g  was glued to the  f loor  of  each of the  six 
spaces in the  cyl inder ,  c rea t ing  an o b s t r u c t i o n  over which  
the  rats  mus t  walk. This made  it less l ikely t ha t  the  rat  
could  mere ly  slide along the moving  surface of his 
c o m p a r t m e n t .  The  f loor  of  each cyl inder  c o m p a r t m e n t  is 
covered wi th  a small  a m o u n t  of  wood  shavings which  help 
absorb  ur ine  and  provide  a sof te r  surface on  which  to walk. 
Each plexiglass divider  con ta ins  a series of five 1 cm holes 
which  al low c i rcula t ion  of air. 

In order  to  d o c u m e n t  the  s ta te  of consc iousness  of  rats  
unde rgo ing  this  p rocedure ,  we recorded  the  electro-  
encepha log ram and  e l e c t r o m y o g r a m  of four  250 g Sprague- 
Dawley male  rats who  were in the  moving  cyl inder  for 24 
hr,  and  c o m p a r e d  t hem to seven an imals  in a s t a t iona ry  
cage. Dur ing  the  24 h o u r  record ing  per iod,  l ights were on 
f rom 6 :00  a.m. to  6 : 0 0  p.m.  A detai led descr ip t ion  of 
i m p l a n t a t i o n  of e lec t rodes ,  record ing  appara tus ,  and  cri teria 
for analysis  of  the  records  has been  provided in an earlier 
pub l i ca t ion  f rom this  l abo ra to ry  [8 ] .  In order  to  in t roduce  
EEG cables in to  the  ro t a t i ng  cyl inders ,  a modi f ied  plexi- 
glass divider  sys tem was used (Fig. 3). This par t icular  
sys tem provides  c o m p a r t m e n t s  for  two rats;  our  p resen t  
EEG data  are t aken  f rom two 24-hr  per iods in which  two 
rats each were recorded.  

Dur ing  24-hr  s tudies  the cyl inders  were s topped  twice 
for 15 minu te s  each.  Dur ing these per iods the  animals  were 
r e tu rned  to the i r  regular cages, in which  food  and wate r  was 
available. While in the i r  cages, they  were s t imula ted  
manual ly  if t hey  appeared  to be going to sleep. 
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FIG. 1. Apparatus for sleep deprivation. The V belts rotate on the 
motor-driven pulleys, causing the cylinders to turn. 
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FIG. 3. Schematic drawing of modified Plexiglas divider used for 
EEG studies. A Plexiglas rod containing the EEG cables passes 
through the hollow center of the cylinder. At the end of each of the 
two horizontal cables is a commutator which allows the cables to 

hang downward and to rotate laterally with the rat's movement. 

FIG. 2. Same apparatus as Fig.l, partially disassembled. The 
cylinder on the right has been removed, exposing the Plexiglas 
divider which separates each cylinder into six compartments which 
hold one rat each. The motor and speed reducer can be seen in the 

middle. The EEG cable protrudes from the cylinder on the left. 

RESULTS 

General 

The rats to lera ted the procedure  well. There have been 
no deaths  in rats who were sleep-deprived for 24 hr; no 
gross evidence of  injury was found.  There were no blisters 
on the  footpads .  An occasional  rat in early studies was 
found  to break one or more  claws, and a resulting small 
hemorrhage  was no ted .  This was greatly reduced after 
placing wood  shavings in the cylinders.  In one s tudy,  a 
thermis tor  was placed in one of  the compar tmen t s ,  and 
t empera tu re  readings were taken periodically over the 24 
hr. The m a x i m u m  increase over baseline t empera ture  was 
2.2°C. In summary ,  the rats were mainta ined in a manner  
consis tent  with the s tandards  of  the National Inst i tutes of  
Health for  care of  laboratory  animals [8] .  

EEG 

Data are presented  in Table 1. The moving cyl inder  
reduced total  sleeping t ime f rom 47.0 percent  of the 24 hr  
period to only 3.8 percent  (p<0 .001 ,  two-tailed t-test). 
Similarly, REM and non-REM sleep (as a percentage of 
t o t a l  recording t ime)  were significantly decreased 
(p<0.001) .  The small amo u n t  of  sleep which did occur  was 

T A B L E  1 

EEG ANALYSTS OF RATS IN SLEEP-DEPRIVATION APPARATUS FOR 24 HR* 

Total Sleep Time X 100 REM Sleep Time X 100 
Total Recording Time Total Recording Time 

Non-REM Sleep Time X 100 
Total Recording Time 

Control (n = 7) 47.0 + 3.8 7.4 _+ 0.5 39.6 + 3.7 
Experimental Group 3.8 _+ 1.9 0.2 _+ 0.0 3.6 _+ 1.9 

(n = 4) 
Significancet p <0.001 p <0.001 p <0.001 

*Values represent mean _+ SEM. 
?Two-tail t test. 
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made  up of  b o t h  REM and n o n - R E M  sleep; the i r  per- 
centages  of  to ta l  sleep t ime  did no t  differ  b e t w e e n  the  two  
cond i t ions .  Thus ,  the re  was no  selective ef fec t  of  one  
par t icular  sleep stage, and  ins t ead  to ta l  sleep t ime  as a 
whole  was marked ly  reduced .  

DISCUSSION 

We have p resen ted  a m e t h o d  of  r educ ing  to ta l  sleep to 
less t h a n  a t e n t h  of  no rma l  for  p ro longed  per iods  of  t ime.  
Unlike the  modi f i ed  use of  the  p l a t f o r m  s u r r o u n d e d  by  
water ,  it does no t  to ta l ly  suppress  one  sleep s ta te  (REM)  

while on ly  par t ia l ly  suppress ing  a n o t h e r  (non-REM sleep). 
A m u c h  larger n u m b e r  of  ra ts  ( twelve)  can be  s tudied  at 
one  t ime  t han  in previous  procedures .  It is an t i c ipa ted  tha t  
this  will be useful  in observ ing  the  effects  of sleep 
depr iva t ion  in s tudies  deal ing wi th  m e m o r y ,  neuro-  
chemis t ry ,  and possible c i rcula t ing  sleep factors.  
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