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IIARTMANN, E. AND (;. ZWILLING. "rite effect of alpha and beta adrenergic receptor blockers on sleep in the rat. 
PtlARMAC. BIO('HI'~M. BI-IIAV. 5(2) 1 3 5  138, 1976. Wc investigated the effects of the beta adrenergic blocker, 
propranolol, and the alpha adrcncrgic blocker, phcnoxybcnzaminc, on sleep patterns in the rat by means of multiple 8-hr 
and 24-hr polygraphic recordings. Propranolol had no clear effect on time spent in waking, synchronized sleep or 
desynchronized sleep. Phenoxybenzamine at a dose of 40 mg/kg produced a significant increase in desynchronized sleep 
time and in the number of desynchronized sleep periods. This is consistent with the view that there may bca  mechanism 
inhibiting the onset of desynchronized sleep periods wt'fich involves norepinephrine acting al alpha adrcnergic receptors in 
the brain. 
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ONE surpris ing but  cons i s ten t  f inding of  recent  sleep 
research is tha t  drugs of  many  d i f fe ren t  classes: hypno t i c s ,  
t ranqui l izers ,  an t idepressants ,  s t imulan t s ,  a lcohol  - in fact 
ahnos t  all drugs s tudied - affect  sleep somewha t  similarly,  
by decreasing de synch ron i zed  sleep t ime (Dq ime) .  Only  a 
few drugs have been shown  to p roduce  an increase in 
D-time (reviewed in [ 10] ) ;  these are specifically drugs such 
as a l pha -me thy lpa r a t y r o s i ne  [14 ,21]  and reserpine [7, 11, 
191 which produce  a decrease  in hrain  ca t echo l amine  levels 
or activity.  We have suggested tha t  there  is an inverse 
re la t ionship  be tween  func t iona l  brain ca t echo l amine  levels 
and D-time, and tha t  D-sleep may have a role in res tor ing 
ca t echo lamine  levels or the  in tegr i ty  of c a t e c h o l a m i n e  
systems [8 ,9 ] .  S tudy  of  adrenergic  or d o p a m i n e  r ecep to r  
blockers  may elucidate  what  pos t synap t i c  r ecep to r  
mechan isms  are involved in this  re la l ionship .  In add i t ion ,  
there is a great deal of  evidence suggesting tha t  the  
ca t echo lamines  play a role in ma in ta in ing  wakefu lness  anti 
it would be i m p o r t a n t  Io know wha! r ecep to r  mechan i sms  
might  be involved. 

A l though  it has not  been conclusively proven that  a lpha  
and beta  adrenergic  receptors  exist in the brain,  consider-  
able pharmaco log ic  evidence exists tha t  a lpha  and beta  
agonists  and an tagon is t s  have d i f fe rent ia l  effects  on the  
h y p o t h a l a m u s  at least, and p robab ly  o the r  bra in  systems 
[1, 2, 51. Evidence also favors the  ex is tence  of d o p a m i n e  
receptors  in the brain  [3 ,41.  

We have previously s tudied the d o p a m i n e  recep to r  
b locker ,  p imozide ,  in the rat [ 1 8 ] ,  and ch l o r p romaz ine  
(CPZ) in long- term h u m a n  sleep s tudies  [ 1 2 ] .  In b o t h  
s i tua t ions  we found  a slight decrease  in waking and an 
increase in total  sleep t ime (s ignif icant  for ( 'PZ but  not  for 
p imozide)  bu t  no change in D-time. 

In the presenl  s tudy ,  we invest igated tile effects  of an 
a lpha-adrenergic  blocker ,  p h e n o x y b e n z a m i n e ,  and of  a 
bela-adrenergic  b locker ,  p ropranolo l .  A l though  these drugs 
are o f t en  cons idered  represen ta t ive  of  the i r  classes, there  
are data  indica t ing  that  b o l h  subs tances  have fu r the r  
ac t ions  besides adrenergic  b lockade ,  inc luding some anti-  
h i s taminic  effect  and possible inh ib i t ion  of  re-uptake  of the 
ca techo lamines  [ 61 • 

The effects  of  a lpha and beta  b lockers  on sleep have not  
been previously repor ted  in the rat. A pre l iminary  s tudy  in 
the cat showed  no clear-cut  effects  on  sleep [ 2 0 ] ,  while a 
recenl s tudy  in man d e m o n s t r a t e d  tha t  a lpha adrenergic  
blocker ,  I h y m o x a m i n e ,  p roduced  an increase in D-time for 
a br ief  period of  titne, several hours  a f te r  admin i s t r a t i on  
[25 ] .  Por t ions  of  the present  s ludies  have been  repor ted  
briefly at two meet ings  [ 13 ,16] .  

M I'~T|IOI) 

A total  of th i r ty  male rats were used in these studies. 
These were Norwegian albino rats supplied by Charles River 
Laboratories at ti le age of 90 120 days (weight about 250 
g); each rat was implanted wi th  ti le usual cort ical, 
hippocampal, and nuchal muscle electrodes for long-term 
sleep recordings. Rats recovered for 2 weeks pr ior to any 
recordings. Each rat was then adapted to tile laboratory 
condit ions for a further 2 week period. Af ter  this, groups of 
5 to 10 rats took part in studies comparing placebo wi th 
each dose of propranolol  and phenoxybenzamine (see 
Tables 1 and 2). t-ach rat had a n u m b e r  of  8-hr recordings  
on p lacebo or drugs usually at 96-hr  or al 1-week intervals,  
in a ba lanced design. In a separate  s tudy,  6 rats had a series 
or 24-hr  s tudies  taking,  in ba lanced  order ,  p lacebo and 
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p h e n o x y b e n z a m i n e  40 mg/kg ,  the  dose tha t  seemed of  
greatest  interest  on the  bases of  the  8-hr recordings.  On 
each e x p e r i m e n t a l  day,  rats  were fed at 9 a.m. e i ther  10 g 
of  wet m ash  (p lacebo)  or  10 g o f  wet food mash  con ta in ing  
one of  the drugs.  The  rats were a lways sl ightly hung ry  on 
their  normal  feeding schedule ,  so tha t  the p lacebo food or 
d rug-con ta in ing  food was always c o n s u m e d  wi th in  f i f teen 
minu tes .  (This  is our  usual  l abora to ry  p rocedure  and tha t  of  
o ther  labora tor ies  using oral drug admin i s t r a t ion .  Compar i -  
son of our  values on this  schedule  with earlier data  and wi th  
data of  o the r  labora tor ies  using ad lib feeding showed  little 
d i f ference  in sleep pa t te rns) .  Records  began at 9 :30  a.m. 
and c o n t i n u e d  e i ther  unt i l  5 :30  p.m.  or unt i l  9 : 30  a.m. the  
next  day.  The  i l lumina t ion  cycle was 12 hr light, 12 hr 
darkness .  All records were scored blind by an exper i enced  
scorer;  each 30-sec epoch  was scored as waking  (W), 
s ynch ro n i zed  sleep (S), or as d e s y n c h r o n i z e d  sleep (D) 
accord ing  to the usual  sleep labora tory  criteria [ 2 3 , 2 4 ] .  
According  to this  criteria, W is charac ter ized  by low 
ampl i t ude  mixed  cortical  and h i p p o c a m p a l  act ivi ty with 
high am p l i t u d e  musc le ,  S by high ampl i t ude ,  relatively slow 
cortical and h ip p ocampa l  act ivi ty ,  mode ra t e ly  low musc le  
act ivi ty;  D by low a m p l i t u d e  cort ical  act ivi ty,  h i p p o c a m p a l  
theta ,  and very low muscle  act ivi ty.  Every t en th  record was 
scored by an addi t ional  scorer for reliability.  Five to g 
animals  were s tudied  at each drug dose originally,  and 
fur ther  g roups  were s tud ied  at doses  tha t  seemed  to 
p roduce  changes.  

RESULTS 

Table 1 p resen t s  the ef fec ts  of  p roprano lo l  in doses  of  
1 4 0  m g /k g  on var ious  sleep paramete rs .  Propranolo l  had 

no s ignif icant  effect  on W, S, or D-t ime over the dose range 
s tud ied ,  nor  did it s igni f icant ly  alter n u m b e r  o f  D-periods,  
(In this s t u d y  n u m b e r  of  D-periods refers to the total  
n u m b e r  of  such  per iods  scored regardless of  separa t ion ;  
episodes  of D-sleep separa ted  by as little as one page - 30 
seconds  - of  W or S are scored as separa te  D-periods) ,  cycle 
length,  or o the r  variables s tudied.  A few 24-hr s tudies  were 
done  which likewise showed  no clear ef fec ts  of  propranolo l .  

Table  2 p resen t s  the ef fec ts  of  p h e n o x y b e n z a m i n e .  
There  were no s ignif icant  ef fec ts  at the lower doses but  at 
40 mg/kg  D-t ime and the n u m b e r  of  D-periods were 
increased.  Effec ts  in the same di rec t ion,  not  reaching  
signif icance,  were found  with 20 m g / k g  and 80 m g / k g  The  
mean  length  of each D-period remained  c ons t a n t ;  there  was 
no increase in brief  i n t e r rup t ions  in D-periods.  Waking t ime 
was not  s ignif icant ly  al tered by the drug but  waking tended  
to be low at lower doses  with a gradual  increase in waking 
t ime at higher  doses.  (Waking t ime cons is ted  a lmost  ent i re ly  
of  wakefu lness  af ter  the first sleep onset ;  sleep la tency was 
usual ly 1 0 - 3 0  rain on drug and on placebo.} S-sleep was 
unchanged .  

Resul ts  on 24-hr s tudies  on 6 an imals  who  received 
placebo as well as p h e n o x y b e n z a m i n e  40 mg/kg  are 
presented  in Table 3. D-t ime and the n u m b e r  of  D-periods 
was s ignif icant ly  increased dur ing  the second  and third 8-hr 
and over the ent ire  24-hr. For  the ent ire  24-hr  period mean  
total  D-t ime was 116 rain on placebo.  146 rain on 
p h e n o x y b e n z a m i n e ;  mean  n u m b e r  of  D-periods was t~4.8 
on placebo,  89.8 on p h e n o x y b e n z a m i n e .  Both  d i f fe rences  
are s ignif icant  ( p< 0 .05 ) .  

There  was no  effect  over the  first few hours  of  
recordings;  the increase in D-time and in n u m b e r  o f  
D-periods occur red  chief ly at hours  3 - 6  and 12 18 (Fig. 

"FABLE 1 

EFFECTS OF PROPRANOI,OI, ON SI,I','EP IN THE RAT (8-HR RECORI)INGS) 

1 mg/kg*2 mg/kg 5 mg/kg 10 mg/kg 20 mg/kg 40 mg/kg 
( n  • 7 )  ( n  = 6)  ( n  = 6)  ( n  = 17) (n  = 7)  

W 85.1% ± 5.39~ 91.9'74 _+ 14.8% 100.5C4 + 5.8% 97.3% -:_ 5.6% 96.0~7c _" 8.5c4 
S 105.0e/r _+ 5 . 4 q ~  107.3~ ± 10.9'7/t 100.4~ _+ 5.15~ " 99.45~- ± 4.3~5~ 101.95~ _+ 5.2~ 
I)  126.0% ± 13.8% 99.9% .. 18.9~5~ - I(M.7(Tr +_ 8.4c7r 110.4C~ ÷ 9.6'74 91.7C/r _+ 11.2c7r 

Drug values expressed as percent of mean placebo values = S.E.M. for the same groups of animals. Mean placebo value 
is the mean of usually three placebo recordings. All values were first calct,lated in mint,tes, and then expressed as 
percentages. 

No values were significantly different from placebo. 

T A B I . E  2 

EFFECTS OF PHENOXYBENZAMINE ON SLEEP IN THE RAT {g-I'IR RECORDINGS) 

2 mg/kg • 5 mg/kg I0 mg/kg 20 mg/kg 40 mglkg go mg/kg 
(n -- 5) (n = 8) (n = 9) (n lg) In = 6) 

W g4.8% ± 11.5r74 91.154 + 6.9'74 91.8~2~ = 4 .grX 93.59~ :,- 4.29,~ 105.9% ± 11.7¢>~ 
S 109.7(zr = 6 . 3 q ~  1()2.0% ± 3.3~/r H12.39~ + 5.6% ItX).lg/r + 2.8r~ 92.0% + 8.8% 
1) 96.2% .t 16.9t;~ 113.2r?~ .. 7.1% 110.8% - 23.55z¢ 128.35~ ± 17.9%* 113.lea -'- 21.1r'4 
Nu m b ero f  87.9% ± 1 3 . 4 %  115.5% + 12.8C4 109.5% ± 11.0% 132.lea + 8.5¢2~" 97.9% ± 13.()~ 
D-pe riod s 

Drug values expressed as percent of mean placebo values _+ SEM for the same groups of animals. 
*p<().05, two-tailed, t-test for correlated samples. 
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T A B L E  3 

E F F E C T S  O F  P H E N O X Y B E N Z A M I N E  O N  S I . E E P  IN T H E  R A T  ( 2 4 - H R  R E C O R D I N G S )  

First 8-hr Second 8-hr Third 8-hr 24-hr 

W 107.1% _+ 8.1~ 91.1% _+ 7.5% 84.0% _+ 13.5% 93.8% _+ 6.0% 
S 98.8% _+ 5.3% 103.3% = 6.4~ 105.2% +_ 5.7% 102.3% _+ 2.4% 
D 73.7%. _+ 21.6% 127.3% _+ 11.0%* 177.1% _+ 31.5%* 124.8% +_ 14.6%* 
Number of 126.3% _+ 19.4% 137,5% + 20.3%* 143.5% +_+_ 29.5%* 138.5% _+ 14.8%* 

D-periods 

Drug values expressed as percent of mean placebo values 
*p<0.05, two tailed, t-Tests for correlated .samples. 

EFFECTS OF PHENOXYBENZAMINE 
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I.IG. 1. 1:Tach point represents the mean of 6 animals. 

1). The in te rven ing  hou r s  (6 - 12) are evening hou r s  when  
the rats eat and spend mos t  of  thei r  t ime awake.  

D I S C U S S I O N  

Proprano lo l  appa ren t ly  had no  effect  e i ther  on  
sleep-waking d i s t r ibu t ion ,  nor  on d i s t r ibu t ion  of  synchro-  
nized or d e s y n c h r o n i z e d  sleep states. The  decreased W and 
increased D at the  lowest  doses ahnos t  reached stat is t ical  
s ignif icance but  the fact tha t  a sl ightly h igher  dose (5 
mg/kg)  p roduced  abso lu te ly  no effect  on  a similar n u m b e r  
of animals  makes  it unl ike ly  tha t  these changes  are 
meaningful .  In c o n j u n c t i o n  with the similar  negat ive find- 
ings of  a s tudy  in the cat [ 2 0 ] ,  this  makes  it p robab le  tha t  
beta adrenergic  recep tors  are not  di rect ly  involved in 
regulat ing sleep mechan i sms ,  at least in these species. It is 
of  in teres t  tha t  in man drowsiness  and increased sleep is 
f requent ly  repor ted  af te r  the clinical use of  p rop rano lo l ;  
this has yel to be invest igated fully, bu t  in a small scale 
sleep l abo ra to ry  s tudy  of  pa t i en t s  receiving high doses of  
propranolo l ,  we were unab le  Io d e m o n s t r a t e  significant  
changes in sleep length or sleep pa t t e rns  (unpub l i shed) .  

P h e n o x y b e n z a m i n e  does appear  to have an effect  on 
sleep - an increase in de synch ron i zed  sleep and a decrease 
in waking found  at 40  mg/kg  and to a small  e x t e n t  at 20 
and 80 mg/kg. The  fact tha t  this effect  is more  p r o m i n e n t  
at 40  than at 80  mg/kg  is no t  en t i re ly  surprising:  Waking 

_+ S.E.M. for the same groups of 6 animals. 

t ime (Table  2), and n u m b e r  of  awakenings  increased 
gradually wi th  increasing dose of  p h e n o x y b e n z a m i n e ,  and 
were cons iderab ly  increased at 80 mg/kg,  ind ica t ing  
p robab ly  a per iphera l  side effect  of the drug, resul t ing in 
mildly d i s turbed  sleep. We have no ted  in a large n u m b e r  of  
s i tuat ions ,  b o t h  in man and in the rat,  t ha t  such sleep- 
d i s tu rb ing  effects  are associated wi th  increased waking bu t  
even more  with a decrease  in D-t ime,  so tha t  this 
D-reducing effect  at the  highest  dose would coun te rac t  any 
t endency  to an increase p roduced  by the drug. We have 
no ted  similar results,  for ins tance ,  wi th  a lpha -methy l -  
para tyros ine  (AMPT)  in the  rat: The  max imal  increase in 
D-time is found  at 75 mg/kg,  while doses of  100 mg/kg  
p roduce  a smaller  increase and 200 mg/kg,  approach ing  
toxic  levels, p roduced  a decrease [ 1 4 ] .  

At 40  mg/kg,  p h e n o x y b e n z a m i n e  does appear  to 
p roduce  an increase in desynchron ized  sleep, and an 
increase in n u m b e r  of  D-periods,  as well as a slight decrease 
in waking lime. The  m a g n i t u d e  of  the  overall  change in 
D-time (30%) is no t  large, bu t  is of  vary similar  magn i tude  
to the  increases in D-t ime we have d e m o n s t r a t e d  wi th  
AMPT and with 6 - h y d r o x y d o p a m i n e  [ 14,171 in the rat  and 
with reserpine in man [ 1 I ]. Larger percen tage  changes can 
be secn if only  the hou r s  of peak effect  are considered.  The  
40% increase in n u m b e r  of D-periods over the  ent i re  24 
hours  (Table  3) is larger than  we have seen wi th  any  o t h e r  
pharmacolog ic  agent.  It is no t  clear why an increase in 
measures of  D-t ime occur red  dur ing the  8-hr recordings,  but 
occur red  only some hours  later in the  24-hr  recordings.  The  
animals  on 24-hr  recordings  did sleep somewha t  d i f fe ren t ly  
the first 8-hr, wi th  more  waking t ime.  possibly related to 
d i f ferences  in the adap ta t ion  schedule.  

We c a n n o t  be absolu te ly  cer ta in  tha t  cent ra l  r a the r  than  
per ipheral  ef fects  are involved in the effects  of  p h e n o x y -  
benzamine .  Peripheral  adrenergic  b locking  could p roduce  
side effects  which could indirect ly  affect  sleep or waking.  
However,  such effects  can of ten  bc picked up behaviora l ly  
and /o r  by examin ing  waking t ime and the n u m b e r  of  
awakenings:  A side effect  d i s tu rb ing  to the  animal  results  in 
more  waking t ime and more  awakenings  dur ing  sleep 
accompan ied  by a relative decrcase in D-time. As men-  
t ioned,  our  data  suggest tha t  such effects  may have been 
present  at  lhe highest  dose (80 rag/ks)  of  p h e n o x y b e n z a -  
mine. In addi t ion ,  as m e n t i o n e d ,  p h e n o x y b e n z a m i n e  has a 
n u m b e r  of effects  aside f rom alpha-adrenergic  blocking,  so 
tha t  one  c a n n o t  be cer ta in  tha t  the present  results  on  sleep 
arc related to alpha blocking.  I towever,  in view of  s imilar  
results  in man [251 wi th  a d i f ferent  alpha blocker ,  
t h y m o x a m i n e ,  this would appear  to be the  most  reasonable  
exp lana t ion .  
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Sinc.e p h c n o x y b e n z a m i n e  p r o d u c e d  e f f e c t s  on  D - t i m e  
whi le  p r o p r a n o l o l ,  and  p i m o z i d e  118]  had  no  e f f ec t ,  t h e s e  
r e su l t s  sugges!  t h a t  t h e  i n v e r s e  r e l a t i o n s h i p  we have  
p r e v i o u s l y  d e m o n s t r a t e d  b e t w e e n  c a t e c h o l a m i n e  levels  o r  
ac t iv i ty  in t he  b ra in  and  l ) - l ime  m o s t  l ikely  d e p e n d s  on  
n o r e p i n e p h r i n c  a c t i n g  at a l p h a - a d r e n e r g i c  r e c e p t o r s .  We 
have  d e m o n s t r a t e d  t h a t  in t he  rat p h e n o x y b e n z a m i n e  
reverses  t h c  D-s leep r e d u c i n g  e f f e c t s  o f  d- a n d  l - a m p h e t a -  
m ines ,  w h i c h  aga in  s u g g e s t s  t ha t  an  a l p h a - a d r e n e r g i c  
m e c h a n i s m  m a y  be invo lved  11 51. T h e  a n a t o m i c  l o c u s  for  
t he se  r e c e p t o r s  is o f  c o u r s e  no t  c e r l a i n ,  bu t  it c o u l d  be  
q u i t e  w i d e s p r e a d  in l h e  b ra in ,  at n o r a d r e n e r g i c  e n d i n g s  in 
1"he c o r t e x ,  for  i n s t a n c e ,  o r  in t he  l i m b i c  s y s t e m ,  t h e  
h y p o t h a l a m u s  o r  t he  b ra in  s t e m .  P o s t - s y n a p t i c  n e u r o n s  
f r o m  s u c h  a reas  , nay  i nh i b i t  t he  b ra in  s t e m  c e n t e r s  invo lved  
in t he  i n i t i a t i o n  o f  D-s leep .  Severa l  c e n t e r s  have  b e e n  
s u g g e s t e d  for  th i s  ro le :  t h e r e  is c o n s i d e r a b l e  e v i d e n c e  
f a v o r i n g  t he  g ian t  cel ls  o f  t he  t e g m e n l a l  f ie lds  [ 2 2 ] .  
A c c o r d i n g  to  th i s  p o s t u l a t e d  s c h e m e ,  l he  a l p h a - a d r e n e r g i c  

b l o c k e r  r e d u c e s  t he  d i s c h a r g e  in t h e s e  w i d e s p r e a d  pos t -  
s y n a p t i c  n e u r o n s  w h i c h  n o r m a l l y  have  a t o n i c  i n h i b i t o r y  
a c t i o n  on  t he  D- in i t i a t i ng  a reas  o f  the  b r a in  s t e m .  T h i s  t o n i c  
i n f l u e n c e  is r e d u c e d ,  m a k i n g  t he  i n i t i a t i o n  o f  D - p e r i o d s  
easier ,  and  t h u s  i n c r e a s i n g  e spec i a l l y  t he  n u m b e r  o f  
D-per iods .  A c c o r d i n g  to  o u r  v iews  o f  the  f u n c t i o n s  o f  s l eep  
[ 0 ] ,  t he  e n s u i n g  D - p e r i o d s  m a y  t h e n  p lay  a role in t h e  
r e s t o r a t i o n  o f  t he  n o r e p i n e p h r i n e  n e u r o n s  o r  s y n a p s e s .  

O u r  h y p o t h e s i s  is t ha t  in s o m e  s e n s e  the  n o r e p i n e p h r i n e  
r e d u c i n g  d r u g s  s u c h  as A M P T ,  or  p e r h a p s  an a lp h a -  
a d r e n e r g i c  b l o c k e r  s u c h  as p h e n o x y b e n z a m i n c ,  c an  be seen  
as an  e x a g g e r a t i o n  or  a p a r o d y  of  w h a l  h a p p e n s  d u r i n g  a 
n o r m a l  w a k i n g  pe r i od .  W a k i n g  m a y  c o n s i s t  o f  a r e d u c t i o n  
o f  f u n c t i o n a l  n o r e p i n e p h r i n e  levels  o r  n o r e p i n e p h r i n e  
ac t i v i t y ,  p e r h a p s  by  s y n a p t i c  a l t e r a t i o n s  w h i c h  m a k e  t h e  
s y n a p s e  less e f f i c i en t .  T h i s  r e su l t s  in less p o s t s y n a p l i c  
ac t i v i t y ,  and  a r e d u c t i o n  o f  t he  i n h i b i t i o n  o f  D-pe r iods .  
D e s y n c h r o n i z e d  s leep  t h e n  o c c u r s  w h i c h  he lps  in r e s t o r i n g  
the  n o r e p i n e p h r i n e  s y s t e m s .  
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