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MAKELA. J P AND I T HILAKIVI EJJe~t oJ alpha-adreno¢eptor blo~l.ade on sleep and wal.eJulnes, m the rat 
PHARMACOL BIOCHEM BEHAV 24(3) 613-616. 1986 --Three alpha-adrenoceptor antagomsts w~th d~fferent subtype 
selectJvfly were administered IP at the beginning of the hght period of the dlumlnauon cycle to rats whose sleep-wake 
pattern was subsequently recorded for 12 hours Yohlmbme (1 mg/kg) initially increased active wakefulness but did not 
affect REM sleep Phentolamme (10 mg/kg) and prazosm (0 5 and 1 0 mg/kg) increased the amount of REM sleep during the 
latter half of the hght period The mechamsm of this delayed increase in REM sleep may be related to a greater extent of 
alpha-receptor binding as well as an optimal, moderate concentration of prazosln and phentolamme tn the brain dunng the 
latter half of the hght period 

Yohlmbme Phentolamlne Prazosm Alpha-adrenoceptor Sleep Wakefulness Rat 

RECENT experiments on rats [4. 7. 9. 14. 18. 21] and cats 
[10. I1. 12. 15. 19. 20] have demonstrated that alpha- 
adrenoceptors are involved in the regulation of sleep as well 
as wakefulness In both species activation of postsynaptlc 
alpha-I adrenoceptors appears to facilitate wakefulness 
[10.18]. whereas their role in the regulation of sleep, and 
especially of REM sleep, is still somewhat controversial 

In cats. phentolamlne and prazosm, two alpha- 
adrenoceptor antagonists, were reported to facilitate REM 
sleep [11. 12. 15. 19] Phentolamlne has generally been re- 
garded as an equally potent antagonist of alpha-I and alpha-2 
receptors, and prazosln as a selective antagonist of alpha-I 
receptors In rat brain, however, alpha-1 receptors may be 
composed of two subtypes [17] Prazosln. on the other hand. 
was recently reported to affect prejunctlonal alpha-2 recep- 
tors in rat peripheral nerves [24] Recently. prazosln was 
reported to inhibit REM sleep in rats at a wide dose range 
during the first half of  the light period [18] The reasonably 
selective alpha-2 adrenoceptor antagonist, yohlmblne, on the 
other hand. showed a blphaslc effect on the amount of REM 
sleep m rats [7] In cats only its well-known activating effect 
was noticed at doses of 0 5-2 0 mg/kg [15] Since the alpha- 
receptor subtype selectivity of prazosln and phentolamlne in 
the rat may differ from that in the cat in peripheral tissues 
[22]. and possibly in the brain [23]. we have in this study 
investigated the relationship between activation of alpha- 
receptors and regulation of sleep and wakefulness in rats. 
with a particular interest on REM sleep 

METHOD 

Eight male rats of the Wlstar strain, at the age of  3-4 
months and at the body weight of 250-350 g, served as sub- 

1Requests for reprints should be addressed to llkka T Hflak~w. M D 

jects Under chloral hydrate (approximately 300 mg/kg IP) 
and Xylocam-Adrenahn (20 mg/ml + 12 5 Ixg/ml) anesthesia 
two stainless steel screw electrodes were mserted to the 
skull, one anteriorly and one posteriorly, to record cortical 
electrogram A screw electrode was inserted into the dorsal 
hlppocampus using the stereotaxlc coordinates of 3 5 mm 
posterior to bregma. 3 1 mm lateral to the mldhne and 1 0- 
2 0 mm ventral to the dura Two coaxial (cardiac pacemaker) 
wires were sutured mto the deep neck muscles 

Recordings were started 1-2 weeks after surgery, and per- 
formed within 3 months (September-November)  An Inter- 
val of 1-2 weeks was allowed between drug recordings Rats 
were housed in Individual cages (25x30×35 cm) in an am- 
blent temperature of 22-24°C and a relative humidity of 
50-+5% An Illumination cycle of 12 hr hght/12 hr dark (hght 
on at 06 00 hr) was used The rats were allowed ad lib food 
(Astra-Ewos diet) and water 

The experiments were started at approximately 07 00 hr 
with IP injections of the alpha-blockers m a volume of l 
ml/kg dissolved with appropriate vehicle and diluted in dis- 
tilled water, or with IP injection of a respective volume of 
0 9~ sodium chloride Recording conditions were the same 
as housing conditions during the light period Three rats 
were recorded simultaneously Continuous 12-hr neocortlcal 
EEG. hlppocampal EEG, and nuchal EMG recordmgs were 
carried out using a Grass polygraph The paper speed was l0 
mm/sec The time constant of 0 3. low pass filter of 60 Hz 
and gain of approximately 100 p.V/cm were used in the EEG 
recordmgs 

The paper records were visually classified into five stages 
of sleep and wakefulness A¢tl~e it'a~tng (AW) was scored 
when the EEG showed low amplitude, fast frequency activ- 
Ity and the amplitude of the EMG was continuously high and 

613 



6[4 M A K E L A  A N D  HIL~ tKIVI  

T A B L E  1 

T H E  EFFECT OF YOHIMBINE,  PHENTOLAMINE AND PRAZOSIN ADMINISTRATION ON THE STAGES OF 
SLEEP AND WAKEFULNESS IN THE RAT 

(N) AW DW LSWS DSWS REM 

control (5) 365 + 2 4  11 1 _+ 2 4  322 _+ 4 2  125 + 59  7 5 _+ 24  

yohlmblne (5) 366 + 100 80+_ 20"  354_+ 95  109_+ I 8 90_+ 3 1 
1 0 mg/kg 

phentol- (5) 318_+ 6 0  99 -+  28  323 _+ 4 1 150_+ 6 1 109_+ 2 I* 
amine 

10 0 mg/kg 

prazosm (5) 309_+ 7 4  8 1 + l 7t 32 1 + 6 9  188_+ 45  10 1 + 20~ 
0 5 mg/kg 

prazosm (5) 346_+ 88  7 0 - +  1 0t 27 1 _+ 3 3f 20 1 _+ 7 1" 11 2_+ 34"  
1 0 mg/kg 

Mean percentages (-+S D ) of 12-hr recording time, *=p<0  05, f = p < 0  01 (pmred t-test compared wffh 
control, two-taded) 

f r equen t  m o v e m e n t  def lec t ions  cou ld  be seen  Drowsy ~ al.- 
mg (DW) was  c h a r a c t e r i z e d  by  m t e r f e r e n c e  of  s y n c h r o n o u s  
slow wave  act ivi ty  ( though  less than  25% of  the epoch)  with  
low ampl i tude ,  fast  f r e q u e n c y  E E G  in addt t ion  to the  dim- 
mut ton  of  E M G  ampl i tude  and  the  lessen ing  of  m o v e m e n t  
def lec t ions  Dght  Mo. wave sleep ( L S W S )  was  scored  w h e n  
25-50% of  the  E E G  t rac ing was c o m p o s e d  of  i r regular  high 
ampl i tude  s low waves  Deep slow wal,e sleep (DSWS)  was  
scored  w h e n  the  a m o u n t  of  s low waves  e x c e e d e d  50% of the  
e p o c h  R E M  sleep (paradoxica l  s leep,  R E M )  was charac-  
te r ized  by low ampl i tude ,  mixed  f r e q u e n c y  act ivi ty  in cort i-  
cal E E G ,  s y n c h r o n o u s  high ampl i tude  5-8 Hz  ( theta)  ac t iv i ty  
in h l p p o c a m p a l  E E G ,  and very  low ampl t tude  act ivi ty  in 
E M G  wi th  occas iona l  shor t  def lec t ions  due  to musc le  
twi tches  

E a c h  rat  was  r e c o r d e d  4-5 t lmes  A ba l anced  o rde r  of  
con t ro l  and expe r imen t a l  r ecord ings  was  used Each  group 
cons i s t ed  of  5 ra ts  The  drugs  and  doses  were  y o h i m b m e  
h y d r o c h l o n d e  1 0  mg/kg ( B o e h r m g e r  Ingelhetm) ,  phen-  
t o l amme  mesy la t e  10 0 mg/kg (Regl t ine,  Ciba-Gelgy) ,  and  
p r a z o s m  h y d r o c h l o n d e  1 0 mg/kg (Pfizer  Inc ) Yohmmbme 
was  d isso lved  in dist i l led water ,  p h e n t o l a m l n e  mesy la te  
so lu t ion  (Reglt ln)  was  di luted wi th  disti l led water ,  and 
p razos ln  h y d r o c h l o r i d e  was  d i s so lved  m a small  vo lume o f  
h e a t e d  10% w a t e r  so lu t ion  of  N , N - d i m e t h y l a c e t a m i d e  and  
d i lu ted  wi th  w a t e r  

The  visual ly scored  da ta  were  s to red  on  disk m e m o r y  of  a 
c o m p u t e r  for  ca lcu la t ions  and  s tat is t ics  Record ings  af te r  
d rug  t r e a t m e n t s  were  c o m p a r e d  wRh record ings  of  the same 
ra ts  af ter  saline in jec t ions  us ing paired,  two-tai led t - tes t  

RESULTS 

Yohlmbme 

Yohambine  (1 0 mg/kg) initially inc reased  ac t ive  waking  
(dur ing 1st h r  f rom 42 2 to 52 0%, n s ) and  d e c r e a s e d  drow-  
s iness  The  a m o u n t  of  R E M  sleep did not  c h a n g e  (Table  1. 
Fig !) 

Phentolamtne 

Pilot  s tudies  wi th  p h e n t o l a m m e  at doses  of  5-40 mg/kg did 
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FIG 1 The effects of yohlmbme, pheniolamlne, and prazosln on 
REM percentages (_+S E M ) during six consecutive 2-hr periods of 
the 12-hr recording time Lights (arrow) were turned on 1 hr before 
IP drug mjecuons (ume 0 hr} and turned offat  time 11 hr Each bar 
represents the mean of 5 rats The recordings after drug treatments 
as indicated were compared with recordings of the same rats after 
sahne mjecuons using a pa~red, two-taded t-lest * - p ~ 0 0 5  
**=p<0 01 

not  show any c lear  effects  Phen to l amlne  (10 0 mg/kg) m- 
c reased  the pe rcen tage  of  R E M  sleep be tween  4 and  12 hr of  
record ings  This  i n c r e m e n t  was  also ref lected in the s tatIs t ics  
of  total  r ecord ing  t ime (Table  I) P h e n t o l a m m e  did not  
l eng then  R E M  ep i sodes  but  inc reased  thei r  n u m b e r  f rom 
34 2_+12 1 to 49 4_+16 5 ( p < 0  05) 

Prl:lZO3 Ill 

P r a z o s m  ( 1 0 mg/kg) initially increased  ac t ive  waking t ime 
(1-2 hr  3 8 6  to 44 5%. n s )  and dec reased  R E M  sleep 
T h e r e a f t e r  pe r cen t ages  of  R E M  sleep were  inc reased  dur ing 
all the r emain ing  five 2-hr  per iods  (Fig 1) At  the dose  of  0 5 
mg/kg a c t w e  wakefu lness  increased  f rom 38 4 to 47 4% (n s ) 
dur ing  the first 2 hours  Dur ing the remain ing  10 hours  the 
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amount of drowsiness was decreased and the amount of 
REM sleep increased (Table 1) Prazosm 1 0 mg/kg mcreased 
the number of REM episodes dunng 12 hr from 27 8---8 1 to 
47 8_+9 5 (p<0 01), wtth 0 5 mg/kg of prazosm the increase 
remained nonstgntficant Neither dose of it changed the du- 
ration of REM eptsodes In total time statistics the decrease 
in drowsiness, mcrease in REM sleep, and the tendency to 
increased amount of DSWS were dose-related (Table 1) 

DISCUSSION 

The alpha-2 adrenoceptor antagonist yohtmbme was re- 
cently reported to facilitate REM sleep at doses as low as 
0 03 mg/kg [7], and at doses up to 3 mg/kg to depress it for 
about 4 hours and thereafter to facdttate its occurrence [7] Its 
activating effect at doses between 1 and 3 mg/kg have been 
well documented in rats [7,18] and cats [15] In agreement 
with these studies a clear but short-lasting enhancement of 
active wakefulness at the cost of REM sleep, and more im- 
portantly, at the cost of drowsy waking was observed at 1 
mg/kg of yohtmbme, a dose which does not affect clearly rat 
locomotor activity [2,3] or only causes a shght degree of 
excitation [6] 

In contrast to yohlmblne, both phentolamlne and prazo- 
sin, two alpha-adrenoceptor antagonists with affinity for the 
alpha-1 subtype, increased REM sleep In our pilot studies 
the doses of phentolamme (10 mg/kg) and prazosln (0 5-1 0 
mg/kg) were chosen on the basis of our experience from cats 
[10, 11, 15, 19, 20] and on the basis of behavioral effects of 
these drugs [2, 3, 6] At these doses which are without clear 
acute effects on overt behavior of rats [2, 3, 6], an initial 2-3 
hr depression of REM sleep was recorded This result is in 
partial agreement with the recently reported consistent de- 
crease in REM sleep in rats during the first part of the light 
period after 0 125-1 mg/kg of prazosm [18] Our main find- 
ing, the increase in REM sleep only during the latter half of 
the hght period, may be related to an increase m alpha- 
receptor binding m rat brain during this part of the illumina- 
tion cycle [13] In this case the initial lack of effect on REM 
sleep could be due to hypotenston [22] or hypothermta [5] 
Furthermore, cat, which does not show any clear circadian 
sleep-wake rhythm, responds to prazosln (0 5-I 0 mg/kg) 
and to phentolamme (5-10 mg/kg) with a prompt increase in 
REM sleep but at higher doses (prazosm 3-10 mg/kg, phen- 
tolamme 20 mg/kg) with an imhal depression of REM sleep 
[11, 12, 15, 19] 

Alternatively, alpha-1 receptor antagonists may act in rats 
as unspecific sedatives inhibiting motor activity which would 
favour sleep mechanisms as a secondary effect, espectally at 
the beginning of the dark period, i e , in our study during the 
last 2 recording hours when the rats were spontaneously 
most active The lack of effect of prazosln (0 75-3 mg/kg SC) 

or phentolamme (10 mg/kg) in behavioral tests [2, 3, 6] 
argues against thts alternative 

The present results show that both phentolamme and 
prazosln favoured deep SWS and REM sleep at the cost of 
drowsy wakmg The tendency to a decreased amount of 
drowsiness and increased deep SWS dunng alpha-blockade 
mtght be related to the prolonged suppressmg effect of IV or 
local admmtstratlon of alpha-blockers on the firmg rate of 
5-HT neurons m the rat dorsal raphe nucleus [1] These single 
unit and mtcrotontophoretlc data tend to suggest that 
alpha-blockers might affect sleep by modulating 
serotonlnerglc transmission tn the brain leading to increased 
deep SWS and REM sleep In dogs, however, opposite data 
were found after phentolamlne (1 mg/kg × 6 subcutane- 
ously) short-lasting arousals were increased and the number 
of REM episodes decreased [8] 

The relationship between cerebral noradrenergic activtty 
and REM sleep has long been a controversial issue Recent 
neuropharmacological studies in rats [7,14] and cats [10, 15, 
20] have implicated a positive role for noradrenahne in the 
executive mechanisms of REM sleep, possibly through ac- 
twatlon of beta-receptors m the bram [10,14] In rats, the 
rebound of REM sleep after its instrumental depnvatton was 
ehmmated by administration of phentolamme (5 mg/kg) or 
phenozybenzamlne at the beginning of the rebound sleep 
[21], leading the authors to suggest that alpha-receptor ac- 
hvation contributes positively to the mechanisms of REM 
sleep This suggestion may, however, be premature since m 
this REM sleep rebound situation [21] a tendency to an m- 
creased amount of REM sleep after an mlttal 12-hr suppres- 
sion was recorded Thus, it ts possible that in this REM 
rebound study [21], as well as m our study with a two-fold 
dose of phentolamme (10 mg/kg), the amount of REMS may 
depend on a contmuously increasing number of cerebral 
alpha-receptors [13] as well as a simultaneously decreasing 
concentration of alpha-blocker m the brain towards the latter 
half of the light period Thus, during the hght period which 
coincides with the circadian peak m the number of alpha 
receptors m rat brain [13], a moderate or optimal level of 
alpha-receptor blockade may even facdltate REM sleep 

We have recently suggested that m cats the balance be- 
tween alpha- and beta-adrenoceptor activation m the brain 
may be crucial for facilitation by noradrenahne of either 
acttve wakefulness or REM sleep and concurrent inhlbitton 
of drowsiness or sedation [10] The present findings, to- 
gether with alpha-receptor bmdmg data [13], suggest that 
rats may not after all dtffer from cats m thts respect, contrary 
to what was earlier suggested by us [16] and others [4,7], 
mainly based on experiments on rats showmg meffectlveness 
of yohimblne or phentolamine in counteracting clonldme 
These results are m sharp contrast to competitive antago- 
nism observed In cats [15,20] 
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