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MONTI, J. M. AND R. VELLUTI. Action o f  psychotropic drugs upon pO2 in the lateral amygdala and pontine reticular 
formation during the sleep-wakefulness cycle. PHARMAC. BIOCHEM. BEHAV. 2(6) 763-767 ,  1974. - A study was 
carried out of the actions of nitrazepam, haloperidol and pentobarbital upon PO2 of nuclei amygdalae lateralis and 
reticularis pontis caudalis during the sleep-wakefulness cycle in cats with chronically implanted oxygen cathodes. 
Nitrazepam at the 0.25 mg/kg dose selectively diminished the pO 2 oscillations in the lateral amygdala. Further, phasic 
changes depicted during REM sleep in the pontine reticular formation were abolished. After larger doses (0 .5-1.0  mg/kg) 
there was a simultaneous and progressive decrease of the current oscillations in both structures. Haloperidol produced a 
reduction of pO~ current waves only after the highest administered dose (2.0 mg/kg), without specificity for any of the 
structures recorded. Sedative and anesthetic doses of pentobarbital also decreased pO 2 waves amplitude in a dose-response 
related manner. 
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S E V E R A L  approaches  have been  fol lowed to d e t e r m i n e  the  
sLructures of  the  CNS involved in the  various ac t ions  of  
p s y c h o t r o p i c  drugs. 

They  inc lude  the  s tudy  of  (1)  the  effects  of  in t race rebra l  
or sys temic  drug in j ec t ion  on  s p o n t a n e o u s  or evoked elec- 
trical act ivi ty  in d i f fe rent  areas o f  the  brain  and  (2)  the  
effects  of  drug a d m i n i s t r a t i o n  on  behaviora l  and EEG 
responses  el ici ted by  electr icai  or chemica l  s t imu la t i on  of  
var ious brain  centers .  

Recen t ly ,  Vel lu t i  et al. [ 2 0 ] ,  Garc i a -Aus t t  et al. [4]  and  
Vel lut i  and  Mont i  [ 2 2 ] ,  u t i l iz ing the  oxygen  ca thode  
charac te r ized  the  p a t t e r n  of  osci l la t ions  of  the  l imbic  
sys tem and brain  s tem re t icu lar  f o r m a t i o n  dur ing the  
s l e e p - w a k e f u l n e s s  cycle. It was s h o w n  tha t  pO2 varied in 
each s t ruc tu re  dur ing  the  behaviora l  stages accord ing  to a 
charac ter i s t ic  and fixed pa t te rn .  

The  r ep roduc t iveness  of  the  resul ts  i nduced  us to  ut i l ize 
the  m e t h o d  to s t u d y  the  site of  ac t ion  of  some depressan t  
drugs. We chose th ree  p s y c h o t r o p i c  drugs [5 ] ,  an anx io ly t i c  
(n i t r azepam) ,  a neu ro lep t i c  (ha loper ido l )  and an h y p n o t i c  
( p e n t o b a r b i t a l )  and  d e t e r m i n e d  the i r  ac t ions  on  the  PO2 of  
two  nuclei ,  one be longing  to the  l imbic sys tem (nucleus  
amygdalae  lateralis,  NAL) and  the  o t h e r  to  the  re t icular  

f o r m a t i o n  (nucleus  ret icular is  pon t i s  caudalis,  NRPC)  
dur ing  the  s l e e p - w a k e f u l n e s s  cycle. Those ana tomica l  
s t ruc tu res  were selected on  the  basis of  previous  in fo rma-  
t ion  assigning to  t h e m  a role on  the  regula t ion  of  a t t en-  
t iona l  a n d  e m o t i o n a l  behav io r  [8 ,12 ] .  

The  results  ob t a ined  showed  tha t  the  c o m p o u n d s  modi -  
f i e d  PO2 d i f fe ren t ly  and  in some cases selectively,  
accord ing  to the  involved s t ruc ture .  

METHOD 

Animals 

Five adul t  cats of  b o t h  sexes were used in this  investiga- 
t ion.  In o rder  to con t ro l  the  behaviora l  s ta te  of  the  animals ,  
e lec t rodes  were p e r m a n e n t l y  i m p l a n t e d  on  the  la teral  
cor tex  for  e l ec t rocor t i cogram (ECoG)  and  the  dorsal  neck  
muscles for  e l e c t r o m y o g r a m  (EMG).  Elec t rodes  were also 
i m p l a n t e d  in two  cats in the  la teral  genicula te  nuc leus  
(A 7.0, L 10.5, H +4.0)  for  the  record ing  of  PGO spikes. 

Procedure 

Changes of  bra in  PO2 were m o n i t o r e d  by  means  of  
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plat inum oxygen cathodes referred to anodes made of 
AgC1-Ag wires [2, 3, 20] which were stereotaxicatly 
implanted [18] in the NAL (A 11.0, L 12.5, H - 6 . 0 )  and 
the NRPC (P 2.0, L 3.0, H 4.0). Ten days after implanta- 
tion, when fully recovered,  the cats were placed in a dimly 
lighted soundproof  isolated box f i t ted with one-way mirror 
and recordings made through a mult iple  strand cable using a 
Grass 7 polygraph. A constant  voltage of  - 0 . 6  V was 
applied to the oxygen cathode and the oxygen r e d u c t i o n -  
dependent  current  was obta ined through a voltage drop 
measured across a 270 ~2 resistance in the polygraph by 
means of  a low level DC preamplifier,  Model 7PI.  Re- 
cordings were carried out with the low-pass filter of  the 
amplifier  set to a cut-off  f requency of  3 Hz. In every 
exper iment  the oxygen-dependence  of  the electrodes was 
tested by changing the oxygen concent ra t ion  in the cage, 
replacing air by pure oxygen.  Histological verifications of  
electrode p lacement  were carried out  at the end of  the 
experiments .  

Each derivative was studied at the fol lowing dose levels: 
ni t razepam 0.125, 0.25, 0.5 and 1.0 mg/kg; haloperidol  0.5, 
1.0 and 2.0 mg/kg and pentobarbi ta l  sodium 10.0 and 30.0 
mg/kg. Control  sessions wi thout  inject ion and solvent- 
inject ion sessions were interspersed be tween drug sessions. 
All drug injections were given intraper i toneal ly  after 
control  recordings lasting 2 hr which included periods of  
wakefulness, slow wave and REM sleep. 

R E S U L T S  

The PO2 recordings in the NAL and NRPC exhibi ted 
characteristic patterns during the s leep-wakefu lness  cycle. 

While the animals were awake (Fig. 5) oscillations with a 
f requency of  6 - 9 / m i n  and an ampli tude of  3 8 nA could 
be depicted in either nucleus. When the cats entered into 
the slow wave phase of  sleep (Figs. 1, 3 and 4) the pat tern 
of  oscillations in NAL shifted to one of  high ampli tude 
current  waves ( 2 0 - 3 0  nA) intermingled with smaller waves 
( 8 - 1 6 n A )  while their f requency remained almost the 
same. At the level of  the NRPC there was a small increase in 
the f requency and ampli tude of  the current waves, amount-  
ing to 1 2/min and 16 hA, respectively. 

During the REM phase of  sleep (Figs. 1 and 2) oscilla- 
t ions in the NAL returned to a pattern similar to that of  
wakefulness. Conversely, the record of  the NRPC was 
characterized by the presence of  high ampli tude current 
waves ( 1 8 - 2 3  nA) with a f requency of  4/min,  with hardly 
any place left  for the previous rhythm.  Doses of  0 . 2 5 - 1 . 0  
mg/kg ni trazepam markedly increased cortical  fast activity 
and the number  of sleep spindles. PO2 oscillations were not  
modif ied after 0.125 mg/kg of  the benzodiazepine deriva- 
tive (5 experiments) ,  while 0.25 mg/kg (12 exper iments)  
selectively diminished the ampli tude of  the current waves at 
the level of  the NAL during slow wave and REM sleep 
(Figs. 1, 2 and 3). In the NRPC the most striking finding 
was the disappearance of  the high ampli tude phasic PO2 
oscillating response observed during REM sleep. The 
electrocort ical  desynchroniza t ion  and PGO spikes charac- 
teristic of this behavioral  stage were still present (Figs. 1 
and 2). After  0.5 mg/kg (14 exper iments)  and 1.0 mg/kg (5 
experiments)  as dose - response  related decrease in the 
ampli tude of the oscillations was observed in both  nuclei 
during slow wave sleep (Fig. 3). With the highest dose this 
effect  was still observed 6 hr later. 

Haloperidol did not  induce any appreciable change in 
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FIG. 1. Effects of nitrazepam (0.25 mg/kg) upon pO~ current waves 
in subcortical structures during slow wave and REM sleep. Abbrevia- 
tions: pO= current waves from the nuclei reticularis pontis caudalis 
(RF) and amygdalae lateralis (AL); ECoG electrocorticogram of the 
lateral cortex; EMG electromyogram of the neck muscles. Calibra- 
tion: PO2 in nanoamperes; ECoG and EMG in microvolts. Time in 
minutes. The benzodiazepine derivative selectively decreased the 
amplitude of pO 2 oscillations in the nucleus AL during slow wave 
and REM sleep and abolished the phasic changes depicted during the 
desynchronized phase of sleep in the nucleus RF. The changes 
described during slow wave and REM sleep were recorded 20 and 68 

rain after nitrazepam, respectively. 

the ECoG patterns, but  significantly modif ied the sleep 
cycle, reducing REM sleep t ime with the highest dose. After  
0 . 5 - 1 . 0  mg/kg (9 exper iments  with each dose) there were 
no changes in the PO2 responses. A dose of 2.0 mg/kg (7 
exper iments)  reduced the ampli tude of  the current waves in 
both  nuclei (Fig. 4) during slow wave sleep. When REM 
sleep reappeared all these tonic and phasic components  
were present, including the high ampli tude oscillations of  
the reticular format ion.  

Pentobarbi tal  increased the incidence of  larger and 
slower ECoG frequencies,  and abolished REM sleep. After  
10.0 mg/kg (7 exper iments)  a decrease in the ampli tude of 
the current  waves was depicted in the amygdala and 
reticular format ion,  while 30.0 mg/kg (8 exper iments)  
induced an almost comple te  disappearance of the PO2 
oscillations (Fig. 5). 

D I S C U S S I O N  

After  the administrat ion of  the psychotropic  drugs, the 



PO2 AND P S Y C H O T R O P I C  D R U G S  765 

CAT 7 

pO 2 R F  02 

E C o 6  

*..,L.~,a, . . . . . . . . . . .  h--~llt , l i l -~ la .a l l , , l~  [ t J i . ~ . . , u . . l #  ~ll l .;~l~lj l  

EHG 

I . . . . . .  i ' - -  

B 

N i t r a z e p a m  0 . 5 m g / k g  

20 nA 

0 ~ l m i n  100 ,uV  

FIG. 2. Effects of nitrazepam (0.5 mg/kg) on PO2 oscillations upon 
the nucleus reticularis ponds caudalis during REM sleep. LG electro- 
encephalogram of lateral geniculate nucleus. Others as in Fig. 1. In 
A, at the beginning of the record, the cat is in slow wave sleep and 
the oxygen cathode exhibits small oscillations. Subsequently an 
REM period is shown marked by the activation of the ECoG, the 
appearance of PGO spikes and a drop of the EMG. Concomitantly 
with these changes high amplitude oscillations of slower frequency 
i~ the RF are observed. During a period of wakefulness, the air of 
the cage was changed by pure oxygen (O~), a sudden increase of 
pO~ being provoked (Inset). In B the phasic pO~ changes depicted 
in the RF during REM sleep (shown between arrows) are almost 
completely abolished after nitrazepam administration. Conversely, 

cortical desynchronization and PGO spikes are not modified. 

CAT 3 

changes  observed  in the  ECoG were similar  to  those  pre- 
viously descr ibed [6, 7, 9 ] .  

Most au tho r s  agree t ha t  the  oxygen  ca thode  is ac tua l ly  
record ing  the  PO2 of  the  ex t race l lu la r  c o m p a r t m e n t  [2 ,3 ] .  
F u r t h e r m o r e ,  the  oxygen  c o n c e n t r a t i o n  in this  c o m p a r t -  
m e n t  is a f u n c t i o n  of  the  local oxygen -consuming  me tabo l i c  
cellular ac t iv i ty  and  of  the  local oxygen-supply ing  b lood  
flow. The  local pO2 changes  dur ing  the  s l e e p - w a k e f u l n e s s  
cycle were regarded by  Vellut i  et aL [20]  and Garc i a -Aus t t  
et al, [4]  as ref lec t ing  local  neu rona l  act ivi ty,  which  is 
assumed to  be great ly  increased in the  NRPC dur ing REM 
sleep. The a m p l i t u d e  of  pO~ osci l lat ions was selectively 
d imin i shed  in the  NAL dur ing  slow wave and  REM sleep 
fol lowing 0.25 mg/kg  n i t razepam.  Moreover ,  the  phasic  
changes  dep ic ted  dur ing  REM sleep in the  NRPC were n o  
longer  present .  O the r  ind ica tors  of  this  stage of  sleep (cort i -  
cal d e s y n c h r o n i z a t i o n  and  PGO spikes)  r ema ined  cons t an t .  

With h igher  doses of  n i t r a z e p a m  ( 0 . 5 - 1 . 0  mg/kg)  the  
a m p l i t u d e  of  osci l lat ions d imin i shed  in b o t h  s t ruc tu res  
s imul taneous ly .  The  select ivi ty of  ac t ion  of  n i t r a z e p a m  (at 
a par t icu lar  dose level) on  the  lateral  amygda la  suggested by  
our  expe r imen t s  was also c o n t e n d e d  by Schal lek and K u e h n  
[14]  who  observed tha t  the  c o m p o u n d  selectively increased 
af te rd ischarge  th resho lds  in the  same s t ruc ture .  Nagy and  
Decsi [ 11 ] mic ro in jec t ing  d iazepam in to  d i f fe ren t  par ts  of  
the  CNS also drew the  conc lus ion  t ha t  the  benzod i azep ine  
derivat ive acts upon  the  amygda lo id  complex .  It could  be 
argued t h a t  the  decreased amp l i t ude  of  the  pO2 waves a f te r  
n i t r azepam a d m i n i s t r a t i o n  is re la ted to a smaller  oxygen-  
supp ly ing  b lood  flow. Cur ren t  ev idence  does  no t  s u p p o r t  
this  suggest ion since benzod iazep ines  fail to  show effects  on  
myocard ia l  con t r ac t i l i t y  [ 1 3 ] .  In addi t ion ,  sys temic  b lood  
pressure is no t  decreased in spite of  a depress ion  of  
s y m p a t h e t i c  vasocons t r i c to r  per iphera l  ac t iv i ty  [ 1 7 ]. 

Haloper idol  showed  a depressive ac t ion  on  pO2 oscilla- 
t ions  on ly  a f te r  2.0 mg/kg,  w i t h o u t  specif ic i ty  for  any  o f  
the  s t ruc tu res  recorded .  The need of  a relat ively high dose 
to  induce  the  foregoing changes  could be re la ted to the  
p r o d u c t i o n  of  vascular  modi f i ca t ions  by  the  b u t y r o p h e n o n e  
derivative.  In this  con junc t i on ,  a slight hypo tens ive  ac t ion  
by  the  drug re la ted  to  a dual  m e c h a n i s m  has been  de- 
scr ibed,  namely ,  a direct  ac t ion  on  the  s m o o t h  vascular  
f iber  and  a b lockade  of  ca techo laminerg ic  pos t synap t i c  
recep tors  [ 1, 10, 16 ]. 
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FIG. 3. Dose-response effects of nitrazepam on PO2 oscillations in the nuclei reticularis pontis caudalis and amygdalae lateralis during 
slow wave sleep. Abbreviations as in Fig. l.  The numbers on top of the records correspond to mg/kg of drug administered. A dose of 
0.25 mg/kg selectively diminished the amplitude of the current waves in AL. After larger amounts of the benzodiazepine derivative the 

amplitude of oscillations diminished simultaneously in both nuclei in a dose-response related manner. 
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FIG. 4. pO 2 changes in the pontine reticular formation and in the 
lateral amygdala after haloperidol administration during slow wave 
sleep. Abbreviations as in Fig. 1. A decrease of the amplitude of 
pOa oscillations in both nuclei is observed 20 min after 2.0 mg/kg 

haloperidol administration. 

After  sedative doses of  pentobarbi ta l ,  oscillations also 
showed a decreased ampl i tude  in the  lateral amygdala and 
the pon t ine  reticular fo rmat ion ;  anes the t ic  doses gave rise 
to an almost  tota l  disappearance of PO2 waves, con- 
current ly  with findings by Velluti [21 ]. 

These results could be relaled to the inhibi t ion of  
oxidative metabol ism by pentobarb i ta l  [1 5] ,  a l though 
there is no total  agreement  as to whe the r  this mechanism is 
responsible for the depression of  CNS funct ions ,  Sedative 
or hypno t i c  doses of  the barbi tura te  do not  p roduce  signifi- 
cant cardiovascular effects.  Anes the t ic  doses by i.v. route  
give rise to a decrease in b lood pressure. Nevertheless,  it is 
doub t fu l  whe the r  concen t ra t ions  of  pen tobarb i ta l  required 
to p roduce  direct  effects  on locally cont ro l led  brain vessels 
[19] are ob ta ined  af ter  i.p. adminis t ra t ion.  

CAT 3 
PentobarbitaL 10 rng/kg 

Before After 

pO 2 F R / k  

J 

PO2AL 

02 
ECoG 

PentobarbitaL 30 mg/kg 

~ 20 nA 

100 ,uV 
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FIG. 5. pO 2 changes in the pontine reticular formation and in the 
lateral amygdala after pentobarbital administration. Abbreviations 
as in Fig. 1. The barbiturate provoked a synchronization of the EEG 
in the previously alert animal. After 10.0 mg/kg a decrease of the 
amplitude of the oscillations was observed in both structures, while 
30.0 mg/kg induced an almost complete disappearance of pO 2 
waves. The sudden increase of all PO2 was still obtained after 
changing the air of the recording box by pure oxygen (oxygen test). 
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