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WASZAK, M. Effect of barbiturate anesthesia oh discharge pattern in nucleus reticularis thalamL PHARMAC. 
BIOCHEM. BEHAV. 2(3) 339-345, 1974. - In unanesthetized preparations spontaneous EEG spindles are accompanied 
by a tonic increase in neuronal firing in the rostral pole of nucleus reticularis thalami. The effect of Brevital on this 
relationship was investigated in enceph~le isol~ cats in the present report. Small doses of the drug consistently 
decreased the firing frequency inbetween the appearance of cortical spindles, whereas the effect on the intraspindle 
discharge rate as well as the averaged overall firing frequency varied from cell to cell. The ratio of intra- vs. interspindle 
discharge frequency was enhanced during light and moderate anesthesia, and the tonic spindle-related firing was broken 
up into bursts which were in phase with individual EEG waves. An increase in dosage to a level producing persistent 
slow waves in the EEG was followed by continuous irregular reticularis firing with no apparent relationship to the slow 
EEG waves. Massive doses of Brevital resulting in a flat cortical EEG arrested spontaneous firing completely. The results 
are viewed as supporting the hypothesis that neurons in the rostral part of nucleus reticularis exert a tonic inhibitory 
influence on dorsal thalamic cells. 
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IT HAS long been recognized that  under  certain condi- 
t ions the presence of  synchronized waves in the cortical  
EEG is related to part icular  states of behavior  such as 
drowsiness, satiety,  and suppression of  movemen t s  [4, 9, 
22] .  As a consequence ,  knowledge about  the physio- 
logical mechanisms responsible for different  types of 
synchronized EEG activi ty is impor tan t  for an under- 
standing of  the neuronal  mechanisms involved in these 
behavioral  states. 

Synchronous  act ivi ty of  8 - 1 2  Hz occurs periodically in 
the form of spindles in the cortical  EEG of unanesthe-  
tized enceph~le isol6 cats as well as in animals under  
barb i tura te  anesthesia. However ,  at the level of  the 
t h a l a m u s -  which has been considered the pacemaker  of  
synch ronous  e lectrocort ical  act ivi ty [ 2 , 7 ] - t h e  mem-  
brane potent ia l  changes accompanying  spindles in these 
two types of  preparat ions do not  appear to be identical.  
In  unanes the t i zed  animals, hyperpolar iz ing membrane  
potent ia l  shifts, sustained th roughout  the entire dura t ion 
of  the spindle al though in ter rupted by small depolarizing 
wavelets,  occur  in conjunc t ion  with cortical  spindles in 

neurons of  nucleus ventralis anter ior  (VA) and nucleus 
ventralis lateralis (VL) [19] as well as in some ventrobasal  
cells [10] ,  whereas during barbi turate  narcosis, cortical  
spindles have been found to be accompanied in different  
thalamic nuclei by a rhy thmic  sequence of  augmenting 
and summating inhibi tory  postsynapt ic  potentials  (IPSPs) 
which are separated by short depolarizing phases fre- 
quent ly  giving rise to burst discharges [ 1 ]. 

It has recent ly  been shown in unanesthet ized enceph~le 
isol6 cats that  neurons in the rostral pole of  nucleus 
reticularis thalami exhibi t  a strong tonic increase in firing 
rate in conjunct ion  with cortical  spindles [21] ,  a result 
w h i c h  has  been viewed as lending support  to the 
Scheibels '  hypothesis  [ 13] that  rostral reticularis neurons,  
w h i c h  pro jec t  their  axons th roughout  the thalamus 
[ 11,12] ,  are the inhibi tory in terneurons  which are respon- 
sible, at least in part,  for  the tonic hyperpolar iz ing 
potent ials  observed in dorsal thalamic neurons during 
spindles. Given the differences in membrane  potent ia l  
conf igurat ion in dorsal thalamic neurons during barbitu- 
rate anesthesia as compared  with  unanesthet ized prepara- 
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t ions ,  the  Scheibels '  h y p o t h e s i s  wou ld  seem to requi re  
t ha t  ros t ra l  re t icular is  n e u r o n s  c o n t i n u e  to  increase the i r  
discharge ra te  dur ing  b a r b i t u r a t e  spindles,  bu t  t ha t  t hey  
do so in phasic  f ir ing burs t s ,  i n t e r r u p t e d  by  cellular 
s i lence,  r a t h e r  t h a n  ton ica l ly  as in the  absence  of  anes- 
thesia .  This  p r e d i c t i o n  was tes ted  in the  p resen t  r epo r t  by  
c o m p a r i n g  the  fir ing pa t t e rn s  of ros t ra l  re t icular is  n e u r o n s  
be fo re  and  a f te r  the  a d m i n i s t r a t i o n  of  a shor t -ac t ing  
ba rb i t u r a t e .  In add i t ion ,  this  s t udy  a f fo rded  an oppor -  
t u n i t y  to  inves t igate  the  f ir ing p a t t e r n  of  ret icular is  
neu rons  dur ing  a n o t h e r  fo rm of  e lec t rocor t i ca l  s y n c h r o n y ,  
t ha t  is the  c o n t i n u o u s  slow waves wh ich  are seen dur ing  
deeper  stages of  b a r b i t u r a t e  anes thes ia .  

METHOD 

Cats were surgically p repa red  u n d e r  e t h e r  and  Brevi tal  
anes thes ia .  Fo l lowing  t r a c h e o t o m y  the  an imals  were given 
art if icial  resp i ra t ion ,  the  neurax is  was c o m p l e t e l y  t ran-  
sected by  suc t ion  at the  s p i n o m e d u l l a r y  j u n c t i o n  and  the  
cerebra l  co r t ex  was b i la tera l ly  exposed  and  covered  wi th  
minera l  oil c o n t i n u o u s l y  w a r m e d  to  38°C,  whi le  the  b o d y  
t e m p e r a t u r e  was m a i n t a i n e d  by  a hea t ing  pad.  All sites of  
inc is ion  and  the  pressure  po in t s  of  the  s t e reo tax ic  head-  
ho lde r  were l iberal ly in f i l t r a ted  w i t h  1% l idocaine.  Gen-  
eral anes thes ia  was t e r m i n a t e d  at  least  t w o  hours  p r io r  to  
record ing  w h e n  Flaxedi l  was in jec ted .  The  obse rva t ion  
t ha t  spindle  waves were per iodica l ly  occurr ing  in the  
cor t ical  EEG and t h a t  the  pupi ls  r ema ined  f issura ted 
t h r o u g h o u t  the  e x p e r i m e n t s  was cons ide red  ev idence  tha t  
the  an imals  did no t  exper i ence  any  d i scomfor t .  

The  cor t ical  EEG was m o n i t o r e d  t h r o u g h o u t  the  exper-  
i m e n t  f rom the  surface  of  the  ipsi lateral  an t e r i o r  s igmoid 
gyrus  w i th  silver ball  e lec t rodes  and  d i sp layed  on  one  

channe l  of  an osci l loscope.  Ex t race l lu la r  recordings  were 
o b t a i n e d  w i th  glass m i c r o p i p e t t e s  filled w i th  2M potas-  
s ium ci t ra te  by  the  m e t h o d  of  Tasaki  e t  al. [ 1 7 ] ,  the  
po ten t i a l s  be ing  led t h r o u g h  a c a t h o d e  fo l lower  in to  the  
second osci l loscope channe l  f rom where  t hey  were p h o t o -  
g raphed .  

The  an imals  were killed w i th  an overdose  of  pen to -  
barbi ta l .  The  d e p t h  be low en t ry  of  the  record ing  elec- 
t rode  in to  the  cerebral  cor tex  was r ecorded  for  each un i t  
e n c o u n t e r e d  and this  i n f o r m a t i o n  was t r ansposed  o n t o  the  
indiv idual  m i c r o p i p e t t e  t rac ts  in the  his to logical  slides, 
wh ich  were 5 0 - 1 0 0  ~ sec t ions  s ta ined by  t h i o n i n  or cresyl 
violet .  In add i t ion ,  n e u r o n s  in nuc leus  re t icular is  t ha l ami  
were easily recognized  dur ing  record ing  by  the i r  pro- 
longed burs t  responses  to  repet i t ive  i n t r a l amina r  s t imula-  
t ion  [ 161. 

RESULTS 

The  re la t ionsh ip  b e t w e e n  cort ical  EEG and neu rona l  
firing in a VL and  a rostral  re t icular is  n e u r o n  in unanes -  
t he t i z ed  an imals  is i l lus t ra ted  in Fig. 1. The  d e v e l o p m e n t  
of  the  cor t ical  spindle  is s h o w n  to be a c c o m p a n i e d  by  a 
hype rpo la r i z ing  shif t  in m e m b r a n e  po t en t i a l  in the  VL 
un i t  (Fig. 1A). The  shif t  was sus ta ined  t h r o u g h o u t  the  
d u r a t i o n  of  the  per iod of  EEG s y n c h r o n y ,  reaching  its 
h ighes t  value  in excess of  10 m V  in the  middle  of  the  
spindle  w h e n  the  EEG waves were largest in ampl i tude .  
Depolar iz ing  wavelets  can be seen to arise ou t  of  the  
hyperpo la r i z ing  shif t ,  especial ly  in its early phase,  bu t  the  
s u s t a i n e d  na tu re  of  the  m e m b r a n e  h y p e r p o l a r i z a t i o n  
becomes  easily visible in the  midd le  and  towards  the  end 
of  the  spindle.  Neurons  in the  rostral  pole  of  nuc leus  
ret icularis ,  in con t ras t ,  were found  to e n h a n c e  the i r  dis- 

B 

FIG. 1. Comparison of neuronal firing in VL and the rostral pole of n. reticularis thalami during cortical EEG spindles in unanesthetized 
animals. (A) lntracellular record from a physiologically identified VL unit. Dashed lines indicate membrane potential during EEG 
desynchronization. Note the sustained hyperpolarizing shift of the membrane potential in conjunction with the spontaneous spindle. (B) 
Extracellular record from a neuron in the rostral pole of n. reticularis thalami. Note the tonically sustained increase in discharge rate 
accompanying the spindle. In this and subsequent figures upper traces are surface recordings from the ipsilateral anterior sigmoid gyrus; 

voltage calibrations refer to cellular recordings. Time calibration: 0.8 sec in A, 1 sec in B; voltage bar: 50 mV in A, 10 mV in B. 
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FIG. 2. Effect of intravenous injection of Brevital on spindle-related firing in a rostral reticularis neuron. (A) Unanesthetized animal; 
spontaneous spindle accompanied by 50% rise in discharge frequency. (B) Following injection of 0.7 mg/kg of Brevital; firing decreased both 
during and between EEG spindles. (C) Additional administration of 1.0 mg/kg; interspindle firing reduced to 0/sec, spindle-related discharges 

occurring in phasic bursts. 

charge rate in conjunction with cortical spindles in 
unanesthetized preparations, as illustrated in Fig. lB. The 
increase was tonically sustained throughout the duration of 
the spindle, and no phasic bursts at EEG wave fre- 
quency, separated by cellular silence, were encountered. 

The effect of intravenous injections of the short-acting 
barbiturate Brevital on the spontaneous discharge pattern 
of rostral reticularis neurons was assessed in 30 cells. 
Fifteen of these were recorded while the drug was given 
for the first time during an experiment or after sufficient 
time had elapsed from a previous injection so that the 
cortical EEG and neuronal firing appeared as they did 
prior to Brevital administration. 

Small doses of less than 1.0 mg/kg were found to exert 
their most pronounced and consistent effect on the inter- 
spindle firing rate of rostral reticularis neurons, reducing 
the frequency in all but one cell, where it was enhanced. 
The discharge rate during the spindle, in contrast, could 
be as high, higher or lower than was the case in the 
unanesthetized preparation. As a consequence, the overall 
firing rate, averaged over spindle and interspindle periods, 
remained either the same, increased or decreased depend- 
ing on the extent to which the reduction in interspindle 
firing rate was compensated for by the increasing occur- 

rence of EEG spindles and the associated enhancement of 
the neuronal discharge rate in the rostral sector of nucleus 
reticularis. 

The degree of the firing increase during spindles as 
compared with interspindle intervals was obviously poten- 
tiated by Brevital in those neurons whose spindle-related 
discharge rates either increased or remained at preanes- 
thesia levels, due to the drop in their interspindle firing 
frequency. However, the same tendency toward an en- 
hancement of the ratio between intra- and interspindle 
firing was also observed in those neurons whose intra- 
spindle discharge rate was decreased during light anes- 
thesia, since this reduction tended to be less pronounced 
than that occurring in the interspindle intervals. 

Increasing the dosage of  Brevital in small increments to 
levels above 1.5 mg/kg caused a gradual decrease in the 
intraspindle discharge rate, as well as a much more pro- 
nounced reduction in interspindle firing to less than 1/sec. 
In addition, with these dosages the pattern of the intra- 
spindle unit activity was changed in all cells from tonic 
firing to phasic bursts at the frequency of the individual 
EEG waves, as shown in Figs. 2C, 4, and 5C. In the 
absence of anesthesia, the unit illustrated in Fig. 2 showed 
an increase in firing rate during the spindle which was 
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FIG. 3. Decrease in discharge rate of reticularis unit during EEG spindle after Brevital. (A) Unanesthetized animal; spontaneous spindle 

accompanied by increased firing (36 to 54/see). (B) Following injection of 2.0 mg/kg Brevital; discharge rate is decreased. 

.5 sec  
FIG. 4. Varying relationships between onset of EEG spindles and burst responses of rostral reticularis neuron after Brevital. 
Three spindles recorded within 30 sec; cellular bursts beginning and ending together with (top), before (middle), and after 
(bottom) the cortical spindle. Following 3.3 mg/kg Brevital injected over a period of 25 rain. lnterspindle firing frequency 

below 1.0/see. 
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FIG. 5. Effect of large doses of Brevital on firing pattern of reticularis neurons. (A) Unanesthetized animal; EEG spindles 
accompanied by prolonged firing increase. (B) Thirty-five min later, following administration of 5 mg]kg of Brevital; EEG 
continuously synchronized, unit firing irregularly. (C) Different cell, same animal, 225 rain after B, following injection of 
1.4 mg/kg of Brevital; cell silent except for phasic bursts occurring during EEG spindles. (D) Sixteen min later; stepwise 
increase in dosage to 7.7 mg/kg resulted in spikes in otherwise flat EEG and total cellular silence, rE) Forty-five min after 

D; EEG continuously synchronous and unit firing irregularly again. 

barely discernible upon visual analysis, but which never- 
theless amounted to a 50% enhancement from an inter- 
spindle level of 36/sec to a rate of 57/sec in conjunction 
with the spindle depicted in Fig. 2A. Following 0.7 mg/kg 
of Brevital both intra- and interspindle firing was strongly 
reduced (Fig. 2B), and the addition of 1.0 mg]kg led to 
complete cellular silence except for the spindle-related 
phasic bursts which occurred at an average discharge rate 
of 12/sec (Fig. 2C). 

Additional effects of moderate Brevital anesthesia (1.5 
to 3.5 mg/kg) are shown in Figs. 3 and 4. Figure 3 illus- 
trates that at this dose level a decrease in firing during the 
spindle as compared with interspindle intervals was occa- 
sionally observed, a finding which was never obtained in 
unanesthetized preparations [21 ]. In the absence of anes- 

thesia this unit increased its firing rate from 36/sec 
b e t w e e n  spindles to 54/sec concomitantly with the 
s p i n d l e  d e p i c t e d  in Fig. 3A, the administration of 
2.0 mg/kg of Brevital led to a decrease of the interspindle 
discharge rate and to a drastic reduction in firing during 
the appearance of the cortical spindle (Fig. 3B). Another 
result frequently observed at these dose levels is depicted 
in Fig. 4, which reveals that the relation between the 
onset and termination of the spindle and of the reticularis 
firing bursts became variable within the same neuron. 
After 3.3 mg/kg of Brevital given earlier the unit was 
firing at a frequency of less than 1/sec between spindles, 
while the beginning of EEG synchrony was either accom- 
panied, preceded or followed by phasically occurring 
discharge bursts at average rates of 36/sec. 
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Dosages of Brevital in excess of 5 mg/kg caused a back- 
g r o u n d  EEG of almost continuous synchrony, with 
spindle trains observed only rarely, as shown in Fig. 5. In 
the absence of anesthesia, the unit illustrated in Fig. 5A, 
B showed a strong tonic enhancement in firing rate begin- 
ning prior to the period of cortical EEG synchrony, and 
sustained throughout its duration (Fig. 5A). Following 
5 mg/kg of the drug (Fig. 5B), the EEG was characterized 
by the continuous presence of slow waves, while the 
activity of the reticularis units was similarly changed to 
continuous irregular firing, similar to that seen during EEG 
desynchronization in unanesthetized animals, except that 
the spikes frequently occurred in clusters of 2 - 4  and that 
the firing rate was strongly reduced. No clear relationship 
between individual EEG slow waves and reticularis activ- 
ity could be discerned by visual analysis. 

Further enhancement of the anesthesia to levels where 
the cortical EEG became isoelectric except for occasional 
spikes resulted in complete cessation of firing as illus- 
trated in Fig. 5D. Following 1.4 mg/kg the cell depicted 
in Fig. 5C-E was completely silent except for phasic 
b u r s t s  o c c u r r i n g  in conjunction with the spindles 
(Fig. 5C). A stepwise increase in dosage to 7.7 mg/kg 
resulted in the total absence of spontaneous discharges 
(5D), although activity could still be evoked by low- 
frequency repetitive intralaminar stimulation. Fig. 5E was 
recorded 45 rain after 5D and shows the beginning of 
recovery both in the EEG and in the activity of the 
reticularis neuron. 

DISCUSSION 

The  Scheibels have proposed the hypothesis that 
neurons in n. reticularis thalami exert an inhibitory in- 
fluence on other thalamic cells [13]. This view was based 
on anatomical findings that the nucleus - which is a thin 
shell of neurons interposed between the internal capsule 
and the external medullary lamina - has its dendritic fields 
traversed by most of the thalamocortical and cortico- 
thalamic projections, with synaptic contacts frequently 
being made, and that the vast majority of reticularis axons 
p r o j e c t  widely throughout different thalamic nuclei 
[ 11,12] ; as a consequence of this arrangement the cells in 
this nucleus are strategically located to monitor  all ongoing 
thalamocortical activity and to influence the discharge 
pattern of widely dispersed thalamic neurons. Subsequent 
electrophysiological [6, 8, 15, 16, 201 and behavioral [3] 
studies of this nucleus have been consistent with the 
Scheibels' hypothesis. In addition, the inference has been 
drawn that in unanesthetized preparations the postulated 
inhibitory influence is most likely of a tonic nature [8, 16, 
211. 

In enceph~le isol~ cats cortical EEG spindles are accom- 
panied by a sustained increase in neuronal activity in the 
rostral pole, but not the ventral part, of nucleus reticularis 
[21 ], in contradistinction to the tonic hyperpolarizing shift 
observed at this time in VL [19] and some ventrobasal 
[10] units. It was noted in the introduction that in contrast 
to these prolonged hyperpolarizing drifts, EEG spindles in 
barbiturate anesthetized animals are paralleled by phasically 
recurring IPSPs separated by strong depolarizing waves 
frequently giving rise to burst discharges in the ventro- 
basal complex and intralaminar nuclei [ 1 ]. Consequently, if 
rostral reticularis neurons are indeed responsible for the 
tonic inhibition observed in dorsal thalamic units during 
spindles in unanesthetized preparations, the hypothesis 

would require that during barbiturate anesthesia the reticu- 
laris neurons still enhance their firing rate during spindles, 
but that they do so in phasic bursts, separated by cellular 
silence, rather than tonically. 

The present results demonstrate that in animals under 
light to moderate Brevital anesthesia cortical EEG spindles 
were also accompanied by increased rostral reticularis 
firing; indeed, as a consequence of the pronounced drop in 
interspindle discharge rate following the administration of 
the drug, the degree of the increase in firing during spindles 
in relation with interspindle intervals was enhanced in 
comparison with unanesthetized preparations. In addition, 
the tonically sustained firing increase typically observed in 
unanesthetized animals [21] was replaced by phasic burst 
discharges occurring at the frequency of individual EEG 
spindle waves. The responses of the rostral reticularis 
neurons to Brevital anesthesia were thus exactly as would 
be expected if they were inhibitory interneurons which are 
responsible, at least in part, for the different patterns of 
hyperpolarizing potentials seen during spindles in dorsal 
thalamic neurons in unanesthetized animals as well as in 
preparations under light barbiturate anesthesia. 

A primary role for reticularis neurons in the thalamic 
events leading to the continuous slow-wave synchronization 
in the cortical EEG during deeper stages of anesthesia is 
made unlikely by the results obtained in this report. No 
relationship between the neuronal firing pattern in nucleus 
reticularis and the EEG could be detected, and in addition 
the average firing rate was much reduced in these instances 
from that recorded during EEG desynchronization in 
unanesthetized preparations. A progressive decrease in dis- 
charge rates following increasing doses of barbiturates has 
also been observed for neurons in other thalamic nuclei 
[18],  indicating that cells in the rostral pole of nucleus 
reticularis and in the dorsal thalamus may be subjected to a 
common disfacilitatory or inhibitory influence during 
deeper stages of barbiturate anesthesia, possibly originating 
from structures situated caudally to the diencephalon. The 
complete cellular silence observed in the rostral sector of 
nucleus reticularis concomitantly with an isoelectric EEG, 
finally, is paralleled by an absence of spontaneous firing 
under these conditions in other thalamic nuclei [14],  the 
mesencephalon [141 and the cortex [5]. 

The findings obtained in this report indicate that the 
administration of small amounts of Brevital already exerts a 
pronounced effect on the firing pattern of rostral reticularis 
neurons during spindles, changing it from a tonic increase in 
discharge rate to phasically recurring spike bursts. Similar 
differences in the configuration of hyperpolarizing mem- 
brane potentials during spindles in dorsal thalamic cells in 
unanesthetized preparations [ 10,19 ] and in cats under light 
barbiturate anesthesia [1] seem to indicate that although 
the EEG spindles appearing on the cortex in these two 
physiological states look similar, they are accompanied by 
neuronal processes in the diencephalon which are in fact 
unequivalent. In this context it must be recalled that when 
Scheibel and Scheibel [13] proposed the hypothesis that 
neurons in nucleus reticularis thalami inhibit other thalamic 
cells they noted that they might do so "either tonically or 
phasically." The results of this and a previous study [21] 
can be interpreted as indicating that in unanesthetized 
animals rostral reticularis neurons inhibit cells in the dorsal 
thalamus tonically, concomitantly with the development of 
EEG spindles, while under light to moderate barbiturate 
anesthesia the postulated inhibitory influence is brought 
about in phasically recurring rhythmic waves. 
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