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The brainstems of 3 cats were transected at the ponto-medullary junction and the cats maintained in 
stable condition for periods of from 16 to 31 days. After transection, all of these cats had periods in 
which forebrain sensorimotor cortex, olfactory bulb, hippocampus, eye movement and lateral geniculate 
recordings exhibited the pattern of activity seen only in REM sleep in the intact cat. We conclude that 
medullary regions are not required to generate these signs of REM sleep. The pons is necessary for REM 
sleep and is sufficient to produce REM sleep signs in rostral as well as caudal brain regions. However, the 
medulla may contribute to regulation of the duration and periodicity of REM sleep. 

Transection studies have clearly established that structures rostral to the midbrain are 
not required to generate the brainstem signs of REM sleep [3, 5, 14]. Similarly, 
transections at the spino-medullary junction have established that structures in the 
spinal cord are not required for REM sleep [1, 9]. Therefore, it is clear that the ponto-
medullary brainstem contains the brain regions critical for REM sleep generation. 
Further experimental localization of the areas required for REM sleep generation has 
relied largely on experiments in which portions of the brainstem were destroyed in 
order to disrupt REM sleep [2, 4, 6, 10]. Interpretation of such studies is always 
difficult, since the loss of REM sleep may be due to non-specific factors. This is 
especially true in medullary regions, where lesions often cause the death of the 
animal. Therefore the medullary role in REM sleep control is largely unknown. 

Further progress in the localization of REM sleep control mechanisms could be 
achieved if it were possible to demonstrate, with positive evidence, that a more 
restricted region of the ponto-medullary brainstem was sufficient to generate REM 
sleep signs. In the present study we have transected the brainstem at the ponto-
medullary junction. The medullary portion of these animals did not have any of the 
local signs of REM sleep [13]. We now report that the forebrain and attached pons of 
this preparation do have REM sleep signs. Therefore the pontine brainstem is sufficient 
to produce REM sleep signs in rostral as well as caudal brain regions. 

Cats were implanted with screw electrodes for recording sensorimotor elec- 
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troencephalograph (EEG) and electrooculogram (EOG). Moveable drives containing 
macroelectrodes aimed at the dorsal hippocampus and at the lateral geniculate 
nucleus (LGN) were implanted [11]. After a minimum of one week, the drives were 
adjusted to produce optimal recordings of LGN ponto-geniculo-occipital (PGO) 
spikes and hippocampal theta. At least 8 continuous hours of baseline recordings 
were then made. After a minimum of two weeks the transection surgery was per-
formed. Halothane/oxygen anesthesia was employed. The medial cerebellum was 
aspirated to expose the aqueduct and rostral portion of the floor of the fourth ven-
tricle. A spatula was then lowered to transect the brainstem. After controlling 
bleeding with bovine thrombin, the skull opening was sealed with dental cement. The 
cat was then removed from the stereotaxic and placed on a heating pad in the 
recording chamber where polygraphic variables were recorded throughout the survival 
period. 

Expired CO2 levels were maintained, without assistance, in the 4-5.5% range in all 
cats with the exception of cat 46. Cat 46, after maintaining his expired CO2 level in the 
normal range for 7 days, became hypercapnic and was placed on a respirator for 2 
days. After this period he was again able to regulate CO2 level without assistance. 

The output of a rectal thermometer controlled a water circulating heating pad, 
maintaining core temperature between 37 and 38.5°C. Nutrition was provided by 
administration of 5% dextrose and amino acid solution (Freamine, McGaw) sub-
cutaneously or liquid food (KMR, Borden Inc.) by gavage. 

Cats were maintained in stable condition for 16-31 days and then killed with an 
overdose of Nembutal. After perfusing with saline and 10% formalin, brains were 
removed and sectioned in the sagittal plane. 

Three cats were transected at the ponto-medullary junction. Dorsally the transections 
passed between the rostral and caudal portions of the abducens nucleus, inclined at 30° 
off vertical. Ventrally they passed through the trapezoid body caudal to the basilar 
pons (Fig. 1). The transections were quite complete, with a few filaments of the 
trapezoid body spared in one cat. Results in this cat did not differ from the two with 
complete transections. 

By post-transection day two, a state with EEG and olfactory bulb desynchrony, 
PGO spikes and PGO spike bursts and hippocampal theta was observed in all 3 cats. 
This state closely resembled the REM sleep state seen during baseline recordings 
(Fig. 2) and recurred throughout the survival period. Rapid eye movements were 
concentrated in this state but could also be seen in other states. States similar to 
waking and non-REM sleep were also observed. 

Parameters of the REM sleep-like state were calculcated for day 7 (Table I). The 
cycle length for the REM-like state was significantly shorter after transection than in 
the baseline period (P<0.03 2-tailed t-test). Mean state duration was not significantly 
different after transection (t-test). However state durations were more variable after 
transection with the standard deviation of state duration being 



 
Fig. 1. Summary of transection levels in three experimental cats. 6, abducens nucleus; 7, facial genu; LC, 
locus coeruleus; RN, red nucleus. IO, inferior olive. 

TABLE I 
CYCLE LENGTH AND DURATION OF REM SLEEP AND POST-TRANSECTION 
REM SLEEP-LIKE STATE 

Baseline Cycle Length Post-Transection Cycle Length Cat 
 Mean n S.D. Range Mean n S.D. Range 
31 46 
80 
Mean 
 

41.6 32.3 
32.9 35.6 
 

12 18 
20 
 

54.7 42.2 
21.1 
 

3.9-199.6 3.6-
177.6 11.4-107.0 
 

8.9 12.2 
11.9 11.0 
 

73 57 54 
 

8.6 11.0 
9.3 
 

2.4-54.0 2.4-46.8 
2.4-54.0 
 

State Duration Baseline  State Duratio Post-Transection 
31 46 
80 
Mean 
 

3.6 
4.5 5.0 
4.4 
 

13 19 
21 
 

2.0 2.3 
2.3 
 

1.2- 7.8 1.2-10.8 
1.2-9.3 
 

6.8 7.3 5.1 
6.4 
 

74 58 55 
 

8.3 8.7 
6.4 
 

1.2-49.2 1.2-40.0 
1.2-25.2 
 



 
Fig. 2. Behaviorial States seen in the intact cat (top) compared to states on fourth post-transection day (bottom) in same cat (#80). EEG, sensorimotor 
electroencephalogram; EOG, electrooculogram; OLF, olfactory bulb; LGN, lateral geniculate nucleus; HIPP, hippocampus; EMG, dorsal neck 
electro- 
myogram 



245 

significantly greater (P<0.02, 2-tailed t-test). All transected cats showed some REM 
sleep-like states with durations exceeding 25 min, far longer than any REM sleep 
state seen in intact cats. 

We find all of the constellation of forebrain signs used to identify the REM sleep 
state in the intact cat, including PGO spike bursts, rapid eye movements, olfactory 
bulb and EEG desynchrony, and hippocampal theta, present in the forebrain-pons 

of the chronic transected medullary cat. It remains possible that some critical 
feature of REM sleep may be identified that would distinguish it from the state we 
observe in these transected animals. However it seems reasonable to identify this 

state as a REM sleep-like state. The medulla is not required to generate this pattern 
of activity. However, the pons and attached forebrain are sufficient to generate 
these signs. 

A previous study by Jouvet attempted a positive localization of REM sleep control 
mechanisms using transections through the mid and caudal pons [5]. Three states 
were identified in the rostral portion of these preparations: waking, non-REM sleep and 
'a difficult to interpret' state. This latter condition was suspected of being a REM sleep 
state. However because only cortical EEG was recorded it was not possible to 
conclusively identify this state as REM sleep and thereby definitively localize REM 
sleep control mechanisms to the mid and rostral pons. Also, the short survival times 
may not have allowed the full emergence of all behavioral states. In an earlier study 
we performed a similar series of transections just caudal to the locus coeruleus, 
maintaining the cats for as long as 30 days and recording reticular unit activity and 
PGO spikes. We found that the rostral portion of these preparations did not have 
REM sleep signs [12]. PGO spikes were seen only in conjunction with EEG 
synchrony. It therefore appears that the most caudal portions of the pons, which are 
rostral to the level of transection in the present study, are critical for the generation of 
this state. Included in this region is the caudal portion of the pontine central gray, the 
lateral tegmental field and the caudal peribrachial region. Acute studies [7, 8] have 
demonstrated that rostral pontine mechanisms are sufficient to generate PGO spikes. 
This is consistent with our observation of PGO spikes, in the absence of other REM 
sleep signs, after our rostral transections. 

While a REM sleep-like state was present in cats transected at the ponto-medullary 
junction, the timing of this state was quite different from that seen in the 
intact cat. Specifically the duration of this state was often far greater than the max 
imum durations seen in intact cats and the intervals between episodes were shorter 
than those seen in intact cats. Thus the medullary brainstem may play a critical role 
in regulating the timing of the REM sleep state. 
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