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Abstract

It has long been known that stimulation of the medial medulla in the decerebrate animal produces 

bilateral inhibition of muscle tone. In the present study we have found that transection of the 

brainstem at the ponto-medullary junction attenuates this inhibition. An interaction between 

medullary and rostal brainstem systems is responsible for the medullary inhibition phenomenon. A 

similar interaction may produce the inhibition of muscle tone seen in REM sleep.
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Magoun and Rhines first demonstrated that stimulation of a large portion of the reticular 

formation of the medial medulla abolished tonic muscle activity and reflex response 

bilaterally in the response bilaterally in the decerebrate cat 14. It was hypothesized that 

this effect was due to activation of an intrinsic medullary mechanism with projections 

descending to the spinal cord. A number of subsequent studies have shown that the 

medullary inhibition of muscle tone is mediated by hyperpolarization of motoneurons8,11,12

A prolonged bilateral inhibition of muscle tone has been found to occur naturally 

in REM sleep9. This inhibition is also accompanied by hyperpolarization of 

motoneurons1–3,5,6,15,16,18 The motor inhibition of REM sleep can be prevented by small 

lesions placed in dorsolateral pons7,10,19 It has been hypothesized that this pontine region 

acts by projecting caudally to excite the medullary inhibitory region. Descending projections 

from the medullary region would then form the final common path for inhibition of motor 

activity.

If the medullary region responsible for atonia is autonomous, direct stimulation of this 

area, even after disconnection of the pons, should produce muscle atonia. However, we 

find that transaction below the level of the pons greatly reduces the number of sites from 

which medullary inhibition can be produced. Interactions between the medulla and rostral 

brainstem contribute to the inhibition of muscle tone by medullary stimulation. These results 

have been reported in preliminary form 20.

Eleven cats served as subjects. Eight were used in acute experiments. Four of the acute 

preparations were transected at the intercollicular level. The medulla was then stimulated to 

observe muscle tone inhibition. A second transection was performed at the ponto-medullary 
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level in one of these cats and the stimulation procedures repeated. The 4 other acute 

preparations were transected only at the ponto-medullary level.

Three cats were used in chronic procedures. They were kept for 28 days after transection 

at the ponto-medullary level. The procedures for preparing and maintaining these animals 

are described elsewhere 21. Two of these cats had 4 tripolar electrodes attached to implanted 

microdrives. These electrodes were used for stimulation between days 7 and 28 after the 

transection as they were advanced through the medullary inhibitory region. The other 

chronic cat was stimulated, following the same procedure used in the acute preparations 

(see below), in a terminal procedure on the 28th day after transection.

Surgical procedures prior to brainstem transection were carried out under halothane/oxygen 

anesthesia using aseptic technique. Midbrain transection was performed after removing the 

occipital lobe and hippocampus. A thin wedge of tissue was then aspirated in the coronal 

plane at the intercollicular or inferior collicular level.

Transection at the ponto-medullary junction was performed after aspirating the medial 

cerebellum to expose the floor of the fourth ventricle. A spatula was then lowered at 30° off 

vertical to transect the brainstem.

Blood pressure was monitored through the femoral artery after the more caudal transections, 

and remained above 100 mm Hg. Expired CO2 was monitored in all cats through an 

endotrachael tube with a Beckman LB2 CO2 analyzer, and respiration was assisted with a 

Harvard pump when necessary to maintain CO2 levels below 6%. Core temperature was 

controlled by a circulating water heating pad triggered by a rectal thermistor. Pairs of 

stranded stainless steel wires, with 1 cm separation in the sagittal plane, were inserted into 

the left and right splenius muscles to monitor the activity of the dorsal neck musculature.

Tripolar 30-gauge stainless steel electrodes with 0.5 mm vertical tip separation were used 

for stimulation. Electrodes were lowered in 0.5 mm steps in the coronal plane. In acute 

preparations, stimulation was applied at L ± 1.0 and in the midline proceeding in a rostral to 

caudal direction. Stimulation was performed no less than 2 h after the cessation of halothane 

anesthesia. Medullary stimulation consisted of 300 or 500 ms trains of 0.1 ms pulses at 60 

Hz. Stimulation intensity at each point was varied from 0 to 500 μA. Current levels as high 

as 500 μA were employed to rule out the possibility that transections had merely elevated 

the inhibition threshold. Muscle response was displayed on a Grass 78 polygraph and tape 

recorded along with blood pressure and percent CO2.

Medullary stimulation after intercollicular transection produced a complete bilateral 

suppression of muscle tone (Fig. 1), as first reported by Magoun13. Current thresholds 

were below 100 μA. A rebound excitation was often evident immediately after stimulation. 

Aspiration of the medial cerebellum eliminated this rebound while the inhibitory effect 

remained (Fig. 1), as has previously been described22.

Transection at the ponto-medullary junction (Fig. 2), performed in both acute and chronic 

preparations, completely eliminated the bilateral suppression of muscle tone in 6 of the 8 

transected cats. Stimulation of the region identified by Magoun and Rhines14 produced only 
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excitation of ipsilateral and contralateral neck musculature (Fig. 1) at current thresholds 

ranging from 80 to 160 μA. Bilateral inhibition was never seen at any current level. In the 

remaining two cats, bilateral inhibition was found at less than 10% of the sites tested.

Histological reconstruction of the transection levels and stimulation sites was made for all 

brains. Transections at both midbrain and ponto-medullary junction were complete except 

for sparing of less than 0.5 mm of the lateral filaments of the branchium pontis in two cats. 

In the remaining cats a complete mechanical separation of the brainstem was effected at 

the transection sites. Results did not differ in these two groups. Ponto-medullary transection 

levels varied from the most caudal lesion passing through the abducens nucleus (P6.5, H–4) 

at a 30° angle to vertical, to the most rostral lesions passing at the same angle just caudal to 

the locus coeruleus complex (P5.4, H–2.8). The region tested for the inhibitory phenomenon 

extended from P7 to P16, to H–5 to H–10, L0.0 ± 1.0.

In their studies, Niemer and Magoun17 reported that chronic hemisection of the brainstem 

at the ponto-medullary junction did not prevent the inhibition caused by stimulating either 

side of the medulla. They interpreted this finding as indicating that systems rostral to the 

medulla were not required for the inhibitory effect. The present results suggest a different 

interpretation. Rostral brainstem structures do contribute to medullary inhibition. However, 

unilateral connection of the pons to medullary structures is apparently sufficient to sustain 

the effect.

In the early work on medullary inhibition, it was reported that some decerebrate preparations 

did not produce any motor inhibition when stimulated in the medial medullary region4,22. 

This was attributed to individual differences between the cats. The present results suggest 

that the level of transection may have been responsible for this variation. Low decerebrations 

performed in the anterior fossa will normally destroy a slice of caudal midbrain tissue and, 

if the damage is extensive, may damage pontine regions. Such damage is less likely with 

intercollicular transections which will therefore exhibit the inhibitory phenomenon.

In terms of the old controversy over whether the medullary reticular formation exerts 

non-specific inhibitory effects4,14,22 the present results suggest that non-specific inhibition 

can be seen if rostral brainstem regions are intact. Loss of these regions leaves an animal in 

which muscle excitation is produced by medullary stimulation at most medullary sites.

The rostral brainstem contribution to motor inhibition could be mediated by any one of 

a number of circuits. The dorso-lateral pons and adjacent pontine region contains several 

cell groups which have direct projections to the spinal cord23. Medullary stimulation could 

activate these cell groups which could in turn produce spinal motoneuron inhibition. It 

is also possible that rostral brainstem regions may gate descending medullary inhibition 

at the spinal or medullary level. Since the full development of inhibition from medullary 

stimulation requires a minimum of 30–60 ms8,11, there is adequate time for a number of 

relays or recruitment loops to be involved.
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Fig. 1. 
Effect of medullary stimulation on neck muscle tone recorded from electrodes placed in 

left (LET) and right (RT) splenius muscles. Medullary stimulation produces suppression 

of muscle tone after decerebration and medial cerebellectomy. Transection at the ponto-

medullary junction prevents this suppression. Data are from a single experiment. Stimulation 

with 0.1 ms, 150 μA pulses at 60Hz for 300 ms was applied in each condition at P9.0, L1.0, 

H–8.0. Inhibition threshold was 80 μA.
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Fig. 2. 
Cat with midbrain and pontine transection. Electrode tracks in medulla pass through 

inhibitory area. After caudal transection, inhibition could not be evoked by medullary 

stimulation.
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