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Although it has been shown that in cats the reticulospinal f ibers run direct ly  to the motor  and inter-  
nuncial neurons of the anter ior  horns of the lumbar  segments [8], the most  di rect  synaptic influences of the 
re t icular  formation on the motor  neurons have not yet  been studied. 

The investigation descr ibed below has shown that during stimulation of the re t icular  s t ruc tures  of 
the brain .~tom synaptie responses  with a very short  latent period may ar ise  in the lumbar ~ - m o t o r  neurons 
and at least  some of them are  the resul t  of the monosynaptic excitation of the motor  neurons by re t iculo-  
spinal impulses.  The paper  gives details charac ter iz ing  these react ions and their  differences from re t i -  
culospinal excitatory influences of a polysynaptic charac te r  and also indicates cer tain proper t ies  of re t i -  
culospinal pos~synaptic inhibition, 

EXPERIMENTAL METHOD 

Experiments were carried out on cats anesthetized with Nembutal (30-40 mg/kg) and immobilized 
with Flaxedil. Intracellular recordings were made by the use of microeleetrodes filled with 0.6 M K2SO 4 
or 3 M KCI solution and connected to a bridge circuit by means of which it was possible, along with re- 
cording the potentials, to change the polarization and to measure the resistance of the cell membrane [i]. 

The reticular formation was stimulated by stereotaxicallyimplanted bipolar electrodes (diameter of 
points 50 # and interpolar distance 0.2-0.4 ram), to which were applied rectangular pulses of current with 
a duration of 0.2-0.5 msec and a strength of 0.1-0.7 mA (increased in individual cases on[y I-4 mA). The 
position of the point of the electrode was verified histologically in each experiment. Measurements of the 
gradient of the electric field around the stimulating electrode in the brain tissue showed that with a current 
of 0.7 mA activation of the nerve cells was possible within a radius of i.i ram. While accepting that such a 
large volume of tissue could be stimulated, histological analysis demonstrated that many points could be 
distinguished from which the remaining direct descending projections of the brain stem to the motor neu- 
rons could not be activated. To rule out completely the possibility that these formations could be stimu- 
lated, in 8 cats (of the 14 experimental animals), the homolateral nucleus of Deiters (in three cases com- 
pletely) and the contralateral red nucleus (in four cases completely were destroyed 3-7 days before the ex- 
periment (see Fig. I). The results of the histological analysis are summarized in Fig. 2A. In most cases 
the stimulating electrodes were located in the medial reticular formation (the caudal reticular nucleus of 
the pons, the gigantoeellular reticular nucleus, the ventral reticular nucleus), i.e., in regions where the 
largest reticular neurons undergoing degeneration after injury to the spinal cord are situated [12]. 

E X P E R I M E N T A L  R E S U L T S  

Altogether 85 motor  neurons responding to re t icu lar  stimulation were investigated. All the excitatory 
(EPSP) and inhibitory (]PSP) postsynaptic potentials evoked by stimulation of the re t icular  s t ruc tures  were 
subdivided into two groups:  those aris ing in response to a single stimulus andthose ar is ing only in response 
to paired or  rhythmic stimuli.  

As Fig. 2B-D showed, the latent period of the synaptic reactions of the second group was much longer 
and varied within wide limits.  In addition, the reactions were charac ter ized  by an i r regular ,  variable form 
and often by a mixed (IPSP and EPSP) charac te r  of the response,  typical of polysynaptic potentials.  
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Fig. i. Character of injury to the brain in experiments with reticulo- 
spinal stimulation. 1-3) Frontal sections through the medulla in a 
rostro-eaudal direction, showing complete destruction of the nucleus 
of Deiters on the left side; 4) frontal section through the mesencepha- 
ion demonstrating total destruction of the red nucleus. 

The EPSP and IPSP of the f i r s t  group possessed  a short  latent per iod (amounting for  the EPSP to 
3.0-3.1 msee),  varying comparat ively little f rom one cell to another.  Para l le l  recordings  of the sho r t - l a -  
tency EPSP and the potentials on the dorsal  surface showed that the lat ter  appear  0.4-1.1 msec  before the 
beginning of the int racel lular  react ion and, consequently, the EPSP corresponding to it may  be regarded 
as the resul t  of monosynaptic excitation of the motor  neurons by retieulospinal impulses.  Bearing inrnind 
the extremely short  latent per iods  of development of the dorsa l  wave (2.1-3.0 reset)  the velocity of conduc- 
tion along the fibers of the ret iculospinal  t ract ,  exciting the lumbar  motor  neurons monosynaptically,  
must  be 100-145 n%/sec (in one case 165 n%/sec), in agreement  with existing data for  the conduction velocity 
in the axons of the ret iculospinal  neurons [5, 13, 14]. The latency of the IPSP evoked by single re t icular  
stimuli (about 6 msec  or  more) may indicate the existence of additional synaptic delays. 

The shor t - la tency EPSP was charac te r ized  by low amplitude (0.5-2.5 rnV) and by a simple shape, 
s imi lar  to the monosynaptic EPSP of segmental  origin or  the "unitary" potentials of synaptie noise (Fig. 3A). 
They increased to a maximum in most  cases  during the f i r s t  1-2 msec  (extreme values 0.7-3 reset) .  The 
t ime constant of decay, measured  in 10 cells whose action potential had an amplitude of more  than 55 mV 
was 3.87+0.74 msec  (individual variat ions 2.85-4.9 msec) .  Soon after  withdrawal of the microe lee t rode  
f rom the cell or  death of the cell the EPSP disappeared or  diminished sharply, without however changing 
their polari ty.  The intraeel lularly recorded  potentials were thus not the resul t  of distort ions introduced 
by the ext racel lu lar  e lectr ic  field. 

The minimal strength of the stimuli evoking shor t - la tency EPSP was 0.1 mA. With an increase  in 
the strength of stimulation, the amplitude of the responses  rose without change of latent period o r  config- 
urat ion of the EPSP, indicating the simple summation of homogeneous synaptic influences. With a consid-  
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Fig. 2. Distribution of stimulated points (A) and of latent periods of 

the postsynaptic responses evoked by single and rhythmic stimuli (B-D}. 

A-Sections through the pons and medulla in a rostro-caudal direction 

(1-6); circles--points from which short-latency responses were evoked 

by a single stimulus; squares --points responding only to rhythmic stim- 

ulation; half white circles and squares -- experiments with total destruc- 

tion of the red nucleus and the nucleus of Deiters; black circles and 

squares -- experiments with destruction of the nucleus of Deiters only; 

white circles and squares -- experiments on animals with an intact nervous 

system. VIII -- lateral vestibular nucleus; R. Go -- gigantocellular reti- 

cular nucleus; R.p.c. -- caudal reticular nucleus of the pons; R.v. 1 ven- 

tral reticular nucleus; VIII sp -- vestibular nucleus; VII p nucleus of nerve 

VII; V w nucleus of nerve  V; B-D - -  h i s tog rams  of d i s t r ibu t ion  of the la tent  
pe r iods  of the pos t synap t ic  r e s pons e s ;  B - -  la tent  pe r iods  of the EPSP 
evoked by single s t imul i  (white columns),  and only by p a i r e d  o r  rhythmic  
s t imul i  (black columns);  C J la tent  pe r iods  of IPSP a r i s i n g  in r e sponse  to 
single s t imul i ;  D - -  to rhy thmic  s t imuli ;  ordinate  - -  number  of neurons;  
a b s c i s s a  - -  la tent  pe r i od s  (in msec ) .  

e r ab le  i n c r e a s e  in the s t rength  of s t imula t ion  (over 0.4-0.7 mA) l a t e r  components  (of po lysynapt ic  type) 
began to appea r  (Fig. 3C). Only in one case  was w e a k e r  s t imula t ion  followed by a r e s p o n s e  with a longer  
pe r iod  and d i f ferent  shape by compar i son  with that  appear ing  af te r  an i n c r e a s e  in the s t rength  of s t i m u l a -  
t ion (Fig. 3D). However, th is  r e su l t  was probably  a t t r ibu tab le  to the long d is tance  between the s t imula t ing  
e l ec t rode  and the fas t -conduct ing  r e t i cu losp ina l  e l emen t s .  
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Fig .  3. S h o r t - l a t e n c y  E P S P  of s ix  d i f f e r e n t  m o t o r  n e u -  
r o n s  in r e s p o n s e  to s ing le  (A, C, D) and r h y t h m i c  (B, E, 
F) s t i m u l i .  A - -  R e p e a t e d  s u p e r p o s i t i o n  of 15 s w e e p s ;  
B - -  l o w e r  b e a m  - -  i n t r a e e l l u l a r  r e c o r d i n g ,  u p p e r  b e a m  
- -  d o r s a l  s u r f a c e  p o t e n t i a l s ;  C and D - -  r e s p o n s e s  of two 
d i f f e r e n t  m o t o r  n e u r o n s ;  the  n u m b e r s  denote  the  s t r e n g t h  
of s t i m u l a t i o n  (in mA);  E - -  r e s p o n s e s  to p e r i o d  s t i m u l i  
a t  d i f f e r e n t  i n t e r v a l s ;  the  a r r o w  deno t e s  d e l a y  in the  a s -  
cending  p h a s e  of the  E P S P ;  F - -  r e s p o n s e s  to r h y t h m i c  
s t i m u l a t i o n  of d i f f e r e n t  f r equency .  

The  s h o r t - l a t e n c y  E P S P  w e r e  c a p a b l e  of r e p r o d u c i n g  wi thout  t r a n s f o r m a t i o n  v e r y  high r h y t h m  of 
s t i m u l a t i o n ,  up to 500-600 p e r  s ee .  A s h a r p  i n c r e a s e  in  the  a m p l i t u d e  of the  s u c c e s s i v e  r e s p o n s e s  w a s  
f r equen t l y  o b s e r v e d .  The  i n c r e a s e  in E P S P  was  not  a c c o m p a n i e d  by  s i g n i f i c a n t  changes  in the  i n i t i a l  c o r n ,  
portent of the  d o r s a l  s u r f a c e  p o t e n t i a l s  {Fig. 3B). Th i s  shows  tha t  the  f a c i l i t a t i o n  was  not  a s s o c i a t e d  wi th  
involvement of an additional number of descending h~bers. The degree of potentiation was assessed quan- 
titatively by comparing the responses to the first and second stimuli in relation to the interval between 
them (Fig. 3E and Fig. 4A, B). Investigation of 24 motor neurons showed that the potentials of the second 
EPSP began to develop at intervals of 15-20 msec and reached a maximum at an interval of 3-5 msee, 
sometimes attaining 200-350%. In 17 of the 24 cells an additional wave could be distinguished at the end 
of the ascending phase of the EPSP or immediately after its apex, appearing 1.1-2.2 msec after the begin- 
ning of the EPSP (marked by an arrow in Fig. 3E). In most eases, the potentiation took place on account 

of an increase in the amplitude of this component. Because of this, the time of increase to a maximum was 
greater in the case of the potentiated EPSP, although the time constant of decay was unchanged by compar- 

ison with the experiments with a single stimulus. In three cells, the retieulospinal short-latency EPSP 
did not exhibit potentiation, while in four other cells it was very slight (120-150%), as is characteristic of 
monosynaptie EPSP evoked by volleys in muscle afferents of group I A [3]. 
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Fig. 4. Potentiation in response to paired stimuli (A, B) and effect 
of polar izat ion on potentiated EPSP (C). A, B - -  Relationships be-  
tween potentiation of the second response and the interval between 
stimuli; ordinate - -  amplitude of second EPSP (in e/c of first);  ab- 
se issa  - -  interval (in see); B: the black e i rc les  denote changes in 
the EPSP as a whole; the white c i rc les  - -  in its f i rs t  component; 
the t r iangles  - -  in its second component; C - -  changes in EPSP 
evoked by paired stimuli under the action of a hyperpolar izing cu r -  
me t :  the black c i rc les  denote the amplitude of the response to the 
f i rs t  st imulus;  the tr iangles - -  amplitude of the f i rs t  components 
of the response  to the second stimulus; the white c i rc les  - -  the am-  
plitude of the second component of the response to the second s t imu-  
lus; ordinate - -  amplitude of EPSP (in mV); abscissa  - -  s trength of 
injected current  (in nA). 
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A marked increase  in the amplitude of the "relay" response through the second stimulus during re t i -  
culospinal activation was also found by Lloyd [7], when recording the focal potentials and d ischarges  of 
the an ter ior  roots .  

The shor t - la tency IPSP recorded in some cells also showed the power of undergoing considerable 
potentiation (200-300%) in response to paired stimuli, and in some cases they could reproduce without 
t ransformat ion  high rhythms of stimulation (200-300 per  sec). 

Investigation of the effect of art if icial  polar izat ion on the short latency EPSP showed that, in contras t  
to the polysynaptic excitatory react ions,  they did not change their  amplitude when a polarizing cur ren t  was 
passed through the cell. However, the potentiated responses  to the second stimulus was c lear ly  diminished 
during depolarization and increased during hyperpolar izat ion (Fig. 4C). These resul ts  show that the syn-  
apses responsible for  the appearance of the shor t - la tency responses  are  localized mainly on the dendrit ic 
surface of the membrane,  whereas  the synapses whose involvement brings about the effect of facili tation 
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a re  si tuated m o r e  proximal ly ,  poss ib ly  in the region of the soma.  The avai lable information is not yet  
sufficient to answer  the question whether  the synapses  responsib le  for  faci l i ta t ion a re  fo rmed  by the m o r e  
slowly conducting ret iculospinal  f ibe r s  or  by the axons of special  segmenta l  internuncial  neurons .  I r r e -  
spect ive of the mechan i sm respons ib le  for  facil i tation, it can be concluded that it plays an impor tan t  func-  
t ional role,  fo r  it i n c r e a s e s  the eff iciency of re t iculospinal  activation to a cons iderable  degree .  During 
rhythmic  s t imulat ion with a f r equency  of 300-500 p e r  sec, in connection with the development  of fac i l i t a -  
tion in many m o t o r  neurons (24 cells),  d i scharges  appeared  (Fig. 3F), the i r  max ima l  f requency reaching 
200 p e r  sec.  Another noteworthy fea ture  was the cons iderable  r e semblance  between the postact ivat ion 
faci l i tat ion or  potentiat ion of the shor t - l a tency  ret iculospinal  EPSP and other  d i rec t  descending synaptic 
influences: cor t icospinal  in monkeys  [6], rubrospina l  [10], and vest ibulospinal  [1, 10] in cats .  This 
mechan i sm evidently re f lec t s  some common fundamental  p rope r ty  of the descending synaptic connections 
with the spinal  neurons and it explains,  at l eas t  in par t ,  the p rope r ty  of the suprasegmenta l  s t ruc tu res ,  
well  known f rom e a r l i e r  invest igat ions,  of act ivat ing the moto r  cen te rs  mainly  in r e sponse  to rhythmic  
st imulat ion.  

Exper imen t s  to m e a s u r e  the r e s i s t ance  during the EPSP were  c a r r i e d  out only in the conditions of 
rhythmic  s t imulat ion and they did not yieId equivocal resu l t s .  In some cel ls  (14) the r e s i s t ance  fell  b y  
5-30%, while in o thers  (7) it was  unchanged. However,  ana lys is  of these  resu l t s  was difficult because  of 
the mixed c h a r a c t e r  of the reac t ions  during rhythmic st imulation,  when bes ides  pure ly  exc i ta tory  synaptic 
influences, an inhibi tory f rac t ion  may  be p re sen t  [10]. 

The IPSP evoked by r e t i cu l a r  s t imulat ion were  essent ia l ly  indist inguishable f rom the IPSP of seg -  
menta l  origin in the i r  abil i ty to undergo t r ans fo rmat ion  during an ar t i f ic ia l  change in the t r a n s m e m b r a n e  
polar iza t ion  [4], and injection of chloride ions, and also in the dec rea se  in the r e s i s t ance  of the m e m b r a n e  
during the development  of the response .  The r e s i s t ance  of the m e m b r a n e  fell  apprec iably  during develop-  
ment  of the re t icutospinal  IPSP in all the cel ls  (12) investigated,  and the degree  of the dec rea se  in r e -  
s i s tance  bore  a l inear  relat ionship to the amplitude of hyperpolar iza t ion .  

Dis tor t ion of the re t iculospinal  inhibitory postsynapt ic  influences in response  to the entry of ch lo r -  
ide ions into the cell  appeared  not only during f ewer  pos tsynapt ic  hyperpolar iza t ion ,  but a lso  during r e -  
cording of mixed responses  evoked by rhythmic  st imulation,  when the inhibitory f rac t ion  was l a rge ly  masked  
by postsynapt ic  depolar izat ion.  In the l as t  case,  injection of chloride led to an i nc rea se  in the ampli tude 
of the depolar iza t ion  response .  It m a y  be concluded f rom these  findings that  the synapses  respons ib le  for  
re t iculospinal  postsynapt ie  inhibition are  located in the region of the body or  the p rox ima l  por t ions  of the 
dendri tes .  

The r e su l t s  descr ibed  show that the widespread  notion that d i rec t  re t ieulospinal  influences reach  
only as f a r  as the ro s t r a l  pa r t  of the spinal cord,  and are  spread  to the lumbar  segment  only through c o m -  
plex, polysynaptic  chains of internuncial  neurons  [2] requ i res  considerable  cor rec t ion .  In fact ,  the r e t i cu -  
l a r  format ion  of the bra in  s tem may  control  the act ivi ty of the lumbar  ~ - m o t o r  neurons through a sys t em 
of rapidly conducting f ibe r s  (with a veloci ty g r e a t e r  than that of conduction along the group I A musc le  af-  
ferents)  connecting it d i rec t ly  both with the m o t o r  neurons  and also,  poss ibly ,  with the internuncial  cel ls  of 
the lumbar  segments .  The resu l t s  obtained a re  in full ag reemen t  with the la tes t  investigation on the topog-  
raphy of the re t iculospinal  pro jec t ions  [8, 9, 11]. 
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