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The background unit act ivi ty  in the dorsa l  pa r t  of the p o s t e r i o r  horn  was  studied in unan- 
es the t ized  cats .  The c h a r a c t e r  of the ex t r ace l lu l a r ly  r e c o r d e d  unit act ivi ty  was  a s s e s s e d  
in t e r m s  of the usual  indices and of the function of expected densi ty of d i scha rges  following 
each preced ing  d ischarge .  The exis tence of different  types  of unit ac t iv i ty  and i ts  depen- 
dence on the local izat ion of the neurons  were  demons t ra ted .  Most ce l l s  of the substant ia  
gela t inosa  a r e  c h a r a c t e r i z e d  by  i r r e g u l a r  low-f requency  d i scha rges  with independent dis-  
t r ibut ion (uniform function of expected density).  

Recent  physiological  invest igat ions  have shown that  the dorsa l  pa r t  of the p o s t e r i o r  horn  of the spinal  
cord  p lays  an impor tan t  ro le  in the recept ion ,  integrat ion,  and t r a n s m i s s i o n  of a f ferent  impulses  and in the 
m e c h a n i s m  of presynapt ic  control  [14, 15]. 

The object  of the p resen t  invest igat ion was  to study and make  a s ta t i s t i ca l  ana lys i s  of the background 
single unit act ivi ty  in the dorsa l  pa r t  of the p o s t e r i o r  horn.  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  w e r e  c a r r i e d  out on unanesthet ized ca t s  immobi l i zed  with displacin  and mainta ined on 
a r t i f i c ia l  r e sp i r a t ion .  Animals  whose a r t e r i a l  p r e s s u r e  was  not below 80 m m  w e r e  used  in the exper iments .  

Unit act iv i ty  in the p o s t e r i o r  horn  in segment  L7 was  r e c o r d e d  ex t r ace l lu l a r ly  by the usual  method 
with g lass  m i e r o e l e c t r o d e s  (tip about 1-3 # in diameter)  fi l led with 2.5 M KC1 solution with the addition of 
0.5 M fe r r i cyan ide  solution. The m i c r o e l e c t r o d e  was  inse r t ed  f r o m  the l a t e r a l  sur face  of the spinal cord  
by a method developed in the w r i t e r ' s  l abo ra to ry  by V. P.  Lebedev [6, 7]. The local izat ion of the m i c r o -  
e lec t rode  was  de te rmined  by an ionophoret ic  method [4]. 

The single unit background act ivi ty (SUBA) was  a s s e s s e d  in t e r m s  of the following indices:  mean  
f requency,  mean  in te rva l  between spikes,  type of dis t r ibut ion of d i scha rges ,  h i s t o g r a m  of d is t r ibut ion of 
in te rva l s ,  and function of expected densi ty (FED) of dis t r ibut ion of d i scha rges  a f t e r  each preced ing  dis-  
charge  [11]. A group of the FED was  plotted f r o m  the o sc i l l og rams  by the use  of a cumulat ive  ma t r ix .  
Each unit of the m a t r i x  had the value of 10-20 m s e c .  

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

Altogether  46 neurons  pos se s s ing  SUBA were  studied; 31 were  located in l a y e r s  II and III of the 
g ray  m a t t e r  of the spinal  cord,  cor responding  cy toarehi tec tonica l ly  to the reg ion  of the substant ia  ge la-  
t inosa  [14], while the r emain ing  15 were  si tuated m o r e  ven t ra l ly  ( l aye r s  IV-V]). 

The dis t r ibut ion of units  with different  f i r ing r a t e s  in the c r o s s  sect ion of the p o s t e r i o r  horn  of the 
spinal  cord  is i l lus t ra ted  in Fig. 1A. It will  be c l ea r  f r o m  the f igure  and the h i s t o g r a m  of dis t r ibut ion of 
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Fig. 1. Charac te r  of single unit background activity in 
pos t e r io r  horn  in re la t ion  to local izat ion of neurons.  A) 
Distr ibution of neurons with different  f i r ing r a t e s  (c i r -  
c les ,  r a t e  1-20/sec,  squares  20-40/sec,  black t r iangles  
40-60/sec,white  t r iangles  60-100/see or more) on diagram 
of c ros s  section of segment L7 of the spinal cord;  B) f r e -  
quency h i s togram of background activity of units  located in 
region of substantia gelatinosa.  Ordinate,  number  of units; 
absc issa ,  f requency  (pulses/see) ; C) distr ibution of units 
with different  types of background unit activity (c i rc les  - i r -  
r egu la r  d ischarges ,  t r i a n g l e s -  r egu la r  d ischarges ,  squares  
- grouped discharges) ; D) distr ibution of units with different  
types of function of expected density (black c i r c l e s -  regular ,  
white c i r c l e s  - i r regu la r ) .  

TABLE 1. Functions of Expected Density for  Units with Different  Frequencies ,  Local izat ions,  and Types  
of Activity 

Number of units located in 
Frequency  of different  l aye r s  of gray 

Function of ex-  
d i scharges  ma t t e r  of spinal cord* regu la r  

pec t eddens i t y  (pulses/sea) I II . IIT , IV-V 

Regular  3- 65 - 8 6 1  I 1 1  9 6 
I r r egu la r  2-42 - 4 8 9 

* The l a ye r s  of the gray  ma t t e r  of the spinal cord  are  identified f rom Rexed 's  at las  [13]. 

Type of distr ibution of dis- 
charge s (number of units) 

i r r egu la r  grouped 

22 
2 7 

cel ls  in the substantia gelat inosa by f requency (Fig. 113) that units with identical  mean f ir ing ra te  are  con- 
cen t ra ted  in ce r ta in  zones of the pos t e r io r  horn.  Most units of the substanfia gelat inosa possessed  spon- 
taneous activity with a f requency of 1-20/see.  

Neurons of the pos t e r io r  horn  differed in the t empora l  distr ibution of the i r  background discharges .  
The type of discharge,  i .e . ,  the s t ruc ture  of SUBA, was defined on the bas is  of in tervals  between spikes [5]. 
On this bas is ,  the SUBA was subdivided into " regu la r , "  " i r r egu la r , "  and "grouped." The distr ibution of 
units with different  types of background d ischarges  in the t r a n s v e r s e  section of the pos t e r io r  horn  is shown 
in Fig. 1C. The r e su l t s  show that for  most  neurons located within the substantia gelatinosa,  the SUBA was 
cha rac t e r i zed  by i r r e g u l a r  d i scharges  (18 units).  Regular  d ischarges  were  found in 9 neurons ,  6 of which 
were  located in the dorso la t e ra l  par t  of the pos te r io r  horn.  Units with grouped d ischarges  were  compara-  
t ively r a r e  ( three neurons) .  Similar  r e su l t s  regard ing  the types of SUBA in the substantia gelat inosa have 
been descr ibed  by o ther  w o r k e r s  [3, 5]. No re la t ionship  could be detected between the mean f requency of 
the SUBA and the type of background discharges .  
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Fig. 2. Graphs of function of expected density of distribution of dis-  
charges  af ter  each preceding discharge and single unit background 
activity in the pos te r io r  horn. A) Regular function of expected density; 
B) function of expected density with one initial wave; C) function of 
expected density with several  periodic waves.  In all graphs,  ordinate, 
f ir ing rate  (pulses/see), abscissa ,  t ime (in msec) .  Broken line shows 
level of mean firing ra te .  Above each graph a f ragment  of the r eco rd  
of activity of that unit is shown. Time cal ibrat ion:  A) 0.5 see, B, C) 1 sec. 

To determine whether definite fo rms  of stat is t ical  corre la t ion  exist in the background d ischarges  or  
whether their  cha rac te r  is a random (independent) distribution of the Poisson type, the FED of distribution 
of the d i s c h a r g e s  was determined for each unit. The method of s tat is t ical  analysis  was chosen as one of 
the easiest ,  for  as  a rule a computer  is required  to obtain the other c r i t e r i a  of s tat is t ical  dependents. On 
the bas is  of their  FED, all the units were  subdivided into two groups (Table D. 

In the f i rs t  group of units (28) the FED was represen ted  by a curve paral lel  to the absc issa  at the 
mean frequency level, with deviations f rom the mean level ar is ing without any par t icu lar  o rder  (Fig. 2A). 
This " regular"  FED was found in most  units of the substantia gelat inosa (Table 1, Fig. 1D). As Table 1 
shows, a " regular"  FED was more  charac te r i s t ic  of units with an i r r egu la r  type of background discharges ,  
but it could also be found (6 units) in cases  of regula r  activity. 

The FED for  the second group of neurons located in the substantia gelatinosa (10) and at the base of 
the pos te r ior  horn (8) was ref lec ted  graphical ly as a curve with periodic wave-l ike deviations f rom the 
mean frequency level. A deviation of the FED was taken as significant if the amplitude of the wave exceeded 
the mean level by twice the basic  deviation (2~,  given by S = ~n, where n is the number of spikes in a pa r -  
t icular  unit of the mat r ix  [1]. 

For  some neurons only an initial maximal  deviation lasting 20-40 msec  was detected (Fig. 2B). In 
other cases  two or  three  regula r  waves,  f rom 50 to 200 msec in duration, were  found (Fig. 2C). This " i r -  
regular"  type of FED was found in neurons with different f ir ing ra tes  {5-55 pulses/sec) .  However, an " i r -  
regular"  FED was found considerably more  often in units with "regular"  and "grouped" types of SUBA 
(Table 1). 

In acbordance with the theory of the FED [l l ] ,  it is assumed [1] that the presence  of two or three 
periodic waves in the graph of the function is evidence of the stat is t ical  dependence of distribution of the 
intervals  both within the groups of spikes as well as between separate (2-3) groups of d ischarges .  This 
s tat is t ical  dependence is probably charac te r i s t i c  of neurons subjected to powerful synchronous synaptic 
bombardment ,  at the apex of which action potentials are  generated [2, 8]. As the resu l t s  given in Fig. 1D 
show, units of the substantia gelatinosa with " i r regu la r"  FED are  located in those par ts  of the pos te r ior  
horn  ( layers  II-IT]) where numerous cutaneous f ibers  terminate  [9]. 

The " i r regular"  charac te r  of the FED is evidently due to the independent, random distribution of the 
d ischarges  ar is ing as the resul t  of asynchronous synaptic bombardment  [1, 11]. 
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These results thus show that the neurons in the dorsal part of the posterior horn differ in the char- 
acter of their SUBA and can be distinguished essentially by the frequency and type of distribution of their 
discharges; units possessing a uniform type of spike activity and a similar frequency have a definite lo- 
calization in the posterior horn, possibly on account of the morphological features distinguishing these 
neurons and the organization of their connections. 

However, differentiation of the SUBA purely by the type of distribution and frequency of the discharges 
does not reflect the pattern of onset of spike activity in theseunits. Methods (such as analysis of the FED) 
by which the presence of a random and dependent distribution of discharges, which in turn is associatedwith 
an unequal intensity and synchronization of the synaptic bombardment, can be established must be used for 
this purpose. 

The "irregular ~ FED, the one most commonly found in neurons located in the lateral region of the 
posterior horn, evidently indicates the existence of certain specific pathways for their activation, influ- 
ences from which have the form of periodic, powerful, and synchronous volleys. 
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