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The depth prof i le  of the cor t ica l  macropoten t ia l s  may  be e i ther  monotonic or nonmonotonic- 
The monotonic type is due to the pure ly  dipole c h a r a c t e r  of the source  of the ex t r ace l lu l a r  
field, while the nonmonotonic type shows the influence of the contr ibution of the quadrupole 
component .  Axo-somat ie  inhibi tory synapses  in the cat  motor  co r t ex  evidently genera te  
predominant ly  dipoles.  A l a y e r - b y - l a y e r  analys is  was made of the long su r face -nega t ive  
wave of the an t idromiea l ly  evoked r e sponse  in t h e c a t  motor  cor tex .  This wave is  p r o -  
duced by axo - soma t i c  inhibition of the p y r a m i d s .  The potential  prof i le  was found to be 
monotonic in accordance  with theore t ica l  predic t ion.  Not only the sign but a lso  the c h a r -  
ac t e r  of the change in potential  in the depth of the co r t ex  can be used to i n t e rp re t  cor t i ca l  
macropoten t ia l s .  

A theore t ica l  investigation of ex t r ace l lu l a r  f ields [3] showed that thei r  force in the co r t ex  may be 
dipole or  quadrupole in nature  depending on the posit ion of the act ive synapses  on the postsynapt ic  m e m b r a n e .  
A quadrupole is produced by synapses  in the cen t ra l  pa r t  of the apical  t runk and synapses  on s te l la te  ce i l s ,  
while axosomat ic  synapses  on py ramida l  cei ls  genera te  predominant ly  a dipole moment ,  with a smal l  
quadrupole component.  In the cat  motor  co r t ex  this las t  component  is evidently very  smal l  [2, 3]. If a 
large a r e a  of cor tex  is s t imulated,  the dipole moments  c rea te  a field which va r i e s  with the depth of r e c o r d -  
ing to give a monotonic prof i le ,  while quadrupole moments ,  on the other  hand, c rea te  a field which fal ls  
away s y m m e t r i c a l l y  towards  the surface  and toward the cen te r  [3]. Exc i ta to ry  synapses ,  which te rmina te  
pr inc ipa l ly  on dendri tes  [5, 6], c rea te  both dipoles and quadrupoles ,  and for  this r ea son  cor t ica l  potent ia ls  
ref lec t ing EPSPs  must  have a nonmonotonic profi le;  this conclusion is conf i rmed  by the r e su l t s  of l ay e r -  
by layer  analys is  of the posi t ive components  of the evoked potential  (EP0 [4~ 12]. 

Inhibition, which is probably  produced by axo - soma t i e  synapses  [5, 6], genera tes  pr inc ipa l ly  dipoles 
and the cor responding  cor t ica l  potent ia ls  ought the re fo re  to have a monotonic prof i le .  This  is conf i rmed  
by l a y e r - b y  layer  analys is  of the negative wave of the EP [4,12]. The profi le  of the inhibitory su r f ace -  
negative wave (SNW) of the an t id romica l ly  evoked potential  (AEP) of the cat  motor  cor tex ,  according to the 
example  shown by Kubata et al .  [11], is approx imate ly  the s ame .  However ,  according to Humphrey  [8], it 
has a highly nonmonotonie prof i le .  However ,  this p rob lem has so fa r  r ece ived  little study, and this has 
usual ly  been confined to the magnitude,  the sign, and the point of invers ion of the potent ial .  Fo r  this 
r eason ,  whether in an individual case  the prof i le  is monotonic or  nonmontonic does not n e c e s s a r i l y  r e p r e s -  
ent the actual  c h a r a c t e r i s t i c s  of the expe r imen t s  p e r f o r m e d  by that inves t iga tor .  

Since the inhibi tory c h a r a c t e r  of the SNP is not in question [9, 10, 13] and since the axo - soma t i e  nature  
of this IPSP has also been conf i rmed  exper imen ta l ly  [14], l a y e r - b y - l a y e r  analys is  of the SNP of the AEP of 
the cat  motor  co r t ex  can make an impor tan t  contribution to the theory  of potential  p rof i l es .  
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Fig. i. Depth distribution of SNWs. Each curve repre- 
sents the mean of five stimuli. Numbers correspond 

approximately to depth of recording. Profile of this 

track is given in curve 4, Fig. 2. Bottom curve shows 

a method of measuring amplitude of SNW. 

Fig. 2. Profiles of SNW~ Inset: electrode tracts cor- 

responding to profiles 2 and 4. Fixation with formalin. 

EXPERIMENTAL METHOD 

Recordings were obtained at eight consecutive depths in both cerebral hemispheres of five cats 

anesthetized with Nembutal at the beginning of the experiment (50 mg/kg, intramuscularly) and with a further 

dose (10-20 mg/kg, intravenously) 6-8 h later. At the level of vertebra C1 a partial dorsal transection 
was made of the spinal cord, taking care rlot to injure the pyramidal tract into which the bipolar stimulating 
electrodes were inserted. The stimulus consisted of a series of 3 identical square pulses (about 0.4 mA, 
interelectrode distance about 1 ram, pulse duration 0.7 msee, interval between pulses 4 msec). The AEP 

was recorded in each layer by nonpolarizing electrodes inserted stereotaxieally. The diameter of the deep 

electrode was 0.2-0.4 mm and of the surface electrode 2-3 ram. For monopolar recording (3 experiments) 

the reference electrode was inserted into the cavity between the frontal and nasal bones. 

To avoid fatiguing the preparation during insertion of the electrode, the step between each successive 

depth was increased to 0.5 mm and the number of stimuli in each cluster was limited to 5; to avoid system- 

atic error the AEP was recorded during both insertion and removal of the electrode. A Nihon Kohden type 

ATAC-401 storage device was used and the amplitude of the SNW was measured in accordance with Fig. I. 

The blood pressure was sustained by intravenous infusion of physiological saline with 0.1% noradrenalin. 
The tracks of the deep electrode were verified histologically. The depth of insertion could not be deter- 

mined accurately, but in order to determine whether the profile is monotonic or nonmonotonic it is only 

necessary to know that the electrode is inserted deeper into the cortex and that the last point of the track 

is in the white matter. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In response to stimulation of the pyramidal tract with a series of 3 pulses a biphasic positive-nega- 
tive EP was recorded in the motor cortex (Fig. i). In the present experiments the medial lemniseus was 

probably stimulated as well as the pyramidal tract, and this would account for the nature of the positive 

phase [8] in which silence of the medial lemniseus was ensured. The position of the positive phase was 
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Fig. 3. Profi les  of SNW obtained by 
simultaneous monopolar recording:  A) 
stable monopolar response;  B, C) un- 
stable responses .  

not studied. The SNW had a latent period of 15-25 msee and a 
duration of 50-80 msec,  in good agreement  with the observat ions 
of Humphrey [8] who specially demonstrated that the SNW does 

not depend on stimulation of the medial lemniseus. 

In 4 of 5 profi les  of the SNW without monopolar control,  in 
4 it was monotonic and 1 curve was unstable in cha rac te r .  The 
complete t ranscor t ica l  potential was always maximal (Fig. 2)~ 

The reason for the instability of the profile could be in- 
stability of the evoked potential i tself.  To test this hypothesis 
3 insert ions of the electrode into the successive layers  were 
made with simultaneous monopolar recording of the SNW (Fig. 
3). Temporal  stability of the monopolar SNW was accompanied 
by a steady change of potential with increasing depth, and vice 
versa .  Instability of one curve was due to unknown causes ,  while 

in the other it was produced on purpose:  the blood p res su re  during the experiment  began to be controlled 
only after  it had fallen to 90 mm Hg. Instability of the SNWs can be also considered f rom the example given 
by Humphrey [8]; the amplitude of the t ranscor t ica l  SNW was about 0.15 mV, the monopolar surface poten- 
tial was - 0.35 mV, and the monopolar potential at a depth of 2 mm was + 0.2 inV. A change in the depth 
of the barbi turate  anesthesia  is an important  cause of changes in the SNW with time [1]. 

It follows f rom these resul ts  that the profile of the SNW is evidently monotonic provided that the 
conditions of recording remain  unchanged at different depths. 

Because of the monotonic cha rac te r  of the SNW profile the conclusions f rom Gutman's  theoret ical  
study [3] can be more definitely described.  

1. Surface-negative,  deep-posit ive maeropotentials  evoked by activity of deep inhibitory axo-somat ic  
synapses,  possess  a monotonic profile.  The potential gradient  occurs  at the layer of active synapses plus 
a higher layer  with a thickness of the order  of k (the constant length of the apical dendritic trunk). The 
g rea te r  the a rea  and thickness of this layer of pyramidal  cells  affected by inhibition, the more distinctly 
monotonic the profile.  Long and thick basal  dendrites,  which are evidently absent in the cat  motor cortex,  
"spoil" the monotonic cha rac t e r  of the profi le.  

2. Surface-posi t ive,  deep-negative macropotentials  evoked by activity of deep exci ta tory dendritic 
synapses ,  possess  a nonmonotonic profile.  The maximum of deep negativity must occur deeper that the 
center  of the active layer ,  and the potential gradient extends above and below the active layer  for a depth 
X. If inhibitory synapses are  present  on the apical trunk, the corresponding profile will be the same 
except for the sign. 

3. Potentials evoked by activity of synapses  on the apical dendrites sat isfy the usual dipole r equ i r e -  
ments and their gradient disappears  at a depth grea te r  by an amount X than the position of the active 
synapse s. 

Several combined variants can also be observed in prac t ice .  For  example,  the IPSPs not only create  
their  own field, but they also "block" the field of spontaneously active cel ls .  To give another example:  a 
nonmonotonic profile, negative at all depths [7], is found at a focus of paroxysmal  activity. In this case 
EPSPs  are evidently c rea ted  both in the depth of the cor tex  and on its surface,rod the experimental  resul t  
can be explained by superposition of profi les of types 2 and 3. 

The concepts descr ibed above can be useful in connection with the interpretat ion of the synaptic 
nature of the potentials.  In par t icular ,  dendritic EPSPs may somet imes  differ f rom IPSPs in the locali-  
zation of the gradient.  For  example,  it seems preferable  to r ega rd  the negative wave of the p r i m a r y  
potential as  deep-negative in nature [11]. The alternative hypothesis that it a r i s e s  through excitation 
of apical dendrites does not agree with the absence of a potential gradient  in the uppermost  layers  of the 
cor tex.  Conversely,  the negative component of the EP,  as the work of Sasaki et al. [14] has shown, is 
most  probably dendritic in origin. 
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