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It was shown in previous communicat ions  [1, 2] that  the pe lv ic  nerve in cats and dogs was represented in 

the cerebra l  cortex widl defini te  loca l iza t ion .  In cats one zone is s i tuated on g. cruciatus, another on g. ectosylvius 

ant. ,  both zones being b i la te ra l  (Fig. 2, scheme 1). Primary responses appear  in these zones on both hemispheres 

on s t imulat ion of the pe lv ic  nerve with single shocks. 

S imi lar  react ions in corresponding areas of the cortex may  be de tec ted  on e lec t r ic  s t imula t ion  of  other 

afferent  nerves from internal  organs, such as the vagus and splanchnic (Amassian, Dell  e t  a l l  

There is now no doubt concerning the possibi l i ty  of pr imary b ioe lee t r i e  react ion occurring ill the cere-  

bral cortex iv. response to s t imula t ion  of any afferent nerve. At the same t ime,  the question of pr imary res- 
ponses to adequa te  s t imula t ion  of  the per ipheral  terminat ions of  analysors has not been suff ic ient ly  invest igated.  

So far it  has proved possible to obtain cor t ica l  pr imary responses to adequate  s t imula t ion  of  the retina, the organ 

of Corti and cutaneous receptors [4]~ 

Almost  nothing has so far been discovered about the possibi l i ty of obtaining pr imary responses to visceral  
s t imulat ion.  Thus the present author found only one reference in the l i tera ture ,  in the work of V. Amassian, to 
a b ioe!ect r ic  react ion,  which he considered as a primary response, recorded from the cont ra la te ra l  zone of cort-  
ica l  representat ion of  the splanchnic nerve on s t imulat ion of intest inal  mesentery in the cat  with a br ief  single 

mechan ica l  stimulus [5]. 

No data with reference to other viscera were ava i l ab le .  

In the course of mapping the zones of cor t ical  representat ion of  various internal  organs we have  found 

that mechan ica l  s t imula t ion  of  the Madder,  rectum and uterus gives rise to pr imary responses in the cerebral  

cortex of cats and, dogs; these are recorded from zones in which pr imary responses to s t imula t ion  of the pe lv ic  
nerve were recorded [1]. In that  communica t ion  certain character is t ics  of the responses to s t imula t ion  of 

internal  organs were also given.  

Subsequently T. E Orlova [3] reported that when air was insufflated into file b i le  ducts in dogs it was 

possible,  in part  of the experiments ,  t o  de tec t  a " loca l "  react ion in the premotor  cor t ica l  zone which proceeded 

in accordance  with the "pr imary  effect"  type of reaction.  
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The obvious inadequacy of data concerning this question led to this more detailed investigation. 

EXPERIMI~NTAL 

Short experiments under nembutal or chloralose anesthesia were performed on 48 cats and 6 dogs; in 
these experiments the appearance of primary responses in definite cortical zones following stimulation of the 
bladder, uterus, ~eetum~ ~tomach and pericardium was studied, Several organs were subjected to stimulation 
in one and the same experiment. The bladder, rectum and stomach were stimulated by inflation of a fine 
rubber balloon Inserted in their lumen; the uterus and pericardium were stimulated by pulling on silk ligatures 
attached to them or by touching with a sharp-pointed glass rod. 

On stimulation of the bladder the maximal pressure in the balloon, recorded by a kymograph, was equal 
to 50 mm of mercury. In order to avoid artefacts which arise whenever the distended organ comes Into contaci 
with the abdominal wall or the surface of the skin, the bladder was withdrawn from the widdy opened abdominal 
cavity and suspended by ligatures from an insulated stand, while the edges of the incision were widely separated 

Hgure 1, Stimulation of the bladder by inflation of  an 
inserted rubber balloon. Cat. Chloralose anesthesia of 
medium depth. Records from above down: 1) respiration; 
2) arterial pressure shown by mercury manometer; 
3) pressure within the bladder shown by tonometer; 4) 
arterial pressure stiown by tonometer; 5) pressure in 
rubber balloon shown by mercury manometer; 6) moments 
of recording the oseillograms given in Fig. 2, A, B, C, 
D, E; 7) beginning of stimulation; 8) time marker 
(5 seconds). 

by means of silk ligatures. In addition to the in- 
serted balloon, a cannula was tied into the floor 
of the bladder which connected its cavity with 
two recording devices by means of a system filled 
with warm physiologic solution. The first of the 
recording devices registered the periodic contractions 
of the bladder on a kymograph, while the second 
recorded the same on a cine-film simultaneously 
with a recording of bioelectric processes (Fig. 1 
and 2). 

One of the small branches of the pelvic nerve 
was dissected and its peripheral end placed on a 

pair of silver recording electrodes with an inter- 
electrode distance of 5 ram. The electrodes were 
mounted on a small block of Plexiglas which was 
attached to the.surface of the bladder; this dim- 
inished the difficulties usually attendant on displace- 
ment of the nerve on the electrodes with changes 
in the volume of the organ. These electrodes re- 
corded afferent impulses arising in ~the pelvic nerve 
on distention of the bladder walls. During the whole 
experiment measures were taken to protect ri-~e sur- 
face of the bladder from drying and cooling. 

In order to e~clude possible reflex contraction 
of muscles the animals were immobilized in a 
number of experiments by intravenous administration 
of"diplacin ~ (0.5 ml 2%solution per 1 kg body 
weight). The monopolar method of recording cereb- 
ral biopotentials has been described in detail in a 
previous communication. 

The frequency characteristic of the ampli~.Jer 
was linear within the limits from 10 to 500 cps 
during the recording of afferent impulses and from 
5 to 000 ~ps during the recording of cortica! bio- 
potentials." 

RESULTS 

A 11 the experiments gave, in general, similar results, viz: st imulation of mechanoreeeptors of the Grgans 
mentioned led to the appearance of primary responses in the cerebral cortex which, in the case of the bladder, 
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rec tum and uterus, were recorded both from the first and second zones of cor t ica l  representation of the pelvic  
nerve. St imulat ion of the s tomach and per icardium evoked the appearance of pr imary responses in the first and 
second regions of general  somatic  seusation [2] in zones ad jacen t  to the cor t ica l  projections of the pelvic  and 
splanchnic nerves. Results of one of these experiments are presented in Figs~ 1 and 2. 

Comparison of the kymogram with the oscil lograms indicates that the moment  of distention of the 

bladder  walls is accompan ied  by the appearance  of afferent impulses in the pelvic  nerve and of  b ioe lec t r i c  react ion 
in the cerebral  cortex (Fig. 1, 1; Fig, 2. A) in the first zone of cort ical  representation of the pelvic  nerve (Fig. 
2, scheme 2, C). The question arises as to whether i t  is possible to regard this bioelec~ric react ion of the cortex 
as a pr imary response to the s t imulat ion of the bladder mechanoreceptors .  One of the main  signs of a primary 

response is its la tent  period, When the pelvic  or splanchnic nerve is s t imula ted  by single e lec t r ic  stimulus the 
length of the la ten t  period usually fluctuates between 6 and 12 mil l iseconds,  whereas in the cor t ica l  react ion 

under consideration the la tent  period is 30 mil l iseconds,  This difference in the length of the la ten t  periods be -  
comes exp l i cab le  when.it  is taken into account  that  pr imary responses, obta ined on adequate  s t imula t ion  of re-  
ceptors, have a longer la ten t  period. For example ,  the la ten t  period of the pr imary response to e lec t r i c  s t imulat ion 

of the optic nerve equals 2.8 mil l iseconds,  while on adequate  s t imulat ion of the re t ina (by i l lumina t ion  of the 

eye) i t  f luctuates between 17 and 25 mil l iseconds [6]. This can be expla ined by the t ime required to exc i te  the 
receptors in the la t te r  case. However, if  or ienta t ion is based not  on the mechan ica l  marker  of the beginning of 
s t imulat ion with its degree of inert ia ,  but on t h e  appearance  of afferent impulses as a signal of the beginning 
of stimul~/tion (such impulses show that some of the receptors have a l ready been exci ted)  even then the value 
of the la ten t  period exceeds the t ime  necessary for the impulses to reach the cerebra l  cortex. All  this leads to 
the hypothesis that  in order for pr imary cor t ica l  react ion to occur in response to s t imulat ion of internal  organ 
receptors i t  is necessary that a cer tain threshold quantity of afferent  impulses reach the sensory nuclei  of  the 
thalamus.  The afferent  impulses cause a gradual growth of exc i ta t ion  in the tha l amic  neurons cu lmina t ing  in 

a discharge into the ce l lu lar  layers of the cortex, this la t te r  event  being accompanied  by the appearance  of the 

pr imary  react ion.  

In essence this is s imi lar  to e lec t r ic  s t imulat ion o f  sensory nerves: weak single s t imuli  produce exci ta t ion  

in the nerve but do not evoke a pr imary response in the cortex. 

These views find a cer tain analogy in A. L Roitbak's [4] in terpreta t ion of the causes of the increase in 
ampl i tude  of the posi t ive potent ia l  of the pr imary response on increased per ipheral  s t imulat ion.  Thus~ the long 
la tent  period of the b ioe lec t r ic  react ion under considerat ion in the present work cannot be considered as an 

obstacle  to interpret ing it as a pr imary response. Nor is i t  contradic ted by its other character is t ics .  The some-  
what increased duration of its phases can be expla ined by nonsynchrony of afferent impulses.  In those cases 

where s t imula t ion  is associated with a more powerful and synchronous burst of afferent  impulses the duration of  
the phases of the pr imary response approaches that of responses to nerve s t imula t ion  (Fig. 2, F). Primary reactions 

to s t imulat ion of internal  organs, s imi lar ly  to pr imary responses to nerve s t imulat ion,  are loca l i zed .  Thus, when 

the bladder  is s t imula ted  they arise in the zones of pe lv ic  nerve representat ion (Fig. 2, A record at  point  C, 

scheme 2) and do not appear  in other regions of the cortex. In cor t ica l  areas at  a distance from the zones of 
pe lv ic  nerve representat ion a genera l ized  react ion is observed, expressed by changes in the basic rhythm of bio~ 
e lec t r ic  ac t iv i ty .  In the exper ience  of the present author this is ref lec ted  in some depression of the basic rhythm. 

Analogous picture is observed on s t imulat ion of  the rectum (Fig. 3). In some cases, however,  s t imula t ion  of  
internal  organs led to pr imary responses which had a fair ly br ief  la ten t  period (12-13 mil l iseconds)  following 
t h ~ a p p e a r a n c e  of afferent  impulses (Fig. 2, G). Evidently this occurs in those cases where the exc i ta t ion  of  the 

corresponding tha l amic  sensory nuclei  neurons is such that  the br ief  burst of afferent impulses suffices to pro- 

duce their discharge into the ce l lu la r  structures of the cortex. 

Such a state of tha lamic  neurons can be de te rmined  by a continuous Inflow of  afferent  impulses from 

other visceral  recept ive  fields, 

If i t  is supposed that  tha lamic  neurons are capab le  of summat ing s t imuli  ascending from the viscera a -  
long afferent pathways and of discharging per iod ica l ly  into the cortex then the b ioe lec t r i e  complexes  arising 

in the cerebra l  cortex in response to continuing s t imula t ion  (Fig.  1, II, Fig. 2, B) m a y  be regarded as individual  
pr imary responses following each other in a way in which they would have arisen in the case of  rhythmic  st i -  

mula t ion  of receptors or afferent nerves. 
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Figure 3. Appearance of primary response in the first zone of cortical 
representation of the pelvic nerve (A) on stimulation of the rectum 
and its absence from other cortical areas (13). Cat. Nembutal an- 
esthesia of considerable depth. Animal immobilized by intravenous 
administration of "diplacin" (artificial respiration;). Below at left 
surface map of the cat's brain with recording electrode positions 
marked A and B. Continuous line in the center of the oscillogram 
marks the beginning of inflation of rubber balloon in rectum. 
Maximal pressure of air in balloon equalled 40 mm of mercury. 

The proposed hypothesis is not contradicted by changes in configuration of the primary complexes (Fig. 
2, B and C). 

The pattern of change, in the configuration of primary responses observed by A. I4 Roitbak [4] on rhythmic 
electric stimulation of cutaneous receptors and rhythmic stimulation of the sciatic nerve appears to resemble the 
pattern described here. We observed similar results on rhythmic stimulation of the pelvic and splancbalic nerves. 

Further analysis of the data obtained draws attention to the fact that the appearance of primary complexes 
in the cortex continues for some time after cessation of stimulation of the bladder (Fig. 1, III, Fig. 2, C)o 

Evidently the excitation of thalamic neurons under the influence of afferent impulses persists for some 
time following their termination and thus determines the periodic, gradually weakening, discharges into the 
cortex. The possibility is not excluded that this excitation is maintained by afferent stimuli arriving from other 
organs as well. 

Afferent impulses in the pelvic nerve appear anew when the relaxation of the bladder wall (Fig. 1, IV, 
Fig. 2, D) is replaced by its tension, i.e. at the moment of restoration of its rhythmic conl~actions. Their appear- 
ance is accompanied by primary complexes in the cortex (Fig. 1, V, Fig. 2, E). This may indicate that the nor- 
mal activity of internal organs (for example contraction of the rectum or stomach, stretching of the bladder 
wall) is capable of eliciting primary responses in the cerebral cortex. 

It is quite probable that the periodic bursts of slow potentials of large amplitude observed in the premotor 
cortical area and in the second general somatic sensory area, which arise without any preliminary experimental 
stimulation, are primary complexes determined by tile activity of internal organs. 
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"File primary responses whi~:h arise in.the cortical areas mentioned above on stimulation of  the uterm, 
stomach and pericardium are similar to those which arise in response to s t i m u l a t i o n  o f  the bladder or rectum 
and there is rims no need for a special description of them~ 

S U M M A R Y  

Experiments' on cats and dogs have shown that stimnlation of the  urinary bladder, colon and uterus elicits 
a primary reaction in fl~e I and II zones of cortical representation of  the pelvic nerve. Stimulation of the stomach 
and pericardimn elicits primary reactions in the I and II areas of general sensitivity, bordering the area of rcprc - 
sentation of tim pelvic and splanchnic nerves. If the afferent impulses of tim pelvic nerve during dilatation 
of  the urinary bladder are compared with tire cortical potentials one nright suppose that summation of excitations 
takes place in the thalamie neurons, while thebnrsts of slow potentials and great amplitude, registered during 
prolonged stimulation of  the bladder, might be regarded as a series of primary complexes, originating in the 
IV cortical layer after thalamic discharges. 
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