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The reactions of the nervous system to an increasing 
intensity of excitation arising in response to sub- and 
superthreshold stimuli enable the general pattern of re-  
flex activity to be established [1, 4]. In the study of this 
problem great importance is attached to comparison of  
the dynamics of the central processes in response to the 
action of stimuli on different peripheral analyzers, as 
well as to the ,quantitative evaluation of  the level of  
excitation during stimulation of the same receptors. 

Chemica l  :mbstances present in the surrounding air 
axe known to act on the different receptors of the upper 
respiratory tract. Some substances show a well-marked 
action on the receptors of the olfactory nerve, whereas 
others act mainly on the trigeminal nerve endings and, 
in contrast to the first which give rise to sensations of 
smell,  they cause i~ritation as, for example,  a tickling 
of the back of  the throat, cough, and other effects. 

In the present research we studied the reflex effect 
of a sulfuric acid aerosol, which is distinguished by a 
marked irritating action in the innervation zone of the 
trigeminal nerve. 

As indices of the effect of  this substance we used 
the EEG and the optic chronaxie. The sulfuric acid 
aerosol is one of the group of  existing hazards. The de- 
termination of the threshold of  reflex action of this sub- 
stance by the changes in the EEG and optic chronaxie 
can, therefore, serve as the basis for the l imiting per- 
missible concentration of sulfitric acid in the atmospheric 
air in centers of  populsttion. 

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

In order to give a predetermined dose of the sulfuric 
acid aerosol, the method recommended by the Commis-  
sion on the Limiting Permissible Concentrations of  
Atmosphezie Pollutants [2] was used. At a short distance 
in front of the test subject's face,  in a soundproof con-  

ditioned-reflex chamber,  was suspended a cylinder 
through which ~Jx was circulated at the rate of  30 liters~ 

rain, passing ttnrough a system of filters which retained 

odoriferous substances present in the air in the building. 
The air was delivered by means of a rotating air pump. 
Air entered the cylinder, through which the subject 
breathed, continuously throughout the period of the in- 
vestigation. At a given moment  the addition of a definite 
concentration of sulfuric acid aerosol to the pure air was 
made by means of a system of cooks from the supply 
vessel. 

The optic chronaxie was investigated six times at 
intervals of 3 rain on a model GIF condenser chronaxi- 
meter,  and between the third and fourth determination 
the subject in]ruled air with the addition of a certain 
quantity of sulfuric acid aerosol for 2 rain. As a rule the 
rheobase remained unchanged during the investigation. 

The electrical activity of the brain was investigated 
by means of a 4-UN44-chalmel amplifier with a ChR-1 
ink-recording at tachment from the experimental fact- 
ory of  the AMN SSSR. The main  response reaction wtfich 
we used for evaluating the influence of the olfactory 
stimulus was desynchronization of the electrical activity 
or depression of the a- rhythm.  I~aring the t ime of de- 
velopment of the conditioned reflex, a light which 
caused desynchronization was used for reinforcement; 
The investigations were earned out on 10 healthy persons 
with normal olfactory function and with normal respira- 
tory passages. 

EXF F M E N T A L  R E S U L T S  

The concentrations of sulfuric acid aerosol which, 
according to the verbal response of the subjects tested, 
had an irritant actiOn (tickling at the back of the throat) 
were regarded as thresh.old values. The minimal  dose of 
this substance to produce the threshold effect was 0.6 
m g / m  3. In less sensitive subjects, however, its value was 
higher - 0.85 m g / m  8. 

As shown by the optic chronaxie, an effect of  the 
sulfuric acid aerosol on the central processes was also 
apparent when acting in a concentration of 0.6-0.85 
m g / m  3. 
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Fig. 1. Increase in the optic chron- 
axie following the use of sulfuric 

acid aerosols in threshold concen- 
traraous. On the a~s  of abscissas on L 
the left is shown the chronaxie 
(in ~ t9, on the right the theobase 
(in v); on the axis of ordinates is 
shown the time (in rain). The use of 
sulfuric acid aerosol in a concentra- 
tion of 0.73-0.75 m g / m  s is shown 
in (a) and in a concentration of 

0 .60 -0 .63  m g / m  s in (b). 1 -  chro- 

naxie; 2 - rheobase. The arrow 

shows the moment of giving the 
mlfuric acid aerosol. 

It can be seen in Fig. 1 that a sulfuric acid aerosol, 
in a concentration of 0.6-0.63 rag /m s, causes an in- 
significant rise in the optic ehxonaxie. In their verbal 
response the subjects stated that, in these doses, the 
aerosol caused a vague sensation of tickling in the back 
of the throat, in higher eoncenrxatious (0.73-0.75 mg/mS), 
the sulfuric acid aerosol caused a greater increase in the 
optic cbxonaxie, and in thei~ verbal response the subjects 
stated that there was now an obvious tickling in the 
throat. When concentrations of 2.4 rag/m s and over wexe 
used, isolated bouts of coughing took place. 

It follows from these facts that the influence of the 
sulfuric acid aerosol on the reflex reactions, as measured 
by chronaximetty, begins when the intensity of excitation 
which it causes is equal to that at which arises the 
specific reaction for this substance and its reflection in 
the verbal response r The influence of the sulfuric acid 
aerosol on the optic cbxonaxie showed a characteristic 
trend. On repetition of the investigation after an unequal 
interval of time in different subjects, the initia! effect of 
an increase in  the optic chtonaxie disappeared. In the 
subject K., for instance, the initial value of the optic 
chxonaxle was 0.60/zf. The use of a sulfuric acid aerosol 
in a concentration of 0.75 r ag /m s caused an increase in 
the optic chronaxie to 0.71/1s On the second investiga- 
tion the degree of increase of the optic chronaxie was 
smaller (0.69 #t), and on the fourth it was insignificant 
(0,69 pt). 

During the study of the electrical activity of the brain 
we were interested to leaxn whether the EEG would change 
during the isolated use of the sulfuric acid aerosol in sub- 
threshold concentrations in accordance with the verbal 

response and the chronaximetry findings. The investiga- 
Lions showed that the isolated use of this substance in sub- 
threshold concentrations did not cause desynchronization 
in the EEG. 
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Fig. 9.. Gonditioned reflex desynchtonization in response to the use of a 
sulfuric acid aerosol in a subthreshold concentration of 0.4 r ag /m 3. Twenty 
third combinations of the action of the sulfuric acid aerosol with a continuous 
light. Legend (from above down): Stimulus marker, EEG of the occipital area 
of the right hemisphere, EEG of the temporal area of the right hemisphere, 
KEG of the occipital area of the left hemisphere, the same in the temporal 
area, time marker (1 sec). 



In the cases when threshold concentrat ions of the 

sulfuric acid aerosol were used, desynchronization .was 
observed in the EEG for 1 -2  see. The  desynchronizat ion 

was apparenl~ both during the t ime  of the isolated ac t ion 

of the snlfuriic acid aerosol and i m m e d i a t e l y  after  the 

cessation of its supply into the air  inhaled by the subject. 

The effect of desynchrorgzation was unstable and after 
2-3 repet i t ions i t  was comple t e ly  extinguished; i t  was not 

restored even during the use of  the sulfuric acid aerosol 
on the subsequent da)rs of the invest igat ion.  

Changes :in the e l ec t r i ca l  ac t iv i ty  of the brain in the 
form of desynchronizat ion of the EEl3 thus took p l ace  
when the use of  the sulfuric acid  aerosol  induced exc i t a -  

t ion of  sufficiient intensi ty to a l ter  the course of other 

ref lex reactions.  We have in mind par t icu la r ly  the phos- 

phene reac t ion ,  an index of which is the opt ic  chronaxie,  

From the results of our invest igat ions the question 

arose whether subthreshold concentrat ions of sulfuric ac id  
aerosol cause exci ta t ion  in the central  nervous system. 

The  reply  to this question was given by research in which 

a condit ioned reflex change in the e l ec t r i ca l  ac t iv i ty  of 
the brain was developed in response to subthreshold con- 
centrat ions of this substance. As condit ioned reflex s t im-  
ulus we used a sulfuric acid aerosol in a subthreshold con- 
centrat ion of 0.4 m g / m  3. The act ion of the aerosol in 
isolat ion was continued for 15 sec, after which a con- 
tinuous l ight  'gas appl ied for 5 sec as re inforcement .  A 
condit ioned ref lex was established at the 23rd combina-  
tion of the su]furie acid aerosol and the l ight  (Fig. 2). 
During the use of the aerosol alone,  desynchronizat ion 
was observed in the EEG. If  a threshold concentrat ion was 
used as a stimulus, the condi t ioned ref lex  was established 
much more quickly.  At a sulfuric acid  aerosol concentra-  
t ion of 0.63 m g / m  3, the ref lex was established after 6-8 
combinations.  

When the character  of the e l ec t r i ca l  ac t iv i ty  of the 
brain in response to the use of substances act ing main ly  
on the t r igemina l  and olfactory nerve endings, respect -  

ive ly ,  in superthreshold concentrat ions* was compared,  

a t tent ion was ,drawn to cer ta in  dis t inct ive  features of  the 
reac t ion  to a sulfuric acid ae ro so l  When this substance, 

for instance, was used as a condit ioned stimulus, i t  
caused a less pronounced desynchron2zation than olfactory 
st imuli  such a% for example ,  sulfur dioxide gas. The con- 
dit ioned reflex change in the e l ec t r i ca l  ac t iv i ty  was also 

less stable. It appeared after  the sixth to eighth use of 
the sulfuric acid  aerosol and was extinguished at the 
10th-12th combinat ion  of the act ion of this substance 

with the light.  A considerable  difference was also ob- 
served during comparison of the ra te  of ext inct ion of  the 
effect  on the EEG when substances act ing on the olfactory 
and t r igemina l  nerve endings were used alone in super- 
threshold concentrations.  

I f  the sulfuric acid aerosol was used in a concentra-  

t ion of 1.3 m g / m  ~ or over,  then in the case of deve lop-  
ment  of  a bout of coughing in response to such s t imula-  

t ion an increase in the degree of synchronization in the 

EEG was observed. With repeated s t imulat ion,  the act of 
coughing was depressed and desynchronizat ion was ob- 

served in the e l ec t r i ca l  ac t iv i ty  (Fig. 3a) which was 

comple te ly  extinguished after 5-8 appl ica t ions  of the 

aerosol. When sulfur dioxide was given in concentrations 

causing a bout of coughing, the degree of synchroniza- 
t ion also increased (Fig. 3b). I f  this act took p l ace  a- 

gainst a background of desynchronization,  this desyn- 
chronizat ion gave way to synchronized e l ec t r i ca l  ac t iv i ty  

of the brain in the form of a changeover to c~-rhythm 

(Fig. 3c). After the repeated  act ion of sulfur dioxide,  
when the subject stated in his verbal  response that he 
suppressed his bouts of coughing, marked desynchroniza-  

t-ton also appeared.  Extinction of this change in the EEG, 

however,  took p l ace  more sloMy; i t  was comple ted  
after 15 appl icat ions  of sulfur dioxide.  

The  investigations described above show that a sul- 

furic ac id  aerosol has in general  the same effect on the 

opt ic  chronaxie and the EEG as olfactory st imuli .  The 

former differs in the lesser degree of the ref lex effect 
and its more  rapid extinct ion.  These differences are 

evident ly  due to the unequal degree of cor t i ca l i za t ion  of 
the central  representat ion of the olfactory and t r igemina l  
nerves. 

Impulses arising in response to s t imula t ion  of the 

receptors of the olfactory nerve are known to pass via 
the third neurone to the h ippocampal  area  of the cortex 
[3]. This area is included in the system of nerve struc- 
tures in which a continuous c i rcula t ion  of nervous i m -  

pulses takes p lace .  The pecu l ia r i ty  of the construction of 
the central  representat ion of the t r igemina l  nerve is that 

i t  has a lesser degree of cor t ica l iza t ion .  Hence,  with sub- 

and superthreshold doses of substances s t imula t ing  the 
endings of the t r igemina l  nerve,  the resulting exci ta t ion 

changes the dynamics of the cor t ica l  processes to a lesser 
degree than olfactory st imuli .  

S U M M A R Y  

Substances s t imulat ing the t r igemina l  nerve endings 
exercise on the centra i  processes the same effect as o l -  

factory stimulants.  As dist inct  from olfactory st imulants,  
these substances, when employed separately,  change the 

EEG and the optic chronaxie only at threshold concentra-  
t ions(according to verbal  reports of the persons under invest i -  

gation). The elaborat ion of a condit ioned reflex occurs fo l -  
lowing the combined act ion of subl iminal  concentrat ions 
of the sulfuric acid aerosol and light.  Desynehronization 
of the EFG appear  s in response to the isolated ac t ion of 
the sulfuric acid aerosol. Recording of the cerebral  e l e c -  
t r ica l  ac t iv i ty  in combinat ion  with the method of condi -  
tioned reflexes enables the de tec t ion  of that min imal  in-  
tensity of exci ta t ion (provoked by subl iminal  s t imulat ion)  
whose level  is sufficient to affect  the cor t ica l  act iv i ty .  

* The  effect  of subthreshold olfactory st imuli  on the re-  

flex ac t iv i ty  is discussed by us in a paper in the press. 
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Fig.  8. The  var iab le  e lec t roencephalograpMc effect  in  response to the  isola ted 

use of  substances ac t ing on the olfactory and t r igemina l  nerve endings in super- 
threshold concentrat ions,  a - D e~nchroniza t ion  in response to the repeated use 
of  the sulfuric acid aerosol ,  causing a semat ton  of i r r i ta t ion  without the deve lop-  

men t  of a bout of  coughing (concent ra t ion  of s u l ~ r i e  ac id  1.8 rag /mS) ;  b - in-  
crease in the degree  of synchronizat ion in respome to the use of  sulfur d iox ide  
gas, causing a bout of  coughing (concent ra t ion  of  sulfizr d ioxide  15 rag /mS) ;  e -  
r e p l a e e m e n t  of  desynchronizat ion by synchronizat ion of the e l ec t r i ca l  ac t iv i ty  of  
the  brain in response to the ac t ion  of sulfur d ioxide ,  causing a bout of  coughing 
(concent ra t ion  of  sulfur d iox ide  15 r a g / m S ) .  Legend as in Fig. 2. 
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