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Activi ty  of s ensomoto r  cor t ica l  neurons  during h igh- f requency  and single s t imulat ion of the 
meso-d iencepha lon  was r e c o r d e d  in acute expe r imen t s  on anes the t ized  ca ts .  Caffeine (20- 
40 mg/kg)  i nc rea sed  the f i r ing r a t e  of the ce l l s  to some  extent. Meanwhile the intensi ty  of 
the act ivat ion shif t  gave s t imulat ion of the r e t i c u l a r  fo rmat ion  and the a n t e r o - m e d i a l  and 
l a te ra l  hypotha lamus  was inc reased .  The number  of act ivat ion r e s p o n s e s  inc reased  and a r e -  
act ive  neurons  were  l e s s  f requent .  At the s a m e  t ime  no cons iderab le  changes were  found in 
the inhibi tory r e s p o n s e s .  Modulation of the cor t i ca l  r e s p o n s e s  by caffeine is cons ide red  to 
be  due chiefly to a change in the exci tabi l i ty  of the cor t i ca l  ce i l s .  

KEY WORDS: neocor tex ;  meso-d iencepha l i c  s t r uc tu r e s ;  caffeine.  

Caffeine ac ts  s imul taneous ly  on subcor t i ca l  s t r uc tu r e s  and on the "neuronal ly  isola ted cor tex  n [2], 
but it does not change the EEG act ivat ion in r e s p o n s e  to s t imula t ion  of mesencepha l i c  and diencephalic  s t r u c -  
t u r e s  [6, 7]. However ,  by r e c o r d i n g  the potent ia ls  of s ingle units the act ion of caffeine on the effects  of sub-  
cor t i ca l  s t imula t ion  can be demons t ra t ed  [3]. 

It  was t h e r e f o r e  in te res t ing  to study the effect  of caffeine on single neocor t i ea l  unit r e s p o n s e s  to 
meso -d iencepha l i c  s t imulat ion.  

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

Exper imen t s  we re  c a r r i e d  out on 30 ca ts  into which e lec t rodes  were  inser ted ,  using coord ina tes  of 
J a s p e r  and A j m o n e - M a r s a n ' s  a t las  [4], into the b r a i n - s t e m  r e t i c u l a r  fo rmat ion  (RF) and the a n t e r o - m e d i a l  
(AMH) and l a te ra l  (LH) hypothalamus.  Single unit  ac t iv i ty  in the sensomoto r  cor tex  was r e c o r d e d  in c u r a -  
r i z ed  an ima l s  by the method desc r ibed  p rev ious ly  [1]. Caffeine in doses  of 20-40 m g / k g  was injected 
in t ravenous ly  slowly. Significant indices of faci l i ta t ion or  inhibition of act ivi ty ,  de te rmined  by the fo rmula  
n - e / e ,  where  n is the mean  number  of d i scharges  pe r  second at  the momen t  of s t imula t ion  and e is the 
number  be fo re  s t imulat ion,  we re  used as  the m e a s u r e s  of the r e s p o n s e  to subcor t i ca l  s t imulat ion.  

EXPERIMENTAL RESULTS 

More than 150 neocortical neurons were tested, 25 of them before and after the injection of caffeine. 
In a dose of 20 m g / k g  caffeine had no signif icant  effect  on the mean  f i r ing r a t e  of the ce l l s .  With an in- 
c r e a s e  in the dose to 40 m g / k g  the f i r ing  r a t e  inc reased .  

In r e s p o n s e  to h igh- f requency  (50-100/sec)  meso-d iencepha l i c  s t imulat ion mos t  neocor t i ca l  s enso -  
moto r  neurons  s ignif icant ly changed the i r  mean  f i r ing r a t e .  The c h a r a c t e r  of the effect  (the r a t io  between 
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Fig.  1. Effect  of caffeine on dis t r ibut ion of cor t i ca l  unit r e s p o n s e s  
to s t imuIa t ion  of RF,  AM-rI, and LH. Ordinate,  f requency (in %) of 
unit  r e s p o n s e s  to h igh- f requency  meso-d iencepha l i c  s t imulat ion.  
Unshaded column r e p r e s e n t s  act ivat ion of unit act ivi ty;  black col-  
umn - inhibition; obliquely shaded column - no r e s p o n s e .  
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Fig.  2. Effect  of caffeine on act ivat ion r e -  
sponses  of cor t i ca l  neurons  during single 
s t imula t ion  of RF,  LH, and AMH. P o s t -  
s t imulus  h i s t o g r a m s  of act ivi ty  of va r ious  
units be fo re  and a f t e r  appl icat ion of a s in-  
gle s t imulus  (marked  by ar row)  to hypo-  
tha lamus  and mesencephalon .  Obliquely 
shaded columns show effect  of caffeine with 
an inc rease ,  and c r o s s - h a t c h e d  columns 
effect  with a d e c r e a s e  in the or ig inal  f i r ing  
r a t e .  

the number  of r e s p o n s e s  of inhibition and activation) de- 
pended on the reg ion  of s t imulat ion,  although the intensi ty 
of  s t imulat ion was usual ly  that  which evoked or ient ing r e -  
act ions  in the an imal  before  immobi l iza t ion .  

Stimulation of RF,  as  in the exper imen t s  of Krupp and 
Monnier [5], m o r e  often faci l i ta ted than inhibited n e o c o r -  
t iea l  unit ac t iv i ty  (Fig. 1}. Converse ly ,  inhibi tory unit r e -  
sponses  occu r r ed  much m o r e  often a f t e r  s t imulat ion of LH 
and, in pa r t i cu la r ,  of AMH. 

Under  the influence of caffeine (10-20 mg/kg)  the 
changes  in the indices of inhibition and faci l i ta t ion r e -  
corded  dur ing r e t i c u l a r  s t imulat ion were  r e c i p r o c a l  in 
c h a r a c t e r .  The  intensi ty of the facf l i ta tory  shift  increased ,  
but inhibition of the unit d i scharges  weakened. It  was noted 
that  the s t ruc tu ra l  r eo rgan iza t ion  of the cor t ica l  r e s p o n s e  
under  the influence of sma l l  doses  of caffeine was ac -  
companied  by an i nc r ea se  in the number  of c a se s  of ac t iva-  
t ion of unit act ivi ty .  In the population studied, the number  
of a r e a c t i v e  neurons  was reduced  by  one- th i rd .  With an 
i nc r ea se  in the dose to 40 mg/kg ,  the changes b e c a m e  s ig-  
nif icant  in degree  (P < 0.05}. The number  of ce l l s  r e -  
sponding by inhibition r ema ined  constant  during the act ion 
of the caffeine.  Since the predominant  r e s p o n s e  in the 
contro l  exper imen t s  to an inc rease  in the intensi ty of RF 
s t imulat ion was slowing of the spontaneous rhy thm,  the 
act ion of caffeine was evidently not accompanied  by any 
change in the th resholds  of the r e t i c u l a r  effects .  

Responses  to s t imulat ion of LH and AMH changed 
s i m i l a r l y  to the r e t i cu l a r  r e s p o n s e s  under  the influence of 
caffeine.  The intensi ty of the ac t ivat ion shift  during hypo-  
tha lamic  s t imulat ion inc reased  significantly,  whe reas  in- 

hibit ion of the or ig ina l  unit ac t iv i ty  d e c r e a s e d  sl ightly.  During exci tat ion of each pa r t  of the hypothalamus 
the number  of ce l l s  r esponding  by act ivat ion inc reased  a li t t le.  Meanwhile a change in the number  of a r e a c -  
r ive ce l l s  was r e c o r d e d  (Fig. 1). 

The s imi l a r i t y  between changes  in the cor t i ca l  r e s p o n s e s  during r epe t i t i ve  s t imulat ion of the r e t i cu -  
la r  and hypothalamic  zones was conf i rmed  by the study of the effect  of caffeine on the r e s p o n s e  to single 
meso-d iencepha l i c  s t imulat ion.  Analys i s  of the pos t s t imulus  h i s t o g r a m s  (Fig. 2) shows that  caffeine fac i l -  
i tated the i nc rea se  in the init ial  f i r ing  r a t e  of the ce l l s  r e g a r d l e s s  of which pa r t  of the bra in  was s t imu-  
la ted.  In phasic  r e s p o n s e s  to LH s t imula t ion  the intensi ty  of act ivat ion,  followed by a per iod  of inhibition, 
was  inc reased .  A pa ra l l e l  i n c r e a s e  was obse rved  in the tonic r e s p o n s e s  to single s t imula t ion  of AMH or  the 
mesencepha l i c  p a r t  of R F .  The pa t t e rn  of the unit d i scha rges  in t i m e  was often r e a r r a n g e d ,  caus ing fac i l -  
i tat ion of evoked ac t iv i ty .  On the whole the tendency was toward an i nc rea se  in the number  of act ivat ion 
r e s p o n s e s .  
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Caffeine thus modifies cortical responses to single and repetitive stimulation of the mesencephallc 
RF and various zones of the hypothalamus. A characteristic feature of the action of caffeine is a change in 
the formation of the activation responses, but not the inhibitory responses, of the neocortical cells. The in- 
tensity of activation of unit activity and the number of neurons responding by an increase in the spontaneous 
firing rate both increased. 

The fact  that  the changes  induced by caffeine a r e  in the s a m e  d i rec t ion  during s t imulat ion of RF,  LH, 
and AMH suggests that this modulation of the cortical responses is determined mainly by a change in the 
excitability of the cortical cells themselves. 
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