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After  injection of smal l  doses  of insulin (0.025 unit/kg) into the va r ious  hypothalamic nuclei,  
the i r  e l ec t r i ca l  act ivi ty is  changed, as ref lec ted  e i ther  by the appearance  of synchronized 
waves  on the EEG or  the onset of p a r o x y s m a l  d ischarges .  During the action of insulin on the 
hypothalamus in some cases  this synchronizing effect spreads  both to s t ruc tu re s  of the l imbic  
sys t em and to s t ruc tu re s  of the neocortex.  The pe r iphe ra l  blood sugar  level  in these cases  
did not r each  hypoglycemic  values.  

The di rec t  effect  of ho rmones  on s t ruc tu re s  of the CNS sti l l  r ema ins  inadequately studied. 

It was  accordingly decided to make a sys temat ic  analys is  of the neurophysiological  m e c h a n i s m s  of 
action of smal l  doses  of insulin, not evoking hypoglyeemic  reac t ions ,  on the CNS. 

Invest igat ions demonst ra t ing  the act ive role of  such concentra t ions  of insulin in the metabol ic  p r o -  
c e s s e s  of the o rgan ism [3, 4] and, in par t i cu la r ,  thei r  action on the b ra in  [1, 2, 8] have recent ly  been pub-  
lished. 

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

Thi r ty  cats  weighing 2.5-3.5 kg were  depr ived of food for  15-18 h and anes thet ized wi thure thane  (1.5-2 
g / k g ) .  Crys ta l l ine  insulin in a dose of 0.025 unit /kg in 0.02 ml  physiological  saline (pH 7.3) was  injected 
ins tantaneously  through cannula e lec t rodes  inser ted  s te reo tax ica l ly  into the hypothalamic  nuclei (an ter ior  
hypothalamic,  supraoptic ,  pa raven t r i cu l a r ,  l a te ra l ,  vent romedia l ,  and p o s t e r i o r  hypothalamic nuclei) using 
coordinates  f rom the a t las  of J a s p e r  and A j mone -Mar san  [6]. 

The e l ec t r i ca l  act ivi ty was  r eco rded  s imul taneously  in s eve ra l  s t r u c t u r e s  of the l imbic  sy s t em (ven- 
t r a l  hippocampus,  amygdala ,  septum, an te r io r  zones of the gyrus  cinguli) and the pr inc ipa l  zones  of the 
cor tex  (frontal,  sensomotor ,  pa r ie ta l ,  t empora l ,  occipital).  

The e lec t rodes  consis ted  of n ichrome wire  insulated with bakeli te .  The EEG was recorded  by a mono-  
po la r  technique and the r e f e r ence  e lec t rode  was inser ted  into the nasal  bone. Potent ia ls  we re  r eco rded  on a 
type 8 RGE (East  Germany) e ight-channel  e lec t roencephalograph  and a 17-channel  polygraph (Nixon Kohden, 
Japan).  In some exper imen t s  a wide-band frequency ana lyzer  made by the same  f i rm  was  used. The loca -  
tion of the e lec t rode  t ips  in the subcor t ica l  s t r uc tu r e s  was  ver i f i ed  by a pro jec t ion  method [7]. 

P a r a l l e l  with the record ing  of the EEG, in some exper imen t s  the venous blood sugar  level  was  d e t e r -  
mined by the toluidine method [5]. Blood was  taken f r o m  the f emora l  vein before  and 10 and 30 min a f te r  in- 
jection of the hormone.  In control  exper imen t s  physiological  saline was  injected into the hypothalamic 
nuclei in the same  volume as  in insulin. 
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Fig. 1. EEG of various brain s t ruc tures  before (A) and 20 
sec (B) and 15 (C) and 30 (D) rain after injection of insulin 
(0.025 unit/kg) into left pos te r io r  hypothalamic nucleus. All 
r eco rds  monopolar and on the left side. FL) left frontal  r e -  
gionof neocortex;  SML) left sensomotor  area;  PL) left pa r i e -  
tal region; TL) left temporal  region; OL) left occipital region; 
AHL) left an ter ior  hypothalamic nucleus; PHL} left pos te r io r  
hypothalamic nucleus; R) respirat ion.  Bottom line: time 
marker .  
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Fig. 2. Synchronizing effect of insulin on bra in  e lectr ical  ac -  
tivity when injected into pos te r io r  hypothalamic nucleus. All 
r eco rds  monopolar and on the left side. Top line: time marke r  
A) spontaneous activity; B) changes in EEG aris ing 2 rain af ter  
injection of 0.025 unit/kg insulin into pos te r io r  hypothalamic 
nucleus; C) changes in EEG 4 min after  injection of hormone; 
VH) ventra l  zone of hippocampus; AC) cort ical  nucleus of amyg-  
dala; S) septum; GC) anter ior  zones of gyrus  cinguli. Re-  
mainder  of legend as in Fig. 1. 

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

From 15 to 20 sec af ter  injection of insulin into the pos te r io r  hypothalamic nucleus (Fig. 1) charac -  
te r i s t ic  changes were observed in the spontaneous e lectr ical  activity of this s tructure.  The background 
activity consist ing chiefly of high-frequency waves changed principally into slow (2-3 Hz) high-amplitude 
{80-100 ~V) waves on which low-voltage potentials were superposed. After 10-15 rain, as the response 
developed, the hypersynchronizat ion was terminated by the appearance of a paroxysmal  rhythm. Other 
brain  s t ruc tures  were  activated at the same time, namely the anter ior  hypothalamus and var ious  zones of 
the neocortex, the EEG of which at this t ime was dominated by slow potentials differing in phase (Fig. lc}. 
As a rule the EEG of these s t ruc tures  was closely s imi lar  to their  original spontaneous activity after  25-30 
rain. The state of e lectroencephalographic  activation descr ibed above was accompanied by deepening of r e s -  
piration, indicating the onset of a state of s t ress  in the CNS. 

Changes in basic activity obtained in response to injection of insulin into the anter ior  hypothalamic, 
supraoptic,  paranventr icular ,  la teral ,  and ventromedial  hypothalamic nuclei were on the whole s imilar  to 
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Fig. 3. Dynamics  of EEG rhythms of 
p o s t e r i o r  hypothalamic nucleus in r e s -  
ponse to injection of 0.025 uni t /kg insulin 
(A) and 0.02 ml  physiological  saline (B) 
into it: a) ~ - r h y t h m  (2-5 Hz); b) 0 - r hy t hm  
(4-7 Hz); s - r h y t h m  (8-13 Hz); d) ill- 
rhythm (13-20 Hz); e) fl2-rhythm (20-30 
Hz). Ordinate,  changes in each EEG 
rhy thm compared  with original  back -  
ground (in percent) ;  absc i s sa ,  t ime  b e -  
fo re  and a f t e r  injection of insulin (in min). 

e l ec t r i ca l  r e sponses  of the p o s t e r i o r  hypothalamic nucleus. 
However ,  the duration of these  EEG changes was  shor te r ,  
only 10-15 rain, and they occu r r ed  chiefly in the an te r io r  
hypothalamic region. 

In some cases  in r e sponse  to injection of insulin into 
the hypothalamus,  espec ia l ly  into i ts  p o s t e r i o r  and l a te ra l  
zones,  a synchronizat ion response  was  observed.  It will  
be c l ea r  f rom Fig. 2, for  instance,  that 1-2 rain af ter  m i c r o -  
injection of insulin into the p o s t e r i o r  hypothalamie  nucleus 
the synchronizat ion response  sp read  to the an te r io r  hypo- 
tha lamic  nucleus,  the ven t ra l  zones of the hippocampus,  
the amygdala ,  septum, an t e r i o r  zones of the gyrus  cinguli, 
and var ious  p a r t s  of the cortex.  This  synchronizing effect  
las ted not more  than 2 rain, a f te r  which it was  conver ted  
into an i r r e g u l a r  rhythm which was gradual ly  replaced  by 
the spontaneous activity.  In this case  also resp i ra t ion  was  
deepened. 

Analys is  of the f requency spec t rum of the EEG b e -  
fore  and a f te r  injection of insulin showed that synchroniza-  
tion of the e lec t r i ca l  waves  affected mainly the O - r h y t h m  
and to a l e s s e r  degree  the a - w a v e s .  These changes were  
pa r t i cu la r ly  c lea r  during the f i r s t  minutes  of action of in- 
sulin on the hypothalamus.  Groups of fas t  rhy thms  of the 
fi-wave type were  not so c lea r ly  defined and essen t ia l ly  
they showed no significant changes (Fig. 3). 

Under the influence of physiological  saline the EEG 
pa t t e rn  did not exceed the var ia t ion  in spontaneous act ivi ty 
of these b ra in  s t ruc tu re s  which w e r e  examined.  The p e r i -  
phera l  blood sugar  level  in no case  reached  hypoglycemic  
values.  

These invest igat ions thus showed that insulin d i rec t ly  
af fec ts  the e lec t r i ca l  act ivi ty of hypothalamic  s t ruc tu res ,  
mainly by strengthening the slow waves .  A special  fea ture  

of the action of insulin is  i ts  synchronizing effect, which was  obse rved  not only at the site of injection of the 
hormone,  but also in other  hypothalamic nuclei. The EEG changes in the l imbic  sy s t em and neocor tex  a re  
r egarded  as  the act ivat ing influence of the hypothalamus on higher  bra in  s t ruc tu res ,  which appea r s  f rom the 
resu l t s  of these  invest igat ions to be of the cholinergic type. 
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